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The variability of n-alkanes in the needle cuticular wax of Pinus heldreichii and P. peuce in two natural
populations from the Scardo-Pindic mountains was investigated for the first time. Gas chromatography (GC)
and gas chromatography/mass spectrometry (GC-MS) analyses of two-year-old needles were performed us-
ing an Agilent 7890A GC equipped with an inert 5975C XL EI/CI mass spectrometer detector (MSD) and a
flame ionization detector (FID) connected by a capillary flow technology 2-way splitter with make-up. An
HP-5MS capillary column was used. n-Alkanes ranged from Cig to Css. In P. heldreichii the most abundant
were Cus, Cas and Cy7 (16.3, 15.6 and 12.8 % on average, respectively), while in P. peuce they were Cag, Cas,
and Cy (16.5, 15.3 and 13.5 % on average, resp.). Mid-chain and long-chain n-alkanes prevailed in both
species. Principle component analysis (PCA) and Cluster analyses of five and six n-alkanes, respectively,
showed divergence of the Scardo-Pindic populations from the Dinaric ones.

Keywords. Pinus heldreichii; P. peuce; n-alkanes, diversity, principle component analysis (PCA),
cluster analysis

NONYJAIMCKHA JTUBEP3UTET HA n-AJIKAHHU BO BOCOK Ol KYTUKYJIN HA UTJINMYKA
OJl PEJIMKTHMU PINUS HELDREICHII U P. PEUCE Ol CKAPJO-IMHAUCKHUTE IVTAHUHHA

3a npB mar Oele UCTpaXxkeHa BapujabMITHOCTA HA N-aJKaHH BO BOCOK OJl KYTHKYJIH Ha UTJIMYKH OJ
Pinus heldreichii u P. peuce Bo nBe npupo/iHu momyaamnuu oJ] CKapA0-MUHIUCKUOT ITAHHHCKU MacuB. bea
u3BplIeHU racHa xpomarorpadceka (GC) u racHa xpomoaTorpadceka/maceHo-cnekrpomerpucka (GC—MS)
aHanmu3a, co ymorpeba Ha Agilent 7890A GC ompeMeH co MHEPTEH MaceH CIEKTPOMETPHCKH JIETEKTOP
(MSD) 5975C XL EI/Cl u mnamenen jounusarcku aerekrop (FID), moBpsanu co kxammiapHa mpoTOYHA
TEXHOJIOTHja CO IBOHACOUEH CILTUTEP CO HAJIOMECTYBamke Ha racoBH. beriie ymotpebeHa KanniapHa KOJoHa
HP-5MS. n-Ankanure 6ea Bo oncerot ox Cig 10 Css. Kaj P. heldreichii majsacranenu 6ea Cps, Cas u Cyr
(mpoceuno 16,3 %, 15,6 % u 12,8 %, cooaseTHo), moaeka kaj P. peuce Toa 6ea Cag, Czs, and Cy7 (mpoceuno
16,5 %, 15,3 % u 13,5 %, cooxseTHO). M Kaj qBaTa BHIa MPEOBIaayBaa N-ajJKaHu CO CPSIHH U IOJITH HU3H.
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AmnanuzaTa Ha I'JIJaBHUTE KOMIIOHEHTH (PCA) M KJacTep-aHaaM3aTa OJ COOJABETHO II€T M IIECT N-aJIKaHU
TOKa’ka pa3JIMIHOCT Ha CKaApO-TMHAUCKUTE O JUHAPCKUTE MOITyJIalluu.

Kayunn 360poBu: Pinus heldreichii; P. peuce; n-makanu; nusepsutet; PCA; knactep-aHanmsa

1. INTRODUCTION

Pinus heldreichii Christ. (Bosnian pine) is a
Tertiary relict and a subendemic two-needle spe-
cies. It grows naturally on the Balkan Peninsula and
in southern Italy [1]. Several varieties, forms, and
interspecific natural hybrids of P. heldreichii have
been described [1].

Pinus peuce Griseb. (Macedonian pine) is a
Tertiary relict and Balkan endemic five-needle spe-
cies[1]. It grows naturally only on the Balkan Pen-
insula (on the high mountains of Bulgaria, North
Macedonia, Montenegro, Serbia, Kosovo, Albania
and the south of Greece).

These two pines grow alone or together on
high mountains with different geologic substrata:
limestones, silicates or schists [2, 3]. In addition,
owing to their decorative characteristics, they are
often present in horticulture parks in Serbia.

n-Alkanes were used in fundamental [4, 5] or
applied investigations [6] as well as in chemotaxo-
nomic studies [7, 8].

Leaf n-alkanes studies have already shown pop-
ulation divergence in both pine species from the Di-
naric mountains [9, 10]. The aim of this study was to
examine the population diversity of leaf n-alkanes of
P. heldreichii and P. peuce originating from the
Scardo-Pindic mountains and to compare them with
previously examined populations originating from the
Dinaric Alps [9, 10]. To the best of our knowledge,
this is the first report of population variability of n-al-
kanes of P. heldreichii and P. peuce originating from
the Scardo-Pindic mountains.

2. EXPERIMENTAL SECTION

Plant material. Two-year-old needles from
two localities in the Scardo-Pindic mountains for
both P. heldreichii (Mt. Baba — 8 trees; Mt. Sara —
16 trees) and P. peuce (Mt. Gali¢ica — 10 trees; Mt.
Sara — 14 trees) were collected from around the
lower third of the unshaded tree crown at the end of
the photosynthetic active season. Details about
these populations have been already published [11,
12]. Twigs with needles were stored in polyethylene
bags (with labels of the sample plot, date of collec-
tion, and age of the needles), and were transported
to the freezer (—20 °C) in a hand fridge.

Extraction and isolation of needle wax. The
concentrated extracts were chromatographed on a

small-scale column using a Pasteur pipette filled
with silica gel 60 previously activated at 120 °C
[13]. Wax was obtained by elution with 5 ml of n-
hexane. Wax samples were stored at —20 °C until
further analysis.

Chemicals and reagents. Hexane (HPLC
grade) and silica gel 60 (0.2 — 0.5 mm) were pur-
chased from Merck (Darmstadt, Germany).

GC and GC-MS analysis. Gas chromatog-
raphy (GC) and gas chromatography/mass spectrom-
etry (GC-MS) analyses were performed using an Ag-
ilent 7890A GC equipped with an inert 5975C XL
EI/CI mass spectrometer detector (MSD) and a flame
ionization detector (FID) connected by a capillary
flow technology 2-way splitter with make-up. An
HP-5MS capillary column (30 m % 0.25 mm x 0.25
um) was used. The GC oven temperature was pro-
grammed from 60 °C to 300 °C at a rate of 3 °Cmin-
Land held for 10 min. Helium was used as the carrier
gas at 16.255 psi (constant pressure mode). We used
an auto-injection system (Agilent 7683B Series In-
jector) to inject 1 pl of the sample. The sample was
analyzed in the splitless mode. The injector tempera-
ture was 250 °C and the detector temperature 300 °C.
MS data were acquired in EI mode with scan range
of 30-550 m/z, source temperature 230 °C, and quad-
rupole temperature 150 °C; solvent delay was 3
minutes.

Identification of n-alkanes. The components
were identified based on their retention index and
comparison with reference spectra (Wiley and NIST
databases) as well as by the retention time locking
(RTL) method and the RTL Adams data base. The
retention indices were experimentally determined
using the standard method of Van Den Dool and
Kratz [14] involving retention times of n-alkanes
injected after the sample under the same chromato-
graphic conditions. The relative abundance of the n-
alkanes (Tables 1, 2) was calculated from the signal
intensities of the homologues in the GC-FID traces.

Calculations of CPI and ACL values. The
carbon preference index of total odd-numbered and
even-numbered LNAS (CPliw) was calculated by
the formula of Mazurek and Simoneit [15]. The av-
erage chain length of total odd-numbered and even-
numbered LNAs (ACLta) Was calculated by using
the formula of Poynter and Eglinton [16]. In order
to compare the obtained results with those from lit-
erature sources, CPlasas, CPlyss, CPlis»i, and
CPl5.31 were also calculated by using the formula
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of Bray and Evans[17] as well as ACL3 35 by using
the formula of Poynter and Eglinton [16]. Relative
proportions of short-, mid-, and long-chain n-al-
kanes (n-Cig 20, N-C21-24 and n-Cas 33, respectively)
were also calculated [18].

Statistical analysis. The calculation of mean
values (X), standard deviations (SD), test for normal-
ity (° test), one-way analyses of variance (ANOVA),
Levene’s test, principal-component analyses (PCA)
and cluster analysis were all carried out with the soft-
ware Statgraphics Plus (version 5.0; Statistical
Graphics Corporation, U.S.A)).

3. RESULTS AND DISCUSSION

Variability of n-alkanes. n-Alkanes in P. hel-
dreichii and P. peuce from the Scardo-Pindic moun-
tains ranged from Cig to C33 (Table 1). The range of
P. heldreichii var. leucodermis grown in nurseries
is narrower (C1s—Ca1) [8]. Some pines from the same
subsection Pinus: P. mugo var. pumilio, P. sylvestris

Table 1

and P. sylvestris var. iberica had a range of n-al-
kanes different from P. heldreichii [8]. A wider
range was found in P. mugo (C1s—Css) and a nar-
rower range in P. nigra (C21—Css) and P. thunbergii
(C2r—Ca).

In P. heldreichii needles from the Scardo-Pin-
dic mountains, the most abundant n-alkanes were
four odd-numbered: Cas, Cas, C27 and Cyo (16.3 %,
15.6 %, 12.8 %, and 11.1 % on average, respectively)
(Table 1), very often regarded as Cmax Values (Table
2). Populations from Mt. Sara (I1) had a higher con-
tent of n-alkanes Czsand Co7than the population from
Galicica (I) (Fig.1). Populations of P. heldreichii
from the Dinaric massif had similar amounts of Czs,
Cyrand Cys (12.2 %, 11.2 % and 10.8 % on average,
resp.) [10]. The domination of several n-alkanes was
also characteristic of P. mugo and P. pinea [8]. How-
ever, sometimes P. heldreichii var. leucodermis and
some other pines were rich in only one n-alkane: Ca;
[8], C33[19] or Cy [20].

Chemical composition of n-alkanes of Pinus heldreichii and Pinus peuce needles (%)

Populations
P. heldreichii P. peuce P. heldreichii P.peuce
n-Alkanes Mt. Galigica Mt. Sara Mt. Baba Mt. Sara Average Average
| I I I 11 111

Xa SDb X SD X SD X SD X SD X SD
Cuo 0.36 0.07 0.35 0.18 0.39 0.3 051 0.11 0.36 0.15 0.45 0.13
Ca 125 028 1.35 0.45 1.01 0.23 115 0.24 1.32 0.40 1.08 0.24
Ca 434 0.63 450 0,87 3.05 0.73 351 0.60 4.44 0.78 3.28 0.70
C2 7.69 0.78 7.62 0.48 549 1.17 591 121 7.64 1.26 5.70 1.19
Cas 16.61 2.36 16.11 1.28 1347 218 1345 140 16.29 1.69 13.46 1.80
Ca 1059 1.15 1053 1.17 7.80 1.23 7.34 1.00 1055 114 7.57 1.13
Cas 1404 155 1644 161 1466 1.88 16.00 2.02 1560 1.95 1533 204
Cas 528 041 494 042 454 0.43 4.09 0.37 5.06 0.44 431 0.45
Car 11.80 1.39 13.34 2.18 1250 1.46 1447 112 1280 2.05 13.48 1.62
Cas 423 0.52 3.80 0.36 499 0.75 3.96 0.44 3.95 0.46 4.47 0.80
C2 1151 2.33 1091 1.16 1759 4.13 1545 1.73 11.12 1.63 16.52 3.30
Cso 1.70 051 1.32 061 294 1.67 2.68 0.81 1.45 0.60 2.81 1.30
Ca 554 1.80 516 121 5.61 2.26 6.31 1.81 5.29 141 5.96 2.04
Ca2 1.78 047 1.46 0.40 2.34 0.80 2.07 0.50 1.57 0.44 2.20 0.67
Cas 330 1.78 216 042 3.62 0.92 3.09 0.78 2.56 1.20 3.36 0.88

aMean value; "Standard deviation
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Fig. 1.Graphical illustration of Pinus heldreichii populations.
Scardo-Pindic massif: Population I: Mt. Baba; Population I1:
Mt. Sara; Dinaric massif: Population III: Mt. Lovéen;
Population 1V: Mt. Zeletin; Population V: Mt.
Bjelasica; Population VI: Mts. Zlatibor—Pester;

In P. peuce needles, the most abundant were
four odd-numbered n-alkanes: Cag, Cus, Ca3, and Cyz
(16.5 %, 15.3 %, 13.5 %, and 13.5 % on average, re-
spectively) (Table 2). Populations from Mt. Sara (II)
had a higher content of n-alkanes Czsand Cs;than the
population from Mt. Baba (1) (Fig.2). Populations of
P. peuce from the Dinaric massif had similar amounts
of Cz9, Cs5, C27, and Cy3 (15.5%, 11.1 %, 10.6 %, and
10.5 % on average, resp.) [21]. The domination of sev-
eral n-alkanes was also characteristic of P. cembra var.
glauca [21].

Pinus
peuce

BOSNIA &
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3
‘ >
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Fig. 2. Graphical illustration of Pinus peuce populations.
Scardo-Pindic massif: Population I: Mt. Gali¢ica; Population
II: Mt. Sara; Dinaric massif: Population III: Mt. Zeletin;
Population IV: Mt. Sjekirica; Population V: Mt. Mokra Gora.

Variability of CPIs and ACLs of n-alkanes.
For the calculation of the amounts of long-chain n-
alkanes (LNAs), i.e., CPIs and ACLs of n-alkanes of
P. heldreichii and P. peuce from the Scardo-Pindic
mountains (Table 2), the relative values from Table 1
were used. Maximum CPI values of long-chain n-al-
kanes of P. heldreichii from Scardo-Pindic mountains
are 2.9 (CP|20735), 4.2 (CP|2&31), and 4.2 (CP|2533)
(Table 2). Short-chain n-alkanes (CPlis_21) ranged
from 1.7 to 2.8 (2.2 on average) and exhibited
odd/even predominance (OEP) (because CPI < 1 in-
dicates EOP, CPI > 1 denotes OEP) [18]. However,
in our previous investigations, populations from
Montenegro also showed OEP, while the ones from
Serbia exhibited EOP. The CPlioa Of P. heldreichii
from the Scardo-Pindic mountains is narrower but
on average higher (1.6-2.8; 2.1 on average) than in
the ones from the Dinaric massif (0.8-3.1; 1.6 on
average) [18]. The ACLww of P. heldreichii from
the Scardo-Pindic mountains ranged from 24.9 to
26.5 (25.7 on average) and ACL3 35 ranged from
26.0t0 27.5 (26.4 on average) (Table 3). The ACL -
w Of P. heldreichii from the Dinaric mountains
ranged from 20.9 to 26.5 (24.4 on average) and
ACL 3 35 ranged from 23.1 to 28.2 (26.1 on average)
[9] (Table 2). The relative proportion of short-chain
n-alkanes of P. heldreichii from the Scardo-Pindic
mountains is small (n-Cis.20 = 1.7 %), while long-
chain n-alkanes dominate over mid-chain ones (59.4
% and 39.0 %, resp.) (Table 2). Short-chain n-alkanes
of P. heldreichii from the Dinaric mountains were
significant (n-Cis20 = 12.6 %) and varied individu-
ally to a great extent (from 0.0 to 26.8) [9]. Slight
domination of long-chain (n-Czs 33 = 49.6 %) over
mid-chain n-alkanes (n-Cz124 = 37.9 %) was found,
too.

Maximum CPI values of long-chain n-al-
kanes of P. peuce from the Scardo-Pindic mountains
are 2.2 (CP|20735), 3.0 (CP|25731), and 3.0 (CP|25733)
(Table 2) which are equal or smaller than in P.
peuce from the Dinaric massif (2.3, 1.2, and 1.9,
resp.) [10]. Short-chain n-alkanes (CPlis_21) ranged
from 1.0 to 4.3 (2.0 on average) and exhibited
odd/even predominance (OEP) (because CPI <1 in-
dicates EOP, CPI > 1 denotes OEP). Short-chain n-
alkanes (CPlis21) from the Dinaric massif ranged
from 0.1 to 1.1 (0.6 on average) and exhibited
even/odd predominance (EOP) [10]. The ACL ta Of
P. peuce from Scardo-Pindic mountains ranged
from 24.9 to 26.6 (25.9 on average) and ACL 23 35
ranged from 26.0 to 27.5 (26.6 on average) (Table
2). The ACL.t Of P. peuce from the Dinaric moun-
tains ranged from 0.9 to 5.5 (2.3 on average) and
ACL.3 35 ranged from 18.4 to 27.7 (25.7 on average)
[10].
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The relative proportion of short-chain n-alkanes
of P. peuce from the Scardo-Pindic mountains is small
(n-Cas-20 = 1.7 %), while long-chain n-alkanes domi-
nate over mid-chain ones (61.8 % and 35.0 %, resp.)
(Table 3). Short-chain n-alkanes of P. peuce from the
Dinaric mountains were also low (n-Cis20 = 5.9 %)
and varied individually (from 0.0 to 20.1) [10]. Strong
domination of long-chain (n-Czs.33 = 65.1 %) over
mid-chain n-alkanes (n-Cz1 24 = 28.8 %) was found.

Population diversity in regard to n-alkane var-
iability. For multi-variation principle-component anal-
ysis (PCA), five n-alkanes of 88 trees of P. heldreichii

were selected (according to normal distribution, ¥?,
P > 0.05 and Levene's test, P > 0.05). In this study,
previously examined populations from Montenegro
and Serbia were added [9]. PCA revealed that the
first two principal axes represent 68.7% of the total
information (Fig. 3). Populations of P. heldreichii
from the Scardo-Pindic mountains (I and II) over-
lapped and were clearly separated from populations
Zeletin (1V) and Bjelasica (V). n-Alkanes which in-
fluenced the population diversity of P. heldreichii
are presented in Table 3.

Table 2
Analytical data for n-alkanes in needles of Pinus heldreichii and Pinus peuce (%)

N-Cigoo  N-Coios N-Cys.33

population ~ Cramse  Cmax  CPlua® CPlsss® CPlog® CPlisa’ CPlsa® ACLwu ACL a2 iﬂ‘;fﬁ cth.In tgglgn
In % of total n-alkanes (Cio.33)

P. heldreichi

| Range 19-33 22?;22% 1623 2134 1724 1927 2032 252265 260275 1321 340444 535646
Average 23 21 2.8 2.1 27 25.7 265 16 39.2 59.2

| Range 19-33 225;22?5 1628 2442 1729 1728 2242 249259 260266 1029 315456 51.6-67.3
Average 25 22 32 23 32 25.6 26.3 17 38.8 59.5

Ly Renge 1933 2% 1628 2142 1729 1728 2042 249265 260275 1029 315456 516-67.3
Average 23 21 3.0 2.2 3.0 25.7 26.4 17 39.0 59.4

P. peuce

| Range 19-33 22%2257 1527 2541 2234 0109 2441 258271 264276 0820 200378 603792
Average 29 20 3.1 25 33 26.4 26.9 14 29.8 68.8

| Renge 19-33 22572293 1826 2849 2141 0211 2749 259266 264273 1022 265342 636-718
Average 25 2.1 36 2.8 3.4 26.2 26.8 17 30.2 68.1

.y Range 19-33 2232253 1628 2149 17-41 0228 2049 249266 260275 1029 265456 516-718
Average 29 21 33 25 32 25.9 26.6 17 35.0 61.8

CCPltota = Y 0dd Cn/Y even Cn [15], Cn is the concentration of n-alkane containing n carbon atoms;
dCPI25.33 = [Y(C25 — Ca3)odd/¥(Cas — Caz)even+y (Cas — C33)odd/y(C26— Cas)even]/2 [17],
8CPl20-36 = [Y.(C20 — C36)0dd/> (C19 — Css)even+Y (C20 — Css)odd/Y (C21— Csr)even]/2 [17],
fCPl1s.21 = [3(C15 — C21)odd/Y (C14 — Ca0)even+y (Cis — Ca1)odd/Y (C1s — C22)even]/2 [17],
9CPI25-31 = [Y(C25 — Ca1)odd/Y (C2s — Cao)even+) (Cas — Csar)odd/y (Cas— Csz)even]/2[17],

hAC Lot = (XCn X N)/3.Cn [16],

IACL23.35 = (23XCa23+25XC25+27XC27+29XC20+31XC31+33XCa3+35XCss )/(Cas+Ca5+C27+Cag+Ca1+C33+Ca5)[ 16].

Table 3

n-Alkanes (also quoted in Fig. 4) which influenced the diversity of Pinus heldreichii populations

Pinus heldreichii

Scardo-Pindic mountains *

Dinaric mountains **

Mt. Galicica Mt. Sara Mt. Lovéen

Mt. Zeletin

Mt. Bjelasica Mt. Zlatibor—Pester

v \Y Vi

Co3, 16.61% Cos, 16.44% Cos, 13.48%
Cos, 14.04% Co23, 16.11% Cos, 3.96%
C27,11.80% C27, 13.34%

Co3, 12.35%

Cos, 11.38% C27, 12.23%
Co7, 11.23% Cos, 4.13%

¢ - original data, ** - literature data [9]
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Fig. 3. Principle-component analysis of five selected n-alkanes isolated from 88 Bosnian pine-tree samples
from six populations. n-Alkanes: Czs, Czs, Cz7, Czs, and Cazo. Population I: Mt. Baba ¢; Population II: Mt. Sara o;
Population III: Mt. Lovéen A ; Population IV: Mt. Zeletin ¢; Population V: Mt. Bjelasica e; Population VI: Mts. Zlatibor-Pester s

Axis 2
(18,14%)

-6 -

Axis 1
(46,47%)

0,7

2,7

Fig. 4. Principle-component analysis of five selected n-alkanes isolated from 109 Macedonian pine-tree samples
from five populations. n-Alkanes: Cz3, C2s, C27, C28, C30 and Ca1. Population I: Mt. Gali¢ica ©; Population II: Mt. Sara o;
Population I11: Mt. Zeletin A ; Population IV: Mt. Sjekirica ¢; Population VV: Mt. Mokra Gora e

Table 4

n-Alkanes (also quoted in Fig. 5) which influenced the diversity of Pinus peuce populations

Pinus peuce
Scardo-Pindic mountains * Dinaric mountains **
Mt. Baba Mt. Sara Mt. Zeletin Mt. Sjekirica Mt. Mokra Gora
| I 11 v Vv
Coo, 17.59 % Cas, 16.00 % Coo, 14.44 % Coo, 16.44 % Co9, 15.71 %
Cos, 14.66 % Co9, 15.45 % C23, 1191 % Cs1, 9.95% Cs1,9.87 %
Co3, 13.47 % Co7, 14.47 % Cos, 11.57 % Cso, 411 % Cso, 4.83 %

¢ - original data, ** - literature data [10]
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For PCA of P. peuce populations, six n-al-
kanes of 109 trees of P. peuce were selected (ac-
cording to normal distribution, %% P > 0.05 and
Levene's test, P > 0.05). In this analysis previously
examined populations from Montenegro and Serbia
were added [9]. PCA revealed that the first two
principal axes represent 64.9 % of the total infor-
mation (Fig. 4). Populations of P. peuce from the
Scardo-Pindic mountains (I and 1) overlapped and
were clearly separated from other populations: Ze-
letin (111) and Bjelasica (IV) and Mokra Gora (V).
n-Alkanes which influenced population diversity of
P. peuce are presented in Table 4.

Cluster analyses. Cluster analyses of popula-
tions of both species confirm the separation ob-
tained by PCA (Figs. 5 and 6).

It should be noted that needles of P. heldreichii
and P. peuce were sampled in the late summer or early
autumn. However, in some literature, the needles of
some pines were collected in spring [8, 19, 20]. The
range of seasonal variation of Pinus needles is still un-
known. Furthermore, the carbon isotopic composition
of n-alkanes is surely under the influence of environ-
mental factors [22—24].

Scardo-Pindic

Dinaric

Dinaric

Distance
w
I

o —
1 1 m vi v v
< o A * * o

Fig. 5. Dendrogram based on a ‘nearest-neighbor method’
(square Euclidean distance) of the studied populations I-VI1
(mean values) of P. heldreichii. The numbers on the vertical

axis refer to the distance level calculated on the basis of
differences between population contents of selected
components.
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Fig. 6. Dendrogram based on a ‘nearest-neighbor method’
(square Euclidean distance) of the studied populations I-V
(mean values) of P. peuce. The numbers on the vertical axis
refer to the distance level calculated on the basis of differences
between population contents of selected components.
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4. CONCLUSIONS

The populations of P. heldreichii and P.
peuce from the Dinaric (previous results) and
Scardo-Pindic mountains (present data) diverge in
terms of n-alkane composition. Strong domination
of long-chain over mid-chain n-alkanes was found
in both species. Differences in n-alkane range and
abundance were confirmed in some other pine spe-
cies and their varieties [8]. These differences could
be conditioned by genetic differentiation and/or the
influence of various ecologic factors.
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