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Abstract: Thisisthe first report of n-alkanesin needle epicuticular waxes of the
variety Bosnian pine, Pinus heldreichii var. panci¢i. n-Hexane extracts of
needle samples, originating from seven isolated localities in Serbia, were ana-
lysed by gas chromatography (GC) and gas chromatography—mass spectro-
metry (GC-MS). The results evidenced n-alkanes ranging from Cqg to Cs3 in
epicuticular waxes. The most abundant alkanes were C,7, Cy3, Cys and Cyg
(12.53 %, 12.46 %, 12.00 % and 10.38 % on average, respectively). The carbon
preference index (CPlyyy) Of Pinus heldreichii var. panci¢i ranged from 1.1 to
2.1 (1.6 on average), while the average chain length (ACLyy) ranged from
25.0t0 25.8 (25.3 on average). A high level of individual quantitative variation
in al of these hydrocarbon parameters was also found. The obtained results
were compared with the bibliographic references for Pinus heldreichii var.
leucodermis and other species of the Pinus genus.
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INTRODUCTION

Bosnian pine, Pinus heldreichii Christ. (Pinaceae family), isarelict and sub-
endemic tree species naturally distributed in fragmented areas in Italy, Bosnia
and Herzegovina, Serbia, Montenegro, Albania, Macedonia, Bulgaria and Greece.
The Bosnian pines, which grow in southwestern Serbia and northern Monteneg-
ro, are regarded as Pinus heldreichii var. panci¢i Fukarek.1=3 These trees grow
individually or in smaller groups, in relict and geographically isolated popula-
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tions (mainly up to 10 trees). Concerning the site and morphology of the bran-
ches, needles and/or cones, var. pancici is similar to Pinus nigra Arn. and par-
tialy to two natural hybrids: Pinus x mugodermis Fukarek4 and Pinus x nigra-
dermis Fukarek and Vidakovi¢,® and one intermedial form, Pinus nigra f. leuco-
dermoides Fukarek and Nikoli¢,6 but differs clearly from other Pinus heldreichii
varieties: Pinus heldreichii var. typica Markgraf, Pinus heldreichii var. leuco-
dermis (Ant.) Markgraf and Pinus heldreichii var. longiseminis Papaioannou.l
Differences between populations of Bosnian Pine from Serbia and Montenegro
(regarded as Pinus heldreichii var. panciéi and Pinus heldreichii var. leucoder-
mis,2 respectively) in the compositions of the essential oil have also been no-
ticed.’

n-Alkanes are among the most common hydrocarbons in cuticular waxes of
numerous higher plants. In leaf waxes, they show abundances up to 73 %.8 In
waxes of conifers, polar lipids are dominant (above 90 %), whereas there is often
asmall percentage of non-polar lipids, particularly leaf n-alkanes (up to 4.5 %),9
with the exception of Wollemia nobilis Jones, Hill and Allen (up to 22 %).10

Hitherto, the research of n-alkanes has most frequently been used in chemo-
taxonomic studies of treest1-16 and herbaceous plants.1/=22 n-Alkanes in plants,
in combination with other chemical markers, are also valuable objects for analy-
ses in other fields: phylogenetic studies,23 hybrid detection,24 air pollution stu-
dies, 2526 studies of nutrition,27:28 etc.

The parameters which are often used for the description of the n-alkane dis-
tribution patterns are: abundance of long-chain n-alkanes (LNAS), carbon prefe-
rence index (CPI)2° and average chain length (ACL).30 They can be used as
chemotaxonomic markers at the genus level 31 in environmental studies,30 in pa-
laeoenvironmental reconstructions,32 etc.

The n-alkanes in conifer trees have been most extensively researched in Pi-
ceall33 and Pinus!! genera. The n-alkanes in pines are present as mixtures with
chain lengths ranging from 18 to 34 carbon atoms, whereby odd-numbered al-
kanes are dominant.11

The composition of the epicuticular wax of needles of Pinus heldreichii var.
leucodermis has already been studied!! but, to the best of our knowledge, thisis
the first report of the composition and variability of n-alkanes in the needles of
Bosnian pine from natural populations. In addition, this is the first report of the
composition of pine needle epicuticulal wax from the variety pancici.

EXPERIMENTAL

Plant material

The population density of Bosnian pine in Serbia is low, ca. 200 trees, which are very
old (up to 400 years) and tall (10-20 m). These trees grow individually or in small groups,?
mainly on difficult to access terrains. In order to cover the altitudinal range of Bosnian pinein
Serbia, seven trees were selected from seven natural sites, i.e., from Mt. Zlatibor to Mt. Pedter,

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




ALKANES OF Pinus heldreichii var. pancii 1339

at the following localities: 1) Negbina (village, Mt. Zlatibor), 2) Sjenista (village, Mt. Zla-
tibor), 3) Kamena gora (Mt. near Prijepolje), 4) Lastva (Milakovi¢i village near Brodarevo,
Mt. Ozren), 5) Trijebine (Prijevorac village, located between Mt. Ozren and Mt. Giljeva), 6)
Bare (Krajinovi¢i village, Mt. Giljeva), and 7) Lokva (Krajinovi¢i Village, Mt. Giljeva) (Tab-
lel).

TABLE I. Geographic and geologic characteristics of the study area of Pinus heldreichii var.
pancidi

i, Negbina SjeniSta Kamenagora Lastva Trijebine Bare  Lokva
Localities 1 2 3 4 5 6 7
Latitude (N)  43°32 43°32 43°20° 43°16°  43°16 43°10°  43°10
Longitude (E) 19°47 19°47 19°33 19°42 19°55' 19°52"  19°52
Altitude, m 1206 982 1273 1430 1313 1360 1335
Exposition SE NE E SW E SW S
Geological Lime-stone Serpen- Limestone Serpen- Neogene Limestone Serpen-
substratum tinite tinite sediments horno- tinite

stone tuff

Two-year-old needles were collected at the end of the photosynthetic active season,
around the lower third of the unshaded tree crown, to ensure comparability of the sample
collections. The second, more practical reason for this kind of plant collection, is the fact that
climbing and collecting of needles from the higher parts of crown could be very difficult and
unsafe, since many of the investigated trees from natural populations were located on difficult
to access terrains. The needles were kept in polyethylene bags (with the |abels of the sample
plot, date of collection and age of the needles) in a hand fridge and transported to a freezer
(—20°C).

Extraction and isolation of needle wax

The total wax of each sample was extracted by immersing 3 g of needles in 10 ml of
n-hexane for 45 s. After extraction, the solvent was removed under vacuum at 60 °C. The
concentrated extracts were chromatographed on a small-scale column using a Pasteur pipette
filled with silica gel 60, previously activated at 120 °C.34 The wax was obtained by elution
with 5 ml of n-hexane. The wax samples were stored at —20 °C until further analysis.

Chemicals and reagents

n-Hexane (HPLC grade) and silica gel 60 (0.2-0.5 mm) were purchased from Merck
(Darmstadt, Germany).
GC and GC-MSanalysis

Gas chromatography (GC) and gas chromatography—mass spectrometric (GC-MS)
analyses were performed using an Agilent 7890A GC equipped with an inert 5975C XL EI/CI
mass spectrometer detector (MSD) and flame ionisation detector (FID) connected by capillary
flow technology 2-way splitter with make-up. A HP-5MS capillary column (30 mx0.25
mmx0.25 um) was used. The GC oven temperature was programmed from 60 to 300 °C at a
rate of 3 °C min! and held for 10 min. Helium was used as the carrier gas at 16.255 psi
(constant pressure mode). An auto-injection system (Agilent 7683B Series Injector) was
employed to inject 1 uL of sample. The sample was analysed in the splitless mode. The in-
jector temperature was 250 °C and the detector temperature 300 °C. M S data was acquired in
the EI mode with scan range 30-550 m/z, source temperature 230 °C, and quadrupole tem-
perature 150 °C; the solvent delay was 3 min.
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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 database. The retention indices were experimentally determined
using the standard method of Van Den Dool and Kratz3 involving retention times of n-al-
kanes, injected after the sample under the same chromatographic conditions. The relative
abundance of the n-akanes (Table Il) was calculated from the signal intensities of the
homologues in the GC-FID traces.

Calculations of the CPl and ACL values

Carbon preference index of total odd-numbered and even-numbered LNAS (CPl ) Was
calculated by formula of Mazurek and Simoneit36 (Table 111). The average chain length of the
total odd-numbered and even-numbered LNAs (ACL;q4) Was calculated by the Poynter and
Eglington method.3” In order to compare the obtained results with those from literature sour-
€es,938.39 CPl 5 33, CPlyg.36, CPlys.01 and CPl,s 3, Were also calculated using the formula of
Bray and Evans, %0 as well as ACL .55 value using the formula of Poynter and Eglington.3” The
relative proportions of short, mid and long chain n-alkanes®® (n-Cyg 20, N-Co1.24 and N-Cog 33,
respectively) were also calculated.

RESULTS AND DISCUSSION

In the epicuticular waxes of two-year old needles of Pinus heldreichii var.
panciéi, the n-alkanes ranged from Cqg to C33 (Fig. 1, Tables 1l and I11). It can be
noticed that the trees at the northernmost sites, Neghina (No. 1) and Senista (No.
2), had a narrower range of n-alkanes (C1g to Cgz1), as well as Pinus heldreichii
var. leucodermis.11 Some pines from the section Sylvester (Pinus sylvestris L.,
Pinus sylvestris var. iberica Svoboda, Pinus mugo var. pumilio (Haenke) Zenari,
Pinus mugo Haenke, Pinus thunbergii Parl., Pinus engelmannii Carr. and Pinus
montezumae Lamb.) and the section Strobus (Pinus cembra L. and Pinus wal-
lichiana A. B. Jacks.).911.38 also had the same or a narrower range of needle
n-alkanes than Pinus heldreichii var. pancici.

1.8
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Fig. 1. n-Alkanes in needle wax of Pinus heldreichii var. pancici, Lastvalocality (No. 4).
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TABLE II. Chemica composition of needle n-alkanes of Pinus heldreichii var. pancici

Alk Localities Statistical parameters
n-Alkane = 2 3 2 5 6 7 X °
C 241 421 436 319 658 394 484 422 132
o 000 000 131 089 124 123 08 079 057
Ca 000 710 390 403 528 38 363 397 214
Cn 448 477 491 521 622 590 451 514 0.68
C 911 1040 720 780 894 1057 849 893 1.25
Co 1343 1150 951 1444 1090 1423 1321  12.46 1.85
Co 858 074 885 817 673 715 757 811 1.04
Co 1312 1090 1045 1403 913 1276 1364  12.00 1.85
Con 489 541 708 510 455 457 437 514 0.93
C 1516 1093 11.39 1249 1140 1261 1376 1253 1.50
Con 376 456 577 351 397 353 383 413 0.80
Cos 1250 810 1011 977 1213 959 1047  10.38 152
Ca 249 321 414 231 286 219 251 282 0.68
Ca 504 490 559 547 554 490 541 539 0.38
Ca 150 199 266 153 164 146 116 171 0.49
Cas 263 228 277 206 289 154 172 227 052

Mean val ue; bstandard deviation

In Pinus heldreichii var. panci¢i needles, the most abundant alkanes were the
four odd-numbered n-alkanes. Cy7, Ca3, Cog and Cog (12.53, 12.46, 12.00 and
10.38 % on average, respectively, Tablell). Most trees had a maximal abundance
at Co3 (four trees). n-Alkane Cy7 was first-ranked at the localities Kamena gora
and Lokva (No. 3 and No. 7, respectively). n-Alkane Cyg was first-ranked only in
the tree which grows in the southernmost part of the research altitudinal range
(Trijebine, No. 5). Two even-numbered n-alkanes, Co, and Co4, Were also abun-
dant (8.93 and 8.11 % on average, respectively). Variation of each n-alkaneislis-
ted as the value of the standard deviation (SD, Table Il). The most variable were
Co0, Co3, Cos, Cog and Cy7 (SD values: 2.14, 1.85, 1.85, 1.52 and 1.50, respec-
tively). According to literature sources, other pine species are often rich only in
one n-alkane, Cz1,11 rarely Cz3.2 However, in Pinus heldreichii var. pancici, no
correlation between the Crax values of needle n-alkanes and the distances of the
trees from villages or adjacent roads was found.

For the calculation of the CPI and ACL values of n-alkanes of Pinus held-
reichii var. panci¢i (Table Ill), the relative values from Table Il were used.
CPligtg Of Pinus heldreichii var. panciéi (from 1.1 to 2.1; 1.6 on average) was a
little higher than in wood smoke particular matter of Pinus elliottii Engelm.41
The maximum CPI values of long chain n-alkanes of Pinus heldreichii var. pan-
cid¢i (Table 111) were 2.2 (CPl2g_36), 3.0 (CPl25_31) and 3.1 (CPls_33), while the
short chain n-alkanes (CPl15_21) ranged from 0.3 to 1.1 (0.6 on average) and
exhibited an even/odd predominance (EOP) (because CPI < 1 indicates EOP,
CPI > 1 denotes OEP39). The ACLqtg Values of Pinus heldreichii var. panciéi

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




(LE Jo1) (ED+FEDHTEDHTDHEDH DTN DG+ EE+TED T E+TDGTHEDLTHTOSTHIED) =IO,
(L€ Jo1) "D/ DU =" TOV
(or Jo1) 7/[Uaad(¥)-2)Z/PPO(*E)—D) X +UaAd(*EDED)/PPO(TED— D)X = ' d D5

NIKOLIC et al.

1342

11upd “JeA 1yd124plaYy SnuLJ JO SS[PIOU UI SaULN[e-# I10] BIep [eonAreuyY TII A 19V.L

S~~~
(99
O
(9p]
-
S~
(%)
o
) oo
(0 7o) 7/[BAA(ED-1 ) R/PPO(1Z—51D)Z 1A 1D)Z/PPO(II—1D)R] = 117D, 5 ™
(0 303) 7/[UPA(LED-10) R /PPO(* )~ D)R+UOA(SE)~61 ) /PPO(EDTD)T] =90 g, ) %
(0% J01) T/[URAS(FD—IEDR/PPO(F)—SD) T +UIA(H )R PPO(D—D)R] = 67577, 2 ~
‘SWOYE U0QIED U FUIUIEIUOD SUBN[E-U JO UOHLLUIOUOD dY) ST 1) (9€ JoI) “0 udAdz/*) ppox =""1dD), 7)) x
¥'9¢ 9'vE 06 L9t €'6C $T 90 6’1 9T 91 LT £¢— 81 oferoAy W. ”
079— €T¢ 6'L¢— 8Tt I'€l—+'C 0LT— ¥9C 8'6T— 0°ST 0e— L1 I'i—¢0 (A4l A Te— L1 I'e—T'T  6T— €T £e— 81 ofuey W MJ
69¢ 8'¢E v'6 §'9T TsT 0t S0 |4 Te L1 LT £€— 81 L W =
(439 6'LE 06 9T 0'sT 8'¢C Lo 0T 6T L1 134 €€~ 81 9 ) W
T'¥S 8'C¢ el 0'LT | BY4 4 S0 6’1 9T ST 6T £e— 81 S © (@)
£9¢ 9°6E 18 $9T TsT 8T 9°0 |4 87T 8’1 £C £e— 81 14 m \)
009 S0¢ 6 0’LT 6T L'l 90 Sl L1 €1 LT £e— 8l € — w
€S ¥'9¢ €Il 99T 0'sT 61 €0 lat 0T 'l £C €€— 0T°8I (4 C =)
079 9'6¢ e 89T 8'6T 0¢ T'T (44 Ie |4 €T . h ! ©) N
€€-STy-u Y lty-u 081 -y Q21 v
SE-€T 1303, 1¢€-ST 12-61 9¢-0T £€-6C €10} Xel aguer o) o~
T8 yysvemn oo TOV o IOV sHUdD fTIdD o7V VIdD pttTIdD o IO 30 'ON l.w
©
>
<<




ALKANES OF Pinus heldreichii var. pancii 1343

ranged from 25.0 to 25.8 and the ACL»3 35 values ranged from 26.4 to 27.9
(Tablelll).

The relative proportion of short chain n-alkanes of Pinus heldreichii var.
pancié¢i (n-Cig00 = 9.0 %) is significant (Table 111) and similar to that in the
leaves of Acacia sp. (C14-20 = 10.1 %).40 There is no great dominance of long
chain (n-Cos_33 = 56.4 %) over mid chain n-alkkanes (n-Co1_24 = 34.6 %), which
could explain lower CPI and ACL values of Pinus heldreichii var. pancic¢i (Table
[11) compared to those of some other species of the section Pinus.9:38

The differences in the composition, abundance, Cmax vaues and other cha
racteristics of n-alkanes between Pinus heldreichii var. panci¢i and other pines
from the literature can be the consequence of the time of the needle sampling. In
this research, the needles were sampled in the autumn, whereas some authors
sampled the needles in the spring.911.38 The crown exposition and illumination
can also be a cause of the differences between Pinus heldreichii var. panci¢i and
other pines. A large number of factors including light intensity, humidity, use of
recycled CO», osmotic stress, CO» concentration, temperature, atitude and plant
age influence the carbon isotopic composition of n-alkanes,32:42:43 which is often
regarded together with ACL values.43 Trends to longer n-alkane chains and less
negative carbon isotopic values are evident from rain forest over C3 savanna to
Cy4 vegetation.®3 Lipids from inner shade leaves of Quercus robur L. and Fagus
sylvatica L. were consistently more depleted in 13C than those from the corres-
ponding sun-lit leaves.32 In contrast, in the case of Quercus castaneifolia C. A.
Mey., the concentrations of Cy7 and C31 n-alkanes remained at constant levels
throughout the whole growing season.44 As the amount of seasonal variation is
unknown for Pinus needles, the influence of different sampling season on sample
comparison is unknown.

It is important to emphasize that in many other studies, chloroform® and not
n-hexane was used as the dissolving agent.

CONCLUSIONS

According to the dominant n-alkanes, Pinus heldreichii var. panci¢i differs
clearly from Pinus heldreichii var. leucodermis. The fact that n-alkanes can be
successfully used in the determination of the variety of conifers has already been
proved for Juniperus communis L.16 and Picea omorika (Pan¢i¢) Purkyne. 4>

According to several alkane patterns, it was found that Pinus heldreichii var.
panciéi is more similar to some pines from subsections Ponderosae (section Pi-
nus), Cembrae and Strobi (section Strobus) than to some of closely related pines
(subsection Sylvestres, section Pinus).9:11,38,39,41 | ow values of odd/even predo-
minance of Pinus heldreichii var. panciéi leaf n-alkanes as well as low CPI and
ACL values are the consequence of large amounts of short and mid chain n-al-
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1344 NIKOLIC etal.

kanes, which are not typical for most pines and other C3 gymnosperm and angyo-
sperm plants, where long-chain n-alkanes strongly dominate.46

Populations adapted to warmer and more arid conditions have higher pro-
portions of alkanes with longer chains in their waxes than those adapted to cooler
and more humid conditions.47 It is presumed that a strong genetic influence on
the adaptation of hydrocarbons to environmental conditions exists (in the Cupres-
saceae family).48 Similarly to the composition and variability of essential oils,’
the specific profile of n-alkanes of Pinus heldreichii var. pancié¢i could also be
explained by the relict character of this species, the variability and genetic adap-
tation of which was expressed during great tectonic changes and glaciations.

Although in this paper the composition of alkanesin Pinus heldreichii on the
different natural sites were analysed for the first time, the study of a small num-
ber of samples cannot give the complete picture on the variability at the species
level, but only a picture of its variety panciéi. Due to this fact, more detailed po-
pulation research is recommended to be conducted in the future outside the bor-
ders of Serbia

Acknowledgment. This research was supported by a grant from the Ministry of Science
and Technologica Development of the Republic of Serbia.

NU3BO A
n-AJIKAHU Y BOCKOBUMA UTIJIMIIA Pinus heldreichii var. pancici

BUJbAHA HI/IKOHI/ITll, BEJIE TEHIEBI/IEZ, HPUC T)OPT)EBI/I'BB, MMIJIKA JA[LPAHI/IH4,
MAPHUHA TOI[OCI/IJEBI/IT]4, CPBAH BOJOBI/IT15 u IIETAP ]I MAPI/IH6

"Mncmuimyim 3a wymapcimieo, Knesa Buwecaasa 3, 11000 Beozpad, >Xemujcku (paxyaifieisi, Yrueepauitieid y
Beozpaody, Ciuyoeniicku wwipz 16, 11000 beozpao, 3<I>ar<y/lmeu7 seltiepunapcke meouyune, Yuusepauitein y beozpaoy,
Byaesap ocaobobersa 18, 11000 Beozpad, *Muciiuiiyimi 3a xemujy, lexHoa0Zujy 1 mei@aaypaujy, Ynusepauimei y
Beozpady, bezouresa 12, 11000 Beozpad, > Muciliuiiyiti 3a 6uoaouka uciiparcusarsa Cunuia Ciiankosuh”, Byaesap
Oeciioftia Ciliepana 142, 11000 Beozpad u Buoaowku daxyaiieisi, Mnciiuitiyi 3a 6oiianuxy u Boiianuuxa 6auitia
“Jespemosay”, Citiyoeniticku iwipz 16, 11000 Beozpao

OBoO je mpBO CaomIUITeHE O N-aJIKaHHMa y BOCKOBUMA HIJIMIA BapHjerera MyHHKe, Pinus hel-
dreichii var. panciéi. n-XekcaHCKu eKCTpaKTH y30paKa UTJIMIA KOjH MOTHYY Ca CellaM H30JO0BaHUX
nokanutera y CpOuju aHanusupanu cy racHoM xpomarorpadujom (GC) u racHOM xpomarorpa-
¢dujom—macerom crekrpomerpujom (GC-MS). Pesynratu cy mokasaiu ja ce N-ajKaHW Hauase y
oricery o1 Cig 10 Caz. Melyy wuma cy najoouauju Cyz, Coz, Cos 1 Cog (12,53, 12,46, 12,00 u 10,38
% y mpoceky, pexom). YribeHnuHu npedepeHuujanau uaaekc (CPlyyy) Pinus heldreichii var.
pancié¢i je 6uo y omcery on 1,1 no 2,1 (mpoceyno 1,6), a myxuHa HH3a YIJbEHHKOBHX aroma
(ACLygta) y omcery ox 25,0 mo 25,8 (mpoceuno 25,3). Takolje je yTBpher BUCOK HUBO HHAWBHIYAI-
HE KBAaHTHUTaTHBHE BapHjaOWIHOCTH y CBHM aHAJIW3MPAHHM [apaMeTpUMa OBHX YIJbOBOJOHHKA.
HoGujenu pesynratu ¢y ynopeheHu ca IuTepaTypHHM MojJaluMa Koju ce oxHoce Ha Pinus held-
reichii var. leucodermis u npyre Bpcre poxa Pinus.

(MTpumsbeno 22. mapra, pesuaupano 14. jyna 2010)
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