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Components of essential oils from foliage (leal and needles) were analyzed by gas
chromatography. Determined mono- and sesquiterpenes and terpenes served for the estimation of
4 genera (Juniperus, Pinus, Chamaecyparis, Abies) of wood plants. Differences in the chromatog-
raphic results related to occurancy of significant compounds are considered as a diagnostic
parameter. Formation of separated clusters and relevant terpenes is presented by the principal
component analysis. Pattern recognition techniques were applied for classification of the species to
4 genera with a total classification ability of 89%.

INTRODUCTION

The utilization of terpenes analysis for phytogenetic and taxonomic
purposes is well-known. Essential oils obtained by hydrodistillation of foliage
or turpentine from oleoresin had been first used in the study of pine genus [1].
The most reliable way of analyzing monoterpenes is the gas chromatography
- mass spectrometry technique (GC/MS). During the past 20 years, the
development of the headspace and capillary column has permitted a rapid and
high resolution separation. Quantification is typically achieved by internal
standards [6]. The identification is based on mass spectral and GC retention
time comparison with model substances. However, model compounds are not
always available and, in many cases, structural isomers give almost identical
mass spectra. Therefore IR and 'H NMR spectroscopies can be useful to
distinguish those isomers and ring compounds [3].

Extensive results of the composition analysis of plant extracts of various
species have been published in plenty of papers from the point of view of
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chemotaxonomy. In most of them the results are presented in large tables e.g.
the comparison of epicuticular waxes of seed coats for Cistaceae [4], GC
percentage compositions of the leaf oils of Eucalyptus [5] or in simple graphs
e.g. turpentine composition of Pinus contorta and Pinus banksiana hybrids [6].
The other form of the presentation and comparison of chemical component
concentrations is the use of the basic statistical terms (means, standard errors,
normality tests, correlations) e.g. in terpenoid chemisystematic study of Abies
grandis [7], and for determining seasonal changes during needle maturation [8]
or the use of overlapped concentration profiles e.g. as in the study of the
decomposition and chemical changes in Pinus silvestris needle litter [9].

A promising alternative in the taxonomic studies is the chemometric
approach in the treating of large data sets by using selected methods of
multivariate statistical analysis: exploratory data analysis (EDA) and pattern
recognition (PR) [10, 11, 12, 13, 14, 15].

The exploratory data analysis (especially principal component analysis)
can be used to show in a graphical form the information contained
in the data; to find similarities, anomalies or errors and in many cases
to get the idea of the strategy for classification or correlation. This technique
was used for confirmation of distinctiveness in the bud exudate composition
of a number of poplar species [16], for chemosystematic differentation
of Quercus ilex and Quercus rotundifolia trees based on acorn steroids
[17], for differentiating among Malaysian Hospitalitermes species [18], for
separation of the Combertum and Albizia species gums from each other
and from Acacia species gums [19].

Pattern recognition methods can assign an uknown sample to one of the
known groups and evaluates relevancy or redundancy of the variables in order
to differentiate between groups. A computer database of essential oils has been
developed [4] in combination with the pattern recognition method (based on
K -nearest neighbor classification rule) for the rapid identification of com-
ponents in a complex mixture, the comparison between the complete GC
profiles of different samples, and for the recognition of a group of compound
as a single entity [21].

In this contribution we have introduced the chemometric approach in data
treatement. On the basis of terpene composition from mature needles sampled
according to conventional rules the formation of separated clusters was
presented by the principal component analysis and the classification of several
conifers was performed by several pattern recognition methods.

EXPERIMENTAL
The essential oil samples of four genera of wood species were investigated,

namely 5 species of Thuja, 12 species of Juniperus, 17 species of Pinus and
9 species of Chamaecyparis.
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The quantitative content of compounds in the individual species is different
and variable, which depends not only on climatic conditions but also on the
locality, time and place of sampling and on the increment sectors (one-, two- or
three-year old needles). These factors were standardized by taking the samples
in the day-time period, at the same height and, as far as it is possible, on the
sunny side of the crown. The influence of increments sectors was eliminated by
taking the needles from the last increment sector but one. A choice was made
of the undamaged and uncut trees of about the same age. The material was
sampled during the vegetation in activity at about 9.00 a.m. and immediately
caried into the laboratory for its treatment. 100 g of fresh needles were picked
and essential oils were obtained by hydrodistillation performed in an ap-
paratus for the detemination of volatile oils. The other part served for the
determination of volatile oils. The other part served for the determination of
solids. Water residues found in oil were removed with addition of anhydrous
potassium sulphate.

The analysis itself was done on a gas chromatograph CHROM 5 using
a silicon capillary column (internal diameter 0.2 mm and 25 m lenght)
impregnated with Carbowax 20 M under following conditions: temperature
gradient 50°C (2 min), increase 4°C/min, final temperature 180°C (14 min);
sensitivity 64; dosing 0.5 pl; split ratio 1:250; initial pressure of the carrier gas
(N,) 50 kPa; hydrogen flow 25 ml/min; air flow 500 ml/min; FID detector
(flame-ionization).

The identification of each compound was done by comparing the retention
times of individual standards and investigated compound as well as by
applying internal standarts. For determination of the retention times and the
percentual proportion of individual terpenes a CI 100 integrator was used.

An evaluation of the results attained was carried out in two steps. First, the
occurence of all compounds established was observed for each species of the
individual genera to find out characteristic compounds for particular genus.
The the Exploratory data analysis was employed together with the manual
processing of measured data for individual genera [22]. In the next step, the
data associated only with the most characteristic 16 substances were processed.
To discern the genera of wood species the projection of analyzed samples was
used by means of the principal components analysis [14]. The classification of
a training set was made by pattern recognition methods such as KNN, the
linear and quadratic discriminant analysis [11].

RESULTS AND DISCUSSION

Among plenty of volatile compounds contained in the tree bitumen only
one group of compounds was chosen which is represented by terpenes
constituting an essential part of volatile oils contained, to a large extent, just in
softwoods.
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