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Simultaneous modelling of stand volume yield, dominant height
and basal area growth models

L.Yuancar!, C. P. MARQUES?, J. M. BENTO?

'Research Institute of Forest Resource Information Technique, Chinese Academy of Forestry, Beijing, China
2Department of Forestry, Universidade de Trds-os-Montes e Alto Douro, Vila Real, Portugal

ABSTRACT: Forest growth and yield models are often composed of a system of compatible, interdependent and analyti-
cally related equations rather than of a single equation. Most forest researchers have recognized that the forest stand dy-
namics system should be described by a system of simultaneous and interdependent equations. The two- and three-stage
least squares (2SLS and 3SLS) and seemingly unrelated regression (SUR) techniques from econometrics have been widely
used to estimate the coefficients of forest growth and yield model system. This study analyzes a system of three interde-
pendent equations for predicting the future stand volume yield, the future stand dominant height and the future stand basal
area for eucalyptus plantations as an integrated system given by initial stand conditions. The coefficients of the system are
estimated from Eucalyptus globulus Labill. stands in the Central inland of Portugal by using 3SLS, SUR and OLS, respec-
tively. The three methods are evaluated and compared on some statistic indicators. The results indicate that there is a small
difference between the three approaches in the particular case, but the system estimation methods perform better for
a system of simultaneously interdependent equations in theory. Therefore, the appropriate system estimation approaches

are recommended for estimating coefficients in simultaneously interdependent systems of forestry equations.

Keywords: comparison; growth and yield model; simultancous equation

Modelling methodology of growth models at present
is becoming increasingly sophisticated as forest biome-
tricians put forward new biological rationale, advanced
statistical techniques, and powerful computing technolo-
gy to solve growth and yield prediction problems.

An extensive variety of growth and yield models have
been developed. However, growth and yield models,
which describe forest stand dynamics by using data from
permanent sample plots or inventory sample plots with
real growth series, are often composed of a system of
compatible, interdependent and analytically related equa-
tions (CLUTTER 1963; SULLIVAN, CLUTTER 1972; BOR-
DERS, BAILEY 1986; BURKHART 1986; REED 1986;
DANIELS, BURKHART 1988). Most forest researchers
have recognized that there is a strong correlation and
feedback mechanism between variables that are used to
describe growth and yield relationships. Therefore, fo-
rest stand dynamics should be described by a simulta-
neous and interdependent system of equations rather than
by separate and isolated individual equations.

In forest biometrics, there are two categories of meth-
ods for estimating simultaneous and interdependent sys-
tems of equations.

One method of estimating parameters in a system of
equations is to fit one (or more) of the equations using
Ordinary Least Squares (OLS) techniques and to solve
for the coefficients in the other(s) by invoking the speci-
fied algebraic relationships between parameters (SULLI-
VAN, CLUTTER 1972). This solution has obvious
shortcomings, As the parameter estimates are stochastic,
the final result will depend on the arbitrary choice which
equation(s) is(are) fitted and which is(are) derived. Thus,
BURKHART and SPRINZ (1984), REED and GREEN
(1984), BYRNE and REED (1986), KNOEBEL et al. (1986)
and REED (1986) simultaneously estimated the structur-
al parameters by minimizing the squared error loss func-
tion, which brought about a substantial improvement for
the total system. However, BORDERS and BAILEY (1986)
and LEMAY (1990) indicated that estimates obtained by
minimizing squared error loss functions may not be con-
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sistent or most efficient if the equations are simultaneous.
The reason is that the method does not use the informa-
tion on correlation between residuals of the remaining
resultant estimators. VAN DEUSEN (1988) discussed the
relationship of the minimization of error loss functions
to the Seemingly Unrelated Regression (SUR) fitting
technique, and showed that estimation based on mini-
mizing squared error loss functions is very similar to the
SUR techniques from econometrics, and suggested that
if the system of equations belongs to the SUR framework,
estimates of the structural parameters will be consistent
and asymptotically efficient.

The other method of simultaneous fitting techniques
widely used in econometrics is the so-called system me-
thod. For the system of forestry equations, FURNIVAL and
WILSON (1971) have considered it as the first applica-
tion of econometric fitting techniques to forestry systems
to correct for simultaneity bias and contemporaneous
correlation. Many other researchers have also discussed
and used two and three-stage least squares (2SLS and
3SLS), and SUR techniques from econometric methods
to estimate the structural parameters in a system of fo-
restry equations (e.g. MURPHY 1983; AMATEIS et al.
1984; BURKHART 1986; BORDERS, BAILEY 1986; REED
1986; VAN DEUSEN 1988; BORDERS 1989; SOMERS,
FARRAR 1991; LYNCH, MURPHY 1995; AMARO 1997,
ZHANG et al. 1997). BORDERS (1989) discussed in de-
tail three types of equation systems which are: (i) seem-
ingly unrelated regression equations (SUR); (ii) recursive
systems of equations; (iii) system of simultaneous equa-
tions, and described associated fitting methods in diffe-
rent types of equation systems, as well as an alternative
parameter estimation procedure that can be used for any
number of analytically related linear or non-linear equa-
tion systems.

It is evident from the given examples that a wide vari-
ety of cases exists where the systems of related equations
are used in forestry. No single model can be expected to
be the “best” for all the purposes that are practical; pre-
cise and common in forest prediction (BURKHART 1997).
Therefore, when a growth and yield model is selected for
forest prediction, one must think of a system of growth
and yield models capable of providing logical and con-
sistent estimates for varying degrees of stand details.
Based on the idea, this study (i) analyzes a system of
three interdependent equations for predicting the future
stand volume yield, the future stand dominant height and
the future stand basal area for eucalyptus plantations as
an integrated system given initial stand conditions;
(ii) applies some statistical methods to simultaneously
estimate the structural parameters of the system. The
cross-equation correlations and simultaneous nature ex-
ist between the error components of these equations. No
attention is paid to the fact that the error terms from re-
lated equations are almost certain to be correlated, and
the available information on the cross-equation interde-
pendence is not utilized; (iii) evaluates different system
estimation methods for the system of nonlinear equations
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and compares them with the traditional single-equation
technique based on OLS.

SYSTEM OF EQUATIONS
VARIABLES OF EQUATION SYSTEMS

In systems of interdependent equations, the variables
occurring on the left-hand side (LHS) are referred to as
endogenous variables (or dependent variables). They are
the system outputs and are assumed to be determined by
the joint interaction with other variables within a system.
These endogenous variables may also appear as predic-
tor variables on the right-hand side (RHS) of equations
within the system. All variables that only appear on the
RHSs of the equations in the system are referred to as
exogenous or predetermined variables that are deter-
mined outside the system.

CLASSIFICATIONS OF EQUATION SYSTEMS

Pindyck and Rubinfeld in 1981, as referenced in BOR-
DERS (1989), classified the systems of related equations
into three categories: (i) seemingly unrelated equations,
(ii) recursive equations and (iii) simultaneous equations.
The nature of each type of equation system is different
and it is very useful to understand the nature of different
systems of equations for fitting them.

The types of structural models in different systems of
equations are discussed and described below. The posi-
tion of the zero elements in the B matrix indicates which
endogenous variables do not appear in different structur-
al equations. This is used as a criterion for distinguishing
between various types of structures of different equation
systems.

(i) System of seemingly unrelated equations:

If B is diagonal, i.e., if:

B, 0.....0

0 Byl
B=

0 OB

Only one endogenous variable appears in each equa-
tion. This means that the equations are not simultaneous
but seemingly related. A typical form of the seemingly
unrelated equation system was discussed by BORDERS
(1989). Obviously, there are no analytical relationships
between equations if cov(e,,e,) = 0 for all pairs of error
terms i and j. If cov(e;,e;) # 0, then the equations are
related. When such cross-equation correlations are
present, a three-step fitting procedure discussed by REED
(1986) may be desirable for parameter estimation of this
type of equation system.

Seemingly unrelated regression estimates are obtained
by estimating a set of nonlinear equations with cross-
equation constraints imposed, but with a diagonal cova-
riance matrix of the disturbances across equations. These
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parameter estimates are used to form a consistent esti-
mate of the covariance matrix of the disturbances, which
is then used as a weighting matrix when the model is re-
estimated to obtain new values of the parameters. These
estimates are consistent and asymptotically normal, and
under certain conditions, asymptotically more efficient
than the single equation estimates.

(ii) System of recursive equations:

If B is triangular, that is if:

Bypiv Do

By, By i
B=

By BogivnsiBiog

The system is known as a recursive system of equa-
tions. The system of recursive equations is a simultaneous
set of regression equations fitted one at a time in a logi-
cal sequential order. The general condition that must be
met to define a system of recursive equations is that the
B matrix must be triangular (KMENTA 1971). That means
anecessary condition for the recursive system to be esti-
mated is that it is algebraically complete from the stand-
point that the number of equations must equal the number
of endogenous variables. In this case the solution for the
gth endogenous variable involves only the first g struc-
tural equations. This means that all G structural equa-
tions are needed for the solution only in the case of the
last endogenous variable Y. Notice that the first struc-
tural equation involves only one endogenous variable.
For this type of equation system, ordinary least squares
(OLS) can be used to obtain parameter estimates if there
is no cross-equation correlation between error compo-
nents of the various equations in the system (BORDERS
1989; LIU et al. 1989). In the strict definition of a recur-
sive system, there is no correlation problem between the
RHS endogenous variables and the error components of
the LHS endogenous variables. However, this assump-
tion relies on the fact that the error components for the
equation in a recursive system are pair-wise unrelated.
When such correlations exist, it is not true that RHS en-
dogenous variables are not correlated with error compo-
nents of LHS endogenous variables. Therefore, when
cross-equation correlations exist in a system of recursive
equations, the system is not recursive by definition (BOR-
DERS 1989). Three-stage least squares (3SLS) and SUR
estimation methods in econometrics must be used to esti-
mate the parameters of the system.

(iii) System of simultaneous equations:

If B is neither diagonal nor triangular, it is defined as
an integrated structure, or a system of simultaneous equa-
tions. A simultaneously interdependent system of equa-
tions exists when two or more variables in the system are
jointly determined by the phenomenon being modelled
in a system of interrelated equations, that means no lo-
gical sequential ordering of equations exists. A logical
sequential ordering of equations appears unlike in (1) and
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(2) discussed above, Such structures have commanded
the greatest attention and provided the main subject for
discussion in forest biometrics (AMATEIS et al. 1984;
BORDERS, BAILEY 1986; BORDERS 1989). The relation-
ships in such a system can be complex and may consist
of variables that appear as both regressors and depen-
dent variables as well as cross-equation correlations be-
tween error components. Furthermore, restrictions may
be placed on parameters both within and across equa-
tions (BORDERS, BAILEY 1986; LYNCH, MURPHY
1995). Seemingly unrelated regression (SUR) and three-
stage least squares (3SLS) from econometrics can be used
to obtain consistent and asymptotically efficient parame-
ter estimators for simultaneous systems.

SYSTEM OF ESTIMATED EQUATIONS

A system of three equations for eucalyptus plantation
stands was selected for this analysis:

2=Vi e[al(lllZ— 1) +a2(1/H2 ~ I/H1) + u3(InG2 - InG1)] 4 el (l)

G2 = e[(ll/Il)InGl +el(l = 142) +c2(1 —HI/HZ)]+ 52 (2)
~bl2 -bltl _bl2, ¥

H2 = b0t ~0nt1 - *yin(t —e =1 £y i -0 M) 4 63 (3

where: Vi is stand volume yield at time ti (m¥ha), Gi is stand
basal area at time ti (m%ha), Hi is stand dominant height at
time ti (m), e is the base of natural logarithm (= 2.71828), €1,
€2 and €3 are error terms for equations (1), (2) and (3), respec-
tively, a —a,, ¢, —c, and b ~b, are parameters to be estimated.

The system of equations (1)—(3) regards stand volume
yield, stand basal area and stand dominant height incre-
ment predictions as being simultaneous and interdepen-
dent. It is clear that within this system, variables G2 and
H?2 appear on the left-hand side (LHS) of the equations
as well as on the right-hand side (RHS) of the equations
in the system. Together with F2, they are the system out-
puts and are regarded as endogenous variables that are
jointly determined by the joint inter-independence with
other variables within the system. Variables that appear
only on the RHS of the equations in the system are re-
garded as exogenous or predetermined variables. Their
values are known and are not determined by the struc-
ture of the system.

As mentioned above, endogenous variables can occur
on both the RHS and the LHS of an equation, and hence
they are stochastic. The presence of endogenous variables
in the system violates the independence assumption of
OLS. In OLS, variables on the RHS are assumed to be
uncorrelated with the error terms, and in fact they are
usually assumed to be known constants. When stochas-
tic variables appear in regression equations as predeter-
mined variables on the RHS, there can no longer be
independence between the RHS variables and the error
terms of the equations (JUDGE et al. 1985). Since G2
depends on H2, and the observed value of H2 depends
on the error terms €3 application of OLS estimation tech-
niques to equations (1)—(3) will yield biases and incon-
sistent parameter estimates, because of the obvious
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correlations that will arise between explanatory variables
and error terms.

METHODS

PARAMETER ESTIMATES OF SIMULTANEOUS
SYSTEM OF EQUATIONS

To eliminate the bias and inconsistency of simultaneous
equations (1)—(3), the two-stage least squares (2SLS)
method, developed by Theil in 1953 and independently
by Basmann in 1957 as referenced in KONTSOYIANNIS
(1977), has been widely used in econometrics
(JOHNSTON 1991) and in forest biometrics (BORDERS,
BAILEY 1986; BORDERS 1989). In 2SLS, regression in-
struments (instrumental variables) are obtained in the first
stage by employing OLS to estimate the reduced form
equation. The series of predicted values of RHS endoge-
nous variables are then generated as regression instru-
ments. These instruments are used in the second stage of
estimation, where least squares procedures are employed
to estimate the parameters of the structural equation by
substituting the regression instruments for the RHS en-
dogenous variables, when they appear as explanatory
variables in a structural equation. These predicted RHS
endogenous variables are uncorrelated with the error
components of the LHS endogenous variables, and re-
sulting parameter estimates are biased in small samples
but consistent, and are asymptotically unbiased in large
samples (KONTSOYIANNIS 1977).

Three-stage least squares (3SLS) method extends two-
stage least squares (2SLS) by applying generalized least
squares procedures in the estimation of structural equa-
tions. The variance-covariance weighting matrix used in
the generalized least squares estimation is derived from
the residuals obtained in the second stage of estimation
in 2SLS. The 3SLS estimator takes into account the cor-
relations of error terms across the equation, and makes
use of the information that may be available concerning
the variance-covariance matrix of the error terms across
different structural equations. Resulting estimates of the
parameters for the entire system from 3SLS are consis-
tent and asymptotically more efficient than those obtained
from 2SLS when the cross-equation correlations are sig-
nificant. But when the cross-equation co-variances are
all zero, 3SLS and 2SLS will yield identical estimates.

Two problems frequently encountered in a simulta-
neously interdependent system of equations are the iden-
tification and the choice of instruments. Application of
simultaneous equation estimation techniques requires
that each equation in a system of simultaneous equations
must be exact- or over-identification (AMATEIS et al.
1984; JUDGE et al. 1985; BORDERS, BAILEY 1986;
JOHNSTON 1991). Identification requires that certain
rank and order conditions be satisfied, that means the
necessary conditions (order conditions) and the sufficient
conditions (rank conditions) must be required to be satis-
fied. Criteria have been developed in order to make the
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identification of systems of equations possible for the si-
multaneous equations model that is linear in parameters
and variables. It should be noted that non-linearity of
variables and parameters rather complicates the identifi-
cation process (JUDGE et al. 1985; BORDERS, BAILEY
1986). Also, the theory of fitting nonlinear systems of
related equations is not complete (BORDERS 1989). How-
ever, the problem is not serious enough. AMEMIYA
(1988) pointed out that non-linearity generally helps ra-
ther than hampers identification. For example, the num-
ber of excluded endogenous variables in a given equation
need not be greater than or equal to the number of pa-
rameters of the same equation in a non-linearity model.
HAUSMAN (1988) also pointed out that, speaking some-
what loosely, the identification problem no longer exists
in fitting the system of non-linearity equations. As dis-
cussed by REED (1986), Zellner estimation (i.e. SUR)
and 3SLS can be extended to such systems. Each equa-
tion in the system of non-linearity equations (1)—(3) has
over-identification according to the criteria set by
AMEMIYA (1988).

The problem of finding instrumental variables for si-
multaneous linear equations is relatively simple and
straightforward, because in the linear case the instrumen-
tal variables arise from the reduced form equation. All
the predetermined variables including the exogenous
variables, the lagged exogenous variables, and the lagged
endogenous variables for the entire system are chosen as
instruments (JUDGE et al. 1985). Finding a proper set of
instrumental variables in the systems of non-linearity si-
multaneous equations is a very difficult problem, and the
theory for doing so is not complete either (JUDGE et al.
1985; BORDERS 1989) because the crucial difference
between the nonlinear and linear simultaneous equation
specification is that the former is the absence of a re-
duced form specification which allows the additive sep-
aration of jointly endogenous variables into a function of
the predetermined variables and stochastic disturbances
in the linear case. In the nonlinear case the reduced form
specification has a complicated function that does not
usually exist in convenient closed form (HAUSMAN
1988). The most disturbing aspect of nonlinear simulta-
neous equation estimators is that they are not invariant
with respect to the choice of instruments. Different sets
of instrument variables can lead to quite different param-
eter estimates even though the model specification and
data remain the same. But no best choice of instruments
exists (HAUSMAN 1988). In general, it is necessary that
the number of selected instrument variables shall be at
least equal to the number of regression parameters to be
estimated in order to maximize the efficiency of instru-
mental variables and to reduce the simultaneous equa-
tion bias.

The system of equations (1)—(3) estimated in this study
and other examples presented in forestry literature
(AMATEIS et al. 1984; BORDERS 1989) have a clear re-
semblance to a special case of simultaneous equations
discussed in Classification of equation systems section.

J. FOR. SCL., 47, 2001 (7): 285-293



That means they are the recursive system of equations
from the equation structure point of view. Forest biomet-
ricians usually work with models which have recursive
relation in nature (sequential relationships between some
equations) but which also exhibit cross-equation corre-
lation between error com- ponents. The endogenous vari-
able H2 in equation (3) is not a function of other
endogenous variables, but the endogenous variable G2
in equation (2) is a function of A2 in equation (3), and
the endogenous variable F2 in equation (1) is a function
of H2 in equation (3) and G2 in equation (2). Applica-
tion of OLS method to each of the structural equations
leads to unbiased, consistent, and asymptotically efficient
parameter estimates if the variance-covariance matrix of
the structural errors for the recursive system of equations
is diagonal. The RHS endogenous variables will be cor-
related with the error components of the LHS endoge-
nous variables if significant cross-equations are present
and the system is not recursive by definition (BORDERS
1989). Furthermore, the consistent estimators will not be
produced by implementing OLS. However, nonlinear
3SLS and SUR could be used to estimate parameters
(BORDERS 1989).

COMPARISON OF ALTERNATIVE METHODS OF
ESTIMATION

The methods of estimating structural equations of
a general interdependent system, especially recursive sys-
tem of equations, have been discussed. Therefore, it
might be of interest to compare the results obtained from
the system of equations (1) and (3) by the different esti-
mation methods, which are nonlinear ordinary least
squares (NOLS) and nonlinear three-stage least squares
(N3SLS) and nonlinear seemingly unrelated regression
(NSUR). The results from NOLS are shown and com-
pared to N3SLS and NSUR because NOLS is commonly
used in applied work. In this case comparing various es-
timators is like comparing different guns on the basis of
one shot from each. All estimates are accomplished by
using TSP 386 program (TSP International 1990). The
Gauss-Newton iterative method using the Taylor series
expansion as described in AMEMIYA (1988) was applied
to all fits because an advantage of the Gauss-Newton it-
erative method over the Newton-Raphson iteration is that
the former requires only the first derivatives of expand-
ing function.

The criteria of comparison in different methods of es-
timation are calculated for each equation according to
the following indicators.

(i) Root mean squared error (RMSE):

RMSE = [1/(n-p) (-9)]" @
where: n is the total number of observations, p; is the number
of parameters in the j-th equation (j = 1, 2, 3), Y and 3, Yy, are
observed and predicted values of the dependent variables
(i=1,2,..,n).

(ii) The coefficient of determination (R?):
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_ R=1-Z0F5VEZ0-7) (5)
where: Yis the observed average value of the dependent vari-
ables.

(iii) The mean of estimated biases (e):

e=(In)Z -9 (6)

For the system of equations presented above, the vari-
ance-covariance matrix of residuals from OLS should be
tested if the off-diagonal elements are significantly dif-
ferent from zero using the Lagrange Multiplier statistic
test proposed by BREUSCH and PAGAN (1980) and de-
scribed in JUDGE et al. (1985), and another statistic test
adapted from Anderson in 1958 as referenced by
AMATEIS et al. (1984). For the system of three equations
in this analysis, the Lagrange Multiplier test is used, and
the null and alternative hypothesis for the Lagrange Mul-
tiplier statistic test can be written as:

H(): O-IZ=O-IJ=O-23=0

H: at least one covariance is nonzero
where: 0,,, 0,, and 0, are the co-variances between equations
(1)and (2), (1) and (3), (2) and (3), respectively. The Lagrange
Multiplier test for the three-equation system is given by:

m i-1

Apg =nY, rp=n (r + iy + 1)
=2 j=1

0

where: n is number of observations, r,-f is the squared correla-
tion between errors in equations i and j, and calculated by:

Vo= ay

y ’
A A
O'iic’j,-

where: 0' IS an alternative way of the error variance O, for the
i-th equauon 0‘ is residuals covariance between the :—lh equa-
tion and the j—th equation. Under the null hypothesis H, A has
an asymptotic xz( M2 distribution with (M(M-1))/2 degrees
of freedom. M is the number of endogenous variables in the
system. The null hypothesis is rejected if A is greater than the
critical value from a xz( M-1yy2 distribution ata 0= 0.05 signif-
icance level. Variance and covariance of residuals are avail-
able from the TSP386 program (TSP International 1990).

Anderson test for the system of three equations is
shown by:

®

=[n-2p+11)/6] Inw ()

where: w is a determinant of the correlation matrix of error
terms which is calculated according to the variance and covari-
ance matrix of residuals for equation system [e.g. the correla-
tion matrix of error terms can be calculated by equation (8)],
n is the number of observations, p is the number of endoge-
nous variables in the system and x? is chi-squared value with
f=p(p—1)/2 degrees of freedom and o = 0.05 level. The null
hypothesis is rejected if 4 is greater than the critical value from
a %2 distribution at a & = 0.05 significance level.

This means that the assumption of independence be-
tween equations in the system is not reasonable. Consid-
ering that the two statistic tests of the Lagrange Multiplier
and Anderson have the same significance and that the
former is widely used, therefore, the Lagrange Multipli-
er test is used to test the variance-covariance matrix of
residuals in this study.
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MATERIALS

Remeasurement data from a Eucalyptus globulus La-
bill. forest inventory conducted by the SILVICAIMA
company in Portugal in 1990-1995 were used (see
YUANCAI 1998). A total of 169 plots from 11 locations
were used for this study. The plots were remeasured at
least twice (90 plots). Some were measured three times
(49 plots) and four times (30 plots). 447 observations
were produced from 169 plots (Table 1). The non-over-

Table 1. Statistics of the data set used for selecting the variables
of different measures (n = 447)

|4 G H t N N CL
(m*ha) (m%ha) (m) (year)  (m) (trees/ha)
Min 0.7 0.3 4.5 2.7 9.82 161 1
Max 218.8 238 259 11.0 26.61 2,050 4
Range 218.1 235 214 8.3 16.78 1,889 3
Mean 55.85 8.38 13.85 6.58 18.41 855 -
2::::;‘: 5116 525 541 225 286 27232

Note: H — stand dominant height (m), G - stand basal area (m¥ha),
1 —stand age (years), V- stand volume (m%ha), S - site index (base age
10), CL - site class, N — number of trees (number of trees/ha)

lapping and non-descending growth interval data were
compiled for stand growth and yield equations in this
study. That means the growth intervals were obtained
from the first and the second, the second and the third,
and the third and the fourth measurements. Table 2 shows
a summary of statistics for 169 sample plots or 278 ob-

Table 2. Statistics of the data set with non-overlapping and non-
descending (n = 278)

n Vi G2 Gl H Hl 1l

(m*ha) (m*ha) (m*ha) (m*ha) (m) (m) (year) (year)
Min 3@t 10F T 03 - Sed A4S 3T 2T
Max 2126 1754 22 189 248 234 11 10
Range 209.2 1747 21 186 181 189 73 13
Mean 9325 6871 11.83 947 17.58 14.87 806 631
3:':;‘::"1 5038 5163 541 562 495 555 2.1 2.14

servations (according to the growth interval of t1 and t2),
which are used to estimate the parameters of the system
of equations (1), (2) and (3).

The equations developed by the SILVICAIMA com-
pany (not published) were used for estimating individual
tree volume in cubic meters on the basis of each dbh and
height of trees. The volume per hectare (m’/ha) is the
sum of individual tree volume for eucalyptus plantations
on the plots. The stand basal area for each plot, expressed
by m%ha, can be obtained by adding up the basal area of
all the observed trees. The dominant height in meters is
the arithmetic mean height of dominant eucalyptus trees.

RESULTS AND DISCUSSION

The upper half estimation of the variance matrix asso-
ciated with the error terms of the component equations

290

Table 3. Variance-covariance matrix of residuals for the system
of equations

V2 G2 H2
2 24.75658
G2 0.84899 2.42168
H2 0.49676 0.42061 1.41638

obtained from NOLS is shown in Table 3. Fitting statis-
tics including the estimates of the parameters, the param-
eter standard errors and the ratio of the estimates to the
standard errors from NOLS, N3SLS and nonlinear SUR
methods are listed in Table 4. The root mean squared er-
ror (RMSE), the coefficient of determination (R?), the
mean of estimated biases (e) and other statistic values
calculated according to (4), (5) and (6) for each of the
three equations in the system are presented in Table 5.

In order to examine the variance and covariance ma-
trix of the error terms in the system fitted by OLS meth-
od, the results from Table 3 are used. The Lagrange
Multiplier statistic test of variance and covariance ma-
trix of residuals for this system is calculated according to
equations (7) and (8).

= 0.84899%/(2.41478 - 24.75658) = 0.01206

r*;, = 0.49678%(1.41638 - 24.75658) = 0.00704

r*y, = 0.42061%(1.41638 - 2.41478) = 0.05173

A =278 (0.01206 + 0.00704 + 0.05173) = 19.6907

The critical value from a x*distribution with 3 degrees
of freedom at o = 0.05 significance level is 7.81. Hence,
the null hypothesis of zero co-variances is rejected and
the cross-equation correlation is significant. The result
calculated above indicates that the residuals of the cross-
equation are correlated. Although the system of equa-
tions (1)—(3) is a recursive system, there are mutually
correlated regression disturbances between the equations.
Therefore, the system is not appropriately estimated
using NOLS because NOLS applied to separate equa-
tions will not yield theoretically sound estimators, and
will produce inconsistent or inefficient parameter esti-
mates.

The fitted statistics in Table 4 indicate that the estimat-
ed coefficients using the three techniques do not appear
to be markedly different. The standard errors of the coef-
ficients from NOLS are generally smaller than those from
N3SLS and NSUR. However, the NOLS estimates are
inconsistent in theory so that the confidence intervals can
be misleading and hypothesis tests cannot be appropri-
ately performed. It is evident from Table 4 that the stan-
dard errors of the coefficients from NSUR are generally
smaller than those from N3SLS. The possible explana-
tion in this case is that N3SLS lacks an appropriate set of
instruments to achieve the most efficient estimates. Nev-
ertheless, NSUR method emphasizes maintaining the
original nonlinear forms of the equations rather than
choosing the proper instrumental variables, so that it en-
hances the significance of keeping the appropriately iden-
tified equation forms. For this particular example, if
a comparison of the fitting techniques is made in terms
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Table 4. Parameter estimation for a system of equations using NOLS, N3SLS and NSUR

Equation NOLS N3SLS NSUR

parameters Estimation  Std. err. t-ratio Estimation Std. err. t-ratio Estimation Std. err. t-ratio
1
al -2.65829  0.191966  -13.8478  -3.07355 0.277428 -11.0787 -2.81399 0.193626 -14.5331
a2 -5.08874  0.659865 -7.71178  -4.36783 1.06747 -4.09176 -5.01301 0.669453 ~7.48821
a3 1.00389  0.024833 40.4264  0.979842 0.061796 15.8561 0.979822 0.025009 39.1782
@)
cl 297718  0.095463 31.1867 3.03158 0.134876 22.4768 3.16467 0.094166 33.6074
c2 0.64155  0.134203 4.78049  0.548154 0.20228 2.70988 0.32935 0.135081 243818
(3)
b0 29.3852 1.22142 24.0582 28.7501 1.20589 23.8414 29.4300 1.21748 24.1729
bl 0.131026 _ 0.014601 8.97401  0.138039 0.015893 8.68532 0.129012 0.014259 9.04803

Table 5. Comparison of the different fitting techniques for the
system of equations

Equation Method  R*  RMSE e Mine, Maxe,
1) NOLS 0.9931 5.0055 0.0929 -17.2991 21.0225
N3SLS 0.9930 5.0339 0.00631 -18.0542 21.9957
N-SUR 0.9931 5.0281 0.21047 -17.6522 21.9118
) NOLS  0.9206 1.5608 0.0187 -6.1519 5.9674
N3SLS 0.9205 1.5630 0.04039 -6.2694 6.0317
N-SUR 09188 1.5747 0.07451 -6.5606 6.1755
(3) NOLS 09442 1.1937 -0.0173 -2.8014 3.4687
N3SLS 0.9444 1.1879 -0.0063 -2.8553 3.5073
N-SUR 0.9442 1.1939 0.00157 -2.7677 3.490

Note: R?, RMSE, and e are calculated according to equation (4), (5)
and (6), Min ¢, and Max e, are the observed and fitted mean values of
the endogenous variables

of the standard errors of parameter estimation in this sys-
tem, the nonli-near SUR procedure provides more ac-
ceptable parameter estimates due to their smaller standard
errors than those obtained from N3SLS (Table 4).

A comparison of the fitting techniques is also made in
terms of the coefficient of determination (R?), the root
mean squared error (RMSE) and the mean of estimated
biases (e) values commonly reported in regression ana-
lysis. The results in Table 5 indicate that different esti-
mation methods give almost the same R* and RMSE
values. For equations (1) and (2), with the exception of
equation (3), the NOLS tends to have the highest R? va-
lues and the lowest RMSE values. The differences are,
however, minimal. This is expected because the NOLS
minimizes the sum of error squares, and the R* and RMSE
generally produce the most favorable results for the
NOLS from the sum of error squares. In many other com-
parison studies between system methods and ordinary
least squares technique (MURPHY 1983; AMATIES et al.
1984; BORDERS, BAILEY 1986; LYNCH, MURPHY
1995), the R? and RMSE values also favored the ordi-
nary least squares. Strictly speaking, at least from the
point of view of hypothesis testing or interval estima-
tion, the R? and RMSE values from NOLS are not direct-
ly comparable to those from system methods because
estimates obtained from the NOLS are inconsistent, and
the ordinary least squares method tends to give smaller
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but inappropriate error variances. From Table 5, the pre-
dicted endogenous variables from three estimated meth-
ods are compared to the observed values. The mean
values of the estimated biases indicate that both the stand
yield equation and the stand basal area equation are
slightly underestimated by the three methods, while the
stand dominant height equation is slightly underestima-
ted by NSUR but overestimated by NOLS and N3SLS.
In particular, the NOLS estimators tend to have a larger
bias but a smaller variance than the N3SLS for equations
(1) and (3).

In general, in some cases of the particular example, the
NOLS estimator performs better than N3SLS or nonlin-
ear SUR, in others worse, and sometimes about the same.
The differences between the methods are very small in
Table 5. These results are very consistent with those of
the previous applications (MURPHY 1983; AMATEIS et
al. 1984; BORDERS, BAILEY 1986; LYNCH, MURPHY
1995). Although these data were used by different meth-
ods, the system of three equations performed similarly in
practice, the N3SLS and nonlinear SUR look more theo-
retical.

As an example of the use of the equations including
different estimation methods, let us suppose that the cur-
rent inventory information in a 5-year old plantation
shows that stand dominant height (A1) is 16.6 m, that
stand basal area per hectare (G1) is 12.86 m?%ha, and that
stand volume yield (over bark) per hectare (V1) is
49.9 m*/ha. Equations (1), (2) and (3) can now be used to
estimate future stand characteristics at the age of 10 years.
With the age (#,) of 5 years and H1 of 16.6 m, H2 from
equation (3) in NOLS, N3SLS and NSUR is estimated as
23.1 m, 22.88 m and 22.97 m, respectively. Equation (2)
estimates that at age 10, G2 will be 18.2 m?ha by NOLS,
18.97 m*ha by N3SLS and 19.12 m*ha by NSUR, re-
spectively. Substituting these current and future stand
characteristics into equation (1) and according to the
same procedures provides an estimation of stand volume
yield as 104.8 m*ha, 106 m*/ha and 106.2 m*/ha, respec-
tively. The estimations of stand volume yield per hectare
showed obviously different values in relation to the esti-
mated volume growth in the stand when the projection is
made for different periods (3 years interval instead of
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5 years interval). If a manager goes through this proce-
dure for every year, he can develop a mean annual incre-
ment (MAI) curve to aid him to make management
decisions.

For predicting eucalyptus plantation growth and yield,
the system of equations in different estimation methods
can be expressed as follows:

NOLS method,

n = Vl e[- 2.6583(1/42 - 1/t1) - 5.0887(1/H2 - I/H1) + 1.0039 (In G2 - In G1)]
GZ = e[(llllZ) In G1 +2.9772(1 = t1/42) + 0.6416(1 — HI/H2)]

H2 =29.3852 {1l — 032 p() 0131 umHl (In (1 = €013 Ry} (| - 013111y

N3SLS method,

="V e[-!.O736(I/lZ— 1/t1) - 4.3678(1/H2 ~ 1/H1) + 0.9798(In G2 - In G1)]
Gz = e[(llllZ) In G +3.0316(1 - t1/2) + 0.5482(1 -~ HI/H2)]

H2 = 28750111 -n(1 - 0181y — e.a.mm)”]_“ (in (1 - 0138210 (1 _ 013811y}

NSUR method,
V2 = Vl e[—2.8l40(l:‘12— 1/11) = 5.013(1/H2 - I/H1) + 0.9798(In G2 ~ In G1)]
G2 = e[(lllﬂ)lnGl +3.1647(1 - t142) + 0.3294(1 - HI/H2)]

H2 = 29.4311-lin(1 -5 Dy1in) ".om“)”Hl"““ — e 01B Ry (- 01Dy

CONCLUSIONS

A simultaneously interdependent system of three non-
linear equations for predicting stand volume yield, stand
basal area and stand dominant height growth has been
presented and discussed for eucalyptus plantations grown
in the Central interior of Portugal. The ordinary least
squares (OLS) estimation method and system estimation
methods such as seemingly unrelated regression (SUR)
and three-stage least squares (3SLS) from econometrics
were used to estimate the structural parameters simulta-
neously, and then the statistics of estimated results from
the system methods were compared to those obtained
from ordinary least squares. The results indicate that there
is a small difference between the three approaches in the
particular case but the system estimation methods per-
form better for the simultaneously interdependent sys-
tem of equations in theory, especially, the 3SLS technique
accounts for both simultaneity bias and contemporane-
ous correlations of the system of equations. Therefore,
the appropriate system estimation methods are recom-
mended for estimating parameters in simultaneously in-
terdependent systems of forestry equations. Moreover,
when there is a demand for the parameters to be the same
in both the growth and yield equations in the system of
equations, the system estimation methods would be more
adequate than the ordinary least squares method.
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Simultdnni modelovéni vynosu, horni vy$ky a vydetni zakladny porostu ristovymi

modely
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ABSTRAKT: Ristové a vynosové modely lesa jsou ¢asto sloZeny ze systému kompatibilnich, navzajem nezavislych a ana-
lyticky souvisejicich rovnic spie nez z jedné rovnice. VétSina lesnickych védeckych pracovniki jiZ uznava, Ze systém dy-
namiky lesnich porostl by mé&l byt popisovédn systémem simultdnnich a navzajem zavislych rovnic. Pro odhad koeficientl
v modelu systému riistu a vynosu lesa se ¢asto pouZivaji regresni dvoustupiiové a tfistupfiové metody nejmensich Stverch
(2SLS a 3SLS) a metoda SUR (seemingly unrelated regression) z ekonometrie. Studie analyzuje soustavu tii vzdjemné neza-
vislych rovnic pouzitych pro pfedpovéd’ budouciho vynosu porostu, budouci horni vysky porostu a budouci vy&etni zaklad-
ny porosti v eukalyptovych kulturidch jako uceleného systému daného poéiteénimi podminkami. Koeficienty systému se
odhadovaly z dat o porostech Eucalyptus globulus Labill. ve stfednim Portugalsku pouZitim metod 3SLS, SUR a OLS. Tyto
tfi metody jsou srovnany a vyhodnoceny na zakladé stejnych statistickych ukazateli. Vysledky naznaéuji, Ze mezi témito
tfemi pfistupy je v daném konkrétnim pfipadé maly rozdil, ale teoreticky tyto systémové metody odhadu funguji 1épe
u soudasné vzajemné zavislych systémi rovnic. Proto jsou doporugeny patfiéné pfistupy k odhadu systému pro odhad koefi-
cientli souasné navzéjem zéavislého systému lesnickych rovnic.
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Analyses of seed quality and germination in the Swiss Mountain

Pine (Pinus mugo TURRA)

L. HraBi

Palacky University, Faculty of Pedagogy, Olomouc, Czech Republic

ABSTRACT: This paper contains specific knowledge of detailed qualitative analyses of seeds of the Swiss Mountain Pine
(Pinus mugo TURRA). Anatomical analyses, biochemical analyses and tests of germination were realized in 19 different
individuals (from 19 areas) during four years of study. Uncommon results were obtained — incompletely developed embry-

os, polyembryony and abnormally germinating seeds.

Keywords: seeds of Swiss Mountain Pine; detailed analyses; incompletely developed seeds; polyembryony; abnormally

germinating seeds

For many years nongerminating seeds or seeds with
low germination have accounted for a large portion of
Swiss Mountain Pine seed production (JURASEK et al.
1992: LOKVENC, STURSA 1985). Some authors tried to
stimulate seed germination by different physical and
chemical methods (GOLJADKIN 1972; WORKS, BOVO
1972). Their future practical use has not been verified
yet, and there is not much information about morpholog-
ical, biochemical and cytogenetic seed analyses (BEW-
LEY, BLACK 1986).

The condition of the morphologically developed Swiss
Mountain Pine seed is that the embryo takes more than
2/3 of the axial duct length (KHAN 1977). According to
BEWLEY and BLACK (1986), SCERBAKOVA (1966) non-
vital seeds are those in which the polyembryony exist.
Morphological changes are probably connected with bio-
chemical processes. The seed quality is investigated by
the biochemical tetrazolium test (CSN 48 1211 Zkousky
jakosti plodi a semen lesnich dfevin [Fruit and Seed
Quality Tests in Forest Tree Species]; REHAP 1983).
Other methods are based on quantitative and qualitative
changes of saccharides in seeds (SIMANCIK 1967). It is
only known from the cytogenetic analysis that plant spe-
cies with big cell nuclei and low number of chromosomes
are more sensitive to UV (ultraviolet) radiation than those
with small nuclei and high chromosome number
(KOVACIK et al. 1976), and that a standard karyotype of
the Swiss Mountain Pine contains 24 chromosomes
(PAZOURKOVA, PAZOUREK 1960).

It is clear according to the above-mentioned informa-
tion that no complex qualitative investigation of the Swiss
Mountain Pine seeds has been made until now. That is
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why the aim of this experimental investigation was to
study the vitality and quality of seeds and germination
processes.

MATERIAL AND METHODS

The investigation was carried out for 4 years. Seeds
from 19 individuals and from 19 areas of the Krkonose
Mits. (altitude 1,100-1,530 m a.s.l.) were examined. The
origin of seed samples is given at the end of the Results
section. After collection, seed extraction at 45°C and
dewinging the seed analyses were made:

a) content of full seeds (4 x 100 from each sample), ac-
cording to the Standard CSN 48 2111 Jakost plodii
a semen lesnich dfevin (Fruit and Seed Quality in For-
est Tree Species);

b) anatomical structure — content of vital and nonvital
seeds (4 x 100 from each sample), analysed at the lon-
gitudinal section under a stereomicroscope Olympus
(magnified 5 times), as nonvital were considered seeds
with small embryos — smaller than 2/3 of the longitudi-
nal length of the axial duct and seeds with 2 and more
embryos — polyembryony;

c¢) biochemical analysis — study of seed vitality in tetra-
zolium solution (prepared and applied according to the
Standard CSN 48 2111); the development and colour
were examined at a longitudinal section (4 x 100 seeds
of each sample) under a stereomicroscope Olympus
(magnified 5 times); nonvital seeds had other than red
colour;

d) after these anatomical and biochemical analyses of
each sample, the tests of germination (according to the
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Table 1. Results of qualitative analyses and germination tests of the Swiss Mountain Pine seeds during the first year of investiga-

tions (Klec I)
Altitude  Sample Content Anatomical analyses (%) Biochemical analyses (%) Germination tests (%)
(mas.l.) of full vital nonvital vital nonvital polyem-  germinative germination anomalies
seeds (%) bryony energy
1,530 Klec 1 43.0 35.0 65.0 283 64.9 6.8 1.5 6.5 0.8
1,480 Kle¢ 2 74.8 96.3 3.7 94.8 1.4 38 19.5 94.5 5.5
1,460 Kle¢ 3 60.3 333 63.7 25.0 742 0.8 1.8 16.8 0.5
1,420 Klec 4 72.0 81.0 19.0 76.3 229 0.8 1.5 47.8 1.8
1,400 Kle¢ 5 723 66.3 33.7 61.8 31.9 6.3 15.8 58.5 4.5
1,390 Kle¢ 6 46.0 78.5 20.0 773 16.2 6.5 7.5 76.0 58
1,370 Kle¢ 7 71.0 48.8 51.2 478 51.7 0.5 1.8 42.0 0.5
1,360 Kle¢ 8 825 825 17.5 85.0 9.5 5.5 12.5 833 5.3
1,340 Klec 9 573 99.0 1.0 96.5 2.0 LS 38.0 98.3 1.5
1,320 Kle¢ 10 76.0 59.8 40.2 56.3 399 38 7:5 58.0 4.0
1,310 Kle¢ 11 93.3 16.3 83.7 12.5 87.2 0.3 0.5 35 0.0
1,300 Kle¢ 12 85.8 80.8 19.2 75:5 18.5 6.0 10.0 453 25
1,270 Kle¢ 13 68.5 24.0 76.0 235 742 23 3.0 10.5 0.5
1,265 Klec 14 843 278 722 20.5 74.5 5.0 0.8 11.0 0.0
1,250 Klec 15 733 79.0 21.0 76.5 16.0 7.5 10.5 778 2.8
1,200 Klec 16 58.0 93.5 6.5 87.8 8.4 3.8 19.5 85.0 0.8
1,150 Kle¢ 17 58.0 96.0 4.0 97.3 2.7 0.0 27.8 98.3 8.0
1,120 Klec¢ 18 68.0 99.5 0.5 95.8 32 1.0 51.0 97.8 4.0
1,100 Kle¢ 19 80.0 96.5 35 92.5 7.0 0.5 47.8 89.8 2.0

Standard CSN 48 1211 Sbeér, jakost a zkousky jakosti
plodii a semen lesnich dfevin [Collection, Quality and
Quality Tests of Forest Tree Fruits and Seeds]) were
carried out. Some anomalies during the process of ger-
mination were observed. Data on the germinative
energy, germination, seed quality were statistically pro-
cessed by arithmetical means and regression analyses
in the different years of study (designated as Kle¢ I,
Kle¢ 11, Kle¢ III and Kleg IV).

RESULTS

The results of anatomical analyses, biochemical analy-
ses and germination tests are given in Tables 1-8.

The first year of investigations

Data in Table | show that the content of full seeds was
between 43 and 93.3% in different samples, content of
vital seeds according to the anatomical analyses ranged
from 16.3% to 99.5% and according to the biochemical
analyses from 12.5% to 97.3%. The polyembryony was
evident in 0.3-7.5% of the samples (with the exception
of 1 sample). The results of germination tests show that
germinative energy was 0.5-51.0% and germination
amounted to 3.5-98.3%. Anomalies during the germina-
tion tests were found in seeds of many samples and they
accounted for 8%. They were indicated by germination
of green parts of epicotyls (see Fig. 1c).

Fig. I illustrates the unusually developed and nonger-
minating seeds and specifically germinating seed.

Fig. 2 shows a completely developed embryo of the
Swiss Mountain Pine seed as seen under an electron mi-
croscope REM-JSM-35-Jeol.

J. FOR. SCI., 47, 2001 (7): 294-300

Statistical analyses (Table 2) document significant cor-
relations between altitude and content of full seeds and
significant correlations between altitude and the germi-
native energy and germination. There was no statistical-
ly significant correlation between altitude and poly
embryony. :

The second year of investigations

Results of these analyses are shown in Tables 3 and 4.
Content of full seeds ranged from 38.0% to 96.5%. Con-

b

a

Fig. 1. The incompletely developed embryos and the atypically
germinating Swiss Mountain Pine seed (a — polyembryony,
b —incompletely developed embryo, ¢ — atypically germinating
seed)
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0.2 mm

Table 2. Regression analyses: influence of altitude on the quali-
ty of the Swiss Mountain Pine seeds during the first year of in-
vestigations (Kle¢ I)

y,=114.220-0.034 x, r=-0.327 r£=0.107*
y,= 146.039 - 0.060 x, r=-0.266 r=0.071
y,= 147.645 - 0.064 x, r=-0.272 r=0.078
y,=-4.176 + 5.767-10 x, r=0.280 r=0.078
y,=104.033 - 0.068 x, r=-0.549 r=0.302*
y,=173.578 - 0.089 x, r=-0.326 r=0.106*
y,=3.718 - 8.054:10~ x, r=-0.044 r=0.002

Note: y, — content of full seeds; y, — anatomical analysis; y, — bioche-
mical analysis; y, — polyembryony; y, — germinative energy;
Y, — germination; y, — anomaly of germination; r — correlation
coefficient; x, - altitude; * — significant correlation between variables

tent of vital seeds according to the anatomical analyses
was between 25.3% and 96.0% and according to the bio-
chemical analyses between 25.3% and 92.0%. Polyem-
bryony was evident in 0.3-6% of the samples.
Germination amounted to 5.0-93.0%. Anomalies during

Fig. 2. The completely developed
embryo of the Swiss Mountain Pine
seed

germination tests were similar to those of the previous
year. They were evident in all samples with the excep-
tion of one — accounting for 7%.

Statistical analyses (Table 4) show significant correla-
tions between altitude and content of full seeds and bet-
ween altitude and vitality according to the anatomical
analyses and between altitude and germinative energy.
There was no statistically significant correlation between
altitude and polyembryony.

The third year of investigations

Data in Table 5 show that the content of full seeds in
different samples was between 45.8% and 92%, content
of vital seeds according to the anatomical analyses
amounted to 32.3-94% and according to the biochemi-
cal analyses it ranged from 22.3% to 98.5%. Polyem-
bryony was evident in all samples and accounted for max-
imally 9%. The results of germination tests show that ger-
minative energy ranged from 0.8% to 50.5 % and ger-
mination amounted to 7.3-97.5%. Anomalies during the

Table 3. Results of qualitative analyses and germination tests of the Swiss Mountain Pine seeds during the second year of investi-

gations (Kle¢ II)

Altitude Cc{nlcnl Anatomical analyses (%) Biochemical analyses (%) : Qerminnlion tests (%)
(asl) Sample of full vital nonvital vital nonvital  Polyembry- germinati-  gorminaion anomalies
seeds (%) ony ve energy
1,530 Kle¢ 1 38.0 25.3 727 26.8 68.4 438 25 6.0 0.3
1,480 Kle¢ 2 64.5 89.5 10.5 82.5 157 1.8 14.3 82.3 48
1,460 Kle¢ 3 523 425 57.5 345 65.2 0.3 48 93.0 0.8
1,420 Klec 4 66.5 71.8 28.2 69.0 30.0 1.0 83 94.3 0.5
1,400 Kle¢ 5 54.5 54.8 452 54.0 45.7 0.3 9.8 47.0 2.8
l.39E) Kle¢ 6 45.8 79.5 20.5 73.8 26.2 0.0 133 68.3 3.0
1,370 Klet7 663 53.3 45.7 48.5 472 43 11.5 358 45
1,360 Kle¢ 8 778 83.5 16.5 81.5 127 5.8 11.3 84.5 0.0
1,340 Kle¢ 9 51.5 88.5 11.5 91.3 8.4 0.3 30.0 91.3 1.8
1,320 Klec 10 72.0 66.8 332 56.5 41.5 20 24.8 83.5 0.3
1,310 Kle¢ 11 96.5 20.0 80.0 16.0 83.7 0.3 3.9 5.0 1.8
1,300 Klet 12 82.8 73.0 27.0 77.8 16.2 6.0 11.3 54.0 0.0
1,270 Kle¢ 13 71.0 335 66.5 288 70.7 0.5 4.5 16.3 0.3
1,265 Kle¢ 14 82.5 27.3 72.7 253 74.7 0.0 23 16.0 0.0
1,250 Kle¢ 15 60.5 74.5 2555 64.8 319 33 225 46.3 1.0
1,200 Kle¢ 16 56.5 87.5 12.5 71.3 227 0.0 228 80.5 1.3
1,150 Kle¢ 17 64.0 95.5 4.5 92.0 71 0.3 20.0 91.5 43
1,120 Kle¢ 18 72.8 96.0 4.0 89.3 10.7 0.0 225 91.8 7.0
1,100 Kle¢ 19 73.3 94.3 57 91.5 3.2 5.3 44.8 86.8 0.0
296 J. FOR. SCI, 47, 2001 (7): 294-300



Table 4. Regression analyses: influence of altitude on the qua-
lity of the Swiss Mountain Pine seeds during the second year of
investigations (Kle¢ II)

Table 6. Regression analyses: influence of altitude on the qua-
lity of the Swiss Mountain Pine seeds during the third year of
investigations (Kle¢ III)

y,= 139.695 - 0.057 x, r=-0.508 P=0.258*
y, = 155.102 - 0.063 x, r=-0314 P=0.099
¥, =0.110 + 1.389.10°x, r=0.079 r=0.006
¥y =71.453-0.048 x, r=-0553 = 0.306*
¥, =96.730-0.027 x, r=-0.105 F=0011
y,=3437 - 1.250°10° x, r=-0077 = 0.006

Note: y, - content of full seeds; y, — anatomical analysis; y, - bioche-
mical analysis; y, — polyembryony; y, — germinative energy; y, — ger-
mination; y, — anomaly of germination; r - correlation coefficient;
x,— altitude; * - significant correlation between variables

germination tests were observed in a majority of the sam-
ples, accounting for 8.3% (Fig. lc).

Statistical analyses (Table 6) document significant cor-
relations between altitude and vitality (biochemically
analysed seeds) and between polyembryony and germi-
native energy. No statistically significant correlation was
determined between altitude and germination.

The fourth year of investigations

Table 7 shows the results of these analyses. Content of
full seeds amounted to 54-78.3%. Content of vital seeds
according to the anatomical analyses ranged from 25.8%
to 96% and according to the biochemical analyses from
24.3% to 94.8%. Polyembryony was evident in all sam-
ples and its maximal value was 7%. Tests of germination
show that germinative energy amounted to 4.5-34.5%

y,= 110.709 - 0.029 x, r=-0.306 #=0.094
¥,=138.622 - 0.052 x, r=-0.269 r=0.073
¥y = 154.238 - 0.066 x, r=-0.352 r=0.124*
¥,=-11.679 + 0.011 x, r=0.521 r=0271*
¥5=94.069 - 0.060 x, r=-0.502 r=0252*
¥,=151.983-0.073 x, r=-0.292 r=0.085
¥,= 1.690 + 1.112-10" x, r=0.053 r?=0.003

Note: y, — content of full seeds; y, — anatomical analysis; y, — bioche-
mical analysis; y, — polyembryony; y, — germinative energy; y, — ger-
mination; y, — anomaly of germination; r — correlation coefficient;
x,— altitude; * - significant correlation between variables

and germination to 7.8-93.3%. Anomalies during the
germination tests were similar to those of previous tests
(maximal value — 4.8%).

Statistical analyses (Table 8) show significant correla-
tions between altitude and content of full seeds and other
factors, but with the exception of polyembryony.

All 4 years of investigations into the qualitative char-
acteristics provide these common results: incompletely
developed embryos, polyembryony, anomalies during
germination tests, significant correlation between altitude
and content of full seeds, no correlation with poly-
embryony, no similar trend in other qualitative charac-
teristics during the four years of study.

These results are important for a more complex study
to be carried out in future.

Origin of samples: Kle¢ 1 — Luéni hora; Kle¢ 2 -
Stiibrna bystfina; Kle¢ 3 — Sarfova bouda; Kle& 4 — Upské

Table 5. Results of qualitative analyses and germination tests of the Swiss Mountain Pine sceds during the third year of investiga-

tions (Kleé III)
Altitude  Sample Content Anatomical analyses (%) Biochemical analyses (%) Germination tests (%)
(mas.l.) of full vital nonvital vital nonvital polyem- germinative germination anomalies
seeds (%) bryony energy
1,530 Kleg 1 45.8 39.5 57.5 345 56.5 9.0 4.0 a3 0.3
1,480 Kle¢ 2 703 925 15 823 15.2 25 253 84.3 43
1,460 Kle¢ 3 64.5 36.8 63.2 353 62.4 23 3.0 17.8 0.0
1,420 Kle¢ 4 80.0 85.8 14.2 79.5 182 2.3 5.0 65.0 83
1,400 Kle¢ 5 75.8 69.8 282 67.8 23.7 8.5 12.0 50.0 3.8
1,390 Kle¢ 6 52.8 88.0 10.0 84.0 11.2 4.8 21.0 783 4.5
1.370 Kles 7 82.8 555 445 533 432 35 55 36.8 2.0
1,360 Kle¢ 8 83.5 84.5 15.5 833 13.9 2.8 20.0 38.3 7.5
1,340 Klet 9 60.5 91.0 9.0 80.8 17.9 1.3 28.8 94.0 45
1,320 Kle¢ 10 83.5 735 26.5 74.3 19.7 6.0 8.0 66.3 3.8
1,310 Kleg 11 92.0 323 67.7 223 7.1 0.0 1.0 5.0 0.3
1,300 Kle¢ 12 80.8 87.0 13.0 84.3 11.7 4.0 11.3 59.8 1.8
1.270 Kle¢ 13 63.5 323 67.7 245 75.2 0.3 33 15.5 0.0
1,265 Kle¢ 14 83.8 353 64.7 285 69.5 20 0.8 135 0.3
1,250 Kle¢ 15 74.0 84.0 16.0 77.5 15.7 6.8 14.5 74.5 3.5
1,200 Klet 16 59.0 933 6.7 87.8 9.2 3.0 18.8 80.0 1.0
1,150 Kle¢ 17 65.3 92.5 7.5 85.8 13.9 0.3 28.3 92.3 6.3
1,120 Kle¢ 18 72.0 94.0 6.0 98.5 1.5 0.0 50.5 97.5 43
1,100 Kle¢ 19 82.0 92.8 7.2 92.3 7.4 0.3 50.5 65.5 1.0
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Table 7. Results of qualitative analyses and germination tests of the Swiss Mountain Pine seeds during the fourth year of investiga-

tions (Kle¢ IV)
Altitude Sample Content Anatomical analyses (%) Biochemical analyses (%) Germination tests (%)
(mas.l) of full vital nonvital vital nonvital polyem- germinative  germination  anomalies
seeds (%) bryony energy
1,530 Kleg 1 54.0 258 732 243 70.9 48 45 7.8 0.0
1,480 Kle¢ 2 68.8 88.5 11.5 88.3 9.4 23 235 87.3 48
1,460 Kle¢ 3 59.8 35.0 65.0 30.3 69.4 0.3 5.8 26.5 0.8
1,420 Klet 4 625 78.0 220 75.0 212 38 24.8 64.5 1.3
1,400 Kle¢ 5 725 575 425 54.8 40.2 5.0 8.5 54.0 23
1,390 Kle¢ 6 55.8 73.8 232 70.5 232 6.3 11.8 65.3 0.3
1,370 Kle¢ 7 71.8 455 54.5 39.5 60.5 0.0 8.0 348 20
1,360 Kle¢ 8 68.8 358 64.2 39.5 57.0 3.5 5.3 318 0.3
1,340 Kleg 9 52.0 96.0 4.0 94.8 34 1.8 335 86.8 1.8
1,320 Kle¢10  67.8 58.8 412 57.5 317 48 158 355 0.3
1,310 Klec 11 76.0 82.8 272 71.0 20.5 25 26.8 72.8 L3
1,300 Kle¢ 12 66.5 55.5 4.5 54.0 40.2 5.8 5.8 348 0.3
1,270 Kle¢ 13 755 73.8 26.2 66.8 26.2 7.0 238 535 1.0
1,265 Kle¢ 14  77.0 415 52.5 478 52.2 0.0 14.0 33.0 0.3
1,250 Kle¢15 733 77.0 23.0 74.8 27.2 23 258 55.0 0.0
1,200 Kle¢ 16  57.8 80.8 19.2 78.8 20.2 1.0 32.5 84.3 0.3
1,150 Kle¢17  67.0 91.0 9.0 87.3 11.2 1.5 345 76.0 0.0
1,120 Kle¢ 18  76.8 95.5 45 94.0 42 1.8 268 90.5 0.0
1,100 Kle¢ 19 783 87.3 12.7 88.3 11.2 0.5 16.8 93.3 0.3

raselinisté; Kle¢ 5 — Labska bouda; Kle¢ 6 — Krkonos;
Kle¢ 7 — Rtzova hora; Kle¢ 8 — Lis¢i hora; Kle¢ 9 — Lysa
hora; Kle¢ 10 — Velka Mumlava; Kle¢ 11 — Kotel; Kle¢
12 — Tvaroznik; Kle¢ 13 — Vosecka bouda; Kle¢ 14 —
Smidova vyhlidka; Kle¢ 15 — Vosecka bouda — forest
stand; Kle¢ 16 — Cernohorské raelini§té; Kle¢ 17 —
Pancavska jama; Kle¢ 18 — Dvoracky-U hajenky; Kleé¢
19 — Dvoracky — a piste.

DISCUSSION

Referring to the practical knowledge of some authors
(KHAN 1977; LOKVENC, STURSA 1985; JURASEK et al.
1992), this study was concerned with some important
aspects, qualitative analyses, germination tests and anom-
alies of the Swiss Mountain Pine seeds from the
Krkonose Mts.

Table 8. Regression analyses: influence of altitude on the qual-
ity of the Swiss Mountain Pine seeds during the fourth year of
investigations (Kle¢ 1V)

y,=113.274-0.035 x, r=-0.536 £=0.288*
y,=189.255 - 0.094 x, r=-0.540 P=0.292*
y,=188.728 - 0,095 x, r=-0.550 r=0.302*
y,=-2.568+4.222.107x,  r=0242 =0.059

4=71.991-0.041 x, r=-0.504 P=0254*
¥ =183.474 0973 x, r=-0.482 £=0.232+
7,=-5.007 +4.567.107x,  r=0.488 r=0.238*

Note: ¥, — content of full seeds; Y= anatomical analysis; Y- bioche-
mical analysis; y, — polyembryony; y, — germinative energy; y, — ger-
mination; y, — anomaly of germination; r — correlation coefficient;
x, - altitude; * — significant correlation between variables
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Analogously to the study of LOKVENC and STURSA
(1985) and to my own research (HRABI 1993, 1994), it
was detected that nongerminating seeds accounted for
a large portion of the Swiss Mountain Pine seed produc-
tion. The seed vitality is usually analysed by the tetrazo-
lium test, according to the Standard CSN 48 1211.
Morphological development can be analysed according
to the embryo development, as reported by BEWLEY and
BLACK (1986), KHAN (1977) or SCERBAKOVA (1966).
Similar patterns, but modified ones, were used in this
study. Specific results were obtained by these modified
methods (HRABf 1999). Some abnormal changes in the
seed structure probably influenced the process of germi-
nation. A complex of extreme factors could cause a high
number of incompletely developed embryos or polyem-
bryony. I think the most frequent negative factors were
air pollution and UV radiation at these high altitudes. It
is impossible to compare the results of these investiga-
tions with those of other authors because they are origi-
nal. Incompletely developed embryos as well as
polyembryony were documented in a majority of sam-
ples. The aspect of polyembryony should be related to
the genus Pinus (ERDELSKA 1979). Contrary to other
authors (BEWLEY, BLACK 1986; KHAN 1977), another
atypical aspect of germinating seeds was observed du-
ring this experiment — some abnormally germinating
seeds were found to germinate by green parts of epico-
tyls. These results cannot be compared with results of
other authors (HRABI 1994, 1999) because the aims of
their studies were not analogous. There could be more
factors that influenced some negative features during this
experiment. Not only external, but also some internal fac-
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tors could contribute to the results — incompletely deve-
loped pollen grains, failure of pollination and fertiliza-
tion and probably some mutations. Many different and
precise analyses have to be carried out to investigate these
anomalies in greater detail in the years to come.

CONCLUSION

Many atypical changes in the Swiss Mountain Pine
seeds were observed. These structural and germination
changes have not been established in the studied regions
yet. Some atypical changes in vitality and during the ger-
mination tests were determined. The results show that
the content of full seeds and altitude were in a significant
correlation. The existence of polyembryony was evident,
but its level was different during the four years of inves-
tigations (maximally 9%). The germinative energy and
germination tests achieved different values during the
experiment in the same samples of the individuals.
Anomalies of germinating seeds were evident during this
study and amounted to 8% maximally.

On the basis of my four-year research, the following
studies can be recommended:

— To study the Swiss Mountain Pine seeds and embryos
by biochemical methods based on the content of
growth regulators during the period of seed develop-
ment.

— To study environmental conditions — air and soil pol-
lution by precise methods.

— To study the conditions for pollination.

- To investigate the karyotype of germinating seeds.
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Analyzy kvality a kliivosti semen borovice klede (Pinus mugo TURRA)
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ABSTRAKT: Clének obsahuje poznatky o detailnich kvalitativnich analyzich osiva borovice klete (Pinus mugo TURRA).
Po &tyfi roky se uskuteéiiovaly anatomické a biochemické analyzy a zkousky kli¢ivosti u 19 jedincl z 19 lokalit. Zjistily se
neobvyklé idaje — nekompletn& vyvinutd embrya, polyembryonie a abnormélné kli¢ici semena.

Kli¢ov4 slova: semena borovice klede; detailni analyzy; nekompletné vyvinuta semena; polyembryonie; abnormalné kligici

semena
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V sou¢asnosti tvori velkou ¢ast produkce osiva borovi-
ce kle¢e semena s nizkou kli¢ivosti nebo semena zcela
nekli¢iva. Z téchto divodl se experimentovalo s riznymi
metodami stimulace klieni, ale dosud se nerealizovalo
jejich pouziti v praxi. Také se dosud neuskute¢nily kom-
plexni kvalitativni studie. Proto bylo cilem experimentu
studovat vitalitu a riizné kvalitativni analyzy semen
i priib&h kli¢eni ve vztahu k nadmofiské vysce.

Vyzkum se realizoval po dobu &tyi sezon na semenech
z 19 jedincti a 19 lokalit Krkono$ (z nadmoiskych vysek
1 100-1 530 m). Byly provadény modifikované analyzy
za Ucelem zjisténi podilu plnych semen a anomalii
v jejich anatomické stavbé a také biochemické rozbory
a zkousky kli¢ivosti semen. Energie kli¢eni a kli¢ivost se
vyhodnocovala statisticky.

Ziskané udaje jsou shrnuty v tab. 1-8 a anomélie stav-
by a kli¢icich semen dokumentuji obr. 1 a 2.

Béhem prvniho roku pokustt byly u riznych vzorkd
semen zji§tény rozdilné idaje o jejich kvalité. Anomalie
kliceni dosahly v pribéhu zkousek kli¢ivosti podilu az
8 %. Statisticky pritkazny vztah byl registrovan mezi nad-
mofiskou vySkou a podilem plnych semen i mezi nad-
moiskou vySkou a energii kliceni a mezi nadmofskou
vyskou a polyembryonii.

Ve druhém roce $etfeni dosahoval podil polyembryon-
nich semen vyssich hodnot. Anomalie v pribéhu kli¢eni
byly obdobné jako v prvni sezoné.

V nasledujicim roce byly zjistény obdobné idaje jako
ve druhém roce experimentalniho Setfeni. Statisticky

prikazny vztah byl evidentni mezi nadmotskou vyskou
a biochemicky hodnocenou vitalitou semen, mezi nad-
moiskou vyskou a polyembryonii a mezi nadmoiskou
vyskou a kli¢ivosti.

Vysledky kvalitativnich analyz &tvrtého roku Setfeni
se piili§ nelisily od jinych let. Byl op&t zjist&n statisticky
prikazny vztah mezi nadmofskou vyskou a podilem
plnych semen a také jinymi ukazateli kvality — s vyjim-
kou polyembryonie.

Cely &tyflety vyzkum kvalitativnich ukazatell osiva
borovice kle¢e dokumentuji rozdilné \idaje sledovanych
charakteristik; byl vSak zjistén statisticky prukazny
vztah mezi nadmofskou vySkou a podilem plnych semen.

Studie dokumentuje specifické zmény v kvalité semen
borovice kle¢e z riznych lokalit Krkonos. Jsou zde
zachyceny detailni biochemické a anatomické zmény, ale
také anomalie kli¢icich semen v priibéhu zkousek klici-
vosti. Casto byl registrovan nekompletni vyvin semen
a polyembryonie. U nékterych vzork ¢inil podil nekom-
pletné vyvinutych semen az 100 % a vyskyt polyembry-
onie mezi vzorky semen dosahoval az 8 %. Energie
kli¢eni se pohybovala v intervalu 0-71 % a kli¢ivost mezi
0-99 %. Také byly zji§tény neobvyklé ukazy, kdy né-
ktera semena klicila zelenou &asti epikotylu.

Veskeré tyto zmény byly registrovany u semen ze stej-
nych jedincti béhem ¢&tyr sezon. Je velmi obtizné objas-
nit, ¢im byly neobvyklé jevy zplisobeny. Nékolik pers-
pektivnich metod daldiho vyzkumu je doporuéeno
v zavéreéné asti piispévku.
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The influence of different methods of autoclaving and dating of
measurement on the rate of electrolyte leakage from oak tap root

M. SARVAS

Forestry Research Institute, Zvolen, Slovak Republic

ABSTRACT: In this study sensitivity of the method of measurement of electrolyte leakage from oak tap root was exa-
mined. The influence of different intervals of measurement after stress treatment on the rate of electrolyte leakage was
studied. The results showed that the rate of electrolyte leakage decreased in time after frost treatment (after 2 months by
100%). On the other hand, after desiccation treatment the rate of electrolyte leakage was the same. The rate of electrolyte
leakage can be influenced not only by injury of cells but also by the methodology of measurement and therefore it is prob-
lematic to make a comparison of results obtained by different methods of measurement. It is necessary to use the same

method of measurement for all variants.

Keywords: electrolyte leakage; physiological quality of planting stock; oak bare-rooted seedlings; tap root

The plant quality is a complicated complex of traits
which in their interaction influence survival and growth.
There are some simple methods (measurements of mor-
phological parameters) to determine external damage of
planting stock. But physiological quality plays a deci-
sive role in successful survival and regrowth of plants
after afforestation.

Besides plant damage, the physiological quality is in-
fluenced by other factors too. These factors very signifi-
cantly influence key traits of planting stock quality. The
nursery practice (undercutting, transplantation) has a con-
siderable effect on root growth potential, different re-
gimes of cold storage influence water content in plant
tissues, and very important role is played by the end and
beginning of dormancy which influence mitotic index
and chlorophyll florescence.

The measurement of electrolyte leakage is one of the
methods which is very often used for finding the actual
physiological planting stock quality. DEXTER et al.
(1932) described a principle of this method for the first
time. In his study he concluded that the injury or killing
of tissue, by cold or by any other means, involves the
disorganization of the substances essential for carrying
on the processes of life. With such disorganization, it is
well recognized that the cell loses its capacity to regulate
the diffusion of its soluble contents. Upon this basis, it
was assumed that the degree of injury from low tempe-
rature to overwintering and other plant structures might
be correlated with the exosmoses of electrolytes and
other material following exposure to cold. PALTA et al.
(1977) writes that electrolyte leakage is an index of the

J. FOR. SCI., 47, 2001 (7): 301-306

semi-permeable properties of the cell membranes. MC-
KAY (1998) wrote that if fine roots are capable of main-
taining a low level of electrolyte leakage it is probable
that they would also be capable of water uptake.

The ability of cell membranes to control the rate of ion
movement in and out of cells is used as a test of damage
for a great range of tissue samples from seeds (SAHLEN,
GJIELSVIK 1993), roots (MCKAY 1992, 1993, 1998; SAR-
VAS 1998, 1999; SCHUTE, SARVAS 1999), needles (BURR
etal. 1990), stems (DEANS et al. 1995). Some works used
the rate of electrolyte leakage from needles or shoots to
determine frost hardiness (COLOMBO, HICKIE 1987;
MURRAY et al. 1989). TINUS (1996) and TINUS and
BURR (1997) used measurements of electrolyte leakage
from needles to determine the time of autumn seedling
lifting for cold storage and their results showed that there
was indeed a relationship between cold hardiness at the
time of lifting and field survival of white and red pine,
but this relationship for Norway spruce was more com-
plex.

In general, several studies have concluded the possi-
bility to find physiological quality of planting stock by
measurements of electrolyte leakage. Unfortunately, it is
problematic to make a comparison of separate results.
Some works have used for testing samples from fine roots
(MCKAY 1992, 1993, 1998; MCEVOY, MCKAY 1997,
KERR, HARPER 1992), tap root (SARVAS 1998, 1999;
SCHUTE, SARVAS 1999), stem (COLOMBO et al. 1984;
DEANS et al. 1995) and needles (TINUS 1996). There is
a difference in medium in which the samples are placed
during autoclaving (SARVAS 1998, 1999; MURRAY et al.
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1989 — deionised water; MCKAY 1998 — distilled water;
SMIT-SPINKS et al. 1985 — solution of CaSO,). More-
over there were different ways of autoclaving and mea-
surement.

The objective of this study was to find the influence of
different duration of autoclaving on the rate of electro-
lyte leakage from oak tap root and changes of EL rate
measured in different time intervals after stress treat-
ments. Specific aim was to test changes of electrolyte
leakage rate from tap root after same intensive stress fac-
tors on different dates.

MATERIALS AND METHODS

Two-years old bare-rooted seedlings of pendunculate
oak (Quercus robur L.) which had been growing in
anursery of Lower Saxon Forestry Institute (360 ma.s.1.,
annual precipitation 800 mm, in vegetation period
400 mm, mean of annual temperature 7.6°C) were used
in this study. The biometrical characteristics and age of
tested planting stock are given in Table 1.

According to the modified method described by McC-
KAY (1992) the electrolyte leakage from tap root (sam-
ples were taken directly under root collar) was measured
in three different time intervals after stress treatments.
The root system was washed in cold tap water to remove
soil and rinsed in deionised water to remove surface ions.
The sample length from tap root was 2 cm. Individual
samp- les were put to 40ml universal glass bottles con-
taining 30 ml deionized water of conductivity < 3 uS/cm.
The bottles were capped and left at room temperature for
24 h. The bottles were shaken (5%) and the conductivity
of bathing solution was measured using the conductivity
meter LF 320 with built in temperature compensation
25°C. Then the samples were killed through autoclaving
at 110°C for three different time intervals (10, 20, and
40 min). The second conductivity measurement was
made 24, 48, and 72 h after the autoclaving. The total
conductivity was:

078 s conductivity after 24 h |
ELGO conductivity 24, 48 or 72 h after autoclaving1 o

The electrolyte leakage was measured from 20 plants
per variant.

Electrolyte leakage at different intervals after stress
treatments

On 17. 11. 1999, there were realized two frost tests to
determine the influence of different time period after

Table 1. Age and morphological traits of planting stock

Oak
Age 2+0
Height (cm) +s, 21+£7.5
Root length (cm) &5, 1934
Stem diameter (mm) s, 4519
Root diameter (mm) +s_ 72%22
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stress factor on the rate of electrolyte leakage. The plants
were placed to climatic rooms-directly after lifting. The
plants were kept in these rooms 6h/~3°C and 8h/-5°C.
Next, electrolyte leakage was measured for 20 plants and
60 oak seedlings were placed to cold storage. During cold
storage the root system was in polyethene bags (tempe-
rature 1-2°C, air humidity 90-92%). The rate of electro-
lyte leakage was measured in three different terms after
frost tests.

A desiccation test was carried out with plants from the
same seed plots on 2. 2. 1998. After the test, 60 plants
were placed to cold storage (the same cold storage con-
ditions as in frost tests) and in an interval of 3 weeks,
5 weeks and 2 months after the test electrolyte leakage
was measured.

The influence different ways of autoclaving and in-
terval of second measurement on electrolyte leakage

There was a different time of autoclaving used (10, 20,
and 40 min) and different intervals of second measure-
ment (24, 48, and 72 h after autoclaving) for finding its
sensitivity. The longest time interval of second measure-
ment was not used because there was a risk of contami-
nation of samples due to microbial activity. The test was
realized on 15. 10. 1997. The measurement of electrolyte
leakage was carried out in unstressed planting stock di-
rectly after lifting.

Electrolyte leakage after stress treatment of same in-
tensity on different dates

On three different dates, the cold test (2h/0°C) was re-
alized with bare-rooted oak planting stock. Similarly,
a desiccation test was carried out (4h — 15% air humidi-
ty/25°C) and following directly the stress treatments elec-
trolyte leakage was measured.

RESULTS

Electrolyte leakage at different intervals after stress
treatments

In this test, the influence of different intervals of mea-
surement after stress factors on the rate of electrolyte

Table 2. The electrolyte leakage from tap root at different inter-
vals after frost stress

Time interval after REL (%)

frost test 6 h/-3°C  Duncan 8 h/-5°C  Duncan
Directly after stress 22 A 37 A

1 week after stress 15 B 29 B

1 month after stress 11 C 16 C

2 months after stress 10 C 16 €

a " "
R? 0.67 0.63

***P <0.001 (means followed by the same letter are not significantly
different)
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Table 3. The electrolyte leakage from tap root in different inter-
vals after desiccation stress

Table 5. The electrolyte leakage from tap root after cold stress
on different dates

Time interval after REL (%) Date REL (%)

desiccation test 24 h-15%/25°C Duncan 2 h/0°C Duncan
Directly after stress 24 A 10. 11. 1997 12 C

3 weeks after stress 20 B 11.5. 1998 14 B

5 weeks after stress 18 B 3.6.1998 18 A

2 months after stress 24 A o e

o g R? 0.51

R? 0.23 ***P <0.001 (means followed by the same letter are not significantly

***P < 0.001 (means followed by the same letter are not significantly
different)

leakage was studied. After stress (frost and desiccation)
planting stock was stored in climatic room for a different
time and the rate of electrolyte leakage was measured.
The electrolyte leakage decreased in parallel with time
and after 2 months it was lower by 100% than directly
after frost treatment (Table 2).

On the other hand, the electrolyte leakage decreased
with time factor after desiccation treatment too, but there
was not a rapid fall, and after two months the REL-va-
lues were the same as directly after stress (Table 3).

The influence of different ways of autoclaving and
interval of second measurement on electrolyte leakage

These results did not show any marked differences in
leakage between the intervals of autoclaving. Equally, the
interval of second measurement did not play a big role in
the rate of electrolyte leakage either (Table 4).

Electrolyte leakage after stress treatment of the same
intensity on different dates

On three different dates, the cold test (2h/0°C) was rea-
lized with bare-rooted oak planting stock. The lowest
values of REL (12%) were observed on 10. 11. 1997
(Table 5). Similarly, a desiccation test was carried out
(4h — 15% air humidity/25°C) and following the stress
treatments electrolyte leakage was measured. The high-
est EL was observed on 3. 6. 1998 (Table 6).

DISCUSSION

Electrolyte leakage at different intervals after stress
treatments

The aim of the first part of this study was to examine
the influence of different time intervals after stress treat-

Table 4. The electrolyte leakage from tap root after different time
intervals of autoclaving and time of second measurement

Duration of auto- REL (%) second measurement after

claving (min) 24 h 48 h 72 h
10 16 14 14
20 16 15 13
40 14 15 13

J. FOR. SCI., 47, 2001 (7): 301-306

different)

ments on the rate of electrolyte leakage after stress fac-
tors.

After stress treatments, the plants were cold stored and
the electrolyte leakage was lower by 100% after two
months than directly after frost stress. The analysis of
the values of electrolyte leakage showed that absolute
values after autoclaving were similar and values of the

Fig. 1. Browning of oak root tissue three weeks after frost stress

first measurement changed during time. This fact can sig-
nal that injured cell membranes were closed during cold
storage because REL values after autoclaving were the
same. On the other hand, after desiccation treatment the
REL values two months after stress were the same as di-
rectly after stress. Although the REL values two months
after frost treatment were the same as for unstressed
plants, it was possible to detect the root damage on the

Table 6. The electrolyte leakage from tap after desiccation test
in different dates

Date REL (%)
4 h-15%/25°C Duncan
1.4.1998 12 C
11.5.1998 16 B
28. 10. 1997 18 A
3.6.1998 20 A
o *kk
R 0.36

***P <0.001 (means followed by the same letter are not significantly
different)
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basis of browning and changes in consistency of root tis-
sue (Fig. 1).

The influence of different ways of autoclaving and
interval of second measurement on electrolyte leakage

Next, the influence of different duration of autoclav-
ing and second measurement on the rate of electrolyte
leakage was examined. No marked difference between
EL values was found. In this study, EL values slightly
decreased with longer time of autoclaving and interval
of second measurement. It probably means that a longer
time of autoclaving is necessary for leakage of all elec-
trolytes. On the other hand, there is in practice an appli-
cable (fast) method to find the physiological quality of
planting stock: sufficient time interval of autoclaving
10 min and allowing 24 h before second measurement. It
is suitable to use 24 h interval of second measurement
with respect to speed of the method, whereupon time for
total measurement of electrolyte leakage is 48 h. Also,
10 min interval of autoclaving is sufficient to destroy cell
membranes and to extract of cell sap in deionized water.

By using this methodolegy (10 min of autoclaving al-
lowing 24 h before measurement) SCHUTE and SARVAS
(1999) found strong correlations (2= 0.97) between elec-
trolyte leakage from tap root and later regrowth of the
terminal shoot. This correlation was detected on con-
tainer and bare-rooted planting stock of oak after frost
(n=15) and desiccation (n = 12) stress treatments.

The same results of the influence of different length of
autoclaving on EL from fine roots were reported MC-
KAY (1997, unpublished). On the other hand, DEANS et
al. (1995) concluded that allowing 5-7 days after treat-
ment for electrolyte leakage equilibration, followed by
autoclaving 90—-120 min at 121°C and allowing 24 h be-
fore measurement provides a reliable method for assess-
ing freezing injury in small pieces of leafless stem tissues.

Electrolyte leakage after stress treatment of the same
intensity on different dates

Changes of EL values were tested after stress factors
of the same intensity, acting on different dates. The high-
est leakage was found for both stress factors in vegeta-
tion period. This increase in vegetation period against
EL for planting stock in dormant status was about 40%
after desiccation stress and about 33% after frost stress.
COLEMAN et al. (1992) found that the average increase
in hardiness of four subalpine conifers irom August to
December was 2.4 times for foliage and 1.4 times for
roots. The same results are reported in several studies in
which it is stated that planting stock in dormancy is har-
dier than during vegetation period (MEXAL, CARLSON
1981; RITCHIE 1986; RITCHIE, SHULA 1984).
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CONCLUSION

— Measurement of electrolyte leakage from tap root is
rapid, precise method for finding actual physiological
quality of planting stock at relatively low cost.

— The rate of electrolyte leakage can be influenced not
only by injury of cells but also by methodology of
measurement and therefore it is problematic to make
a comparison of results obtained by different methods
of measurement.

— It is necessary to use for determining the physiologi-
cal quality of planting stock the same method of mea-
surement of electrolyte leakage for all variants.
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Vplyv rozdielnych postupov autoklidvovania a ¢asu merania na rozsah straty elektrolytu

z hlavného koreiia duba

M. SARVAS

Lesnicky vyskumny ustav, Zvolen, Slovenskd republika

ABSTRAKT: V §tudii sa zistuje senzitivita metody merania straty elektrolytu z hlavného korefia duba. Pozornost’ je veno-
vana hlavne vplyvu rozneho asového intervalu na rozsah straty elektrolytu po stresovom faktore. Vysledky ukazali, Ze
hodnoty straty elektrolytu klesli dva mesiace po umelom mraze takmer o 100 % v porovnani s hodnotami zistenymi tesne po
stresovom faktore. Na druhej strane hodnoty straty elektrolytu po strese suchom mali aj po dvoch mesiacoch rovnaki troveii
ako po stresovom faktore. Uroveii straty elektrolytu nie je ovplyvnené len poskodenim buniek, ale aj samotnou metodikou
merania, a preto je problematické vzdjomné porovnanie vysledkov ziskanych r6znou metodikou merania. Je potrebné pouzi-
vat pre vetky varianty rovnaky postup merania.

KPadové slovi: strata elektrolytu; fyziologicka kvalita sadbového materialu; dubové vol'nokorenné semenagiky; hlavny ko-
refn

Kvalita sadbového materidlu predstavuje rozhodujici
faktor pre uspe¥ni umeli obnovu lesa a zalesiiovania.
Celkovu kvalitu sadbového materialu je mozné rozdelit’
na tri zloZky: geneticku, morfologicku a fyziologick.
Dodrzanie genetickej kvality je zabezpecené pouZivanim
reprodukéného materialu zo zodpovedajicich semenar-
skych oblasti. Prave fyziologicka kvalita sadbového ma-
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teridlu je dolezitejSou ¢ast'ou celkovej kvality a fyzio-
logické poskodenie sadbového materidlu vo vicsine pri-
padov spdsobuje az 100% mortalitu vysddzanych kultir.
Problematické je v8ak jej uréenie. Vizulnym pozoro-
vanim je mozné hodnotit’ len morfologické parametre.
Zist'ovanie fyziologickej kvality je vo vaésine pripadov
naroéné na ¢as a technické vybavenie a samotné
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zistovanie trv4 a niekol'ko dni. Dalej st kl'i¢ové znaky
vyjadrujice fyziologicku kvalitu ovplyviiované nielen
samotnym podkodenim sadbového materidlu, ale aj
dal¥imi faktormi (podrezévanie, $kdlkovanie, zadiatok
a koniec dormancie atd’.).

Meranie straty elektrolytu je metdda, ktord je velmi
dasto pouZzivana na uréenie aktualnej fyziologickej kva-
lity sadbového materialu. Vo vSeobecnosti viacero $tadii
potvrdilo moZnosti uréenia fyziologického poskodenia
semenadikov a sadenic lesnych drevin pomocou merania
straty elektrolytu. Vyhodou tejto metddy je jej rychlost’
(vysledky su k dispozicii do 48 hodin) a malé néroky na
laboratérne vybavenie. Je ale problematické uskuto¢nit’
porovnanie jednotlivych dosiahnutych vysledkov (roz-
dielne metodiky vlastného merania).

Ciel'om §tudie bolo zistit' vplyv rozneho ¢asového in-
tervalu autoklavovania a rozdielneho ¢asového intervalu

po stresovom faktore na rozsah straty elektrolytu. Spe-
cidlnym ciel'om bolo testovanie zmien urovne straty ele-
ktrolytu po stresovom faktore rovnakej intenzity v zavis-
losti od fyziologickej aktivity sadbového materidlu. Na
testovanie boli pouzité vzorky z hlavného korefia dvoj-
roénych semenadikov duba letného.

Vysledky $tidie ukazali, Ze na Girovei straty elektroly-
tu z hlavného korefia nevplyva len rozsah poskodenia,
ale aj samotny postup vlastného merania. Preto je pro-
blematické porovnavat’ vysledky ziskané rozdielnymi
postupmi vlastného merania. Dalej boli zistené Statisticky
vyznamné zmeny v strate elektrolytu z hlavného korena
duba po strese mrazom a suchom v zavislosti od fyzio-
logickej aktivity sadbového materidlu. Z dosiahnutych
vysledkov je zrejmé, Ze je potrebné pouzivat' rovnaka
metodiku merania straty elektrolytu na uréenie fyziolo-
gickej kvality sadbového materialu.
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A spatially explicit decision support system for locating forest
roads

E. PacorAl, J. TUCEK?

YTechnical University, Faculty of Forestry, Department of Forest Exploitation and Mechanization, Zvolen,
Slovak Republic
2Technical University, Faculty of Forestry, Department of Forest Management and Geodesy, Zvolen,
Slovak Republic

ABSTRACT: The paper presents theoretical elements of cartographic modelling of skyline yarding distances, and their
implementation in a raster digital elevation model (DEM) within the ArcInfo™ environment. Modules for yarding distanc-
es are programmed in the Arc Macro Language (AML). The concept of Spatial Decision Support System (SDSS) for laying
out forest roads with concern to terrain and technological criteria is also presented. The most important data source for
SDSS is a cartographic model of skyline yarding distances. Powerful tools of map algebra programmed in AML with im-

plementation of fuzzy logic are used in data processing.
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Typical forest areas in Slovakia have fairly extensive
road network density (in some areas over 100 m/ha).
However, the road class and the spacing of existing fo-
rest roads are very unfavourable. For example the ratio
between main forest roads (asphalt surfaced) and other
roads is 1:3 to 1:5. Another problem is the predominance
of tractor skidding technologies. Tractor skidding has
recently spread to mountainous terrain conditions (45%
of the territory of Slovakia). In such conditions it is pref-
erable to use skyline yarding technologies since, from an
ecological perspective, it is essential to restrict the densi-
ty of ground skidding trails.

Thus the primary issue concerning the siting of forest
roads in Slovakia is not to develop a road network in
previously unaccessible areas. On the contrary, transport
planning in these conditions is focused on: (1) the place-
ment of new hauling roads into the existing forest road
network where areas are not fully opened up, (2) the re-
construction of selected skidding trails and some hauling
roads (not asphalt surfaced) to main hauling roads and
(3) the rehabilitation of skidding trails which are not
worth rebuilding and using skyline technologies. The
forest road planning manager in these cases focuses on
judging the efficiency of the existing forest network. One
of the basic criteria for this judgment is skidding and
yarding distance.

In previous studies (TUCEK, PACOLA 1999) we con-
centrated on the evaluation of skidding and yarding dis-
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tances using DEM. The proposed distance models linked
with IDRISI geographic information system were not
fully optimized models for opening up of a forest. The
program lacked the means to rapidly develop and evalu-
ate route location based on the digital elevation model.

In the present study we have focused on removing
model limitation described in TUCEK and PACOLA
(1999) and designing future SDSS for laying out forest
hauling roads with respect to technological criteria as
skyline yarding distance. At the same time, we have de-
veloped the theory of building a cartographic yarding
distance model according to that described in TOMLIN
(1990).

METHOD

The modules described here were created for the
ESRI’S UNIX based ArcInfo environment. Powerful
map algebra tools, tools for surface modelling and Arc
Macro Language (AML) were used in the process of
building specific models.

The analytical process is simply presented as follows.
The source of information for building DEM was a for-
est topographic map in scale 1:10,000 with contour in-
tervals of 20 m. Contours and geographic objects
(compartment boundaries, roads, stream network) were
digitized on-screen in the ArcView 3.0a. DEM used in
calculating skyline yarding distances was built by ap-
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plying an interpolation method for the creation of hydro-
logically correct DEM. This method is integrated in the
GRID module called Topogrid (see ESRI 1994).

In the process of skyline yarding distance calculation
we used the LATTICE (ESRI 1994) data structure to-
gether with GRID structure for performing the compli-
cated operations of line-of-sight analysis.

REUTEBUCH (1988) sees the main problem of the
route-projection routines as being conceptual. Routines
rely on an algorithm rather than on the user’s visual abi-
lities and experience to guide the direction of the route.
Applying a fuzzy reasoning mechanism which selects
passing points shows that the direction of the route can
be fully controlled in the algorithm.

The fuzzy rule based system which automatically lays
out hauling roads is based on the fuzzy reasoning infer-
ence mechanism which uses the architecture proposed in
TAKAGI et al. (1985, 1986, 1988 in TANAKA 1996).
Their fuzzy reasoning mechanism is classified as the di-
rect method and was devised using linear functions for
the relevant rules. Fuzzy reasoning method using linear
functions is based on the following architecture:

Rule i TF x, is A'l and ... and X, is A'n

THEN y'=cy+c, +...+¢c,x,

12 L 2t
where: 7 — the superscript of rule,

r — the total number of rules,

A, (k=1,2, ... n) - fuzzy sets,

X, —an input variable,

y' — the output from the i-th rule,

¢, — the parameter of the consequence in the i-th rule.
The fuzzy reasoning value is obtained from the weight-

ed mean:
! !
y=(zwiyi)/2wi
i=1 i=1

where: w' — the adaptability of the premise of the i-th rule
and given by the equation:

n
(YAih
w _]._.['u,r;(nl
k=1

where: u the membership value of the fuzzy
setA,.

The reasoning rules which are used in our system were
constructed in YOSHIMURA (1997). We changed only the
premise and consequence part of the rules to adjust them
for the hauling road projecting conditions valid in Slova-
kia.

The fuzzy rule based system was programmed accord-
ing to the theoretical foundations described in FULLER
(1995).

The gradeline projection routine which connects two
passing points is based on a concept of path distance
model (GAO et al. 1996). The path distance model at-
tempts to control the grade between two adjacent cells
using a gradient factor. The gradient factor is a direction-
al one and it considers the effect of the value gradient
from a cell to its neighbour for the cost of travel between

Ax)
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two neighbouring cells. Other factors, such as rockiness,
environmental barriers, slope stability information, can
also be controlled by a path distance model. This control
is carried out by applying an isotropic cost surface which
expresses the costs of movement in terms of distance
equivalents.

CARTOGRAPHIC MODEL OF SKYLINE
YARDING DISTANCES

The cartographic model of skyline yarding distances
can be regarded as a map of distances measured from
every cell as a length of the line of sight over the terrain
to the nearest road cell (distance between the centre of
the processed cell and the centre of the nearest road cell)
(TUCEK, PACOLA 1999). The cartographic model is the
result of data processing methods used on the collection
of maps. Each layer conveys the following information:
digital elevation model — aspect grid — cost allocation
grid (defines for each cell the zone that achieves the min-
imum distance in order to reach the cell) — line of sight
(evaluation of intervisibility) — slope distance of line of
sight as a result (Fig. 1). Intervisibility between the pro-
cessed cells and the deviation of the line of sight from
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(A) DEM (cell resolution 50 m); (B) Aspect grid; (C) Cost al-
location grid (controls the homogeneity under the line of sight);
(D) Intervisibility evaluation; (E) Slope distance of line of sight.
Note: NODATA - keyword indicating that the cell is not visible
from the point of observation

Fig. 1. Cartographic model of skyline yarding distances

J. FOR. SCI., 47, 2001 (7): 307-313



Ir
Then DATA CONVERSION

To Onid.

[DEM. ROADS, MASZ(GRID,
nane, cell resohition

ASPECT
Identifies the drection
of maximum rte of change
m Z values from ench cell

qn:'

& [ORTIR3
[wnee visiblo.t fouore 1% 6%y %]]
Visibility control between road
and teran cells
sratbuliny.ami

2.0
Creates vector coverage as
aresult of visibility malysis

vistble.aml

QRIDPOINT
Couverts pomt coverage to grid
representmg skiddmg distmce value
rasterami

Raster map of skyline
yarding digtances

Fig. 2. Flow chart illustrating the method for calculating the
values of skyline yarding distances from DEM

the gradient curve are checked in the process of carto-
graphic modelling which proved to be the main problem.
Skyline yarding distances model is a network model.

The possibility of laying out skyline yarding paths is
based on the following assumptions:

X0 0 SO0 Mwters A
o

Fig. 3. Raster map of skyline yarding distances
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. The skyline tower in the cell of road and the tail spar in
the cell of a forest compartment are defined. If the dis-
tance between the two above mentioned cells exceeds
the technological length of a cableway system, the lay-
out of skyline yarding path cannot be calculated. The
signal value which shows that the cell has not been
reached in skyline logging operations will be assigned
to the cell.

2. If the two cells under analysis can “see each other”
and the angle deviation of the line of sight from the
gradient curve does not exceed the user defined limit,
then the skyline yarding path lay-out will be possible
for those cells.

. The skyline yarding distance will be calculated only
for the two cells which fulfil both mentioned condi-
tions (points 1, 2), but at the same time the calculated
distance is the shortest path from all considered com-
binations which permit skyline yarding paths from the
terrain cell to road cells.

4. If the intervisibility conditions between two cells are
not fulfilled, a different signal value will be noted to
the cell, indicating that a tree jack must be used for
skyline extraction path.

The conditions described above must be satisfied to
identify skyline yarding paths which are laid out in the
direction of the gradient curve or along the permissible
angle from the gradient curve (parallel, not fanned out
routes).

Fig. 2 illustrates a process flow diagram for calculat-
ing skyline yarding distances in the ArcInfo™ environ-
ment. The result of routines creating cartographic model
of skyline extraction distances can be seen in Fig. 3.

w

FUZZY REASONING INFERENCE MECHANISM
AND PATH DISTANCE MODEL USED FOR
LOCATING FOREST HAULING ROADS

The system designed for laying out hauling roads has
to focus on identifying passing points on roads and is
based on the evaluation of yarding distances which were
modelled in the field. In the process of selecting passing
points, grade and distances between points and yarding
distances from existing roads are controlled by fuzzy rea-
soning mechanism using linear functions. Inference rules
for fuzzy reasoning used in the proposed system were
described in YOSHIMURA (1997). The rules implement-
ed in this mechanism represent human thinking process-
es based on an expert designer’s experience, skill and
knowledge of specific conditions used to locate forest
roads. The rules had to be adjusted for hauling road con-
ditions pertaining to Slovakia (the maximum gradient of
a hauling road is limited to 12%)).

The inference rule equations are expressed as follows:

IFx, is ‘Big’ THEN y, =-50x, (Very Small)

IF x, is ‘Big’ THEN y, =-100x, (Very Small)

IF x, is ‘Small or Medium’ and x, is ‘Medium or
Small’ and x, is ‘Big or Medium’ and x, is ‘Big or Me-
dium’
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Fig. 4. Membership functions for fuzzy sets used in fuzzy reasoning mechanism

THEN y, = 0.3x, — 20x, + 0.5x, + 6x, (Big)

IF x, is ‘Small or Medium’ and x, is ‘Medium or
Small’ and x, is ‘Big or Medium’ and X, is ‘Small’

THEN y, = 0.2x, - 30x, + 0.3x, + 4x, (Medium)

IF x, is ‘Small or Medium’ and x, is ‘Medium or
Small’ and x, is ‘Small’ and x, is ‘Big or Medium’

THEN y, = 0.1x, — 40x, + 0.1x, + 2x, (Small)

IF x, is ‘Small or Medium’ and x, is ‘Medium or
Small’ and x, is ‘Small’ and x  is ‘Small’

THEN y, = -5x, — 50x, — 0.5x, — 20x, (Very Small)
where x, X,, X, and x, are the factors such as the distance be-
tween passing points, gradient between passing points, hori-
zontal distance toward the point on the road end and the vertical
distance toward the point on the road end. These factors are
described in detail in YOSHIMURA (1997).

The membership functions shown in Fig. 4 are applied
to the actual values for four factors to determine the de-
gree of truth for the premise of each rule.

The method for selecting passing points and laying out
gradelines differs from the method described by
YOSHIMURA (1997) in two ways:

1. The cells where the estimated skidding distance does
not exceed the technological length of a cableway sys-
tem route or effective tractor skidding distance are se-
lected as possible passing points.

2. The passing points are interconnected by applying
a directional path distance model (GAO et al. 1996)
implemented in the Arc/Info GRID module PATHDIS-
TANCE. The path distance model automatically lays
out the gradeline between passing points using an ad-
ditional factor in the distance measure (surface, gradi-
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ent and horizontal direction factor). This model en-
ables the expression of criteria which influence the
location of the road called “friction”. The friction in-
dicates the absolute/relative cost or degree of risk as-
sessment of moving through each cell. Minimizing the
friction between two passing points is controlled by
a gradient factor which takes into consideration the
effect of the value gradient from a cell to its neigh-
bours.

The formula used to calculate the lowest total cost to
each of the neighbours and control gradeline projection
is:

CostDistance = SurfaceDistance x VerticalFactor

Vertical factor

(y-axis)
INFINITY INFINITY
4
4
3
5
1
40 -30 .20 -10 10 20 30 40

Vertical Relative Moving Angle (VRMA)

Fig. 5. The binary vertical factor graph used in the PATH-
DISTANCE function
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Table 1. The factor values for passing points extracted by fuzzy reasoning inference mechanism

Passing points

Factor values for passing points extracted by inference mechanism

(Points extracted by fuzzy factor_1 factor_2 factor_3 factor_4
reasoning inference mechanism) (m) (%) (m) (m)
A. 196 7 157 14.6
B. 196 7.2 142 12.1
C. 189 7.5 90 12.0
D. 194 7.0 173 14.4
E. 187 8.5 132 13.5
F. 199 6.0 116 11.6
G. 199 54 164 84
H. 194 7.6 118 10.6
CH. 194 7.8 94 14.2
I. 197 537 115 89
J. 187 3.3 157 5.8

By using a Vertical Factor (VF), we can take into ac-
count the cost necessary to overcome the slope between
two cells. The value of VF depends on the vertical rela-
tive moving angle — VRMA (see ESRI 1994) and is de-
fined in our system as shown in Fig. 5:

VE=1 if (0£VRMA £6)
VF =c0 if (6 < VRMA < 90)
VF=1 if (0 2 VRMA 2-6)
VF =00 if (-6 > VRMA >-90)

The VRMA is limited to 6 degrees following the max-
imum gradient of hauling road acceptable for Slovak ter-
rain conditions.

RESULTS

The new cartographic model of skyline yarding dis-
tances built for ArcInfo™ GRID environment and SDSS
system were verified in a called Zboj river included in
the working-plan area Zboj. The study area is approxi-
mately 2,400 ha in size and situated in the Bukovské
Vrchy Mountains in Eastern Slovakia. The area is con-
figured with high undulations and an average slope gra-
dient is 45%. Steep slopes above 40% occupy about 50%
of area.

ROAD PROPOSAL
COMPARED WITH
EXISTING ROAD

Fig. 6. A forest road laid out using fuzzy reasoning system and
directional path distance model
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The hauling road density is 26 m/ha, of which 22 m/ha
are not paved hauling roads. The density of permanent
ground skidding roads is about 17 m/ha. The calculated
forest road density and the theoretical value of area ac-
cessibility show very good possibilities for opening the
forest up. Nevertheless, in terms of the forest tractor skid-
ding technologies used terrain conditions and existing
road structures indicate that average skidding tractor dis-
tance is in reality very long, approximately 2,000 m (see
also comments in Introduction).

Fig. 6 shows the recommended contour road proposal
compared with the existing roads. Points A ~ J are pass-
ing points selected by using a fuzzy reasoning inference
mechanism which is based on linear functions for deci-
sion rules. Factor values for passing points extracted by
the inference mechanism can be seen in Table 1. Point
“P” is a starting point and “K” an ending point which is
selected by the user. It is apparent from the given figures
that the system takes into account terrain conditions in
the layout of roads and that the proposed output is very
similar to the existing road.

This system, which automatically lays out the forest
roads, was mainly designed to take into consideration
terrain conditions, but supplementary sources of infor-
mation can be used too. Difficult terrain features, e.g.
extreme slopes, rockiness, environmental barriers, plac-
es where yarding distances exceed the technological
length of a cableway system route may be identified in
the model system. These defined features (negative bar-
riers) cause difficulties in the planning of new roads. The
system eliminates negative areas from being considered
and thus ensures that forest roads will avoid these areas.

The information derived about skidding distances can
support decision-making on where a new road is to be
located and where existing ground skidding roads can be
proposed for sanitation. The project of locating new sec-
tions of hauling roads was based on the idea that the sky-
line yarding distances between the new road and the
existing valley road or contour road should not exceed
the length of the maximum effective span for the pro-
posed cableway system route. LARIX 550 (Czech Re-
public origin) is the most frequently used cableway
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system in Slovak terrain conditions. From the technolog-
ical point of view, a new road should be located for this
cableway system inside the area where evaluated skyline
yarding distances do not exceed 550 m in length. The
location of the new hauling road in the position seen in
Fig. 6 opens up the right bottom side of the valley. This
part is not opened up if we consider only the existing
contour road above the proposed road and the existing
valley road.

In practice, a solution would have been to build only
one contour road in the middle part of the left valley
slope, but at present, this is not possible because of the
already existing roads. However, if it had been possible
to localise a contour road in the central part of the valley,
it would have opened up the left side of the valley for
proposed skyline yarding technology. This alternative
assumes a minimum road density too. We have not pre-
sented this alternative. However, it could be carried out
by using the above mentioned yarding distance model
measuring distances from the valley line and ridge line.
The system which automatically lays out forest roads
would be used for gradeline projecting onto DEM in the
next part of the analysis.

CONCLUSIONS

We have developed a cartographic model of yarding
distances for the environment ESRI’S UNIX based on
ArcInfo™. All problems encountered in distance model-
ling while using the Turbo Basic environment, i.e. limi-
ted raster spatial resolution, total area evaluated and
computer processing time were eliminated. A new ap-
proach to distance modelling was introduced into a new
system which automatically lays out forest hauling roads
according to technological and terrain criteria. A fuzzy
reasoning mechanism and path distance model imple-

mented in this system have proved to be very successful
in solving problems of determining an automatic route
location based on the information extracted from the di-
gital elevation model. All mathematical/conceptual mod-
els presented can provide a basis for future Spatial
Decision Support Systems designed in order to meet the
needs of end users — forest engineers involved in the plan-
ning of forest road networks.
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Automatizovana lokalizacia lesnych odvoznych ciest systémom pre podporu
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ABSTRAKT: V préci prezentujeme teoretické zaklady kartografického modelu lanovkovej pribliZzovacej vzdialenosti. Mo-
del pribliZzovacej vzdialenosti bol vytvoreny pre rastrovii reprezentaciu reliéfu terénu a integrovany do prostredia profesio-
nalneho GIS ArcInfo™. Vlastné algoritmy modelu boli napisané v jazyku Arc Macro Language (AML), ktory je vyvojovym
néstrojom spominaného prostredia. Matematicky a konceptudlny model expertného systému popisany v d'al3ej asti prace je
zdkladom budiceho systému pre podporu priestorového rozhodovania. Tento umoZiiuje automatizovat’ navrh riadiacej ¢iary
za kontroly technickych a technologickych poZiadaviek, ktoré by mali byt naplnené v budicej trase cesty. Systém je zaloZe-
ny na fuzzy inferenénom mechanizme, bol vytvoreny jazykom AML.

KPiadové slovi: priblizovacia vzdialenost’; digitdlny model terénu; ArcInfo™; systém pre podporu priestorového rozhodovania;
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Tradiéné metddy pouzivané v planovani lesnej cestnej
siete vychadzaju z individualnych skasenosti pracovni-
kov, ktori navrhujui jednu alebo viac dopravnych alter-
nativ na vrstevnicovej mape. Graficky navrh je casto
doplneny vypoc¢tom ekonomickych a technologickych
ukazovatel'ov hodnotiacich kvalitu ktorejkol'vek
z navrhovanych alternativ. Tento pristup je ¢asovo vel'mi
naro¢ny. Jednotlivec alebo skupina ludi, ktora sa
zlCastiiuje na rieSeni tohoto problému, Casto nedokaze
komplexne zohl'adnit’ vietky kritérid ovplyviujice vy-
ber optimalneho variantu.

Mnozstvo faktorov a alternativ mdzeme hodnotit’,
kontrolovat’ a modelovat’ v prostredi poc¢itatovych systé-
mov. V pocitacovom prostredi implementované algorit-
mické postupy simulaénych, matematickych metod
a metod operaéného vyskumu dokazu kombinovat’ kri-
teridlne vstupy a predvidat’ spravanie sa systému pri
akejkol'vek zmene kritéria.

Kartograficky model lanovkovej priblizovacej vzdiale-
nosti je mapou vzdialenosti definovanych dizkou $ik-
mych zamer (trasa lanovky) vedenych nad povrchom
reliéfu terénu (obr. 1). Model lanovkovej priblizovacej
vzdialenosti je sietovym modelom. Vypocet dizky simu-
lovanej trasy lanovky sa vykond pre kazdi kombinaciu
bunky terénu s bunkami existujucich ciest. Hl'ada sa
poloha bunky cesty, ku ktorej bude analyzovana trasa
najkratSia, a zaroven sa kontroluje orientdcia terénu pod
zamerou a priama vidite'nost’ medzi analyzovanou bun-
kou terénu a bunkami existujtcich ciest. Tieto kontroly
zabezpecuju vypocet vzdialenosti len pre kombinéciu

buniek, ktora zaruduje vedenie lanovkovej trasy po spad-
nici alebo v pripustnej odchylke od smeru spadnice.
Pouzitd metodika tvorby kartografického modelu teda
zodpoveda predovsetkym moznosti paralelného vedenia
lanovkovych tras po spadnici. Vyvojovy diagram zna-
zorfiujuci spdsob vypoétu hodnédt lanovkovej pribli-
Zovacej vzdialenosti z DMT a rastrovy model lanovkove;j
priblizovacej vzdialenosti je na obr. 2 a 3.

Pri vypracovani novej metodiky pre rieSenie problému
lokalizacie svahovych odvoznych ciest sa vychadzalo
z principov vyhl'adavania tzv. prechodovych (kladnych
kardinalnych —passing-) bodov. Tito metdda je zalozena
na teorii fuzzy mnozin a prvykrat ju popisal YOSHIMU-
RA (1997). Metdda bola prepracovand pre podmienky
a kritéria navrhu trasy cesty platné na uzemi Slovenska
a implementovala sa do prostredia UNIXového ArcInfa™.
Rozhodujuca ¢ast’ algoritmov vyuZziva nastroje modulu
GRID, ktory pracuje s diskrétnou rastrovou $truktiirou.
Nastroje mapovej algebry st funkéne prepojené pro-
striedkami programovacieho makro jazyka Arc Macro
Language (AML). Vytvorené moduly buda zékladom pre
budovanie $pecifického systému pre podporu priesto-
rového rozhodovania — SDSS v prostredi ArcInfo™. Ten-
to by mal byt zastreeny vlastnym graficko-uZivatel'skym
rozhranim (GUI) a bude v sebe integrovat’ GIS, expertny
systém a banku metdd podporujicich rieSenie Ciast-
kovych optimalizaénych problémov spojenych s na-
vrhom novych usekov ciest a hodnotenim uéinnosti
existujucej alebo navrhovanej cestnej siete.
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Non-solid roadway degradation of forest roads from theoretical
and practical aspects

L. ZELINKA

Technical University, Forestry Faculty, Zvolen, Slovak Republic

ABSTRACT: This article deals with the degradation process of non-solid roadways of forest roads with bituminous sur-
face that was investigated for 10-15 years. The roadway degradation was described by determining the value of roadway
deflection and for better orientation it was calculated as a change in operating performance, namely as the number of stan-
dard axles during the time of roadway use. The results indicate that the degradation process is gradual, of non-linear cha-
racter. The calculated values will be used to determine “wear coefficients” which will help to plan the optimal time of

roadway repair (overlay).

Keywords: degradation; theory; forest roads; course

BRIEFLY ON ROADWAY DEGRADATION
THEORY

The roadway degradation (GSCHWENDT 1994) is ta-
ken to mean gradual deterioration of the roadway condi-
tion due to wheel traffic under certain climatic conditions
(especially in spring time). Climatic conditions and the
quality of roadway subsoil influence deterioration of the
roadway condition, which results in deterioration of pa-
rameters which comprehensively define the roadway ser-
viceability as well as the roadway mechanical efficiency
(construction bearing capacity).

Assumptions about development and changes in the
parameters defining the roadway condition are used in
roadway management to draw up renewal and rehabilita-
tion plans, to make decisions and to adopt roadway re-
newal strategy.

THEORETICAL ASSUMPTIONS

The real course of roadway degradation can be deter-
mined either from the roadway degradation as whole
(it is more objective) or from a change in individual pa-
rameters of roadway serviceability which can also be sim-
ulated.

Assumed changes in parameters (of the general road-
way condition) in dependence on time or repetition of
the standard loading are expressed by degradation mod-
el. Degradation function is a mathematical expression of
changes in roadway parameters or changes in the general
roadway condition according to a certain degradation
model and assumptions in dependence on time or repeti-
tion of loading.
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In roadway management we need the following mod-

els and functions of degradation for:

— new roadways,

— roadways under reconstruction and renewal,

— existing roadways in use with different wheel traffic
and under different climatic conditions.

The evaluation of economic effects is connected with
determination of a suitable period for roadway renewal
from the technical view. Technical and economic deci-
sions have to be taken in accordance with maintenance
and renewal strategies.

To determine the roadway degradation and to construct
the model we usually determine and evaluate the road-
way parameters on a certain section by repeated mea-
surements. We can express the changes in average values
in dependence on time or wheel traffic after statistical
processing of parameters on a certain section of the road.
The relation of absolute values of roadway and time or road-
way and wheel traffic parameters is used for expression of
the real course of roadway degradation in real time.

The relations between relative values of variables are
used for the mathematical expression of roadway para-
meter changes in dependence on time or wheel traffic.

Distribution of models results from segregated and
aggregated roadway evaluation to show the roadway ser-
viceability and to evaluate the condition of roadway con-
struction.

According to the formulation of degradation model
(and degradation function) there are:

a) deterministic models — based on the relations and re-
gularities valid for a physical model of roadway,

b) stochastic models — based on the calculation of the
probability of occurrence of the observed condition.
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According to the method of model derivation we can
distinguish:

1. mechanical approach — it uses the knowledge and reg-
ularities from mechanics of construction degradation;

2. empirical approach — it uses all knowledge about road-
way degradation obtained empirically;

3. combined mechanical and empirical approaches with
application of theory and practical information.

The roadway properties may be evaluated:

a) in laboratory — by accelerated stress and testing,
b) in real conditions — in a network of roads.

However, the laboratory methods and measurements
are not suitable for an independent empirical method. The
method of degradation model combining mechanical and
empirical approaches is used very often. The results of
laboratory tests of physical properties of the materials
are the basis for evaluation of the construction (degrada-
tion) under accelerated testing for example on a circular
and straight course but especially in a network of roads.

The results from long-term measurements and obser-
vations (LTPP — long-term pavement performance) un-
der real climatic conditions and wheel traffic are the most
valuable. The relative time reduction to acquire needed
data is possible by selection of suitable localities and
conditions (their combination).

Two types of models are needed as concerns the plan-
ning of roadway maintenance and renewal in the network
of roads:

— degradation models of new roadways,
— degradation models of rehabilitated (renewed) road-
ways.

We must distinguish the categories of “aggregated” and
“segregated” models according to the fact whether the
model reflects the aggregated evaluation of roadway con-
dition or if it relates only the changes in a segregated
parameter. The measurements for roadway renewal are
several and therefore the models are “compound-com-
bined” or “single-specific”.

Degradation models based on aggregated coefficients
— parameters can also be combined with different condi-
tions. “The network analysers™ are used for planning and
roadway renewal in a network of roads as a whole. Other
models are “specific” models for a selected section of
the road with some roadway composition in combination
with the existing conditions on this object — climatic load
and wheel traffic.

For a prognosis of the course of roadway degradation
the models and functions are needed which relate to seg-
regated or aggregated evaluation of:

— roughness of roadway surface,

— evenness of roadway surface in square and longitudi-
nal directions,

— mechanical efficiency (bearing capacity) of roadway,

- index of serviceability,

— surface condition, intensity and degree of surface da-
mage,

— index of construction condition as well as other pa-
rameters.
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To evaluate the roadway condition it is possible to use
two basic evaluation methods:
a) diagnostic evaluation,

b) visual evaluation.

The combination of both methods is used most fre-
quently. The visual evaluation of roadway surface is ge-
nerally primary and it is complemented by diagnostic
evaluation with special equipment.

Degradation models and degradation functions for pub-
lic roads in Slovakia are at their beginning for the time
being due to a small number of measurements, they are
in the phase of proposals. They will be based on the re-
sults of measurements on circular experimental roads of
VUIS - Cesty, s.r.0., Bratislava and the results of visual
evaluations on a highway section D 61. The situation in
the Czech Republic is similar.

The publication of the World Bank contains the pre-
diction of roadway degradation, degradation models and
functions with description of so-called HDM-III model
(The Highway Design... 1987). There are presented the
empirically determined relations for variable parameters
(cracks, depth of tracks) in dependence on wheel traffic.
These relations are defined for different types of road-
way but their use is limited. The models are not valid for
the conditions of roadway and subsoil frost penetration.
The results of the World Bank relate to public transport
and they are suitable mainly for a public network of roads
with higher wheel traffic.

FERTAL (1996) dealt with the problem of forest road
damage in Slovakia. He evaluated the main forest roads
with surface from penetration asphalt macadam follow-
ing the visual evaluation namely of the occurrence of “the
crack portion” and their increase during use. This author
found that the practical service life of roadway surfaces
and all roadways ends when the value of “the crack por-
tion” amounts to 4%, that means eight years of roadway
use in Slovak conditions.

The solution to this problem (on forest roads) in fo-
reign countries is not known from available literature.

MATERIAL AND METHODS

To solve this problem, a long-time monitoring of
changes in the bearing capacity of non-rigid roadways of
forest roads with bituminous surface was carried out. The
research was conducted mainly in the area of the Train-
ing Forest Enterprise Zvolen and also in other areas of
Slovakia.

Monitoring of degradation processes on forest road-
ways began in 1976, more intensive since 1980. The
roadway degradation is studied in real conditions (direct-
ly on forest roads) under different climatic influences,
wheel traffic and constructional design of the road-
way. The file of the studied roadways comprised new
roadways, old roadways as well as roadways after over-
lay.

Unlike the public roads where evenness is the basic
criterion for quality evaluation, it is the mechanical effi-
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Table 1. Coefficients of regression equation and basic statistical characteristics for individual experimental sections

No. Ex?ee::irz::(al Section of re ;:::2::::: afion Square deviation  Residual variance Correlation index
Ay Al A
1 Hlbokd 0.871 0.021 0.002 0.011 0.011 0.96
2 Bujacie 0.388 0.062 - 0.272 0.045 0.79
3 Ziarkov 0.512 0.124 -0.006 0.002 0.001 0.99
4 Huéava 1 1.673 0.042 - 0.186 0.047 0.65
5 Hugava IV 1.703 -0.015 -0.050 -0.015 0.018 0.93
6 Hucava VvV 0.697 0.156 -0.002 0.309 0.051 0.93

ciency (bearing capacity) of roadways in forest roads.
The other parameters such as roughness, evenness (lon-
gitudinal and square) were not investigated (unlike the
public roads) because these parameters are considered as
complementary. It is so because the average speed of ve-
hicles on forest roads is 18 km/h.

The course of roadway degradation was evaluated by
measuring changes in the deflection value with a diag-
nostic equipment, arm deflectometer. Roadways were
also evaluated visually, mainly the surface condition of
the roadway (occurrence of pot-holes and cracks and
other damage). The roadway deflection was measured
every year in the spring season (after subsoil defreezing).

The deflection method was already described in an-
other paper (ZELINKA 1981). The reversible roadway
deflection was measured under different temperatures,
the measurement points were determined by random se-
lection at an average distance 30 m, the length of the in-
vestigated sections was 300 m or more. The data were
processed by computing technique.

RESULTS AND DISCUSSION

The roadway degradation was investigated on 22 ex-
perimental sections. The results of monitoring on 6 ex-
perimental sections are published in this article. The
following roads are represented by these sections:

— old gravel forest road paved with OK (covered bitu-
minous stone),

— old forest road with PAH surface (penetration bitumi-
nous macadam) paved with 10 cm OK,

— mnew forest road with PAH and OK surfaces.

Each figure represents:

— course of deflection changes during the time of forest
road (section) use (observation),

— operating performance expressed by the number of
standard axles (3N)) for 24 h,

— total quantity of timber hauled during the time of road-
way use expressed by the number of SN.

Note: The roadway operating performance was deter-
mined by the method for testing and pavement which was
already described in detail (ZELINKA 1989).

SHORT STATISTICAL EVALUATION

By monitoring the roadway degradation non-linear
correlations — polynomial of degree II were found in most
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cases on the basis of deflection changes (increase in de-
flection) within the file. Linear correlations were deter-
mined in a smaller number of experimental sections.
All sections presented in this article show non-linear
correlations except the experimental section situated on
Bujacie forest road where a linear correlation was found.
General relation for:
— linear correlation: Y=4 + 4, .x,
— non-linear correlation: Y =4, +4,.x, +4,.x?
where: Y - roadway deflection,
x — time of roadway use in years,
Ay, A,, A, - regression coefficients.
The basic statistical characteristics for individual ex-
perimental sections are shown in Table 1.

Experimental section on Hlboka forest road (Fig. 1)

This experimental section is situated on an old, gravel
forest road (25cm layer of broken stone) which was paved
with 12cm layer of OK (covered bituminous stone). The
measurement of deflection began 14 days after overlay.
The graph shows a moderate increase in deflection in
time, that means roadway gradual degradation. At the be-
ginning of pavement the operating performance of road-
way was 100 SN/24 h, after 5 years it was 60 SN/24 h,
after another 5 years it was 28 SN/24 h. It is assumed that
after another 8 years, i.e. after 15 years of operation, the
operating performance will achieve the value 5 SN/24 h.

The average wheel traffic on this roadway does not
exceed 1 SA/24 h, so there is some reserve before the
limiting condition of the roadway is reached. (Note: the
limiting condition of the roadway is a state when the
wheel traffic does not yet cause either qualitative de-
crease or loss of bearing capacity, that means total and
irreparable damage of the roadway by destruction.) It can
be stated by visual evaluation of the roadway that the
roadway is not damaged by wheel traffic for the time
being. This road is damaged (pot-holes and other dam-
age of the surface) on other parts than on the experimen-
tal section and the damage is caused mechanically
(skidding, excavations).

Experimental sections on Bujadie — Trnavy forest
road (Fig. 2)

These experimental sections are situated on an old for-

est road (constructed in about 1941-1942) which was
gradually paved. The primary gravel roadway was paved
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Fig. 1. The course of roadway degradation on Hlboka forest road expressed by an increase in the roadway deflection (in mm) and
by changes in roadway operating performance given by the number of standard axles (SN) over 24 h during the time (years) of

roadway use

with 10 cm PAH and in 1980 with 10 cm OK, the subsoil
is clayey (3% CBR - California Bearing Ratio of soils),
the altitude is 450 m a.s.l.

The course of deflection changes is similar to that on
the former section, that means gradual, but the initial va-
lue is lower. It is connected with the thicker construction
layer (10 cm PAH in addition).

The average wheel traffic on this experimental section
is about 6 SN/24 h, therefore there is some reserve be-
fore the limiting bearing capacity is achieved. Visual
evaluation reveals moderate crumbling effects on the
upper part of the surface.

4.0{

Experimental section Ziarkov (Fig. 3)

This experimental section is situated on the same fo-
rest road as the section Bujadie but it is at a longitudinal
distance of about 4 km, its altitude is 750 m a.s.l. (the
height difference is 300 m). Construction time, roadway
construction, wheel traffic and bearing capacity of the
subsoil (sandy loam — 4% CBR) are approximately the
same on both sections.

A comparison of both deflections and the course of
their increases shows that they are approximately the
same. We can state that the large height difference and
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Fig. 2. The course of roadway degradation on the forest road Bujagie — Trnavy, section Bujaie, expressed by an increase in the
roadway deflection (in mm) and by changes in roadway operating performance given by the number of standard axles (SN) over

24 h during the time (years) of roadway use
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STRENGTHENING BY 10-12 cm OK
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Fig. 3. The course of roadway degradation on the forest road Bujagie — Trnavy, section Ziarkov, expressed by an increase in the
roadway deflection (in mm) and by changes in roadway operating performance given by the number of standard axles (SN) over

24 h during the time (years) of roadway use

the climatic conditions (moisture and temperature effects)
did not influence the course of roadway degradation.
Visual evaluation reveals that this section is without
any greater damage for the time being. Only moderate
crumbling on the upper part of the surface was observed.

Experimental sections on Hudava forest road, sections
IIL, IV, V (Fig. 4)

The forest road Hudava is a new forest road. Five ex-
perimental sections were established on this road. These

sections differed are in the roadway construction and sub-
soil. All sections have approximately the same wheel traf-
fic that does not exceed 6 SN/24 h.

We began to investigate the roadway degradation in-
stantly in the first year of roadway use. Sections III, IV
and V are described in this article.

Sections III and IV

The main difference between sections III and IV is in
the surface layer. Section III is formed by 10 cm PAH

LEGEND
EXPERIMENTAL SECTION No. IlI

——+— EXPERIMENTAL SECTION No. IV

4.04 —...— EXPERIMENTAL SECTION No.V
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5
LOADING - NUMBER OF 3N N
SHAL 8.5 53 38 EXPERIMENTAL SECTION No. Il
CHANGE OF OPERATION . Frd 42 EXPERIMENTAL SECTION No. IV
EFFICIENCY-NUMBER OF SN224 h 12.0 19.0 36 EXPERIMENTAL SECTION No.V

Fig. 4. The course of roadway degradation on Hucava forest road, sections III, IV, V expressed by an increase in the roadway
deflection (in mm) and by changes in roadway operating performance given by the number of standard axles (SN) over 24 h during

the time (years) of roadway use
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plus 2 cm UN (sealing coat). Section IV is formed by 10 cm
OK, which is the surface of better quality. The subgrade
layer is broken stone of irregular thickness, 40 cm in wheel
tracks except the centre and 25 cm on the roadway margins.
The subsoil is loamy sand on both sections — 6% CBR.

The initial value of deflection is the same on both sec-
tions, with slight differences after some time. The course
of degradation was more expressive on section III, with
PAH surface, in comparison with section IV.

Section V

Section V follows after section I'V. The construction of
both sections is identical, the main difference is in the
bearing capacity of the subsoil; it is sandy loam — 14%
CBR in section V.

The graph illustrates that the initial value of deflection
on section V was lower. After some time the deflection
increase and degradation were more rapid and after
10 years they were equal. We can explain this fact by
exposure. Section V is of N exposure while section IV is
of S, SW exposures.

If we want to compare the obtained results with similar
ones, then this comparison will be difficult.

No literature nor any other scientific sources are avail-
able that studied this problem, i.e. monitoring of degra-
dation by instrumentation on special-purpose
communications where the forest roads belong by their
character. The same applies to public roads. Here the so-
lution of a similar problem by the same instrumentation
exists but only from the short-time aspect (1-2 years).
This situation is similar in other countries, too. The deg-
radation processes are better known in laboratory condi-
tions but only for individual layers (especially for
bituminous compounds) which were investigated by dif-
ferent methods and by different instrumentation. It does
not allow to compare the results.

CONCLUSION

The problem of roadway degradation on forest roads
following the change in bearing capacity has its regular-
ities. They can be used for the planning of repairs or road-
way pavement. Determination of roadway degradation
following the change in roadway deflection and its de-
termination by instrumentation is advantageous because
it detects weak and strong places in the roadway con-
struction. The visual appreciation is only a complemen-
tary evaluation parallelly to instrumentation.

The knowledge of roadway degradation can be used to
calculate “bearing capacity coefficients”. We can predict
the process of roadway degradation on the basis of these
coefficients as well as we can plan the optimal time of
roadway repair.

Observations of degradation on these sections continue
further and the results will be published after a longer time.

J. FOR. SCI., 47, 2001 (7): 314-321

SUMMARY

The knowledge of the roadway condition in a network
of roads is a crucial parameter for decisions on roadways.
If we know the roadway condition, it is necessary to know
the development of roadway degradation (degradation
model).

Deterioration of the roadway serviceability is taken as
the roadway degradation.

Wheel traffic, climatic effects, ageing effect, roadway
wear and damage of constructional materials influence
the roadway condition.

The sufficient bearing capacity is demanded for the
main forest roads first of all. The other paramenters such
as evenness (longitudinal and square), roughness are
evaluated as complementary coefficients in forest roads
with respect to the average speed of vehicles 18 km/h
unlike the public (state) roads.

The roadway degradation on forest roads was evaluat-
ed according to changes in roadway bearing capacity
during the time (years) of use on the basis of changes in
roadway deflection. Old and new roads with bituminous
surface were included in the studied file.

The length of an experimental section on the forest road
was 300 m. There were 22 sections in total. An arm de-
flectometer was used as the measuring equipment. The
reversible roadway deflection was measured with this
instrument under the back axles of a vehicle loaded with
10 t. The qualitative condition of the section was com-
plemented by a visual description of, for example, the
occurrence of pot-holes, cracks and other damage. Mea-
surement points were determined by random selection at
an average distance of 30 m. Deflection was measured in
the spring season after the subsoil defreezing (at the end
of March, at the beginning of April) when the roadway
has the lowest bearing capacity and when the wear pro-
cess is the most expressive. The measurements were re-
peated every year. The data were processed by computing
technique.

This article presents the results obtained during 10—
15 year observations of degradation.

It is evident from the results that the roadway wear
(degradation), i.e. higher deflection each year, perma-
nently increases gradually on all experimental sections.
It is represented by polynomials of degree I and II.

The roadway degradation is given by the number of
standard (10 t) axles. At the beginning of roadway mo-
nitoring the operating performance was about 100 stan-
dard axles for 24 h. After 15 years of use the operating
performance decreased to 5 standard axles for 24 h as
a result of roadway degradation.

The results of roadway degradation will be used to
determine “wear coefficients” which help to forecast the
roadway degradation and to effectively plan the repair
several years ahead.
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Degradacia netuhych vozoviek lesnych ciest z teoretického a praktického hl’adiska

L. ZELINKA

Technickd univerzita, Lesnicka fakulta, Zvolen, Slovenskd republika

ABSTRAKT: Clanok pojednéva o degradaénom procese netuhych vozoviek lesnych ciest s asfaltovym krytom, ktory bol
sledovany v obdobi 10-15 rokov. Degraddcia vozovky bola zistend na zdklade hodnoty priehybu a pre lep$iu orientaciu
vy¢islena zmenou prevadzkovej vykonnosti, a to poétom Standardnych naprav poéas doby uzivania vozovky. Vysledky uka-
zuju, ze proces degradacie je postupny a ma prevazne nelinearnu zavislost’. Dosiahnuté hodnoty posluzia ako podklad pre
zostavenie ,,inavovych koeficientov*, ktoré budi ndpomocné pri napldnovani optimalnej doby opravy (zosilnenia) vozovky.

Kricové slova: degradacia; tedria; lesné cesty; priebeh

Nevyhnutnym podkladom v systéme rozhodovania
s vozovkami je znalost’ vyvoja stavu vozoviek cestnej
siete. K tomu, aby sme poznali stav vozovky, je potrebné
poznat’ vyvoj degradacie (degradaény model) vozovky.

Skuto¢ny priebeh degradacie vozovky ako celku alebo
zmien ,,jednotlivych parametrov* funkénej spdsobilosti
vozovky moézeme modelovat’ degradaénym modelom.
Degradaénym modelom sa vyjadruji predpokladané
zmeny parametrov v zavislosti na ¢ase alebo na pocte
opakovani zat'aZeni.

Standardny postup pri zistovani degradacie vozovky
a zostrojovani modelu je taky, pri ktorom opakovanymi
meraniami s ¢asovym odstupom zist'ujeme a hodnotime
vozovky na konkrétnom tiseku cesty. Po spracovani sibo-
ru hodnét parametra (parametrov) na tomto useku
mozeme vyjadrit’ zmeny strednej hodnoty parametra
v zéavislosti na ¢ase alebo na dopravnom zat'aZeni.

Vlastnosti vozoviek mozno hodnotit’ v laboratériu,
urychlenym naméhanim a pri redlnych podmienkach na
ceste. Laboratoérne met6dy a merania nie su v§ak vhodné
pre samotnii empiricki metédu. Typickd a vel'mi ¢asto
vyuZivand metéda odvodzovania degradaéného modelu
je kombinovanad mechanicko-empirické. Vysledky labo-
ratérnych skaSok fyzikdlnych vlastnosti materidlov tvo-
ria zdklad a st podkladom pri hodnoteni sprdvania sa
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(degraddcie) konstrukcie pri urychlenom skusani, napr.
na kruhovej ¢i liniovej dréhe, ale najmé na cestnej sieti.
NajhodnotnejSie su vysledky z dlhodobych merani
apozorovani (LTTP — long-term pavement performance)
pri redlnych klimatickych podmienkach a dopravnom
zat'azeni. Vhodnym vyberom miest a podmienok (a ich
kombinovanim) je mozné relativne skratenie ¢asu pre
ziskanie potrebnych udajov. Pre prognézu priebehu de-
gradacie vozovky su potrebné modely a funkcie, ktoré sa
tykaju hodnotenia:
— drsnosti povrchu vozovky,
— rovnosti povrchu v prienom a pozdi{Zznom smere,
— mechanickej G¢innosti (inosnosti) vozovky,
— indexu prevadzkovej spdsobilosti,
— stavu povrchu (intenzity a rozboru porich povrchu),
— indexu stavu konStrukcie, ale aj d'alSich parametrov,
akymi méZu byt napr. visual condition index, index
stavu vozovky vypodéitany na zéklade vysledkov vi-
zuélnej prehliadky, zdmerov a porich vozovky.
Uvedeny priklad sledovania degradacie vozovky je
vel'mi naroény z finanéného, ¢asového a technického
hl'adiska. Pre lesné cesty sa tu javila urcitd vyhoda v tom,
ze zdkladnou poZziadavkou (kritériom) na lesnych ces-
tach je ich mechanicka u¢innost’ (inosnost’) vozovky. Na
zaklade toho sa degradacia vozovky lesnych ciest sistre-
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dila na sledovanie mechanickej i€innosti (inosnosti)
vozovky, a to v redlnych podmienkach (klimatickyeh,
dopravnych), pretoZe by bolo technicky a finanéne vel'mi
obtiazne vytvorit' podmienky v laboratériu alebo na kru-
hovej dréhe.

Metéda hodnotenia degraddcie vozovky bola zaloZena
na hodnote priehybu vozovky a jeho zmeny (nérastu)
pocas doby (roka) uzivania. Celkovy rozbor predstavo-
val 22 pokusnych tisekov s priemernou dizkou 300 m.

Na meranie priehybu bol pouZity pakovy priehybomer,
ktorym sa meral vratny priehyb vozovky pod zadnou
napravou nakladného auta, zat'azeného 10 t. Kvalitativny
stav hodnotiaceho tseku bol eSte doplneny vizuilnym
popisom stavu vozovky — predovietkym krytu vozovky,
napr. vyskytom vytlkov, trhlin a inych poskodenin. Me-
racie body boli uréené ndhodnym vyberom s priemernou
vzdialenostou 30 m. Doba merania priechybu bola vzdy
v jarnom obdobi, a to po rozmrznuti podloznej zeminy
(koncom marca, zaciatkom aprila), kedy je vozovka naj-
menej inosnd. Meranie sa opakovalo kazdy rok a na-
merané hodnoty boli vyhodnotené pomocou vypo&tove;j
techniky.

Clanok prezentuje vysledky, ktoré boli ziskané za 10—
15 rokov sledovanim degradécie vozovky.

Vysledky postupu degradécie si uvedené na obr. 1-4,
kde je zaznamenany narast priehybu vozovky v zavislosti
od doby (roka) pouzivania. K tomuto priehybu bola pre
lepsiu nazornost’ vy¢islena prevadzkova vykonnost,, vy-

jadrena po&tom prejazdov §tandardnych naprav (1 Stan-
dardna naprava sa rovnd u¢inku zat'aZenia 10 t).

Z vysledkov sa uvadza: na vSetkych pokusnych se-
koch bol zaznamenany neustéaly narast priehybu, a tym
postup degradacie vozovky od jedného roka ku druhému
(obr. 1-4). Po vy¢isleni sa jedné o polyném I. a II. stupiia.
Degradécia vozovky pre lepsie praktické pouZitie bola
prevedena cez hodnotu priehybu na poéet prejazdoyv 3tan-
dardnych 10 t naprav. Na za&iatku sledovania vozovky
bola napr. prevadzkova vykonnost' 100 $tandardnych
naprav (obr. 1) a po 15 rokoch pouZivania sa vplyvom
degradacie vozovky zniZila na pét’ §tandardnych naprav
za 24 hodin. Obdobny priebeh degradacie vozovky: bol
zaznamenany na ostatnych pokusnych sekoch (obr. 2—
4) a na dal$ich, ktoré nie s uvedené v ¢lanku. Obecne
sa da konStatovat), Ze s narastajicou hribkou Ziviéného
krytu vozovky je postup degradacie miernej$i. Najvacsi
vplyv na postup degradacie vozovky m4 intenzita dopra-
vy. Vplyv klimatickych podmienok (teplota, vlhkost
a pod.) ma sice uréity vplyv na degradaciu vozovky, ale
Statisticky nebola zistend vyznamnejsia zavislost’,

Vysledky skimania degradacie vozovky sa vyuzili pri
zostaveni ,,inavovych koeficientov*, ktoré boli zapraco-
vané do metédy Diagnostika stavu a zosiliiovanie netu-
hych vozoviek lesnych ciest (ZELINKA 1989), ktora
umoziiuje predpovedat’ — naplanovat’ optimédlnu dobu
opravy (zosilnenia) vozovky az 15 rokov dopredu, ¢o
umozni lepsie hospodérenie s finanénymi prostriedkami.
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Prices of spruce timber and costs of spruce timber logging
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ABSTRACT: The paper presents detailed analysis of price trends of spruce timber assortments and the own costs of spruce
timber logging in the state forests of Slovakia in the period 1988-1997. Besides average prices also variation coefficients
are available. Costs of timber logging were analyzed according to the respective logging operations such as felling, skid-
ding, timber handling and transportation as well as logging related activities. In the period of observation the prices of
spruce timber incréased according to assortments 2.7-3.8 times in comparison with 1988. Also the costs of spruce timber
logging increased 4.0-5.7 times. The costs of timber logging in the period of observation were increasing relatively evenly

but the prices of timber weré increasing mainly until 1992,

Keywords: spruce; assortments; limber price; logging costs

Annual harvest in the Slovak Republic is-about 5.5—
5.8 million m? of timber. Though the tree species compo-
sition of felled trees as well assortment composition are
diverse, this volume influences the forest sector very sig-
nificantly, particularly the forest economics. The volume
of timber, tree species and assortment composition in-
fluence significantly also the revenues and the costs of
the economic result. Since 1990 macro-economic condi-
tions in forestry commercial activities have changed very
importantly. It was particularly in the introduction of mar-
ket prices for raw timber and competitive environment
on the labour market as well as providing of goods ser-
vices.

Though timber prices have their own importance in
forestry, the issues of price formation were not paid ap-
propriate attention in former Czechoslovakia. It was si-
milar for the analysis and development of price
formation. We can mention from the older publications
the paper by POLENO (1984) dealing with analysis and
prognosis of timber price trends, then the papers by
HALAJ et al. (1990) and PETRAS et al. (1992).

After 1990 more marked changes occurred also in the
dynamics of trends of raw timber prices. Forestry circles
responded to this fact, by that time already in the inde-
pendent Czech Republic and Slovak Republic, and they
regularly published surveys of average prices of raw tim-
ber according to the basic quality classes of timber. In
the Czech Republic such surveys were published in
Lesnicka prace or in the Survey of Timber Prices of the
Institute for Wood Technology Research and Develop-
ment in Prague using the data from the Czech Statistical
Office. The surveys contained average prices from the
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supplies of raw timber to domestic market according to
quality classes for logs, namely quality class I, II, IIIA,
I1IB, IV, V and VI, and main commercial tree species but
also to some neighbouring countries. In the Slovak Re-
public a similar survey is being published by the Institute
for Forest Management Lesoprojekt Zvolen using statis-
tical data from statistical reports Les D (Ministry of Ag-
riculture of SR) 2-04. This survey is being published for
a higher number of tree species than in the Czech Repub-
lic, but quality classes of logs IIIA and IIIB are incorpo-
rated into one average price. A shortcoming of both
surveys is that they do not contain timber prices accord-
ing to diameter classes of logs.

Costs of spruce timber logging in Slovakia were stu-
died comprehensively only by HALAJ et al. (1990) and
PETRAS et al. (1992). They studied the costs to express
a net yield of value production. They derived an induc-
tive procedure and constructed the basic algorithm for
the quantification of costs of the whole logging process.

MATERIALS AND METHODOLOGY
Background data to judge the trend of raw timber
prices and the costs of its production were obtained from
the statistics of state forest enterprises in Slovakia for the
years 1988-1997.
TIMBER PRICES
Timber prices were derived according to basic assort-

ments, it means quality classes of logs, namely I, II, ITIA,
I1IB, V and VI quality class, and diameter classes of logs
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Table 1. Average realized prices (SKK/m®) and variation coefficients of realized prices of raw timber assortments in state forests of

Slovakia for spruce and fir

Class Price Year
Quality Diamdier, w00l | gy 1991 1992 1993 1994 1995 1996 1997
coefficient
I 3 SKK 935 2215 2434 2470 2558 2664 2719 2,694
(%) 22 34 2.1 13 12 47 4.1
4 SKK 1,040 2463 2702 2743 2810 2900 2963 2901
(%) 22 3.1 19 32 1.8 49 42
5 SKK 1080 2557 2806 2849 2918 3013 3077 3022
(%) 22 3.1 19 32 20 50 5.1
6 SKK L1300 2676 2935 2980 3053 3149 3216 3,150
(%) 22 3.1 1.8 32 18 438 40
Realized volume (i) % 6340 4587 3351 2420 3,041 1,386 561
I 2 SKK 665 1,599 1829 185 2021 2142 2182 2217
(%) 54 39 6.4 87 83 47 3.1
3 SKK 790 1911 2166 2195 2288 2428 2504 2580
(%) 6.4 37 62 8.1 52 27 36
4 SKK 835 2,021 2200 2321 2418 2567 2647 2777
(%) 6.4 36 60 8.0 49 26 5.1
5 SKK 875 2,118 2399 2431 2532 2685 2768 2835
(%) 6.4 36 59 79 48 24 3.1
6 SKK 920 2,225 2519 2554 2,660 2818 2904 2902
(%) 6.4 35 59 7.9 49 23 20
Realized volume (i) . 19700 12795 9941 8859 11940 9683 10244
mA 1 SKK 341 840 1042 1052 1,072 1279 1257 1,259
(%) 39 6.2 6.8 17.1 113 65 5.5
2 SKK 480 1,164 1451 1495 1,495 V17 1724 1,790
(%) 35 52 6.2 109 78 34 59
3 SKK 530 1286 1599 1617 1661 1894 1900 2,003
(%) 34 53 6.1 109 8.3 36 6.5
4 SKK 520 1262 1572 1589 1629 1848 1879 1972
(%) 34 57 65 1.1 8.8 5.1 78
5 SKK 505 1237 1.531 1,545 1580 1787 1821 1926
(%) 40 62 69 1.1 8.9 49 9.5
6 SKK 496 1204 1503 1514 1,560 1718 1720 1876
(%) 34 62 69 109 103 52 123
Realized volume (i) = 333311 267956 268512 331352 385550 451225 481,798
mB 1 SKK 287 691 892 885 864 1,031 991 943
(%) 83 8.0 69 15 7.5 69 47
2 SKK 403 945 1223 121 1203 1417 1386 1,39
(%) 67 57 45 6.5 6.2 75 8.0
3 SKK 447 1,049 1364 1352 1346 1550 1527 1547
(%) 6.7 6.2 5.5 63 52 59 7.5
4 SKK 438 1.028 1338 1324 1318 1532 1498 1529
(%) 6.7 62 55 6.4 58 6.4 8.6
5 SKK 427 1,002 1307 1292 1281 1480 1450 1497
(%) 67 63 5.6 638 58 5.9 97
6 SKK 418 980 1279 1262 1253 1420 1,390 1459
(%) 6.7 65 5.5 65 6.7 57 11.4
Realized volume (i) = 248702 201,095 267,035 254780 300066 429225 423421
v SKK 287 667 661 674 661 721 816 790
(%) 40 38 32 8.0 7.5 46 33
Realized volume (m’) - 380305 302,167 512,609 588,399 624,054 647,787 633946
VI SKK % 246 211 188 192 249 242 255
Sofwood %) 124 53 7.1 9.4 200 239 184
Realized volume (m?) . 100992 56933 107276 125272 120051 140,767 126,570
Realized volume in total (m’) —  1,098440 845,533 1,168,724 1311082 1444711 1,680,073 1,676,540
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Table 2. Average coefficients of costs and wage tariffs for timber logging

Coefficient Year

1988 1991 1992 1993 1994 1995 1996 1997
Of additional charges value 1.40 1.36 1.36 1.26 1.31 1.28 1.30 1.28
to basic man-hours index 1.00 0.97 0.97 0.90 0.94 091 0.93 091
Wage tariff value 12.94 15.30 21.00 23.70 26.90 29.30 33.40 37.40
(SKK per man-hour) index 1.00 1.18 1.62 1.83 2.08 226 2.58 2.89
Of bonuses to basic value 1.28 112 1.10 1.17 1.16 1.24 1.29 1.26
wage index 1.00 0.88 0.86 091 0.91 0.97 1.01 0.98
Of conversion of wage value 1.19 1.74 1.74 1.85 1.84 1.91 1.88 1.84
costs to direct costs index 1.00 1.46 1.46 1.55 1.55 1.61 1.58 1.55
Aggregate value 27.59 40.55 54,66 64,64 75.21 88.82 105.30 110.99
(SKK per man-hour) index 1.00 1.47 1.98 2.34 2.73 3.22 3.82 4.02

1-6+ from price lists obtained from state forest enter-
prises for the years 1991-1997. Though the organiza-
tional structure of these enterprises changed several times
for the mentioned period, we can state that particularly
the state forest enterprises Zapadoslovenské lesy Bra-
tislava, Stredoslovenské lesy Banskéa Bystrica, Severo-
slovenské lesy Zilina, Vychodoslovenské lesy Kogice,
Lesy TANAP as well as Vojenské lesy a majetky (Mili-
tary Forests and Estates) PlieSovce influenced price for-
mation for raw timber in the Slovak Republic. Based on
the offer and volume of timber supplies from these enter-
prises average prices of raw timber were calculated ac-
cording to quality classes and diameter classes of logs.
Average price represents weighted arithmetical mean
where the weight is the volume of supplied timber. Varia-
tion coefficients of these prices were calculated as well.
Their values are listed in Table 1. In 1988 there were still
uniform wholesale prices which changed to market pri-
ces in 1991. The volume of spruce timber supplies was
higher than 1.0 million m® in these enterprises each year,
except 1992. Even in the year 1996-1997 it amounted to
almost 1.7 million m*. These volumes show that the
example incorporates a dominant volume of felled spruce
trees in the Slovak Republic.

COSTS OF TIMBER LOGGING

Studied costs of raw timber logging were namely the
costs of the whole logging process, i.e. the costs of fel-
ling, skidding, handling, transport as well as of other re-

lated operations. It means they incorporated the costs of
all logging operations starting from tree felling up to its
transportation to customers as well as other related works,
such as repair and maintenance of forest roads, log yards
and cross-cutting lines. Direct costs were investigated in
each operation separately by means of the following par-
tial coefficients:
1. coefficient of additional charges to basic man-hours,
2. wage tariffs,
3. coefficient of bonuses to basic wage,
4. coefficient of conversion of wage costs to direct costs.
By means of the product of all four coefficients we
derived an aggregate coefficient that gives unit costs of
respective logging operations in SKK per 1 man-hour of
the work. The coefficients for felling, skidding, handling
and timber transportation are listed in Tables 2-5. Real
direct costs of the above-mentioned logging operations
for concrete conditions are to be derived as a product of
unit costs and standard work for this operation expressed
in man-hours per 1 m? of processed timber. Table 6 pre-
sents only direct costs of other logging operations in SKK
per 1 m?® of felled timber. Direct costs of the whole log-
ging process are calculated as a sum of direct costs of all
operations. In case it is necessary to convert direct costs
to prime costs, it is sufficient to multiply direct costs by
the coefficient of overhead costs. This coefficient had an
average value 1.55 for the period of investigation.
Necessary data for the calculation of cost coefficients
of all logging operations for the years 1992-1997 were

Table 3. Average coefficients of costs and wage tariffs for timber skidding

Coefficient Year

1988 1991 1992 1993 1994 1995 1996 1997
Of additional charges value 1.26 1.39 1.39 1.23 1.23 1.24 1.23 1.24
to basic man-hours index 1.00 1.10 1.10 0.98 0.98 0.98 0.98 0.98
Wage tariff value 12.01 14.85 21.00 23.70 27.40 29.30 33.40 37.40
(SKK per man-hour) index 1.00 1.24 115 1.97 228 244 2.78 3.11
Of bonuses to basic value 1.25 1.13 1.10 1.15 1.13 119 1.18 1.30
wage index 1.00 0.90 0.88 0.92 0.90 0.95 0.94 1.04
Of conversion of wage value 334 326 3.26 3.89 4.19 4.39 4.76 4.60
costs to direct costs index 1.00 0.98 0.98 1.16 1.25 1.31 1.43 1.38
Aggregate value 63.18 76.04 104.68 130.41 159.57 189.80 23075  277.33
(SKK per man-hour) index 1.00 1.20 1.66 2.06 2.53 3.00 3.65 4.39
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Table 4. Average coefficients of costs and wage tariffs for timber handling

Coefficient Year
1988 1991 1992 1993 1994 1995 1996 1997
Of additional charges value 1.20 1.24 1.24 1.17 1.17 1.15 1.18 118
1o basic man-hours index 1.00 1.03 1.03 0.98 0.98 0.96 0.98 0.98
Wage tariff value  10.85 12.10 19.00 21.40 25.10 26.40 30.40 34.40
(SKK per man-hour) index 1.00 1.12 1.75 1.97 2.31 243 2.80 3.17
Of bonuses to basic value 1.26 1.12 1.10 1.16 1.22 1.23 1.24 1.28
wage index 1.00 0.89 0.87 0.92 0.97 0.98 0.98 1.02
Of conversion of wage value 1.70 2.13 213 293 243 324 2.88 3.08
costs to direct costs index 1.00 1.25 1.25 1.72 1.43 1.91 1.69 1.81
Aggregate value  27.89 35.79 55.20 85.10 87.06 120.99 128.11 160.03
(SKK per man-hour) index 1.00 1.28 1.98 3.05 3.12 4.34 4.59 5.74
Table 5. Average coefficients of costs and wage tariffs for timber transportation

Coefficient Year

1988 1991 1992 1993 1994 1995 1996 1997
Of additional charges value 111 1.11 111 1.07 1.07 1.07 1.07 1.07
to basic man-hours index 1.00 1.00 1.00 0.96 0.96 0.96 0.96 0.96
Calculation of basic value 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
(km/km) index 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Wage tariff value 10.87 13.50 21.00 2371 2747 29.29 33.37 37.36
(SKK per man-hour) index 1.00 1.24 1.93 2.18 2.53 2.69 3.07 3.44
Of bonuses to basic value 1.26 1.10 1.10 1.13 1.14 1.19 1.21 1.20
wage index 1.00 0.87 0.87 0.90 0.90 0.96 0.96 0.95
Of conversion of wage  value 3.50 7.71 7.71 592 5.53 5.15 5.39 4.99
costs to direct costs index 1.00 2.20 220 1.69 1.58 1.47 1.54 143
Aggregate value 66.51 158.86 247.12 212.14 231.62 240.09 291.09 299.21
(SKK per man-hour) index 1.00 2.39 3.72 3.19 3.48 3.61 4.38 4.50

Table 6. Average coefficients of costs of other operations

Coefficient Year

1988 1991 1992 1993 1994 1995 1996 1997
Aggregate value 58.58 271.72 271.72 84.50 77.00 124.00 146.50 136.50
(SKK per man-hour) index 1.00 047 0.47 1.44 1.31 2.12 2.50 2.33

obtained from accounting reports and statistics of some

working-plan areas, affiliated forest enterprises (OLZ)

and state forest enterprises. The analysis was made down

to the level of concrete records of tasks, namely 6,855

for felling, 8,032 for skidding and 3,098 for timber han-

dling. Selection of concrete working-plan areas was made

with regard to the distribution of spruce, the proportion

of spruce in selected working-plan area being higher than

50%. According to affiliated forest enterprises the fol-

lowing working-plan areas were included:

— OLZ Cierny Balog — Saling, Osrblie, Hronec, Dobrog,
C. Balog, and Sihla,

— OLZ Befiu§ — Polomka, Pohoreld, C. Skala, Beiiug,
Svermovo and Zavadka,

— OLZ Némestovo — Zubrohlava, Trstend, Oravice, Or.
Polhora, Namestovo and Habovka,

— OLZ Oravsky Podzamok — Zédkamenné, Péarnica,
Parag, Or. Podzamok, Lokca and D. Kubin.
Arithmetical means of cost coefficients were calculat-

ed on the basis of data from these working-plan areas

J. FOR. SCL., 47, 2001 (7): 322-330

and affiliated forest enterprises. Wage tariffs were de-
rived from higher collective agreements. The costs for
the years 1988 and 1991 are taken from HALAJ et al.
(1990) and PETRAS et al. (1992).

RESULTS
TIMBER PRICES

We can see from average realized timber prices in
SKK/m?® in Table 1 that timber prices have increased for
all quality and diameter classes. The only exceptions are
quality classes V and VI, it means pulpwood and fuel-
wood, in which their prices did not change in some years
or they slightly dropped. Regarding the coefficients of
variation presented in Table 1 for each average price, we
can state that unit prices varied a lot between forest en-
terprises. Coefficients of variation ranged from 2 to 10%
for most assortments and calendar years. If we compare
their values between calendar years we can state that the
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Fig. 1. Development of the indexes of timber prices for the years
1988-1997 for spruce of quality class I of logs (I,= ¢, /¢ q,)

highest variation coefficients were reached in 1994, when
they ranged from 8 to 11%. This difference is obviously
related with a strong wind calamity resulting in a great
volume of salvage felling, and consequently, a large vol-
ume of timber on the market. It meant for the forest en-
terprises affected by this calamity that they received
lower prices and higher variability of timber prices. With
normal distribution of unit prices of timber close to arith-
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Fig. 2. Development of the indexes of timber prices for the years
1988-1997 for spruce of quality class Il of logs (I,= ¢ /cg,,)
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Fig. 3. Development of the indexes of timber prices for the years
1988-1997 for spruce of quality class IIIA of logs (1,= ¢, /c )

metical mean we can state that 68% of enterprises had
average timber prices with the range + 1 multiple and
95% of enterprises with the range £+ 2 multiple of varia-
tion coefficient. This range of unit prices of timber could
provide sufficient space for its full realization on the
market.

For better comparison and generalization of the trends
of spruce timber prices price indexes were calculated
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Fig. 4. Development of the indexes of timber prices for the years
1988-1997 for spruce of quality class ITIB of logs (/,= ¢, /c
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all diameter classes of logs in quality classes I and II have
very similar price indexes until 1993. In quality classes

Index
a0
2t IITA and IIIB it applied until 1994. Some changes oc-

5 Ty curred in the following years but mostly for the lowest

: ,._‘/ and highest diameter classes. Their difference from mean
= o st diameter expressed by price index has the value about

; i,

i 0.1-0.2.

24 ,/:.‘
] COSTS OF TIMBER LOGGING

22

20

Fig. 5. Development of the indexes of timber prices for the years
19881997 for spruce of quality class V and VI (softwood) of

logs (I, = ¢,/c,45,)

from average prices as the ratios of average prices of tim-
ber in concrete calendar year to the timber prices in 1988.
Thus price indexes express relative changes in prices in
comparison with the prices in 1988. The development of

Tables 2—5 show partial cost coefficients as well as
aggregate coefficients for investigated logging operations
such as felling, skidding, handling and timber transpor-
tation according to the calendar years 1988-1997. From
these coefficients given in Tables 2—5 their indexes were
also calculated as the ratios of the coefficient in the re-

spective calendar year to the coefficient from the year
1988. Regarding the coefficient of additional charges to
basic man-hours we can state that in 1988 the highest
additional charges were in felling, namely 40%, followed
by skidding with 26%, handling with 20% and timber
transportation with 11%. The values of this coefficient
changed for nine years but mostly decreased by the year

1997. In relative values they dropped by 2-9% but the

proportions between logging operations were preserved.

Coefficients of bonuses to basic wages have very ba-

lanced values for the logging operations. In 1998 the bo-

nuses in these operations amounted to 25-28%. Though
their trend for the period of investigation was relatively
dynamic, in 1997 they amounted to 26-30%, except
transportation with 20%. Thus we can state that the bo-

price indexes for diameter and quality classes I, II, IIIA,

IIIB, V and VI of spruce logs for the years 1991-1997 is ooy
illustrated in Figs. 1-5. We can state according to their

trend that the prices increased until 1992, whereas for

quality classes VI and V of logs the prices increased 2.2— <
2.3 times, for classes I and II 2.6 — 2.7 times and for clas-

ses ITIA, IIIB almost 3.0 times. In the years 1993-1997
the prices did not increase so abruptly, and in some ca-
ses, also a slight drop was recorded. Particularly, for qua-
lity classes IIIA, IIIB of the logs the price index has
increased 2.7-2.8 times, for classes I and IT 2.8-3.3 times,
and for classes IITA, IIIB 3.8 and 3.5 times, respectively.
It means the price index increased about 0.2-0.8 times
for all quality classes of logs in the last five years, i.e. the
average annual increase by 0.04-0.16 only. In compari-
son with previous years 1990-1992, when the index in-
creased 2.2-3.0 times in the last 3 years, this increase
was very small. Regarding the assessment of the trends
of timber prices for the whole period, it means by the
year 1997, according to the quality classes of logs we
can state that the highest increase, namely 3.5-3.8 times,
was recorded for saw logs of quality classes IIIA and
I1IB, and the lowest increase for fuelwood and pulpwood,

namely only 2.7-2.8 times.

Figs. 1-4 illustrate the development of price indexes
according to diameter classes of logs. We can state that

J. FOR. SCI., 47, 2001 (7): 322-330

Fig. 6. Development of the indexes of logging costs for the years
1988-1997 for spruce
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nuses were very variable, and they amounted to 10-30%
for the whole period and all operations. For the period of
investigation wage tariffs changed the most of all, when
in felling they increased by 289%, skidding by 311%,
handling by 317% and transportation by 344%. Unani-
mously, for the whole period, the coefficients of conver-
sion of wage costs to direct costs have increased. Their
development according to the respective operations was
not the same and their values have not increased so sig-
nificantly as for wage tariffs. For all operations their val-
ues have increased by about 40-80% since 1988.

Tables 2-6 present aggregate coefficients of costs that
were calculated as a product of wage tariffs, coefficient
of additional charges to basic man-hours, bonuses to ba-
sic wage and conversion coefficient of wage costs to di-
rect costs. Aggregate coefficient is expressed in SKK per
1 man-hour of work separately in each operation. One
exception is other related operations, in which aggregate
coefficients of costs are expressed in SKK per | m® of
felled timber. Based on the aggregate coefficients of costs
according to calendar years also their indexes were cal-
culated as the ratios of coefficient in the respective ca-
lendar year to the coefficient in the basic year 1988. The
development of these indexes is illustrated in Fig. 6. Re-
garding their values the indexes of costs of felling and
skidding were increasingly growing and had a relatively
balanced trend. In the final year 1997 the costs of these
two operations increased 4.0-4.4 times in comparison
with the basic year 1988. The costs of timber transporta-
tion increased very rapidly, particularly by the year 1992,
when they were higher 3.7 times. For the whole period
of investigation the costs of transportation were 4.5 times
higher than in 1988. Of all operations the highest increase
in costs was recorded for handling. For 9 years of inves-
tigation the costs of this operation increased more than
5.7 times. The lowest increase in costs was recorded in
other logging operations, where the costs increased only
2.3 times for the period of investigation, which is about
a half trend of the handling costs. Providing that we do
not consider the costs of other logging operations and
assess only four main operations, we can state that the
costs increased 4.0-5.7 times for the years 1988-1997.

We can state on the basis of comparison of price and
cost indexes that in 1988-1997 timber prices increased
by about 2.7-3.8 times according to quality classes of
logs but the costs of respective logging operations in-
creased 4.0-5.7 times. The exception is the costs of other
logging operations, which increased only 2.3 times. This
difference in the increase of timber prices and costs of
logging indicates unanimously their growing dispropor-
tion. This situation is also reflected in the values of net
yields of spruce stands.

DISCUSSION
The trends of unit prices of spruce raw timber accord-

ing to quality and diameter classes of logs are assessed in
the paper as well as the trend of spruce timber costs ac-

328

cording to the respective logging operations in the Slo-
vak Republic for the years 1988—1997. It is obvious from
the results that the prices of spruce timber for main as-
sortments increased 2.7-3.8 times but the costs of log-
ging, including transportation to the customer, increased
4.0-5.7 times. It means that the increase in the costs of
logging for nine years of investigation was higher 1.3—
1.9 times than for unit prices of spruce timber assort-
ments. This fact is very important and simultaneously
very unfavourable for current forestry. The increase in
timber prices and the costs of logging was not the same
for the whole period of investigation. The highest in-
crease in timber prices was recorded until 1992, when
the prices for most assortments increased about 2.2—
2.7 times, while the prices of saw logs, the most demand-
ed assortment, increased even 3 times. The costs of log-
ging for that period increased only 2 times. It means that
the increase in timber prices was slightly greater than the
increase in logging costs. After 1992 the increase in tim-
ber prices slowed down but the costs of logging opera-
tions continued to grow at the same pace as before. It
was caused by the balanced increase especially in wage
tariffs. Though the paper was aimed particularly at the
analysis of the trends of the prices of spruce timber as-
sortments and logging costs for the years 1988-1997, it
is possible to obtain also more general related informa-
tion and to forecast future trends. Though spruce timber
has very good technical and technological properties, it
is very improbable that its price will increase at the same
pace as in the period of 1990-1992. We expect a slight
increase gradually up to the balance with higher prices in
neighbouring countries. The increase in the costs of
spruce timber logging is relatively strong and permanent.
Regarding the continuous increase in the living costs, we
can also expect a permanent pressure on the increase of
wage tariffs and wage costs. Regarding these facts, it is
necessary to take into account not only lower yields of
spruce timber but also the lower rate of return in the
whole forestry.
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Ceny smrekového dreva a niklady na jeho t'azbu
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ABSTRAKT: Prica obsahuje podrobnii analyzu vyvoja cien sortimentov smrekového dreva a vlastnych nékladov na jeho
tazbu v $tatnych lesoch na Slovensku za roky 1988-1997. Okrem priemernych cien st k dispozicii aj varia&né koeficienty.
Niklady na taZbu dreva sa analyzovali podl'a konkrétnych taZbovych &innosti ako je t'azba, sustred'ovanie, manipulacia
a odvoz dreva, ale aj ostatné tazbové ¢innosti. Po¢as skimaného obdobia sa zvysili ceny smrekového dreva podl'a sortimen-
tov 2,7-3,8-krét v porovnani k roku 1988, ale néklady na jeho taZbu podla tazbovych &innosti 4,0-5,7-krat. Néklady na
taZzbu dreva sa po¢as skimaného obdobia zvy3sovali priblizne rovnomerne, no ceny dreva stipali hlavne do roku 1992.

KPidové slova: smrek; sortimenty; cena dreva; naklady na t'azbu

V préci sa analyzuje vyvoj cien sortimentov smre-
kového dreva a vlastnych nakladov na jeho tazbu v §tat-
nych lesoch na Slovensku za roky 1988-1997. Podkla-
dové udaje pre analyzu sa ziskali z evidencie podnikov
statnych lesov v Slovenskej republike za roky 1988—
1997. Ceny dreva sa odvodili podl'a zdkladnych sorti-
mentov, t.j. akostnych tried vyrezov I, II, IIIA, IIIB,
V a VI a hrubkovych tried vyrezov 1-6+ z ponukovych
cennikov podnikov Statnych lesov. Z tychto cien
a objemu dodavok dreva podl'a podnikov sa vypoéitali
podra vzorca pre vaZeny aritmeticky priemer priemerné
ceny surového dreva a ich variaéné koeficienty. V roku
1988 to boli este jednotné centrdlne stanovené velko-
obchodné ceny, ktoré sa od roku 1991 zmenili na trhové.

Skimané naklady taZzby dreva zahfiiaji v sebe cela
tazbovu ¢&innost), t.j. naklady na tazbu, sustred’'ovanie,
manipuléciu, odvoz, ale aj ostatné tazbové ¢innosti. St
to teda nielen naklady na v3etky priame t'azbové ¢innosti
od zribania stromu aZ po dopravu dreva k jeho
odberatel'ovi, ale aj ostatné &innosti, ktoré s tazbou dreva
siivisia, ako je napr. oprava a idrzba lesnych ciest, skla-
dov dreva a pod. Priame naklady sa skumali v kazdej ¢in-
nosti samostatne prostrednictvom tychto parcialnych
koeficientov:

1. koeficienta priraZzok k zdkladnym normohodindm,

2. mzdovych tarif,

3. koeficienta prémii k zékladnej mzde,

4. koeficienta prepoétu mzdovych nékladov na priame
néklady.

Sucinom vietkych Styroch koeficientov sa odvodil
suhrnny koeficient, ktory vyjadruje jednotkové néklady
na prislu§ni t'azbova &innost' v Sk na 1 normohodinu
vykonanej prace. Uvadzané koeficienty pre t'azbu, sistre-
d'ovanie, manipulaciu a odvoz dreva s v tab. 2-5. Sku-
toéné priame néaklady na uvadzané taZbové ¢innosti sa
pre konkrétne podmienky odvodia ako st¢in jednot-
kovych nékladov a normovanej prace na tuto ¢innost’, vy-
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jadrenej v 1 normohodine na 1 m® spracovaného dreva.
V tab. 6 st uvedené len priame ndklady na ostatni t'az-
bowii ¢innost’ v Sk na 1 m? taZzeného dreva. Priame nakla-
dy na celi tazbovu ¢innost’ sa vypogitaji ako sudet pria-
mych nakladov za vietky &innosti. V pripade, Ze by bolo
potrebné prepoditat’ priame naklady na vlastné, je treba
vyndsobit’ priame naklady koeficientom rézie, ktory mal
za skimané obdobie priemerna hodnotu 1,55. Potrebné
podklady na vypocet nakladovych koeficientov vietkych
tazbovych &innosti za roky 1992-1997 sa ziskali
z G¢tovnej a $tatistickej evidencie vybranych lesnych
hospodarskych celkov, lesnych zavodov a podnikov §tat-
nych lesov.

Z priemernych realizovanych cien dreva v Sk/m?® v tab. 1
je vidiet, Ze pri vetkych akostnych a hribkovych trie-
dach sa ceny z roka na rok zvy$ovali. Vynimkou je len
akostna trieda V a VI, teda vlakninové a palivové drevo,
kde v niektorych rokoch sa ich ceny prakticky nemenili,
alebo aj mierne poklesli. Variaény koeficient dosahoval
u va&siny sortimentov a kalendarnych rokov hodnoty 2-
10 %. Pre porovnanie a zovieobecnenie cenového vyvo-
ja sortimentov smrekového dreva sa z priemernych cien
vypocitali aj cenové indexy ako podiely cien dreva
v konkrétnom kalenddrnom roku k cendm v roku 1988.
Podrla ich vyvoja na obr. 1-5 méZeme konstatovat’, Ze
relativne najvacsi cenovy nérast bol do roku 1992.
V rokoch 1993-1997 sa ceny zvySovali miernejsie, ale-
bo v niektorych pripadoch aj mierne poklesli. Pri hodno-
teni vyvoja cien dreva za celé obdobie, t.j. do roku 1997
podla akostnych tried vyrezov méZeme konstatovat’, Ze
najvicsie, a to 3,5-3,8-krat, bolo pri piliarskych vyrezoch
triedy IIIA a IIIB a najniZie pri palive a vlakninovom
dreve — len 2,7-2,8-krat. Na obr. 1-4 je znazomneny aj
vyvoj cenovych indexov podla hribkovych tried vyre-
zov. Z ich vyvoja podl'a kalendarnych rokov méZeme
konstatovat’, Zze vSetky hrubkové triedy vyrezov
v akostnej triede I a Il maju do roku 1993 a v akostnej
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triede IIIA a IIIB aZ do roku 1994 vel'mi blizke cenové
indexy. Po tychto rokoch sice nastava uritd zmena, ale
vig8inou len pre najniZ8ie a najvysSie hribkové triedy.

V tab. 2-5 st uvedené parcialne nakladové koeficien-
ty, ale aj sithrnny koeficient pre tazbu, sustred'ovanie,
manipuldciu a odvoz dreva podl'a kalendarnych rokov
1988-1997. Z nich sa vypocitali aj indexy ako podiely
koeficientov v konkrétnom kalendarnom roku ku koefi-
cientu v roku 1988. Podl'a koeficienta prirdZok k zéklad-
nym normohodindm mdzZeme konstatovat’, Ze v roku
1988 boli najvicsie prirazky — a to az 40 % — v tazbe,
26 % v sustred’ovani, 20 % v manipulécii a len 11 %
v odvoze dreva. Za devit rokov sa jeho hodnoty rézne
menili, ale va¢sinou klesali az po rok 1997.

Koeficienty prémii k zékladnym mzddm maju medzi
tazbovymi ¢innost'ami vel'mi vyrovnané hodnoty. V roku
1988 boli prémie vo vyske 25-28 %. I ked’ ich vyvoj za
skiimané obdobie bol pomerne dynamicky, celkove
mozeme konstatovat, Ze prémie boli vel'mi variabilné
a za celé obdobie a vietky ¢innosti dosahovali hodnoty
10-30 %. Za sledované obdobie sa jednoznaéne najviac
zmenili mzdové tarify, ked’ pri tazbe dreva sa zvy-
$ili 0 289 %, pri priblizovani o0 311 %, pri manipuldcii
0317 % a pri odvoze dreva az o 344 %.

Jednoznacéne sa za celé sledované obdobie zvysili aj
koeficienty prepoétu mzdovych ndkladov na priame. Ich
vyvoj podl'a éinnosti nebol rovnaky a ich hodnoty sa ne-
zvysili tak vyrazne ako pri mzdovych tarifach. Za vetky
¢innosti sa ich hodnoty zvysili od roku 1988 priblizne
040-80 %. V tab. 2-6 su aj sthmné koeficienty nakla-
dov vyjadrené v Sk na 1 normohodinu prace osobitne

v kazdej ¢innosti. Vynimkou je len ostatnd t'azbova
¢innost’, ktord ma suhrnné koeficienty nakladov vyjad-
rené v Sk na 1 m? faZeného dreva.

Zo suhrnnych koeficientov ndkladov podl'a kalen-
darnych rokov sa vypocitali aj ich indexy ako podiely
koeficientov v konkrétnom kalenddrnom roku ku koefi-
cientu v zékladnom roku 1988. Vyvoj tychto indexov je
znazorneny na obr. 6. Stéle rastiici a pomerne vyrovnany
je trend indexov nakladov pre tazbu a sustred’ovanie
dreva. V kone¢nom roku 1997 sa naklady na tieto dve
¢innosti zvysili 4,0 a 4,4-krat. Néklady na odvoz dreva
boli 4,5-krat vysSie. Zo vsetkych ¢innosti ma najvacsie
zvySovanie nakladov manipulacia dreva, a to o viac ako
5,7-krat. Najmens$ie zvySovanie nakladov bolo v ostat-
nej tazbovej innosti, kde za sledované obdobie naklady
stupli len 2,3-krat, ¢o je priblizne poloviény trend
z nakladov v manipulécii dreva. Ked’ by sme vynechali
naklady na ostatni tazbovu €innost’ a hodnotili len $tyri
hlavné &innosti, méZeme konstatovat’, Ze za roky 1988-
1997 sa naklady na ich vykonavanie zvysili 4,0-5,7-krat.

Porovnanim cenovych a ndkladovych indexov
mozeme konstatovat’, Ze ceny dreva za roky 1988-1997
sa zvysili podl'a akostnych tried vyrezov priblizne 2,7-
3,8-krat, ale naklady jednotlivych tazbovych &innosti
4,0-5,7-krat. Vynimkou si néklady ostatnej fazbovej
¢innosti, ktoré sa zvysili len 2,3-krat. Toto rozdielne
zvySovanie cien dreva a néakladov t'azbovej ¢innosti jed-
noznaéne poukazuje na ich stupajicu disproporciu, ktora
ma vel'mi nepriaznivy dopad na obhospodarovanie aj
takej vynosovej dreviny, ako je smrek.
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INFORMATION

Many-sided functions of forests: a strategy for sustainable
development of forest ecosystems
(Sub-module 2A8 of the UNDP project Towards Sustainable Development of the Czech Republic: Building

National Capacities for Sustainable Development)

In the Czech Republic (CR), forest ecosystems repre-
sent (1) a substantial national wealth producing environ-
ment-friendly raw materials (particularly wood) as
arenewable natural resource, and (2) an irreplaceable en-
vironmental component determining essential elements
of the cultural landscape. Research into the above-men-
tioned sub-module thus proceeded along two interrela-
ted subject routes toward a holistic assessment of the
sustainable forest management (hereafter the SFM).

Like in the neighbouring Central European countries,
many-sided functions of forest ecosystems and the SFM
have to be analysed not only with regard to their natural
substance, but also with regard to the legal property of
particular owners, such as natural persons and legal enti-
ties, municipalities and the state. In a democratic system,
the forest cannot be only an object of independent vision
and private wishes, but also a matter of political, eco-
nomic, sociological and legal realities.

Analysis of the current status of forest ecosystems, and
identification of principal issues related to their effective
management, was the basic task of the project’s sub-mo-
dule. Proposals of some strategic measures and for the
SFM intend to summarise essential recommendations for
a sustainable production of forest goods, and for conti-
nual utilisation of human-required services.

FOREST ECOSYSTEMS AS A NATIONAL
WEALTH

Fundamental prerequisite of sustainable
development of forest ecosystems

Reconstruction of one-species coniferous — primarily
Norway spruce and Scots pine — stands is a fundamental
prerequisite of sustainable development of forest ecosys-
tems. These plantations cover about 67.5% of the CR’s
forest area and play an important role both in the wood
production and environmental functions of public inte-
rest. Implementation of their conversion calls for raising
necessary capital to cover additional costs incurred to
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forest owners. These costs were calculated at around
CZK 0.75 billion a year, to compensate for the increased
costs of artificial regeneration in prevailingly one-spe-
cies stands which should be enriched by deciduous tree
species in accordance with the primary forest ecosystem
composition.

Restoration of the prevailingly one-species coniferous
stands into forest ecosystems marked by high ecological
stability and resistance towards stress factors should also
be in accordance with predicted alterations of forest sites,
resulting from the global climate change. The following
measures are proposed in the project’s sub-module to
achieve these goals:

Proposed measures

In the range of forest administration:

— To enhance the activities of national authorities of su-
pervision operated by the Ministry of Agriculture and
Ministry of Environment of the CR towards the step-
ping-up of extension services, educational, advisory
and initiating programmes referring to owners and ad-
ministrators of forests.

— To accomplish a system of granting subsidies, addi-
tional cost payments and compensation of prejudices,
jointly with an efficient control of the use of social
overhead capital means, based on unbiased reference
documents and data, and on determined urgency and
needs of public interest. This system should be asso-
ciated with the methodology of regional forest devel-
opment plants (RFDP) and with their links with the
working plans of particular forest owners, i.e. the con-
crete making full use of their general recommenda-
tions in forest management plans (FMP) and forest
management outlines (FMO). Differentiation of the
system according to forest ownership types is also of
importance.

— To ensure disposable items corresponding to the na-
tional economy status, which would be available in
social overhead capital sources, such as the state bud-
get or relevant funds.
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In the area of forest policy strategy:

— Qualified pilot studies into the real trends in demand
for wood of deciduous tree species, and into the effi-
ciency of forest holdings (particularly also to encour-
age the association of small forest holdings). In the
CR they are more then 100,000 forest owners with the
forest holding below 2 ha.

— A conceptual political study based, e.g., on-National
Forestry Programme of the CR to reveal human soci-
ety’s participation in the management of forest sys-
tems, resulting in sustainable production of goods and
services desired by the public at large.

FOREST ECOSYSTEMS - AN IRREPLACEABLE
COMPONENT OF THE ENVIRONMENT

In the area related to the irreplaceable role of forest
ecosystems in the environment, the sub-module dealt
with the identification of principal non-wood-producing
functions beneficial to the public, and therefore purpose-
controlled. As a pre-condition of particular environmen-
tal and social services provided by modern forestry,
special measures should strengthen the desired financial
means to support advisable effects, and suppress or at-
tenuate undesirable factors.

Various kinds and intensities of goal-oriented non-
wood producing care are needed for 58% of CR’s forest
area, and it also refers to 46% of the area of today’s ca-
tegory of the commercial forest.

Long-term recommendations

To implement the state forestry and environmental po-
licy:

— To enrich forestry policies with differentiation of var-
ious forest ownership types from the viewpoint of pub-
lic interest in the forest mission, and to define clearly
the policy of subsidies, defrayments of costs and rec-
ompenses of activities in favour of public interest.

— In the environmental policy, to consider all forest eco-
systems as an irreplaceable component of the envi-
ronment, not only due to their natural essence, but also
due to their managed functions which is generally ben-
eficial to the inhabited landscape and human society.
To implement the land-use and forestry planning:

— To ensure that regional forest development plans
(RFDP) include an offer of forestry services based on
the functional potential of forest ecosystems, and real
public demand for particular environmental and so-
cial services identified by monitored public interest.
Confrontation of the forestry supply with the demands
for particular services will enable the establishment
of general guidelines for forest management and cal-
culations of capital needed.

— To elaborate a system of links between the conceptual
(Regional Forest Development Plan — RFDP) and the
working plans (Forest Management Plan — FMP and
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Forest Management Outline — FMO) so that particular
projects can be proposed by individual owners and ad-
ministration of national forests. To facilitate unbiased
judgement of national authorities according to real
needs passed on the projects, and to encourage also
their rational projects taking into account both the ef-
ficiency and correctness of the objectives.

- — To ensure that methodologies, instructions, etc. are de-

veloped and compiled for particular functional mea-
sures, and by doing so, to promote real designing by
owners, real public orders, qualified consultancy and
meaningful supervisory activities in the right of re-
covery of national authorities.

Short-term recommendation

To amend urgent topics contained in Forest Act No.
289/1995, particularly the following ones:

— new conception and application of forest categorisa-
tion as a tool of state forestry policy and administra-
tion (primarily formed as a tool of the forest
management),

— mission and contents of regional forest development
plans (RFDP) as common tools of state forestry and
environmental policies,

— reality-reflecting conception of landscape ameliora-
tion, including torrent control, as a service of public
interest in the cultural landscape protection,

— realistic conception of the care for forest ecosystems
in special-category forests, including the forests in
large-scale protected areas of nature conservation.

To analyse and mutually adjust the problem areas in
environmental legislation, which primarily holds for:
— Act292/1991 on the Czech Environmental Inspection

with the forest protection competence, which are sig-

nificant tools in the environmental functions of fo-rests
whose role deserves many-sided activities in compar-
ison with the general ecosystem conservation,

— final legal solution to the supreme state supervision of
the Ministry of Environment, as amended by Forest
Act No. 289/1995, as to the proper application of in-
centives resulting from the field operation of the Czech
Environmental Inspection,

— inclusion of particular beneficial-to-public, environ-
mental and social functions of the forest into the sphere
of active interests of the environmental department,
also with regard to the needs of human-inhabited cul-
tural landscapes,

— analyses of links between Acts No. 17/1992, 114/1992
and 289/1992 so that their application can be based on
material truth and not only on general axioms and
ideological wishes.

Vladimir Kreémer, Bohuslav Vins etal.
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zit disketu s textem prace a s grafickou dokumentaci pofizenou na
PC s uvedenim pouZitého programu. K publikovani jsou pfijima-
ny préace psané v angli¢ting. Autor odpovidé za spravnost anglic-
kého textu. Rukopisy maji byt napsany na papife forméatu A4.
Usporadani ¢lanku musi odpovidat formé, ve které jsou &lanky
publikovany. Je tfeba zaslat dvé kopie rukopisu. O uvefejnéni
préace rozhoduje redakéni rada ¢asopisu se zfetelem k lektorskym
posudkum, védeckému pfinosu a celkové kvalité prace s pfihléd-
nutim k vyznamu ¢lanku pro lesni hospodarstvi.

[Jprava textu

Rukopis ma obsahovat titulni stranu, na které je uveden nazev
¢lanku, jméno autora (autor(), ndzev a adresa instituce, kde byla
prace vypracovana, ¢islo telefonu, faxu a e-mail autora, povéfené-
ho korespondenci.

Kazdy ¢lanek musi obsahovat Eesky (slovensky) a anglicky abs-
trakt, ktery nema mit vice nez 90 slov, a klicova slova. Uvod by
mél byt struény, s uvedenim zaméfeni a cile prace ve vztahu
k dosud provedenym pracim. Nemél by v ném byt uvadén rozsih-
ly prehled literatury. V kapitole Materidl a metody by mél byt
uveden popis pouzitych experimentélnich metod tak, aby byl
postadujici pro zopakovani pokusi. Mély by byt uvedeny obecné
i védecké nazvy rostlin. Je-li zapotiebi pouzivat zkratky, je nutné
pfi prvnim pouziti zkratky uvést i jeji plny nazev. Je nezbytné
nutné pouzivat jednotky odpovidajici soustavé mérovych jedno-
tek SI. V ¢asti Vysledky by méla byt pfesné a srozumiteln€ pre-
zentovana ziskana data a daje. V kapitole Diskuse se obvykle
ziskané vysledky konfrontuji s vysledky dfive publikovanymi. Je
pripustné spojit ¢ast Vysledky a Diskuse v jednu kapitolu. Cito-
vani literatury v textu se provadi uvedenim jména autora a roku
vydani publikace. P¥i vétS§im poctu autort se v textu uvadf pouze
prvni z nich a za jeho jméno se doplni zkratka et al.

V ¢asti Literatura se uvadéji pouze publikace citované v textu.
Meéla by sestéavat z lektorovanych periodik. Citace se fadi abeced-
né podle jména prvniho autora: pfijmeni, zkratka jména, rok vyda-
ni, plny nazev prace, afedni zkratka ¢asopisu, ro¢nik, prvni
a posledni strana. U knihy je uvedeno i misto vydani a vydavatel.

Tabulky

Tabulky jsou ¢islovany pribézné a u kazdé je uveden i nadpis.
Kazda tabulka je napsana na jednom listu.

Obrazky

Jsou pfiloZeny jen obrizky nezbytné pro dokumentaci vysled-
ki a umoZiiujici pochopeni textu. Souc¢asné uvadéni stejnych vy-
sledk v tabulkéch a na grafech neni pfijatelné. Viechny obrazky
musi byt vysoce kvalitni, vhodné pro reprodukci. Nekvalitni ob-
razky nebudou prekreslovany, budou autorovi vraceny. Fotografie
musi byt dostateéné kontrastni. VSechny obrazky je tfeba ¢islovat
prubé&zné arabskymi ¢islicemi. Jak grafy, tak i fotografie jsou ozna-
covény jako obrazky. U kazdého obrazku je nutné uvést jeho stru¢ny
vystizny popis.

Rukopis nebude redakci pFijat k evidenci, nebude-li po for-
malni strance odpovidat pokyniim pro autory.
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