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The aim of the research is to analyze the content of terpenes in the needles of trees of
climatic ecotypes of Scots pine growing in geographic forest crops and to reveal the differ-
ences in the level of essential oils. The object of the research is 17 Scots pine climatypes
growing in geographical plantations on the territory of the Negorelsk Educational and Experi-
mental Forestry Enterprise of the Minsk region in Belarus. Qualitative and quantitative analysis
of Scots pine needles essential oil was carried out by gas-liquid chromatography without pre-
liminary fractionation on chromatograph “Kristall 5000.1".

In the studied climatypes of Scots pine, different levels of essential oil content among
monoterpenes, sesquiterpenes and oxygen-containing groups were determined, as well as
significant differences in the content of a number of components within the studied groups were
revealed. The highest yield of essential oil is observed in the subspecies of the European
Western Scots pine - 1.9%, slightly lower than this indicator in the forest-steppe subspecies
(1.7%). This indicator was significantly lower in the European Eastern pine variety - 1.1% and
the Siberian subspecies - 1.0%.

The obtained data on the composition of essential oil and the ratio of a number of compo-
nents among subspecies and varieties of Scots pine (subspecies: Lapland, Siberian, forest-
steppe, European; varieties: European western and eastern) will further select the most prom-
ising climatic ecotypes and subspecies for selection resistance to biotic and abiotic
environmental factors, taking into account the growth and productivity of stands.

Information on the content of essential oil components in the needles of climatypes and
subspecies of Scots pine makes it possible to expand knowledge in the field of plant resistance,
their safety and growth, especially in the context of the outlined climate change.

Key words: component composition, extractives, monoterpenes, sesquiterpenes, diterpenes,
geographical plantations, climatic ecotype.
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Introduction and analysis of recent
publications. The integrated and rational
use of plant resources involves the inclu-
sion of the entire biomass of the plant in
the production process. In particular, one
of the main directions of the chemical
processing of plant raw materials is the
production of extractive substances.
Among the extractives, it is customary to
distinguish compounds that are directly
involved in plant growth and compounds
that are not involved in growth and de-
velopment (Krasilnikova, 2004). The pri-
mary metabolites are carbohydrates,
amino acids, fatty acids, chlorophylls,
cytochromes, nucleotides, as well as
compounds that act as intermediates in
various metabolic reactions. In addition,
plants contain a huge amount of sub-
stances that are not involved in the main
metabolism. Such substances are usually
called secondary metabolites or substanc-
es of secondary origin. Unlike primary
metabolites present in all plant cells, sec-
ondary metabolites can be specific for
one or several plant species (Kretovich,
1986; Crozier, 2006). Secondary metabo-
lites include mainly low-molecular sub-
stances that are not part of the plant cell,
contained in the intercellular space. This
group of substances is extremely diverse
in chemical composition. By their chem-
ical nature, these substances are repre-
sented by terpenes and their derivatives,
resin acids, lipids, fatty acids, phytoster-
ols, polyphenols and tannins. Despite the
assignment of these compounds to secon-
dary metabolites, this is rather arbitrary,
since many of these substances are the
most important physiologically active
compounds that play a primary role in
the processes of respiration and photo-
synthesis. To date, about 20-30 thousand
plant species have been studied for the
presence of secondary metabolites, which
make up only a little more than 10% of
the entire flora of the Earth (Cheldt,
2011).
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The variety of secondary metabolites
also determines the variety of functions
they perform (Kivan? & Akgul, 1986;
Teissedre & Waterhouse, 2000; Mardaro-
wicz, Wianowska, Dawidowicz & Sa-
wicki, 2004). But in general, we can say
that secondary metabolites in plants per-
form primarily ecological functions. They
protect plants from various pests and
pathogens, participate in plant reproduc-
tion (determining the color and smell of
flowers, fruits), and ensure the interac-
tion of plants with each other and with
other organisms in the ecosystem. In ad-
dition, this class of substances contrib-
utes to the formation of plant resistance
to unfavorable factors (Babkin, 2017;
Schmidt, 2005). Almost all of these sub-
stances also have biological activity,
which makes them indispensable sources
of raw materials in the production of
pharmaceuticals, food, and perfumery
products (Babkin, 2011; Plemenkov &
Tevs, 2014; Ponomoreva, Molochova &
Chochlov, 2015). Plant secondary com-
pounds can be divided into three groups
based on different biosynthetic pathways
of their origin: alkaloids, phenolic com-
pounds, and terpenoids (Plemenkov,
2001; Lovkova, 1981; Britton, 1986).

Terpenes are hydrocarbons formed
from varying amounts of isoprene
(C5H8). Without the participation of iso-
prenoids, processes such as the growth
and development of plants and animals
are impossible, since many plant hor-
mones (gibberellins, abscisic acid, brassi-
nosteroids) belong to this class of com-
pounds. However, most of the isopren-
oids known to date are substances of
specialized (secondary) plant metabolism,
which are involved in signaling process-
es and protection against phytopathogens.
Obviously, the main role of isoprenoids
specific for certain families, genera and
species of plants (these are mainly mono-,
sesqui-, di-, sisters- and triterpenoids) is
reduced to protecting plants from various
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adverse environmental influences, includ-
ing macro - and micro-pests. For exam-
ple, resinous substances, rubber and
gutta, heal wounds in the bark and wood
of plants, protecting them from pests.
Resins prevent animals from eating
plants. Essential oils also help to attract
pollinators. Many components of essen-
tial oils and other isoprenoids act as al-
lelopathic agents. It should be noted that
the reason for the formation of a huge
number of various isoprenoids in plants
still remains a mystery, the functions of
many of them remain unclear. The pro-
cess is carried out by absorbing the en-
ergy of sunlight, which is converted into
the energy of chemical bonds, and is ac-
companied by the release of free oxygen.
The resulting monosaccharides are con-
verted in plants into cellulose, hemicel-
luloses, starch, lignin, fatty alcohols,
acids, their esters, fats, amino acids,
waxes, vitamins, essential oils, alkaloids.

In the literary sources the information
is also given, which will be indicated in
detail below that depending on the content
of the components of the essential oil, the
resistance of plants to abiotic and biotic
environmental factors is determined.

In this regard, it is relevant to deter-
mine the content of essential oils in the
needles of various climatic ecotypes of
Scots pine growing in geographic forest
cultures.

Numerous articles are devoted to the
determination of the content of the com-
ponents of Scots pine essential oil. In
some of the works (Maksimov, 2004), the
composition of the monoterpene fraction
of the essential oil isolated from the nee-
dles of various subspecies of Scots pine
in their habitat was studied.

According to Russian scientists from
Forest Institute named after V.N. Su-
kachev (Kuzmin, 2019), more resistant
climatypes of Scots pine are those with
a higher ratio of a-pinene to 3-carene.
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Finland researchers found out that
northern climatypes have a higher con-
tent of a-pinene in comparison with
3-carene, and these climatypes are more
stable in Finland (Manninen, Tarhanen,
Vuorinen & Kainulainen, 2002). Various
specialized terpenoidogenic structures
were found not only in needles, but also
in the primary bark, secondary phloem
and wood of the stem, roots and repro-
ductive organs (Vasiliev, 1977).

Determination of the content of the
share of essential oil in different parts of
the tree indicates unequal concentration
in the covered by needles shoots and
trunk (Stepen, 1999).

A study of the seasonal dynamics of
the release of essential oil in spruce
(Esyakova & Stepen, 2008), pine (Ste-
pen, 1995; Petrenko, 1967) and fir (Lo-
banov & Stepen, 2004) shows that there
are two peaks in the oil content in nee-
dles: spring - in May and autumn - in
September.

During the transition to the dormant
state of trees in the plantation, the es-
sential oil is enriched with oxygen-con-
taining compounds and sesquiterpenes
and reaches a maximum in the month of
December. The specificity was also not-
ed in the study of pine forests in Ukraine
(Poltavchenko & Rudakov, 1973).

The aim of the research is to analyze
the content of terpenes in the needles of
trees of climatic ecotypes of Scots pine
growing in geographic forest cultures and
to reveal the differences in the level of
essential oils.

Materials and methods of research.
The object of the research is 17 Scots
pine climatypes growing in geographical
plantations on the territory of the Neg-
orelsk Educational and Experimental For-
estry Enterprise of the Minsk region in
Belarus. Scots pine geographic planta-
tions were created in 1959 by V. Mishnev
and E. Mantsevich in collaboration with
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the Central Control Station of Forest
Seeds and the Belarusian Control Station
of Forest Seeds on an area of 8.7 hect-
ares. The seeds were obtained from 200
locations in the former Soviet Union.
However, most of them were excluded
due to typological heterogeneity. As a
result, 65 seed samples were selected
from the plantations of the group of for-
est types of the green moss forest, which
were sown in April 1958 in the nursery
of the Negorelsk Experimental Forestry.
The soil on the nursery is coherent sand
in terms of texture. To obtain the same
seedling density in one row, the same
number of viable seeds per 1 long m was
sown. After sowing, the ridges were cov-
ered with moss. Until mid-July, seedlings
were shaded with sieve shields. The seed-
lings were taken care of, which consisted
of weeding and loosening the soil three
times.

The area for geographic plantations
was set aside in the quarter 15 the forest
cultivation area was a clearcut of 1958,
with the correct configuration, stretched
from north to south. In the fall, the cut-
ting area was grubbed and leveled with
a bulldozer, then plowed to a depth of 25
cm. In April 1959, the area was re-lev-
eled with a bulldozer and harrowed with
disc harrows in two tracks.

The final leveling of the area was car-
ried out manually with gathering and
burning of the roots before planting. The
spatial distribution of plantations was
made according to the principle of alloca-
tion of large climatic regions. These areas
are located on the site in the direction
from north to south, and they are grouped
according to the greatest geographic dif-
ference from west to east. Each admin-
istrative region is represented by a plot
of planting with an area of 0.1 hectares.
These sections are bounded on all sides
by a 2-meter road and poles are set. On
the western side, a 4-meter road adjoins
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the site. The work Kruk et al. (2019) pro-
vides information that this object as geo-
graphic forest plantations was the source
material for obtaining the Scots pine Ne-
gorelskaya variety for the first time in
Belarus, which is characterized by inten-
sive growth in height and resistance to
fusarium.

For a more convenient analysis of the
content of essential oil components in
needles, all studied climatypes of Scots
pine in geographical plantations are di-
vided into subspecies (races, varieties) in
accordance with the classification by
Pravdin (1964) (subspecies Lapland, Eu-
ropean, Siberian, steppe, hooked) with
some modification. The hooked subspe-
cies that grows in the Crimea and the
Caucasus is not represented in our expe-
rience. Since the steppe subspecies in
geographical plantations completely dis-
appeared at the age of 5 (Kustanai, Kok-
chetav, Akmola, Pavlodar climatypes of
Kazakhstan), we additionally introduced
the forest-steppe group of climatypes:
Belgorod, Kursk, Volgograd, Khmel-
nitsky, Poltava, Rostov. We also subdi-
vided the European subspecies into two
varieties - European western (Vologda,
Estonian, Latvian, Vitebsk, Minsk and
Grodno) and European eastern (Uly-
anovsk and Bashkir).

Method of selection of woody green-
ery. The woody greenery of Scots pine
climatypes in geographic plantations
were selected from 17 plots with 20-25
trees in each of them, taken by the ran-
domization method, in the crown of
which branches were cut evenly from
four sides. Woody greens were taken in
the month of February. According to the
literature, the release of essential oil
reaches its maximum value and its com-
position stabilizes in the winter months
(Stepen, 1995).

Metod of selection of middle sample.
The needles were separated from the cut
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branches of woody greens trees without
dividing them by age, and an initial sam-
ple of the material under study was ob-
tained. The formation of the middle
sample from the original was carried out
by quartering. The original sample was
poured onto a smooth surface and leveled
in the form of a square, and then simul-
taneously from two opposite sides it was
poured into the middle so that a roller
was obtained. After that, we grabbed the
needles from the ends of the roller and
also poured them into the middle. The
needles were again smoothed over the
area of the square and again poured into
the middle. Stirring was repeated in this
manner three times. After mixing, the
original sample was again smoothed with
a thin layer and divided into four trian-
gles. Two opposite triangles of the nee-
dles were removed, and the two remain-
ing ones were connected, mixed and
again divided in the indicated manner
until the mass of one triangle was ap-
proximately five times the weight of the
sample. From one triangle, a weighed
portion was taken for chemical analysis
(isolation of essential oil), and from the
opposite triangle, a weighed portion was
taken to determine the moisture content
of the sample (Deruma, 1983).

Method for the extraction of essential
oil from needles. Most of the components
of essential oils have a boiling point of
150 to 300°C and higher, however, all
the substances that make up their com-
position are distilled with water vapor.
The hydro distillation method is based
on the ability of oils to be distilled with
water vapor and on the determination of
the amount of oil that is released from a
plant sample (Pleshkov, 1985). The 150-
250 g of raw material crushed to a size
of 4-7 mm with known moisture content
was placed in a flask with a capacity of
500 cm3, and it was poured with distilled
water so that the water surface covered
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the plant material. The flask was placed
in a heating mantle, and then a nozzle for
collecting essential oils and a reflux con-
denser were attached. After the beginning
of boiling, the resulting vapor, carrying
with it the essential oil, entered the re-
frigerator, where it condensed into a lig-
uid consisting of water and small drops
of essential oil. The condensed mixture
passed into the receiver to collect the es-
sential oil. The intensity of boiling was
selected in such a way that 2-3 drops per
second flowed out of the refrigerator.
Otherwise, the refrigerator could be
“flooded” and ejection. Water, as a heavi-
er liquid, settled to the bottom of the
receiver and poured back into the flask,
and the essential oil floated to the sur-
face, where it slowly accumulated. The
process of hydrodistillation in the boiling
stage lasted at least 4 hours. During this
time, about 80% of the essential oil con-
tained in the plant was distilled off. After
the end of the distillation process, the
flask was cooled and the device was dis-
assembled (Figure 1).

1 - heating mantle; 2 - flask;
3 - nozzle; 4 - reflux condenser

Fig. 1. Installation for the extraction of
essential oil
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The essential oil was located in the
collector in the form of a thin layer (yel-
lowish) above the water surface. The se-
lection of essential oil was carried out
using a syringe with a long needle. The
essential oil was carefully poured using
a syringe into a pre-weighed small tight-
ly closing bottle, the name of the essen-
tial oil and the date of extraction were
signed.

The calculation of the essential oil
content in the needles was carried out on
an absolutely dry weight of plant mate-
rial. The calculation of the results in
mass percent was carried out according
to the formula 1:

C =£100°% )

where C - essential oil content, % (mass);
m - the mass of the essential oil after
distillation, g; G - the mass of an abso-
lutely dry sample of needles, g.

The resulting essential oil was dried
with anhydrous sodium sulfate and then
used to determine its physical, physico-
chemical parameters, as well as for
chemical research.

Qualitative and quantitative analysis
of Scots pine needles essential oil was
carried out by gas-liquid chromatography
without preliminary fractionation on
chromatograph “Kristall 5000.1". To
separate the components, a capillary col-
umn 0.25 mm in diameter and 60 m long
with a deposited phase of 100% dimeth-
ylsiloxane was used. Nitrogen was used
as a carrier gas. The air: nitrogen: hydro-
gen flow rate ratio was 10: 1: 1. The ni-
trogen flow rate through the column was
20 ml/min.

The conditions for chromatographic
analysis are as follows: isothermal mode
at 70°C for 20 min, then a programmed
temperature rise at a rate of 2°C / min to
150°C with holding at the final tempera-
ture for 40 min. Evaporator tempera-
ture - 250°C. The analyzed sample with
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a volume of 0.2 AL was introduced with
a microsyringe into the dispenser-evapo-
rator.

The identification of individual com-
ponents was carried out using reference
compounds, as well as on the basis of the
known literature data on the retention
indices of individual compounds (Cheft-
man, 1986). The quantitative content of
the components was calculated by the
method of internal normalization accord-
ing to the peak areas. Statistical analysis
was performed in accordance with the
methods described in Ostakin et al.
(1989), Pen (1982) and Kolesnikov
(2003). To determine the required sample
size when performing the research, the
admissible error value Ax was taken
equal to 5% of the average value of the
indicator at a confidence level of
a = 95%. After the experiment, the vari-
ance S2 and the standard deviation S
were calculated. Next, the ratio Ax/S was
found, and the sample size was deter-
mined from the corresponding table (Pen
& Mencher, 1973). The results of each
series of parallel experiments were sub-
jected to statistical processing in order to
find gross errors (“blunders™) using the
Student's test (Ostakin et al., 1989). In
this case, the dubious result was exclud-
ed from the sample, and the remaining
data were used to calculate the arithmetic
mean and the estimate of the reproduc-
ibility variance.

Results of the research and their
discussion. The obtained data on the
physicochemical parameters of Scots
pine essential oil of various geographical
origin indicate that among the studied
climatypes, grouped into subspecies,
there are differences in the mass fraction
of essential oil in terms of absolutely dry
weight, relative density and refractive
index at t = 20°C (Table 1).

The highest yield of essential oil is
observed in the subspecies of the Euro-
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1. Changes in the physicochemical parameters of Scots pine essential oil
of various geographical origin

Name of the climatype
(subspecies, varieties)

Physicochemical parameters of essential oil of Scots pine climatypes

mass fraction of essential

relative density,

refractive index at

i oil, in terms of absolutel — 500
of Scots pine . dry weight, % y glcm3 t = 20°C
Scots pine subspecies Lapland

Loningrad Atungets 11201 goeeiss  pamoon
By subspecies Lapland 1,8+0,1 0,8635+0,005 1,4838+0,001

Scots pine variety European western
Vologda, 1,4+0,1 0,8639+0,005 1,4840+0,001
Estonian, 1,840,1 0,8638+0,005 1,4844+0,001
Latvian, 1,9+0,1 0,8639+0,005 1,4850+0,001
Vitebsk, 2,0+0,1 0,8632+0,005 1,4849+0,001
Minsk, 2,0+0,1 0,8633+0,005 1,4850+0,001
Grodno 2,1+0,1 0,8628+0,005 1,4849+0,001
S\yes‘g:fty European 1,950, 0,86350,005 1,48470,001

Scots pine variety European oriental
Ulyanovsk, 1,0+0,1 0,8638+0,005 1,4840+0,001
Bashkir 1,1+0,1 0,8639+0,005 1,4842+0,001
Ezrgg';;t]yoriemal 11201 0,8639:0,005 1,4841+0,001
By subspecies European 1,740,1 0,8636+0,005 1,4846+0,001

Scots pine subspecies forest-steppe
Belgorodsky, 1,6+0,1 0,8634+0,005 1,4838+0,001
Kursk, 1,840,1 0,8633+0,005 1,4840+0,001
Volgograd, 1,640,1 0,8628+0,005 1,4846+0,001
Khmelnitsky, 1,740,1 0,8639+0,005 1,4846+0,001
Poltava, 1,840,1 0,8635+0,005 1,4840+0,001
Rostov 1,740,1 0,8633+0,005 1,4840+0,001
fo subspecies 1,740,1 0,8634:0,005 1,4842+0,001
orest-steppe

Scots pine Siberian subspecies

Tomsk 1,0+0,1 0,8639+0,005 1,4838+0,001
By subspecies Siberian 1,0+0,1 0,8639+0,005 1,4838+0,001

pean Western Scots pine - 1.9%, slightly
lower than this indicator in the forest-
steppe subspecies (1.7%). This indicator
was significantly lower in the European
Eastern pine variety - 1.1% and the Si-
berian subspecies - 1.0%. It is noted that
an essential oil content of 1% is typical
for pines growing in extreme conditions
of an urbanized environment (Lamotkin,
Hil, Romanyuk & Skakovskiy, 2019).
The relative density of the essential
oil of the studied subspecies of Scots

64  ISSN 2664-4452

«UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE»

pine varies within insignificant limits -
from 0.8634 to 0.8639 g/cm3 (minimum -
in Grodno and Volgograd climatypes -
0.8628 g/cm3 each and maximum - in
Leningrad, Vologda, Latvian, Khmel-
nitsky, Bashkir and Tomsk climatypes -
0.8639 g/cm3each). In terms of the re-
fractive index, the variation ranges from
1.4838 (subspecies Lapland and Siberian)
to 1.4847 (European Western Scots pine).

The results of determining the content
of the main components of essential oil
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2. The content of the main components in the essential oil of various climatypes
of Scots pine growing in 61-year-old geographical plantations

The main components of the essential oil, %

[«5)
Name of the climatype o 2 o o & & g 2 g
A L = = c 5 = —_ 3] 3] =9
(subspecies, va}rletles) 2 % % e E’ B g % -% E% =
of Scots pine 2 % ; E q:_; g E E E s IS}
+— 8 «
Scots pine subspecies Lapland
. 302 36 172 24 30 , 46 24 22 740
Leningrad, Arkhangelsk 433 3% 59" g9 06 ég 45 51 8 37 802
By subspecies Lapland 368 34 116 17 18 34 45 38 72 29 771
Scots pine variety European western
Vologda, 390 51 137 20 15 60 30 13 31 08 756
Estonian, 312 28 135 15 16 30 41 46 79 15 716
Latvian, 171 28 242 11 26 62 65 32 73 19 728
Vitebsk, 180 26 232 21 21 67 55 47 82 18 750
Minsk, 206 32 240 21 26 73 43 42 69 12 764
Grodno 179 35 241 24 40 52 44 36 74 20 745
S\ye;gz]ety European 240 33 205 19 24 57 46 36 68 15 743
Scots pine variety European oriental
Ulyanovsk, 203 19 88 25 15 37 82 57 59 08 593
Bashkir 168 22 93 30 11 68 54 48 107 10 611
Eoropeat) orientsl 186 21 91 28 13 53 68 53 83 09 602
By subspecies European 226 30 176 21 21 56 52 40 72 14 708
Scots pine subspecies forest-steppe
Belgorodsky, 219 18 82 11 13 53 51 70 126 13 657
Kursk, 212 19 93 14 13 45 31 71 131 08 638
Volgograd, 255 38 169 12 25 134 20 19 50 23 744
Khmelnitsky, 152 23 137 17 19 88 97 69 109 17 727
Poltava, 169 15 48 11 07 66 76 81 174 15 66,1
Rostov 270 24 145 24 21 57 37 49 91 16 732
fBg’reZ‘t‘iigggfs 213 23 112 15 16 74 52 60 114 15 693
Scots pine Siberian subspecies
Tomsk 210 25 87 22 15 36 50 59 96 15 615
By subspecies Siberian 210 25 87 22 15 36 50 59 96 15 615

in the needles of various climatypes of
Scots pine are presented in Table 2, the
group composition of monoterpenes - in
Table 3, the group composition of ses-
quiterpenes - in Table 4.

It should be mentioned that the lowest
content among the group of monoter-
penes, sesquiterpenes and the oxygen-
containing group was noted in the latter,
while the proportion of bornyl acetate in
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the essential oil does not exceed 3% -
from 0.9% in the European oriental va-
riety to 2.9% in the Lapland pine.

It was found that the largest share of
the identified components of essential oil
was in the variant of Scots pine of the
Lapland subspecies - 77.1%. In the vari-
ety of Western European Scots pine, the
share of recognized components was
slightly lower and amounted to 74.3%,
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3. Composition of essential oil monoterpenes in various subspecies of Scots pine
in 61-year-old geographical forest plantations

Geographical coordinates Essential oil group - monoterpenes

Name of the climatype c @ @ @ s o 2
(subspecies, varieti)éps)) E S E 3 s 2 g < =
of Scots pine €5 g2 = =3 3 S £ &
e = K= © S ™ = 3
Scots pine subspecies Lapland
Leningrad, 61 34 458 55 261 37 45 66,0
Arkhangelsk 62 43 740 54 101 15 10 585
By subspecies Lapland 61-62 34-43 599 55 181 26 28 623
Scots pine variety European western
Vologda, 59 40 534 70 188 2,7 21 731
Estonian, 58 27 516 46 223 25 27 604
Latvian, 57 22 309 51 436 19 46 555
Vitebsk, 55 29 311 45 40,0 36 36 580
Minsk, 54 27 330 51 384 33 42 625
Grodno 53 24 295 57 397 40 65 608
By variety European Western 53-59 22-40 383 53 338 30 40 617
Scots pine variety European oriental
Ulyanovsk, 54 48 46,3 44 201 56 34 438
Bashkir 54 58 37,7 50 210 6,7 24 445
By variety European oriental 54 48-58 420 4,7 20,6 6,2 29 4472
By subspecies European 53-59 22-58 392 52 305 38 3,7 573
Scots pine subspecies forest-steppe
Belgorodsky, 51 38 574 48 216 28 33 381
Kursk, 51 34 523 4,7 229 35 31 406
Volgograd, 51 42 425 63 281 20 42 600
Khmelnitsky, 50 27 361 54 324 40 44 422
Poltava, 49 33 604 52 171 39 25 279
Rostov 47 40 485 44 260 43 38 556
E;;‘:_Zig;;fs 47-51 27-40 495 51 247 34 36 441
Scots pine Siberian subspecies
Tomsk 57 85 476 57 197 49 33 441
By subspecies Siberian 57 85 476 57 19,7 49 33 44,1

in the forest-steppe subspecies - 69.3%.
This indicator turned out to be signifi-
cantly lower in the variants of the Sibe-
rian subspecies and the variety of the
European Eastern - 61.5% and 60.2%,
respectively.

In terms of the content of a-pinene, a
component of monoterpenes, the subspe-
cies of Lapland pine has the highest
share - 36.8%. This indicator is at the
level of 21.0-24.0% in other variants of

subspecies and varieties.
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In terms of the content of 3-carene,
an inverse relationship is observed - the
least of this component is in the Siberian,
forest-steppe and Lapland pine - 8.7%,
11.2% and 11.6%, respectively. The max-
imum is observed in the European west-
ern variety - 20.5%. In the Lapland pine,
the ratio of these components reaches
more than 3:1. This ratio is achieved in
the Siberian pine and the European east-
ern variety at the level of 2-3:1. A slight-
ly lower ratio of 2:1 was noted in the
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4. Composition of essential oil sesquiterpenes in various subspecies of Scots pine
in 61-year-old geographical forest plantations

Geographical coordinates

Essential oil group - sesquiterpenes

@ ®
Name of the climatype S o I o S = =
(subspecies, varieties) 273 g2 B © k= <= =
of Scots pine j=p= 2o =3 3 R 3 ]
2= @5 S = @ P
Scots pine subspecies Lapland

Leningrad, 61 34 59 15,6 8,2 216 29,8
Arkhangelsk 62 43 136 123 139 221 36,6
By subspecies Lapland 61-62 34-43 9,8 139 111 219 332

Scots pine variety European western
Vologda, 59 40 24,2 122 51 126 247
Estonian, 58 27 8,5 118 133 226 348
Latvian, 57 22 152 159 79 181 40,6
Vitebsk, 55 29 177 145 125 216 379
Minsk, 54 27 215 127 123 201 341
Grodno 53 24 146 124 101 208 354
By variety European
V\}’estem Y EUrop 53-59 22-40 170 133 102 193 346

Scots pine variety European oriental
Ulyanovsk, 54 48 6,9 152 106 108 542
Bashkir 54 58 128 10,2 90 20,2 531
By variet
Ezmpeanyoriemal 54 48-58 99 127 98 155 537
By subspecies European 53-59 22-58 152 131 101 184 394

Scots pine subspecies forest-steppe
Belgorodsky, 51 38 9,0 8,6 119 214 591
Kursk, 51 34 8,0 55 125 231 56,8
Volgograd, 51 42 374 56 53 139 358
Khmelnitsky, 50 27 161 17,7 125 199 548
Poltava, 49 33 9,5 109 11,7 251 694
Rostov 47 40 139 90 121 223 40,7
By subspecies forest-steppe 47-51 27-40 15,7 9,6 110 21,0 528

Scots pine Siberian subspecies

Tomsk 57 85 8,4 116 137 22,1 434
By subspecies Siberian 57 85 8,4 116 13,7 22,1 434

forest-steppe subspecies and the Euro-
pean western variety.

A more detailed analysis of the com-
ponent composition of monoterpenes is
presented in table 3. The proportion of
monoterpenes in the total amount of es-
sential oils ranges from 44.1% (sub-
species Siberian and forest-steppe) to
62.3% (subspecies Lapland). Moreover,
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in the Lapland subspecies, more than half
(59.9%) in this group is occupied by
a-pinene, and 3-carene is 3 times less
(18.1%). In the Siberian subspecies, this
ratio is 2.4: 1 (47.6% versus 19.7%), in
the forest-steppe subspecies - 2.0:1
(49.5% versus 24.7%).

Sesquiterpenes are also widely rep-
resented in Scots pine needles of various
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geographic origins. It should be noted
that in the pine needles of the European
Eastern variety, their content exceeds
the proportion of monoterpenes (53.7%
versus 44.2%). An excess of sesquiter-
penes (52.8% versus 44.1%) over mono-
terpenes was also noted in the forest-
steppe subspecies. This ratio is practi-
cally at the same level (43.4% versus
44.1%) in the Siberian subspecies of
Scots pine. In other variants, there is a
noticeable excess of monoterpenes over
sesquiterpenes - 62.3% versus 33.2% in
the Lapland pine and 61.7% versus
34.6% in the European western variety.
In general, for the European subspecies,
the content of monoterpenes exceeds
that of sesquiterpenes (57.3% versus
39.4%).

It is also important that the noted fact
that in various subspecies and varieties
of Scots pine in the group composition
of sesquiterpenes, there is an excess of
one component in the composition
5-cadinene - from 15.5% in the variety

of European Scots pine to 22.1% in the
Siberian subspecies.

Conclusions and future perspectives.
As aresult of the work done, the compo-
sition of the main components of the es-
sential oil from the group of monoter-
penes, sesquiterpenes and the oxygen-
containing group was revealed,
inhomogeneous in content, among various
subspecies and climatypes of Scots pine
growing in geographical forest cultures
on the territory of the Negorelsk educa-
tional and experimental forestry enter-
prise (Minsk region, Republic of Belarus).
The data obtained on the composition of
the essential oil and the ratio of a number
of components within or from different
groups in it will make it possible in the
future to select the most promising cli-
matic ecotypes for breeding for resistance
to biotic and abiotic environmental fac-
tors, taking into account the productivity
indicators of climatic stands, quality of
trunks, assessment of the vital state of
trees in the plantation and their safety.
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Pebko C. B., NMonnascbKa /1. ®., JlTamoTKiH C. A.,
Kimeiiuyk I. B., Xpuk B. M., lOXHOBCbKuMii B. tO. .
BMICT OCHOBHWMX KOMMOHEHTIB E®IPHOI Ol Y XBOI COCHW 3BUNUAIHOI,
AKA POCTE Y TrEOIPA®IYHNX KYNIBTYPAX

MeTol0 focnifKeHb CTano NPOBEAEHHS aHanisy cknagy TepneHiB i BCTaHOBMEHHS BiAMiIHHOCT el
3a piBHEM BMIiCTY edQipH/X Macen y XBOi COCHM 3BMYAMHOI PI3HUX KAIMaTUUYHUX eKOoTUNiB, sKi
pocTyTb y reorpadiyHux nicosux KynbTypax. O6'eKT AOCNIMKEHHA NpeacTaBneHuii 17 knimaTunamu
COCHM 3BUYaliHOI, SIKi pOCTYTb Y reorpadiuyHmx KynbTypax Ha TepuTopii Heropinbckoro HaB4aibHO-
pocnigHoro nicrocny MiHcbkoi o6nacTi binopyci. AKiCHWI i KinbKicHWI aHani3 edipHOro macna xBoi
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COCHU 3BUYalHOI 3AiiCHIOBa/IN METO[OM ra3opiguHHOI XxpomaTorpadii 6e3 nonepeaHLoOro
hpakuioHyBaHHA Ha xpomaTorpadi «KpucTan 5000.1x».

Y pocnigpkyBaHUX KiMaTuWMiB COCHM 3B1YaliHOI BCTaHOB/IEHO Pi3HWI piBEHb 3a CKNagoM edipHOro
mMacrna cepef, MOHOTEepreHIB, CECKBITEPeHIB | KNCEHbBMICTHOI Fpynu, a TakoX BUAB/EHO iCTOTHI
BiIMIHHOCTi 3a BMICTOM HV3KN KOMMOHEHTIB ycepeaunHi JocnifpkyBaHux rpyn. Haibinbwmii Buxis,
edpipHoi onii cnocTepiraeThea y nifsufi cocHy 3BUYaliHOi pi3HOBUAY eBponeiickka 3axigHa - 1,9 %,
TPOXU HKYe Lei nokasHuk y nifeuly nicocTenosa - 1,7 %). ICTOTHO HWXYM/ NOKa3HWK BUXOLy
edpipHOi ol BUSBMBCA Y COCHM 3BUYaiHOI pi3HOBUAY e€Bponeiicbka cxigHa Ta nigsuay cubipcbka,
AkuiA cTaHoBuTb 1,1 % i 1,0 % BifnosifHo.

OTpumaHi faHi wofo cknafly edoipHOi onii i cniBBiJHOWEHHA B Hili HU3KN KOMMOHEHTIB cepel,
nifsuAis i pisHoBniB cocHu 3BMYaiHoi (nidBun: nannakfceka, cubipcbka, nicocTenosa, eBPONelichbKa;
pisHoBuw: eBponelicbka 3axifHa i cxifHa) AafyTb 3mory B nofanbliomy npoBofuTu Bifl6ip HaWbinbL
nepcnekTUBHUX KNiIMATUYHMX ekoTuniB i nisufis Ons cenekuii Ha CTINKiCTb [0 GIOTUYHKX i
abioTuyHuX pakTopis cepelloBullla 3 ypaxyBaHHAM MOKa3HMKIB pPocTy i NPoflyKTUBHOCTI
[epeBocTaHiB.

BiflomocTi npo cknall KOMNOHeHTIiB edpipHOI onii y XBOi kKniMaTwniB i NiJsuiiB COCHU 3BMYANHOI
[onoMoXyThb pO3LWMPUTUN 3HaHHA WO0 CTIiKOCTi POC/UH, iX 3GEepeXeHHs i pocTy, 0CO6/MBO B
YMOBaxX 3MiHWN KAiMaTy B Hanpami apunsadii.

KntoyoBi cnoBa: KOMNOHEHTHWIA cknall, eKCTPaKTVBHI PEYOBUHW, MOHOTEPMNEHN, CEecKBiTep-
nexHu, [iTepnexun, reorpadiyHi KynbTypu, KNiMaTUYHUIA ekoTun.

OTpumaHo: 2021-03-16
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