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Summary

The paper presents results of studies on a depeyndsgtween tree volume on basic
measurements of the tree crown — diameter andHewfgtrown and stem measurements — dbh
(diameter at breast height), height, double baikkttess, period increment in breast height
diameter. Regression equations were developed éoestimation of tree volume. Material for
analyses comprises results of measurements ofig0cpiming from 50-year old stand. In view of
the statistically significant dependence betweetume of pine and measured tree traits the
analysis of regression was conducted, assumingnttestigated traits (diameter at breast height,
height, double bark thickness, 5-year incremeitir@ast height diameter, crown width and crown
length) as explanatory variables. The backwardvatep regression was applied. Tree volume
may be determined both on the basis of informationthe height and diameter at breast height of
a tree and crown diameter.
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1. Introduction

For ages, forest has been one of main elementatafal environment. It
plays important role in economic and cultural depetent of world. The
production of wood is the basic function of fordatprovement of the methods
of tree volume calculation is fundamental for fonegnsuration. Tree's volume
is usually defined on basis of measurement dbhhemght of a tree. The tree
crown determines its growth and increment. Crownlthviis an important
feature in describing stand density and individinaé competition. Extensive
studies concerning the structure and shape of @awrifferent tree species
were conducted by Burger and Badoux (after BorowSki4). The dependence
of crown size on other traits of a tree was evaldi@.g. by Dubravac T., Krejci
V. (1993), Dubravac T. (1998, 1999, 2003, 2004} Hemery et al. (2005). In
Poland analyses concerning the crown were conduotEdly in pine stands
(Lemke 1966). The dependence increment of dbh na piown surface and
crown volume studied Dudek (1969). Zegkowski (1973) researched the
relationship between crown projection area and ecurincrement of tree
volume.

The aim of this study was:

1. To determine the strength of the relationship betwerown
dimensions and tree volume,

2. To develop regression equations for the estimatiotmee volume
basis of crown traits.

2. Experimental material and methods

Empirical material was collected in 50-years—oldep$cots pine stand
growing on fresh mixed conifer forest site in thel@dnka Experimental Forest
District. The research material consisted of mesmants of 50 pine trees.
Sample trees were selected randomly from stand fdllmving was measured
for each tree:

1. Dbhin bark in two directions N-S and W-E with &etance of
up to 0.1 cm; the arithmetic mean of those measemisnwas
assumed as tree dbh.

2. Tree height with a tolerance of up to 0.1 m.

3.  Tree crown height with a tolerance of up to 0.1 m.

4.  Crown projection area on the basis of the chariatitetree crown
points (4 to 14) projected with the use of a crgsojector;

5.  5-year increment in breast height diameter witblarance of up
to 0.01 cm.
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Crown widths expressed in meters were obtained francrown projection
area assumed as the area of a circle. Crown lewgth calculated as the
difference between the tree height and the heibit$ arown.

3. Resaults

Mean diameter at breast height was 16.97 cm, hdi§ht2 m (Table 1).
The double thickness of bark was 2 cm, 5-year merg in breast height
diameter was 1 cm. Mean tree volume was 0.30The length of crown was
5.75 m, and the width of crown was 2.28 m (TableTtges' height is feature
the least variable, meanwhile the most volume @ ahl

Table 1. A characteristic of selected measurable traitsass

Triat N X min max | Sy | V(%)
d, (diameter atbreastheight o | 1697 1040 2800 377 22.23
outside bark — cm)
h (height— m) 50 18.72 13.84] 2185 1.63] 8.70
k (double bark thickness — cm 5( 1/87 0.75 4.25| 0.65| 34.57
Zd; (5-year increment in breast 1000 030 220 o048 4817
height diameter — cm)
V (tree volume — i) 0.20] 0.05] 0.60] 0.11] 54.77
|k (crown length —m) 50 5.75 2.03 9.22| 1.22| 21.31
d, (crown width — m) 50 2.28 1.24| 4.38 0.60| 26.33
Table 2. A correlation diagram
Triat d,, h k Zd, Y I
h 0.776
k 0.755 0.417
Zd, 0.792 0.719 0.456
Vv 0.975 0.788 0.681 0.789
|k 0.798 0.746 0.520 0.635 | 0.785
dk 0.808 0.493 0.596 0.668 | 0.841 0.636

The dependences of pine volume on selected bimr&idracteristics was
examined. The simplest features of measuring twese chosen - dbhdy )
and height If). In addition, elements describing the size of thewn were
selected — the width of the crown () and crown lengthl( ). Coefficients of
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linear correlation were calculated. Tree volumevatth statistically (at the level
o = 005) significant correlation with all the traits (T&bl2). Tree volume
increases with the growth of all biometric featurBise strongest dependence of
the volume was found on the diameter at breasthheai trees (0.975) and
crown width (0.841).

Pine volume was also describes by multiple empircpiations. All the
previously mentioned biometric features were inetlidas the explanatory
variables (diameter at breast height, height, douldrk thickness, 5-year
increment in breast height diameter, crown widtd arown length). Stepwise
regression was performed, which step by step @eh&=best regression model.
Backward stepwise regression was used, which ségligmemoves from the
model those variables which in every step havelghst significant impact on
the response variable — the tree volume. Anothelatsans to determine the
volume of pine were given as a result of estimatienparameters:

V =-04130+00249d, , +00090h- 00154k -0.0089Zd, —~0.0037l, +0.0373d, (3.1)
V =-0.3979+00240d, , +0.0083h—-0.0137k-0.0033l, +0.0362d, (3.2)

V =-03916+0.0235d, , +0.0075h—-0.0133k +0.0355d, (3.3)

V =-04224+002044d, , +0.010Zh+0.0389d, (3.4)

Volume of pine can be determined by regressiontemuan dependence to
the diameter at breast height, height and crowmeliar. All of the analyzed
traits were determined for standing trees.

Table 3. Multiple and partial correlation coefficients fibre tree volume dependence on the
selected characteristics of trees

Rpartial
h | k | zd | 1, | d,
(3.1) | 0.98430.785*| 0.342*|-0.275|-0.120|-0.129| 0.514*

Equation| Rmutipie d
13

(3.2) | 0.98410.793*| 0.325*| -0.253 -0.113]| 0.504*
(3.3) | 0.98390.795*| 0.307*| -0.246 0.497*
(3.4) | 0.9828 0.831*| 0.428* 0.528*

The correlation coefficient significant at the lewe= 0.05
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4, Discussion

Scots pine is the most important predominating iggefmrming forests in
Poland. Stem volume is function of a tree’s heidjassal area, tree shape, bark
thickness. Foresters have developed allometridioakhips to estimate stem
volume from measurements made on diameter at bne#gt and tree height.
Regression function for tree volume have been dgeel as a function of easily
measurable tree variables on standing tree. Thenalimodels should be based
on the variables that are normally measured insfoireventories or which be
estimated easily. The tree crown plays an esserdlal in tree productivity.
Crown is the location of the physiological processeincipally photosynthesis,
respiration, leading to growth and developed ofttee. The size of a tree crown
is strongly correlated to tree growth. The energgoabed directly affects tree
growth and stands dynamics. The crown has greaaMsipact. Crown width is
an important feature in describing stand densityiadividual tree competition.
Tree crown diameter and crown projection area arpoitant measures to
describe growth efficiency (Assmann 1968). Foregles usually exhibit
a significant relationship between their crown Widind stem diameter (e.g.
Avsar 2004, Avsar and Ayyildiz 2005, Akalp 1983,aBg 2001, Foli et al.
2003, Franscis 1988, Gering and May 1995, Hasenh®@r, Kigomo 1980,
1991, 1998, Sun 1977). Crown profile and structun@dels can be used to
obtain measures of inter-tree competition (e.gni€la et al. 1986, Biging and
Dobbertin 1992), as a measure of tree vigour $&r in mortality models (e.g.,
Hann and Wang 1990; Hasenauer and Monserud 199b)Jnastem growth
prediction (e.g., Wykoff 1990; Cole and Lorimer #99

5. Conclusions

1. With the growth of all biometric features (diamet&r breast height,
height, double bark thickness, 5-year incremerir@ast height diameter,
crown width and crown length) pine volume increases

2.  The strongest association of the tree volume wasdavith the diameter
at breast height and crown width.

3. Volume of pine can be determined by regression temuan dependence
to the diameter at breast height, height and crdiameter, which took
the form:

V =-04224+00204d,, +0.0102h+0.0389d,
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