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VOLATILE OIL CONTENT
OF SCOTS PINE NEEDLES @inus sylvestrisL.)

ZAWARTO SC OLEJKOW ETERYCZNYCH
W IGLIWIU SOSNY ZWYCZAJINEJ ( PinussylvestrisL.)

Abstract: This study focused on how the concentration o&tilel oils in Scots Pine needles varied in relatmn
the age of the trees, the age of the needles @mdidbation within the canopy. Study material wpiee needles
from 15-, 44- and 89-year-old pine stands. The noeentent of oils increased with the age of tredwe averaged
oil content in needles was: 0.46% in the 15-yedrstand, 0.55% in the 44-year-old and 0.61% irB8wear-old
stands. The mean content of volatile oils decreagtidthe age of the needles. 1-year-old needlesadued the
highest concentration of volatile oils (0.56%), atiet 3-year-old needles contained the least (0.48f0)
15-year-old stands the oil content in needles asmd linearly with their height in the canopy. fhykar-old (age
class llb) and 89-year-old (age class Va) standsooient was greater lower in the canopy thaméniddle.

Keywords: essential oil, needles, crown zone, tree age sJtoé

Introduction

Volatile oils from pine needles are worth more tlzaxy other volatile oil produced in
Poland because pine is so common in the countodi&t have shown that many factors
affect the quantity of volatile oils in the needlage of the tree, age of the needles, harvest
season, resin collection from the tree, the metthedmaterial is prepared for distillation
and air pollution [1-4]. Volatile oils are most aamtrated in the needles of Scots Pines, but
they can also be extracted from shoots, cones, dratkwood. About 40 Mg (tons) of pine
oil are produced each year around the world, masti$hina and Russia. Poland provided
most of the world’s pine oil in the 1960s and 19740ken the country’s yearly production
reached 30 Mg [5].

This study set out to determine the volatile oihtemt of Scots PineP(nus sylvestris
L.) needles from stands of different ages by ctilbecl-, 2- and 3-year-old needles from
the bottom, middle and top of the canopy.

Methods

Pine stands were studied in south-western Polamdd({f districtLadek Zdroj, division
Trzebieszowice) in the Sudety Mountains climatéaegPine needles were collected from
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15, 44- and 89-year-old pine stands. In each pbtselected six model trees growing in
sites well exposed to light, in habitat defined rasuntain fresh mixed forest. In the

15-year-old stand, needles were collected fronbtiteom, middle and top of the canopy of
standing trees. But in older stands needles wdlected only from the bottom and middle

zones, because the crown was out of reach. Shattsmeedles were collected in the

morning on dry days, packed in well-sealed foil$agd taken to the laboratory. There the
needles were separated from the stems, were divitedthree age classes, and were
ground in mixers. Then the material’'s volatile a@ébntent was measured by steam
distillation in Deryng apparatus. 63 samples of IP@f fresh needles were analysed,
distilling each for 70 minutes from the moment fthep started boiling.

Results and discussion

This investigation is part of a study which hasrbeenducted since 2009 on volatile
oils in the needles of forest trees, focusing ootS®ine, but also examining Silver Fir,
Norway Spruce and Douglas Fir, in which 400 sampbage been analysed. This study, in
2014, focused on how the concentration of volatils in Scots Pine needles varied in
relation to the age of the trees, the age of theglles and their location within the canopy
[6]. While conducting quantitative analysis of th#e needles’ volatile oil content the
dynamics of oil excretion during distillation wasidied. Half of the oils were excreted
within 10 minutes of the pulp boiling and 85% oéthils were collected during the next
25 minutes.

The mean content of volatile oils in all the nesdb®mbined was 0.53% (minimum
0.29%, maximum 0.96%). The mode of the 63 analgs@iples was 0.46% and the median
was 0.49%. The mean results of analyses showedaioa of 26%.

The literature reports that the content of volatils in conifers’ needles varies greatly,
even within a species. The content in pine shoais within a range of 0.3-0.7% [1, 6]. All
the authors agreed that pine needles collecteddatibns exposed to air pollution, and
from different soils, had different amounts vokatilils whose chemical content also varied
[2-4, 7-9].

The effect of trees’ age on the volatile oil contéiin needles

The effect of trees’ age on the volatile oil contef their needles was examined
because the literature presents contradictory olattnis issue. The study showed that the
mean content of oils increased with the age ofstrdéde needles’ oil content averaged
0.46% in the 15-year-old stand, 0.55% in the 44-pd@s and 0.61% in the 89-year-olds
(Table 1, Fig. 1).

The literature gives evidence of the opposite i@tahip [1, 10]. Needles collected
from young trees contain more volatile oils tharedies from older trees. This refers
mostly to the oils obtained from the Silver Fir.@dées of 15-year-old Silver Firs contained
on average 40% more of volatile oil than the 108ra@d trees [10].

Glowacki [1] found a similar relationship in pingsa study from 1991 to 1995. He
determined a mean oil content of 0.54% in needlemfa 5-year-old pine plantation,
0.52% in a 15-year-old stand and 0.38% in a 100-g&h stand. In his earlier studies
Glowacki [1] had shown an inverse relationship, pimek needles from a 20-year-old stand
had contained only 0.32% of volatile oils but freni00-year-old stand as much as 0.55%.
Chojnacki and Cichy [7] confirmed that the contefht/olatile oils increased with the age
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of trees. 2-year-old needles from 15-year-old picestained from 0.53 choil/100 g of
dry mass in an area with no industrial emission®.#1l cni 0ils/100 g of dry mass in
a zone affected by industry. More oil (0.72°%tm 0.78 cr per 100 g of dry mass) was
obtained by distillation of 2-year-old needles frarht00-year-old pine stand.

Table 1
\olatile oil content of Scots Pin®ifus sylvestris L.) needles in relation to the age of the tree
Measures of central Age of trees [years]
tendency 15 | 44 | 89
and disperssion Volatile oil content [%]
X 0.46 0.55 0.61
D 0.115 0.146 0.108
Min 0.29 0.38 0.46
Max 0.72 0.96 0.79
Mode 0.36 0.48 0.60
Median 0.44 0.48 0.60
Coefficient of variation [%] 25.06 26.71 17.53
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Fig. 1. Volatile oil content of Scots Pine needleselation to the tree’s age

The content of volatile oils in relation to the ag®f needles

The mean volatile oil content was compared betweer2- and 3-year-old needles,
and it decreased with the needles’ age, regardieshe age of trees from which they
originated (Table 2, Fig. 2). 1l-year-old needlesl the highest content (0.56%) and
3-year-old needles the lowest (0.48%) (Table 2).

Examining the age of needles and the age of thes titewas found that 1-year-old
needles of 15-year-old trees had the lowest oiterin(0.48%), and 1-year-old needles of
44-year-old trees had the highest (0.64%) (Tahle 3)

In 2-year-old needles, those from the 89-year-tddd had the most oils (0.70%), and
those from 45-year-old and 15-year-old trees hatP%. 3-year-old needles showed
a similar pattern, those from the oldest treesthachighest mean content of oils and those
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from the youngest trees the lowest (89-year-oléstre 0.55%; 45-year-old - 0.52%,
15-year-old - 0.40%) (Table 3).

Table 2

\olatile oil content of Scots Pin®ifus sylvestris L.) needles by the age of needles collected
from 15-, 44- and 89-year-old stands

Measures of central Age of needles
tendency 1-year-old [ 2-year-old [ 3-year-old
and disperssion Content of volatile oils [%
X 0.56 0.55 0.48
SD 0.163 0.128 0.107
Min 0.36 0.29 0.31
Max 0.96 0.78 0.69
Mode 0.36 0.49 0.46
Median 0.53 0.51 0.46
Coefficient of variation [%] 29.30 23.35 22.31
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Fig. 2. Volatile oil content of Scots Pine needteselation to the age of needles

Table 3
\olatile oil content of 1-, 2- and 3-year-old ScBtise Pinus sylvestris L.) needles
Age of needles
Measures of 1-year-old | 2-year-old [ 3-year-old
central tendency Age of trees [years]
anddisperssion | 15 | 44 | 89 [ 15 [ 44 [ 89 15[ 44 [ 89
Content of volatile oils [%]
X 0.48 0.64 0.59 0.49 0.49 0.70 0.40 0.52 0.55
SD 0.15 0.191 | 0.074 | 0.09 0.063 | 0.088 | 0.056 | 0.107 | 0.092
Min 0.36 0.48 0.48 0.29 0.43 0.59 0.31 0,38 0.46
Max 0.72 0.96 0.72 0.63 0.59 0.79 0.46 0.69 0.64
Mode 0.36 0.48 0.60 0.49 0.43 0.79 0.44 - 0.64
Median 0.38 0.54 0.60 0.49 0.46 0.74 0.43 0.50 0.55
Coefficientof | 3, g¢ | 5997 | 1264 | 18.98 | 12.82 | 1252 | 13.87 | 2058 | 16.67
variation [%]
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Volatile oil content in relation to location of neélles in the canopy

Similarly, the oil content in needles collectednfréhe bottom, middle and top of tree
canopies was compared. Growth conditions diffelegbause the studied stands ranged
widely in age. The density and cover of the canopgnges as trees age, so access to light
also differs, especially at the canopy’s base. ypldts and model trees were selected to
enable collecting samples from canopies well expdsdight, but the density of a canopy
(the proportion of the ecological space it fillsasvgreatest in the 15-year-old stands (age
class Ib). In these stands the needles’ oil contemeased linearly with their height in the
canopy. Needles from the bottom zone contained%.8is, from the middle 0.46%, and
from the top 0.55% (Table 4, Fig. 3).

Table 4

\olatile oil content of Scots Pin®ifus sylvestris L.) needles in relation to their canopy zone

Age of trees [years]

Measures of 15 44 | 89
central tendency Canopy zones
and disperssion | Bottom | Middle | Top | Bottom | Middle | Bottom [ Middle
Content of volatile oils [%)]
X 0.36 0.46 0.55 0.65 0.44 0.68 0.55
b} 0.05 0.09 0.11 0.14 0.03 0.09 0.08
Min 0.29 0.36 0.44 0.49 0.38 053 0.46
Max 0.49 0.63 0.51 0.69 0.46 0.79 0.69
Mode 0.36 0.43 0.51 - 0.48 0.79 0.46
Median 0.36 0.43 0.51 0.60 0.43 0.64 0.59
Coefficient of 15.28 18.40 19.19 22.07 6.75 12.97 14.53
variation [%]
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Fig. 3. Volatile oil content of Scots PinBifus sylvestris L.) needles collected from three zones of the

canopy
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But in 44-year-old (age class llb) and 89-year{alge class Va) stands, whose crowns
were far higher than the younger trees’, oil cotragions were highest lower in the canopy
- 0.65 and 0.68% respectively, and in the middfel @nd 0.55%, respectively (Table 4).

The literature provides contradictory data on tbatent of volatile oils in relation to
the needle’s location in the canopy. In spruce,ah#hors [11] obtained similar results to
our 15-year-old pine stand, and the volatile oitemt increased with height. The top of
spruce canopies contained twice as much oils (0)3486their bottom zones (0.14%).
Glowacki [12] showed similar relationships. Sprueedles from the top and middle of the
canopy contained 0.21 and 0.19% oils, respectilmlyneedles from the bottom contained
about 40% less oil (0.12%).

Conclusions

1. The mean content of volatile oils in pine needfeseased with the age of the tree.

2. The mean content of volatile oils decreased with dlge of the needles. 1-year-old
needles contained the highest concentration of til@lails (0.56%), and the
3-year-old needles contained the least (0.48%).

3. The volatile oil content of pine needles of diffier@ages changed in relation to the age
of trees.

4. In 15-year-old tree stand (age class Ib) the cardénolatile oils increased with the
height. Needles from the crown had the highestaitent.

5. In 44-year-old (age class lIb) and 89-year-old (algess Va) stands oil content was
greater lower in the canopy than in the middle.
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ZAWARTO SC OLEJKOW ETERYCZNYCH
W IGLIWIU SOSNY ZWYCZAJINEJ ( Pinussylvestris L.)

Samodzielna Katedra Biotechnologii i Biologii Motg&rnej, Uniwersytet Opolski

Abstrakt: Badania dotycz zmienndci zawartdci olejku eterycznego w igliwiu sosny zwyczajnejzaleznosci
od wieku drzew, garnituru igiet oraz jego usytuoigaw koronie. Materiat do badastanowito igliwie zebrane
z drzewostanéw sosnowych w wieku 15, 44 i 89 latpieprowadzonych badaniagtednia zawart@ olejkéw
wzrastata wraz z wiekiem drzew. W igliwiu pochadgm z 15-letniego mtodnika zawagtoolejku wynosita
srednio 0,46%, a w igliwiu drzewostanéw 44- i 8ieh odpowiednio 0,55 i 0,61%rednia zawart& olejku
maleje wraz z wiekiem igliwia. Najwtej olejku zawiera igliwie jednoroczne - 0,56%,maijej igliwie trzyletnie
- 0.48%. W drzewostanie 15-letnim stwierdzono vigsawzrost wydajnéci olejkéw eterycznych w kierunku od
nasady korony do egci wierzchotkowej. W drzewostanach starszych (Ia klasy wieku), gdzie koronyas
wyzej osadzone, igliwie pobrane z nasady korony zahoericcej olejku ni z partii srodkowej.

Stowa kluczowe:olejek eteryczny, igliwie, strefa korony, wiek dwa, sosna zwyczajna



