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BJIMSIHUE YCJIOBUM IPOU3PACTAHHUS COCHBI KEJIPOBOI CUBUPCKOM
(PINUS SIBIRICA DU TOUR) HA TIPOIIECCHI ®OTOCHHTE3A U TPAHCIIUPALIUA

AL Il l".JmHylHKnHl, C. M. XaMnTonal, H. A. Baﬁnqz, E. B. ﬂyMalleBa3,
P.C. XaMI/ITOB4, E. U. (I)eaqemco', A. C. HeCTOBCKHﬁl, A. L. CmeranHukos'

'Beepoceniickuii HayqHO-HCCIIEI0BATENBCKHIT MHCTHTYT (DUTOMATONOrHH
Poccutickas ®enepanus, 143050, MockoBckast 061acth, OMHIIOBCKHN paiioH,
p. n. bonbime Bszemsl, yin. UHCTUTYT, BIageHue 5
E-mail: xamitowa.sveta@yandex.ru
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3 ®denepanbHbId HAYYHBIN LIEHTP KOPMOIIPOU3BOJCTBA U arpo’kosioruu nMenu B. P. Bunbesamca
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Hccneoosanu enuanue ycnoguil npouspacmanus cochsl keopogoii cubupckoti (Pinus sibirica Du Tour) na npoyeccoi
@omocunmesa u mpancnupayuy. BuiAeunu npamMyr0 3a6UCUMOCTb MeHCOY YMEHbUEeHUeM UHMEHCUBHOCTIU céemd U
CHUICEHUEM CKOpocmu ghomocunmesa, u 0OPAMHYIO 3A8UCUMOCTIb MeXHCOY YMeHbUleHUeM UHMEHCUBHOCU ceema U
CKOPOCMbIO Mpancnupayuu y oopasyos, npouspacmarwux 6 pumompore. Y o6pasyos, npouspacmaiowux ¢ ecmecm-
BEHHBIX YCAOBUAX, BbIAGIEHA NAPAOOIUYECKAs 3A8UCUMOCTb MEXHCOY UHMEHCUBHOCbIO C8ema U CKOPOCMbIO (homo-
cunmesa u mpauncnupayuu. Ilpu uzyuenuu enuanus cooepxcanus CO, 6 6030yxe Ha ckopocmsv omocunmesa y 6cex
006pazy06 HabIoO0aemcs NpAMas 3a8UCUMocmys: npu chudiceruu cooepocanus CO; 6 8030yxe ommenaemcs cHudxceHue
ckopocmu ghomocunmesa, npu nosvienuu cooepicanus CO, nHabarodaemcs yeenuuenue cKOpocmu (Gomocunmesa.
Ipu uccneoosanuu usmenenus ckopocmu mpauncnupayuu om cooepoicanus CO; 4emkoll 3a6UcCUMOCIU He BbIAGNIEHO.

Knroueeswie cnosa: cocna xedposas cubupckas, oomocunmes, mpancnupayus, UHMEHCUSHOCMb C8emd, CO0epiICa-
nue CO,.

Conifers of the boreal area. 2024, Vol. XLII, No. 7 (special), P. 7-13

INFLUENCE OF THE GROWING CONDITIONS OF SIBERIAN CEDAR PINE (PINUS SIBIRICA)
ON THE PROCESSES OF PHOTOSYNTHESIS AND TRANSPIRATION

A. P. Glinushkin', S. M. Khamitova', N. A. Babich?, E. V. Dumacheva’,
R. S. Khamitov", E. L Fedchenko', A.S. Pestovsky', A. P. Smetannikov'

'All-Russian Research Institute of Phytopathology
5, possession, Institute str., Bolshye Vyazemy settlement, Odintsovo district,
Moscow region, 143050, Russian Federation
E-mail: xamitowa.sveta@yandex.ru
*Northern (Arctic) Federal University named after M. V. Lomonosov
17, Severnaya Dvina Embankment, Arkhangelsk, 163002, Russian Federation
3All-Russian Williams Fodder Research Institute
build. 1, Scientific town, Lobnya, Moscow region, 141055, Russian Federation
*Vologda State Dairy Farming Academy by N. V. Vereshchagin
2, Schmidt str., Molochnoye village, Vologda, 160555, Russian Federation

The influence of the growing conditions of Siberian cedar pine (Pinus sibirica) on the processes of photosynthesis
and transpiration was investigated. A direct relationship was revealed between a decrease in light intensity and a
decrease in the rate of photosynthesis, and an inverse relationship between a decrease in light intensity and the rate of
transpiration in samples growing in phytotron. A parabolic relationship between the intensity of light and the rate of
photosynthesis and transpiration was revealed in samples growing in natural conditions. When studying the effect of
the CO; content in the air on the photosynthesis rate, a direct relationship is observed in all samples: with a decrease in
the CO; content in the air, a decrease in the photosynthesis rate is observed, with an increase in the CO, content, an

increase in the photosynthesis rate is observed. The study of the change in the transpiration rate from the CO; content
did not reveal a clear dependence.

Keywords: Siberian cedar pine, photosynthesis, transpiration, light intensity, CO, content.
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INTRODUCTION

Research on Siberian cedar pine (Pinus sibirica Du
Tour) has been conducted since the mid-20th century (Bo-
brov, 1982; Putenikhina & Putenikhin, 2015). Numerous
studies have been carried out in Siberia and the Urals
(Mashtakov, 2016; Andreeva, Terekhov et al., 2019; Ryl,
2020).

R.N. Matveeva, O.F. Butorova, and N.P. Bratilova
(2001, 2007, 2014, 2020, 2021, 2022) had conducted long-
term studies on Siberian cedar pine in the Krasnoyarsk
Krai since the 1960s. Their research focused on biomass
structure, yield, growth characteristics and variability of
seedlings and trees of different ages.

Studies on the introduction of Siberian cedar pine
(Pinus sibirica Du Tour) to the European part of Russia
had also been conducted. These studies took place in the
Moscow Region (Belinsky, 2015), Voronezh Region
(Levin, 2021), and Vologda Region (Khamitov & Khami-
tova, 2013; Khamitov, Babich & Drozdov, 2016). Charac-
teristics of seed and planting material, germination and
survival ability in the conditions of introduction were
mainly studied.

Photosynthesis and transpiration in coniferous tree
species had been studied by researchers such as S.N. Sen-
kina (2009) and A.V. Sokolov & V.K. Bolondinsky
(2020). S.N. Senkina presented the results of long-term
research on transpiration and stomatal resistance of Scots
pine needles in growing stocks of various compositions.
Seasonal and daily dynamics of these parameters, as well
as their variations depending on the age of the needles and
their position within the tree crown, were described. A.V.
Sokolov and V K. Bolondinsky modeled stomatal, meso-
phyll, and biochemical regulation of photosynthesis in
Scots pine based on experimental data. Using the devel-
oped model, they calculated CO, assimilation by forest
ecosystems and evaluated water use efficiency (WUE) of
plants.

0.G. Bender (2019) analyzed the seasonal dynamics of
the photosynthetic apparatus and water exchange charac-
teristics in vegetative progeny of Siberian stone pine
(Pinus sibirica Du Tour) and dwarf Siberian pine (Pinus
pumila (Pall.) Regel) in southern Western Siberia. Species
and seasonal traits in the content of photosynthetic pig-
ments, chlorophyll fluorescence parameters, and free and
bound water content in snow-covered and above-snow
needles were identified. Bender demonstrated the higher
plasticity of Siberian cedar pine in adapting to low winter
temperatures.

Additionally, O.G. Bender (2017) studied the photo-
synthetic activity of Siberian cedar pine needles at the
northern limit of the species' range. He concluded that
photosynthesis in Pinus sibirica needles actively occurs
under low photosynthetically active radiation (PAR).
An increase in temperature caused a significant decline
in CO, uptake. Since the temperature optimum of plant
photosynthesis is genetically determined, it can be as-
sumed that climate warming will negatively affect north-
ern populations of Pinus sibirica, leading to a decrease in
photosynthesis intensity and productivity of native cedar
forests.

No studies have examined the effect of growth condi-
tions on photosynthesis and transpiration rates of Siberian

cedar pine (Pinus sibirica Du Tour) in the Moscow Re-
gion. This research is therefore timely and relevant.

The objective is to investigate the influence of growth
conditions on the processes of photosynthesis and transpi-
ration in Siberian cedar pine (Pinus sibirica Du Tour).

The tasks are:

— to determine the rates of photosynthesis and transpi-
ration in Siberian cedar pine seedlings (Pinus sibirica
Du Tour) grown under natural climatic conditions, with
varying light intensity and CO, concentrations;

— to determine the rates of photosynthesis and transpi-
ration in Siberian cedar pine seedlings (Pinus sibirica
Du Tour) grown in phytotron conditions, with varying
light intensity and CO, concentrations.

MATERIALS AND METHODS

OF RESEARCH

The object of this study is five-year-old seedlings of
Siberian cedar pine.

Siberian cedar pine, or Siberian pine (Pinus sibirica
Du Tour), is a tree belonging to the family Pinaceae. It is
a first-class forest-forming species, capable of reaching
40-50 meters in height and 1.5-2 meters in diameter
(Smolonogov & Zalesov, 2002).

In natural conditions, mature trees typically have
a large, spreading oval or conical crown. The needles are
grouped in bundles of five and grow on brachyblasts. The
needles are dark green, dense, and range from 5 to 13 cm
in length and 0.8-1.2 mm in width. In cross-section, they
have a triangular shape.

The extensive, densely foliated crowns and the color of
the needles indicate the shade tolerance of this species.
Siberian cedar pine is one of the slowest-growing forest-
forming species but adapts well to shaded conditions in its
young age. Experimental studies have shown that seed-
lings grow better with 20 % shading. However, with more
intense shading, a decline in growth processes and chloro-
phyll efficiency is observed (Babich, Khamitov & Khami-
tova, 2014).

The intensity of photosynthesis is significantly influ-
enced by the factors such as light, temperature, soil mois-
ture, CO, concentration in the air, the supply of mineral
nutrients, and other external conditions. Some factors,
such as light and CO, availability, have a direct impact on
photosynthesis. Others, like water and nutrient content in
the soil, often act indirectly by influencing other physio-
logical processes.

For most plants, the direct correlation between photo-
synthesis intensity and light intensity is observed only at
relatively low light levels. As light intensity increases, the
rate of photosynthesis growth slows down, eventually
reaching a plateau. This state, referred to as light satura-
tion, indicates that photosynthesis at this point is more
dependent on other factors than light intensity.

Many factors can influence the rate of photosynthesis
in winter evergreen plants. The lower light availability and
colder temperatures in winter are limiting factors for pho-
tosynthesis. Additionally, plant health, age, and flowering
condition can also alter the rate of this process.

Carbon dioxide is essential as a carbon source for the
production of sugars and other organic compounds. The
more CO, available, the faster photosynthetic reactions
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occur. However, when the stomata in pine needles open to
allow the uptake of CO,, water is inevitably lost through
these pores in the form of vapor.

Since pines retain their needles year-round, they are
capable of photosynthesis during the winter months. This
provides a significant advantage over deciduous trees that
lose their leaves. However, pine needles have a small sur-
face area, which limits the amount of solar energy they can
capture for this process.

Under freezing conditions, ice may form between the
cells of winter evergreen trees, leading to dehydration.
During winter dehydration, the stomata may close to re-
duce water loss, although this also halts gas exchange and
further restricts photosynthesis.

EXPERIMENTAL PART

Five-year-old seedlings of Siberian cedar pine (Pinus
sibirica Du Tour) grown in the Moscow Region were
used for the study. The first group of seedlings (30 speci-
mens) was grown under natural climatic conditions in
pots (Fig. 1a), meaning they were exposed to sub-zero air
temperatures and covered with snow. The second group
of seedlings (30 specimens) was grown in a phytotron,
where the air temperature was above 0 °C, and there was
no snow cover (Fig. 15).

The morphometric parameters of Siberian cedar pine
(Pinus sibirica Du Tour) specimens grown under different
conditions are presented in the table.

Figure 1. Siberian cedar pine (Pinus sibiricaDu Tour) seedlings grown:

a —under natural conditions; b —in a phytotron

Morphometric parameters of Siberian cedar pine (Pinus sibirica Du Tour) specimens

Sample Seedlings growing in phytotron Seedlings growing in natural conditions
number seedling height, cm length of needles, cm seedling height, cm length of needles, cm
1 6,7 32,3 6,2 31,1
2 7,0 35,5 6,4 30,5
3 6,8 30,3 9,3 32,6
4 13,4 384 5,6 334
5 7,5 36,8 6,4 354
6 8,9 37,7 7,6 36,5
7 7,2 314 7,1 324
8 10,2 42,1 8,3 33,9
9 7,6 36,6 6,4 344
10 6,4 36,4 6,5 35,6
11 7,0 35,4 6,9 31,7
12 8,5 35,3 74 36,1
13 6,0 32,3 5,3 32,5
14 7,8 34,4 5,8 32,5
15 8,4 334 6,3 31,3
16 7,7 32,1 8,2 37,1
17 8,2 31,9 5,9 35,6
18 10,5 35,5 7,6 35,8
19 7,2 34,4 7,2 37,8
20 7,6 37,3 8,4 38,6
21 7,8 36,6 6,8 354
22 7,6 36,3 6,5 34,6
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End of the table
Sample Seedlings growing in phytotron Seedlings growing in natural conditions
number seedling height, cm length of needles, cm seedling height, cm length of needles, cm
23 8,2 37,4 7,4 34,5
24 9,8 34,5 6,9 33,5
25 7.6 35,4 74 334
26 9,2 31,6 6,1 33,1
27 9,0 40,1 5,4 34,5
28 8,8 35,2 6,2 32,1
29 8,5 38,5 59 31,5
30 75 36,4 6,7 36,6
Average 8,2+1,4 35,542,5 6,8+0,9 34,142,1
values

The study was conducted in March 2022. The climate
of the study area is humid, moderately continental, with
strong influence from the Atlantic Ocean, and distinct sea-
sonality. The average annual air temperature is +7.1 °C.
The winter is moderately cold with thaws, and the air tem-
perature fluctuates between —5 °C and —20 °C. The snow
cover is stable and usually does not exceed 60 cm.

Photosynthesis processes were studied using a portable
plant gas exchange measurement system, model LI-6800,
LI-COR. This system has unparalleled capabilities for
studying plant gas exchange and chlorophyll fluorescence
(Evans & Santiago, 2014; Coursolle et al., 2019; Riches &
Farmer, 2020).

The net assimilation rate A (photosynthesis) (pumol
m s ') and transpiration rate E (mol m* s ™) were deter-
mined depending on light intensity (Q) and CO, concen-
tration (Ci). When measuring the dependence of photosyn-
thesis and transpiration rates on light intensity, the CO,
flow rate in the leaf chamber was 400 umol/s, and its con-
centration was 400 umol/mol. At this point, light intensity
was decreased from 1500 to 0 pmol m 2 s

Next, measurements were taken to assess the depend-
ence of transpiration and photosynthesis rates on the CO,
content in the air. To do this, the CO, content in the cham-
ber was gradually decreased from 400 to 0 mmol/mol ™,
then increased to 1200 mmol/mol™’, and reduced again to
400 mmol/mol!. A CO, concentration of 400 mmol/mol ™!
corresponds to the ambient CO, level. The following
sequence of CO, values was used: 400, 300, 200, 100,

50, 0, 250, 400, 600, 800, 1000, 1200, 900, 500,
400 mmol/mol .
RESULTS AND DISCUSSION

The results of the study were analyzed using graphs.

When studying photosynthesis in the samples that
grew in the phytotron, a dependence was identified: as
light intensity decreased, the rate of photosynthesis de-
creased, and the rate of transpiration increased. This corre-
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lation was found in 27 samples, which showed the greatest
growth and needle size (Figure 2).

The remaining 3 samples, grown in the phytotron, ex-
hibited smaller sizes and yellowing needles. A different
pattern was observed in these samples: as light intensity
decreased to 150 mmol m ™ s, both photosynthesis and
transpiration rates decreased. Then, as light intensity de-
creased to 0 mmol m > s ', both transpiration and photo-
synthesis rates increased (Figure 3).

The study of the correlation between photosynthesis
and transpiration rates and light intensity in the samples
grown under natural conditions showed that in most seed-
lings (24 samples), as light intensity decreased to 1000
mmol m? s, photosynthesis and transpiration rates in-
creased. After that, as light intensity decreased to 300, the
rates of photosynthesis and transpiration leveled off. Fi-
nally, as light intensity decreased to 0 mmol m~ s, both
photosynthesis and transpiration rates dropped (Figure 4).

In 6 samples grown under natural conditions, a direct
linear dependence was observed: as light intensity de-
creased, the rates of photosynthesis and transpiration also
decreased (Figure 5). These samples exhibited yellowing
needles and smaller sizes.

Next, measurements were taken to study the correla-
tion between transpiration and photosynthesis rates and the
CO, content in the air. The following data were obtained.

In all samples, as the CO, content in the air decreased,
the rate of photosynthesis decreased. Then, as the CO,
content increased, the rate of photosynthesis increased,
and when CO, levels decreased again, the rate of photo-
synthesis also decreased. The maximum photosynthesis
rates were observed in the samples grown in the phytotron
at a CO, concentration of 1200 mmol/mol”’, and in the
samples grown under natural conditions at 1000
mmol/mol". The minimum photosynthesis rates were ob-
served at 0 mmol/mol ™ in all samples (Figure 6).

No clear dependence was found when studying the
change in transpiration rate with respect to the CO, content
(Figure 7).
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Figure 2. The relationship between the rate of photosynthesis (A) and transpiration (E) and light intensity (Qin):

a —sample 4; b — sample 18
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Figure 3. The relationship between the rate of photosynthesis (A) and transpiration (E) and light intensity (Qin): sample 13
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Figure 4. The relationship between the rate of photosynthesis (A) and transpiration (E) and light intensity (Qin): 0

a —sample 3; b — sample 20
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Figure 5. The relationship between the rate of photosynthesis (A) and transpiration (E) and light intensity (Qin): sample 4
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Figure 6. The relationship between the rate of photosynthesis (A) and transpiration (E) and CO, concentration:
a — sample growing in a phytotron; b — sample growing in natural conditions
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Figure 7. The relationship between the rate of photosynthesis (A) and transpiration (E) and CO, concentration:
a — sample growing in a phytotron; b — sample growing in natural conditions

Minimal initial values of transpiration rate are observed
at a CO, concentration of 400 mmol mol . Then, as the CO,
concentration decreases to 300-200 mmol mol ™, a sharp
increase in transpiration rate is observed. With further
changes in CO, concentration, the transpiration rate in-
creases slightly and remains within certain limits.

CONCLUSION

Thus, a direct correlation was observed between the
reduction in light intensity and the decrease in photosyn-
thesis rate, and an inverse correlation between the de-
crease in light intensity and the transpiration rate for the
samples growing in the phytotron. For the samples grow-
ing under natural conditions, a parabolic correlation was
identified between light intensity and both photosynthesis
and transpiration rates.

When studying the effect of CO, concentration in the
air on the photosynthesis rate, a direct correlation was
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observed for all samples: a decrease in CO, concentration
in the air resulted in a decrease in photosynthesis rate,
while an increase in CO, concentration led to an increase
in photosynthesis rate. No clear correlation was found for
the change in transpiration rate with respect to CO, con-
centration.
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UHTPOJYKIIUS XBOMHBIX BUJIOB B JIEHIPAPUA
CUBI'Y um. M. ®. PEHIETHEBA

II. T'. Konecuuxos, P. H. MaTtgBeeBa, H. I1. BpaTuiosa, O. ®. ByropoBa

Cubupckuii TOCy1apCTBEHHBIN YHUBEPCUTET HAYKH M TEXHOJIOTHI UMEHHU akajgemuka M. @. PemerHena
Poccwuiickas @enepanmst, 660037, r. KpacHosipck, npoci. uM. razetsl «KpacHosipckuit pabounii», 31

Tlpusedenvi ceedenus o Koanekyuu xXeounvix 6u0os 6 oenopapuu Cubl’Y. Hauano cozoanusi 0enopapusi OmHocumcst
Kk 1948 2. noo pyxosoocmeom npogeccopa B. D. [lImuoma. B nacmoswee epems xomnekyus npeocmasiena euoamu
danvHesocmounot (Pinus koraiensis Siebold et Zucc., Pinus pumila (Pall.) Regel., Larix sibirica Ledeb.), egponeiickoii
(Picea abies (L.) Karst., Juniperus communis L.), cubupcrou (Abies sibirica Ledeb., Larix sibirica Ledeb., Picea
obovate Ledeb, Pinus sibirica Du Tour), cesepoamepuranckoti (Picea engelmannii Engelm, Thuja occidentalis L., Ju-
niperus sabina L.) ¢guop, Anonuu (Larix leptolepis Gord.). Haubonvuseti gvicomer docmuenu Pinus sibirica, Pinus
koraiensis, Picea obovata, Abies sibirica (15-23 m). Boavuwuncmeo pacmeHuti HaAxX00amcsa 8 Xopoutem COCHOSHUU.
CemeHnowenue pasHoti UHMEHCUBHOCTU OMMEUEHO Yy 8cex 6u008. M3 ceMsin, coOpanuvix 6 0eHOpapuu, 8blpauueaemcs
NOCadouHbIll Mamepuan (ceanybl cCOOCMBEEHHOU penpooyKYuY), UCNONb308AHHbIIL O NOJYYeHUs NOMOMCHBA 8MOPO20
HOKONEHUSL.

Knroueswte cnosa: unmpooyxkyus, oenopaputl, KoJiekyus, ¢aopa, xeotHvle 6uovt, Cubups.
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INTRODUCTION OF CONIFEROUS SPECIES IN THE ARBORETUM
OF RESHETNEYV SIBERIAN STATE UNIVERSITY OF SCIENCE AND TECHNOLOGY

P. G. Kolesnikov, R. N. Matveeva, N. P. Bratilova, O. F. Butorova

Reshetnev Siberian State University of Science and Technology
31, Krasnoyarskii rabochii prospekt, Krasnoyarsk, 660037, Russian Federation

Information about the collection of coniferous species in the arboretum of Siberian State University is given. The
creation of the arboretum began in 1948 under the guidance of Professor V. E. Schmidt. At present, the collection is
represented by species of the Far Eastern (Pinus koraiensis Siebold et Zucc., Pinus pumila (Pall.) Regel., Larix sibirica
Ledeb.), European (Picea abies (L.) Karst., Juniperus communis L.), Siberian (Abies sibirica Ledeb., Larix sibirica
Ledeb., Picea obovate Ledeb, Pinus sibirica Du Tour), North American flora (Picea engelmannii Engelm, Thuja occi-
dentalis L., Juniperus sabina L.), Japan (Larix leptolepis Gord.). Pinus sibirica, Pinus koraiensis, Picea obovata, Abies
sibirica reached the highest altitude (15-23 m). Most of the plants are in good condition. Seeding of varying intensity
has been observed in all species. From the seeds collected in the arboretum, planting material (seedlings of their own
reproduction) is grown to obtain second-generation offspring.

Keywords: introduction, arboretum, collection, flora, coniferous species, Siberia.

INTRODUCTION

Scientific researches on introduction of woody plants
are carried out in different regions of Russia and abroad.
Thus, large collections of introduced plants are presented
in the Siberian Botanical Garden of Tomsk State Univer-
sity [2], Central Siberian Botanical Garden (Novosibirsk)
[4], Botanical Garden of Voronezh State Technological
Academy [7], Khakassia Arboretum [5], Introduction
Centre of Kaliningrad Oblast [12], Main Botanical Gar-
den of the Russian Academy of Sciences (Moscow) [10],
Botanical Garden of St. Petersburg State Forestry Techni-
cal University named after S.M. Kirov [14], etc.
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Recently, much attention has been paid to the breeding
of introduced coniferous species, in particular, junipers
and thuja, which are widely used in landscaping of the
European part of Russia and can be used not only in the
settlements of Siberia, but also indoors, as they are one of
the most phytoncidal plants with high sanitary-hygienic
and decorative properties. It is known that one plant of
juniper indoors can completely destroy pathogenic micro-
flora within a day [13].Pinus koraiensis is of great ecologi-
cal value, its phytomass plays an important role in envi-
ronmental health improvement [3].
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OBJECTS AND METHODS OF RESEARCH

Arboretum of Reshetnev University began to be cre-
ated under the guidance of Professor Walter Eduardovich
Schmidt in 1948. In 2023 the arboretum celebrated its
75th anniversary.

Formation of the mother branch of introducers, collec-
tion of cedar pines of different geographical origin was
initially carried out by E.P. Verkhovtsev, 1.Yu. Koropa-
chinsky, V.V. Ogievsky, O.P. Olisova. Since 1977 the area
of the arboretum was increased under the direction of the
head of the department R.N.Matveeva. There were planted
introductions, selected trees of cedar pines (Pinus sibirica,
Pinus koraiensis, Pinus pumila).

There is a collection of poplar trees of Prof
LY. Koropachinsky. [1].

At present, more than 200 species of trees and shrubs
grow in the arboretum. The researches for which are ongo-
ing under the direction of O.F.Butorova, N.P.Bratilova,
A.B. Romanova, K.V. Shestak, E.A. Usova and others [9].

The arboretum is located in the green zone of Kras-
noyarsk on the left bank (second terrace) of the Yenisei at
an altitude of 250 m above sea level, in the 40—41st quar-
ters of the Karaulniye forest area in the Training and Ex-
perimental Forestry of Reshetnev University (green zone
of Krasnoyarsk), the territory of which is a part of the
Central Siberian subtaiga-forest-steppe region [11]. The
arboretum is located on the slope of southern exposition
with steepness of 2-3° and currently occupies the area of
9.1 hectares. Geographical coordinates are 56°N, 92°40'E.

The soil is grey forest light loamy slightly podzolised.
The arable horizon is characterised by significant humus
content (4,2-6,4 %).The sum of absorbed bases is 19,4-
21,8 mg-eq. per 100g of soil. The reaction of soil solution
is slightly acidic (pH-salt = 6,0-6,8). The content of mo-
bile forms of phosphorus is high (32,0-38,4 mg according
to Kirsanov), of potassium is average (10,0-15,5 mg per
100 g of soil according to Maslova).

In the south of Central Siberia, the climate is sharply
continental, characterised by a complex set of exogenous
factors to which plants are exposed during overwintering.
Early autumn and late spring frosts often cause damage to
shoots and generative organs. Sometimes the root system
of plants is squeezed out by freezing and thawing of the
soil. In the study area, the maximum air temperature
reaches 36°, the minimum is minus 44°. The average an-
nual air temperature is 0.6°. The sum of effective tempera-
tures is 1400-2000°. The annual precipitation averages
496 mm.

RESULTS AND THEIR DISCUSSION

There is a collection of coniferous species of introduced
plants from Europe, North America, Japan, Far East in the
arboretum of Reshetnev University. Many introduced
plants have successfully suited to the climate in harsh con-
ditions and give seed progeny. Some conifers growing in
the arboretum are presented in the figure.

The collection funds of the Arboretum are annually in-
creased by collecting seeds from selected mother plants, as
well as from other arboretums and Botanical Gardens.

The Arboretum includes several sections. The mother
section ‘A’ was created in the period from 1949 to 1963
and occupies an area of 1.6 hectares. Here the introduced
plants, which were planted in rows at a distance of 2.54
m from each other grow. Section ‘B’ with an area of 0.8 ha
was formed in 1961-1978 on the place of the sowing sec-
tion from the remaining seedlings and additional row
plantings in the fourth and ninth sections. Section ‘C’,
called ‘arboretum’, occupies an area of 0.8 ha. It was cre-
ated in 1953-1959 according to the geographical principle.
Section ‘E’ (European-Siberian flora) with the area of 1.12
ha has been created in landscape style since 1960, ‘D’ (Far
Eastern flora) with the area of 0.84 ha has been created
since 1970.

In section ‘A’ of coniferous species there are Pinus si-
birica trees of different geographical origin, the seeds of
which were obtained from plantations growing from Leni-
nogorsk to Yakutsk, having a height of 10.2—14.5 m [6; 8].

There are Pinus sibirica, Pinus koraiensis, Pinus
pumila, Larix gmelinii trees in the mother section ‘B’.
The height of plants varies from 1.8m (Pinus pumila) to
10.5-13.0m (Pinus sibirica, Pinus koraiensis) [8], as well
as grafted plants of Pinus sibirica on Pinus sylvestris L.
rootstock, made by the method of ‘ablation’ by
E.P. Verkhovtsev in 1953. Picea abies is characterised by
high ornamental value.

Section ‘C’ consists of species of Siberian, East Asian
and North American floras. Picea obovata, Pinus sibirica
and Pinus koraiensis are represented by the largest num-
ber of specimens. Picea obovata, Abies sibirica Ledeb
have the maximum height. Picea engelmannii has lost its
ornamental value due to heavy overcrowding.

Section “E” (European and Siberian floras) consists of
Juniperus communis, Juniperus sabina, Picea abies, Larix
sibirica. The greatest height (11-15 m) is reached by trees
Picea obovata, Pinus sibirica, Larix sibirica. Juniperus
communisL.,Juniperus sabina are characterised by high
ornamental qualities.

Exposition of the Far East (Section ‘D’) includes Larix
leptolepis, Pinus caryensis from the East Asian floristic
zone.

From seeds collected in the arboretum, planting mate-
rial (seedlings of own reproduction) is grown and used for
obtaining second generation offspring. An important task
is selection and reproduction of the most adapted individu-
als on the basis of assessment of individual variability of
morphological traits in the formed collections.

Seed production of different intensity was observed in
all species. Picea abies, Pinus sibirica are characterised by
high yield. Average yield is observed in Pinus koraiensis.
Cedar pines, which produce edible seeds, are of great in-
terest. Most plants of these species are in good condition
[3,p. 17].

The most ornamental plants are Picea abies, Juniperus
communis, Juniperus sabina.
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Some representatives of coniferous plants in the Arboretum of Reshetnev University

CONCLUSIONS

The conducted studies have shown that Picea abies,
Pinus sibirica, Pinus koraiensis, Juniperus communis L.,
Juniperus sabina, tested for a long time in the arboretum
of Reshetnev University can be widely used in the condi-
tions of the green zone of Krasnoyarsk.
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TAKCAIIMOHHBIE ITOKA3ATEJM KJIOHOB ILTIOCOBBIX JJEPEBLEB EJIM EBPOIIEMCKOM
B APXUBE KJIOHOB B HUJKEI'OPOJICKOM OBJACTH

P. A. Bopo6res', H. H. Beccuernoa’, B. I1. Beccuernor?, A. ¥O. Tiotun’

IMI/IHI/ICTepCTBO JIECHOTO XO3SHCTBa M OXpaHbl 00BEKTOB KHUBOTHOTO Mupa Hmxeropockoit odnactu
Poccuiickas ®enepanust, 603134, Huxnauit Hosropon, yi. Koctuna, 2
*HurkeropojicKas roCy1apCTBEHHAS CeTbCKOX03AHCTBEHHAS aKa[eMHs

Poccuiickas ®enepanus, 603107, Huxuauit Horopon, np. 'arapuna, 97
E-mail: lesfak@bk.ru

Hccreoosanu maxcayuonnvie noxkazamenu KiOHO8 NIOCOBbIX Oepesbes enu egponelickoll (Picea abies (L.) Karsten)
6 apxuse ki1onos Ne 3 na meppumopuu CemeHo8cko2o pationHo2o aecHuvecmsa Huoicecopodckou obnacmu. OH co30an
6 1984 200y npusumwvimu casxcenyamu 6 eospacme 2 aem. McmouHUKOM npueos ObLiu NAIOCO8ble 0epedbs, Npouspa-
cmarnowue 8 ecmecmeeHHbIX HACANCOCHUSIX MO20 Jice PE2UOHA 8 MUNAX 1ecopacmumenviulx yciosui By u Bs. Hx 603-
pacm Ha MomeHm ombopa docmuean om 60 nem 0o 140 nem, a maxcayuoHHvle nOKa3ameny COCMABUIU: 8bICOMA — OM
24 m 0o 70 m; ouamemp — om 24 cm 0o 35 cm. Pasmewenue nocadounvix mecm 010 3 X3 M, cxema cmeuienus KIOHOG
— ps008ast npu UCXOOHOU noemopsiemocmu kaxcoozo opmema 3...12 pamemamu. Ilepsonauanvras niowads cocmasu-
aa 0,4 ea, mun necopacmumenvHbIX YCI08UL HA Hell COOmeemcmeosan kamezopuu B,. Penvegh yuacmka pagHumHblll
¢ cepvimu necHvimu nousamu. On umeem eoepagpuuecxue koopounamol N56°44'18,97" E44°20'49,29", omnecen K paii-
OHY XGOUHO-WUPOKOIUCMBECHHBIX (CMEWaHHblx) ecos esponelickoii uacmu Poccutickoii @edepayuu u xooum 6 30Hy
XGOUHO-ULUPOKOIUCMBEHHbIX Nleco8. Jlecopacmumeinvhble YCI08UsL pe2UOHA 6ROJIHe OIA20NPUsIMHbL OJis RPOU3PACTIAHUSL
u cemenowenus enu egponeiickoil. Coop nepeuyHoll 1eco800CMEEHHOU UHPOPMAYUL OCYUeCMEIEH NOTEEbIM CIAYUO-
HAPHbIM MEemOoOOM Npu CHIOWHOM nepeueme Oepedbed HA GCell NIOWadU apXuéd KIOHO8 C COOMOOeHUeM NPUHYUNa
EOUHCMBEHHO20 JI02UHECKO20 PA3NUYUsl, MURUYHOCMU, NPUSOOHOCTU, HAOEHCHOCMU U Yeneco0OpasHoCmu Onbimd.
Ommeuena HeoOHOPOOHOCHb 8e2eMAMUBHO20 NOMOMCIBA NIIOCOBLIX 0ePesbes el e8PONEUCKOL N0 MAKCAYUOHHBLM
noKazamensiM, KOMopas NPOsIGUILACH KAK HA YPOGHE PA3IUYULL MeCOY ePYRNAMU OOHOUMEHHbIX KIOHO08, MAK U 6 npede-
JaX KadicOOU U3 HUX.

IInocogvie Oepegwbsi enu eBPONEICKOU, NPeOCMABIeHHblE CEOUMU BE2eMAMUSHBIMU NOMOMCMEAMU 8 COCAse 00-
C1e008AHHO20 APXUBA KIOHOB, 8 3HAYUMENbHOU Mepe PA3IULANUCL MeNCOY COOOU NO OCHOBHBIM MAKCAYUOHHBIM NOKA-
samenam. [lo evicome cmeona naubonvuiee cpeonee (19,83+1,14 m), y pamem opmema K-102, npegocxoouno nau-
MeHbuull ananocuunsitl nokazamenv (10,50€1,85 m) y knonog ¢ unoexcom K-100, ¢ 1,88 pasza unu na 9,33 m. O600-
ujerHoe 0/ 8ce20 MAccuea Oanuvlx cpeonee docmueno 14,71+0,34 m npu coomuouieHuu mexncoy adcomomHbLMU npe-
denamu (max = 3 m; min = 3,50 m) kax 6,57 u abconrromuom ouanasone, pastom 19,50 m. Hszmenuusocms npusnaxa,
npu IMOM, COOMEEMCMBE08aNA NOBbIULEHHOMY YposHIo no wikane Mamaesa (Cv = 28,41 %).

Knwuesvie cnosa: env eeponeﬁczcaﬂ, njirocoevle depeebﬂ, KJIOHbL, apxue KJI0OHO06, maKcayuoHHble nokasameiu, u3-
MeHUYUB0CMb, HACIeOCMBEeHHAs 06yC]Z06JZ€HHOCWlb.
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TAXATION INDICATORS OF THE NORWAY SPRUCE PLUS TREES
IN THE CLONE ARCHIVE IN THE NIZHNY NOVGOROD REGION

R. A. Vorobyovl, N.N. Besschetnovaz, V.P. Besschetnovz, A.Yu. Tyutin2

'Ministry of Forestry and Protection of Wildlife of Nizhny Novgorod region
2, Kostina str., Nizhny Novgorod, 603134, Russian Federation
The Nizhny Novgorod State Agricultural Academy
97, Gagarin Av., Nizhny Novgorod, 603107, Russian Federation
E-mail: lesfak@bk.ru

The taxation indicators of clones of the Norway spruce (Picea abies (L.) Karsten) plus trees were studied in the
clone archive No. 3 on the territory of the Semenovsky district forestry of the Nizhny Novgorod region. It was created in
1984 by grafted seedlings at the age of 2 years. The source of the graft was plus trees growing in natural plantings of
the same region in the types of forest growing conditions B, and B;. Their age at the time of selection ranged from
60 years to 140 years, and the taxation indicators were: height — from 24 m to 70 m; diameter — from 24 cm to 35 cm.
The seating arrangement was 3 X3 m, the clone mixing scheme was ordinary with the initial repeatability of each orthet
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by 3...12 ramets. The initial area was 0.4 hectares, the type of forest conditions on it corresponded to category B,. The
terrain of the site is flat with gray forest soils. It has geographical coordinates N56°44'18.97" E44°20'49.29", is
assigned to the area of coniferous-deciduous (mixed) forests of the European part of the Russian Federation and is
included in the zone of coniferous-deciduous forests. The forest growing conditions of the region are quite favorable for
the growth and seed-bearing of Norway spruce. The collection of primary forestry information was carried out by a
stationary field method with a continuous enumeration of trees over the entire area of the clone archive in compliance
with the principle of the only logical difference, typicality, suitability, reliability and expediency of the experiment. The
heterogeneity of the vegetative offspring of the plus trees of the Norway spruce was noted in terms of taxation
indicators, which manifested itself both at the level of differences between groups of the same name clones, and within
each of them. The plus trees of the Norway spruce, represented by their vegetative offspring as part of the examined
clone archive, differed significantly among themselves in terms of the main taxation indicators. In terms of trunk height,
the highest average (19.83+1.14 m), in the frame of the K-102 orthet, exceeded the lowest similar indicator (10.50+1.85
m) in clones with the K-100 index, by 1.88 times or by 9.33 m. The average generalized for the entire data set reached
14.71+0.34 m with the ratio between absolute limits (max = 23 m; min = 3.50 m) both 6.57 and an absolute range
equal to 19.50 m. The variability of the trait, at the same time, corresponded to an increased level on the Mamaev scale

(Cv = 28.41 %).

Keywords: Norway spruce, plus trees, clones, clone archive, taxation indicators, variability, hereditary

conditionality.

INTRODUCTION

One of the vectors set by the Strategy for the Forest
Complex Development of the Russian Federation for the
period up to 2030 is the continuous increase in the re-
source, ecological and recreational potential of domestic
forests, as well as through their selective improvement.
First of all, this applies to the most important forest-
forming species, among which the Norway spruce (Picea
abies (L.) Karsten) occupies one of the central places not
only in the Russian Federation [15; 16; 17; 18; 21], but also
in the countries of central Europe [56], Bulgaria [25], Ro-
mania [26; 55], Sweden [30; 34; 48], Finland [35; 62],
Lithuania [57] and many other European countries [32],
from where it is actively introduced for use in plantation
forestry in Canada [31] and Japan [42]. Possessing a unique
set of useful features and properties, it serves as an object
of diverse research by native [5; 7; 9; 10; 18; 21] and for-
eign [41; 44; 52; 63] scientists for a long period of time.
The most important areas of research are seed production
[61], forest crops [17; 47] and plantations [38; 51], photo-
synthesis, pigment composition and other pine needles
characteristics [4; 5; 15; 21; 42; 43; 46; 54; 60], biotech-
nologies [45] and physiology [6; 14; 27; 28; 40]. A lot of
work has been devoted to identification the breeding poten-
tial of this species, assessment the scale of variability and
prospects for creating forest seed plantations, and formation
reserves of genetic material [12; 29; 36; 37; 59]. As a rep-
resentative of the native flora of the Volga Federal District,
the spruce occupies vast areas in the Nizhny Novgorod
region [1; 2; 4; 8; 10; 18; 19; 22]. Here it is introduced into
the composition of forest crops, protective plantings for
various purposes and structures, and planting of greenery
capable of effectively performing sanitary, aesthetic, deco-
rative, and recreational-balneological functions. However,
there are still few detailed and comprehensive studies of the
available collections of plus trees.

The purpose of the study is to evaluate the hereditary
conditionality of the taxation indicators variability of
Norway spruce trees represented by vegetative offspring
as part of the clone archive on the territory of the
Semenovsky district forestry of the Nizhny Novgorod
region.

MATERIALS AND METHODS

The object of the study was the clones of 21 Norway
spruce trees, centered in the archive of clones No. 3. It
was created in 1984 by grafted seedlings, which were 2
years old at the time of planting. The source of the graft
for their production was the plus trees growing in the
same region in natural plantations formed in the B, and B;
types of forest conditions, and the cleft grafting was per-
formed by specialists of the state autonomous institution
of the Nizhny Novgorod region “Semenovsky specialized
forestry association” (“Semenovsky spetssemleskhoz”).
The taxation indicators of the plus trees varied at the time
of selection: in height — from 24 m to 35 m; in diameter —
from 24 cm to 70 cm, the age of selection from natural
plantings ranged from 60 years to 140 years. The speci-
fied object of the unified genetic breeding complex is
located in forest allotment No. 9 of the forest quarter No.
139 within the boundaries of the Semenovsky district
forestry of the Semenovsky regional Forestry of the Min-
istry of Forestry and Wildlife Protection of the Nizhny
Novgorod region. The area has geographical coordinates
N56.74161° E44.35436°. Its territory, according to the
current forest zoning, is included in the coniferous-
broadleaf (mixed) forests area of the European part of the
Russian Federation (coniferous-broadleaf forests zone),
and according to the forest seed zoning it is included in
the third spruce forest seed area. Climatic and soil condi-
tions are quite favorable for this species for growth and
seed production [1; 2; 19; 22], this is evidenced by the
work on the creation of forest crops [19; 20; 21] and nu-
merous permanent forest seed facilities and a single ge-
netic breeding complex [4; 5; 8; 10; 15; 16]. The design
placement of planting spots on the site was 3%3 m, the
density of the initial planting was 1111 pcs/ha, the clone
mixing scheme was ordinary, with the initial repeatability
of each ortet of 3...12 ramets. The possible volume of
harvesting cuttings of each clone per year (on average) is
100 pcs. The initial area was 0.4 hectares, and the type of
forest conditions on it corresponded to category B,.

At the moment, the herbaceous cover of the clone ar-
chive contains mainly cereal vegetation with an admixture
of strawberries, St. John's wort, oregano and some other
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herbaceous species. The primary forestry information was
collected by the stationary field method, observing the
principle of a single logical difference, as well as the re-
quirements for typicality, suitability, reliability and expe-
diency of the experience. In the course of full-scale taxa-
tion, a complete enumeration of 150 trees was carried out.
The height was measured with a Suunto PM-5/360 PC
altimeter with a scale accuracy of 0.1 m, the diameter at a
height of 1.3 m with a measuring stick with an accuracy
of 1 cm, the diameter of the crown projection in two di-
rections and the distance to the first knot with a measuring
pole with an accuracy of 1 cm. The accumulated experi-
ence of taxation of such objects was taken into account in
the work [13; 23; 24]. Along with morphometric indica-
tors recorded during direct accounting, the work used
derived features, the use of which in forestry and biologi-
cal research of a wide range of species is traditional and
very productive [3; 53]. They are successfully used in
various breeding programs [4; 5; 8], including the study
of various species of spruce [10; 15; 16; 18]. Statistical
data processing was performed according to the current
recommendations [11; 33; 39; 49; 50; 58; 64].

THE RESULTS

AND THEIR DISCUSSION

The plus Norway spruce trees, represented by their
vegetative offspring in the examined clone archive No. 3,
differed significantly in terms of basic taxation indicators
(Fig. 1-5).

A comparison of estimates of one of the main criteria
by which plus trees are traditionally selected from natural
plantings — trunk height — showed that the highest average
(19.83+1.14 m) observed in the ramets of K-102 ortet was
higher than the lowest similar indicator (10.50+1.85 m)
recorded in clones with the K-100 index, by 1.88 times or
by 9.33 m. The average generalized for the entire data set
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(see Fig. 1) reached 14.71+0.34 m with the ratio between
the absolute limits (max = 23 m; min = 3.50 m) as 6.57
and an absolute range of 19.50 m. At the same time, the
variability of the trait corresponded to an increased level
on the Mamaev scale (Cv =28.41%).

Another basic indicator, which is also used for mass
selection of plus trees by phenotype, is the diameter of
their trunk at a height of 1.3 m (see Fig. 2).

This parameter turned out to be less stable (see Fig. 2).
The largest average value (24.20+£1.60 cm) observed in
the K-58 ramets exceeded the corresponding smallest
value (12.50+2.22 cm) observed in the K-57 plus tree
clones by 1.93 times or by 11.7 cm. At the same time, the
average generalized for the entire experimental section
(Total variant) was 17.92+0.57 cm; the ratio between the
absolute limits (max = 38.00 cm; min = 5.00 cm) was
estimated as 7.60 with an absolute range of 33.00 cm. The
variability in the generalized data set reached a high level
on the Mamaev scale (Cv = 39.35%).

An indicator that is largely significant for describing
the general biological state of woody plants — the diame-
ter of the trunk at the root neck — demonstrated approxi-
mately the same level of heterogeneity (see Fig. 3).

Compared to the fundamental similarity with the ratio
of the plus trees average values according to the previous
indicator, the highest estimate of this parameter
(31.83.78+3.35 cm), noted in the ramets of the K-99 ortet,
exceeded the corresponding lower indicator (15.00+£2.38
cm), observed in the clones of the K-57 plus tree, by 2.12
times or by 16.83 cm. The unified average for the entire
data array (Total variant) was 22.10+0.67 cm with the ratio
between the absolute limits (max = 44.0 mm; min = 6.0
cm) as 7.33 and the absolute range equals to 38.0 cm. The
general background of the variability of this indicator was
slightly higher and, as in the previous case, corresponded
to a high level on the Mamaev scale (Cv =37.62 %).

I

Plus trees clones

Fig. 1. The height of the trunk of the plus trees’ clones of the Norway spruce
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Fig. 2. Trunk diameter of Norway spruce clones at a height of 1.3 m
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A visual representation of the trees growth in height
and the preservation of its rthythm during ontogenesis is
provided by information on the magnitude of the axial
distances between the whorls that appeared on the trunk
(see Fig. 4). The highest average value (69.67+24.73 cm)
for this trait was observed in K-99 clones. The lowest
value of the indicator (24.40+10.60 cm) was recorded in
K-56 clones in the same archive. Such estimates created a
difference between them of 45.27 cm or 2.85 times. Com-
pared to this, the average generalized for all experimental
plots (Total variant) acquired a value of 37.57+1.39 cm,
and the ratio between the absolute limits (max = 191 cm;
min = 10.50 cm) was 18.19 with an absolute range of
180.50 cm.

The variability of the studied characteristic was even
higher here and corresponded to a very high level on the
Mamaev scale (Cv =46.01%).

The basic taxation indicator determining the volume
of the trunk of a tree — the cross—sectional area at a height
of 1.3 m - was even more variable (see Fig. 5).

As it was found, the largest average value of this trait
(477.994£65.24 cm?) was observed in the ramets of the
K-58 plus tree, and the smallest area (134.30+45.64 cm?)
was observed in clones with the K-57 index. The esti-
mates obtained during the statistical processing of the
material formed a difference of 343.69 cm? between them,
which created an excess of 3.56 times. The average gen-
eralized for all accounting trees (Total variant) was
290.87+17.40 cm®. Compared to this, the ratio between
the absolute limits (max = 1134.11 cm*; min = 19.63 cm?)
was represented as 56.7 with their range of 1114.48 cm’.
In the estimates for the coefficient of variation
(Cv = 74.22 %), the variability of this taxation indicator
was even higher and corresponded to a very high level on
the Mamaev scale.
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An important technological characteristic of woody
plants, which is of great economic importance, is the
length of the branchless zone of the trunk, which depends
on its natural pruning ability and is determined by the
distance from the soil surface to the first knot (see Fig. 6),
in our case, to the first living one. The variability of this
taxation indicator can also be recognized as one of the
highest (Cv = 72.07%), and in estimates of the coefficient
of variation it corresponds to a very high level of the
Mamaev scale. At the same time, a significantly larger
average (5.40+0.70 m) was recorded for the clones of the
K-96 plus tree, and the smallest area (0.75+0.22 m) was
recorded for the ramets of the K-99 ortet.

The difference in estimates was 4.65 m, or 7.2 times.
The generalized average for all was 2.45+0.14 m. Com-
pared to this, the absolute range of limits (max = 10.00 m;
min = 0.08 m) was 9.92 m with their ratio being 125.0
exactly.

The most informative indicator of the stacked-volume
ratio of the trunk in the taxation is its taper, which was
relatively aligned according to the experimental variants
with some unavoidable differences in the surveyed area
(see Fig. 7).

As it was found, towards this indicated trait, the larg-
est taper (0.159+0.02 cm/m) was typical for the vegetative
offspring of the K-119 plus tree, and the smallest
(0.089+0.01 cm/m) was inherent in the clones of the K-59
plus tree. The difference in estimates was 0.07 cm/m, or
1.78 times. The average generalized for all experimental
variants was 0.12£0.001 cm/m with an absolute limit
range (max = 0.24 cm/m; min = 0.06 cm/m) of 4.04 cm/m
and their ratio equal to 14. According to the coefficient of
variation within the entire data set (Cv = 23.91%), the
variability corresponded to the average level of the scale
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Plus trees clones

Fig. 3. The diameter of the trunk of the plus trees clones of the Norway spruce at the root neck
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Fig. 4. The average distance between the whorls on the trunk of the plus trees clones
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Fig. 5. The cross-sectional area of the trunk at a height of 1.3m
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Fig. 6. The distance from the soil surface to the first knot
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Fig. 7. The taper of the trunk of the spruce trees in the clone archive

Since all the phenotypic differences observed in the ex-
periment appeared on an aligned ecological background
within the borders of a single site with the same schemes of
agrotechnical and forestry care, there are grounds for rec-
ognizing the genotypic features of the plus trees introduced
into the studied clone archive as the causes of their occur-
rence. A one-factor analysis of variance confirmed the exis-
tence of significant differences between them (Table 1).

In the vast majority of cases (13 out of 15), with the
exception of the distance to the first knot (trait 4) and the
coefficient of crown asymmetry (trait 15), the differences
between the plus trees were substantial at the 5% signifi-
cance level: Fischer's calculated criteria exceeded the
thresholds for the experimentally determined number of
degrees of freedom. For traits with confirmed significance
of the differences, they took values from 1.70 (trait 6) to
6.74 (trait 14) with a critical threshold of 1.64 (see
Table 1). This outcome of the stage of variance analysis
made it possible to continue its implementation in terms
of obtaining estimates of the share of the endogenous dif-

22

ferences influence between plus trees on the formation of
the general background of phenotypic variance.

In calculations based on the Plokhinsky’s algorithm,
this effect was more represented (50.35+£7.47%) in terms
of the average crown diameter (trait 14), while its smallest
value (20.38+11.97%) was recorded in terms of the aver-
age distance between the whorls (trait 6).

Sufficiently high scores were obtained for three more
traits — the distance to the first living knot (trait 5); crown
diameter in the N-S direction (trait 12); crown diameter in
the E-W direction (trait 13): 44,46+8,35%; 42,66+8,62%;
43,86+8,44% accordingly.The estimates of the remaining
traits, provided that they were reliable, were placed in the
specified range. The usage of the Snedecor algorithm in
calculations of similar indicators gave a completely com-
parable, though somewhat noticeably smaller, result. In
the analysis variants with confirmed significant differ-
ences between the compared plus trees, the estimates of
the proportion of the interclonal differences influence are
statistically reliable, which is confirmed by the calculated
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values of the reliability indicators of the estimates of the
factor's influence strength (th), which exceeded the cor-
responding tabular values not only by 5 percent, but also
by 1 percent significance level.

Estimates of the differences significance (see the ta-
ble) between the compared vegetative offspring of plus
trees according to the analyzed characteristics made it
possible to set a limit beyond which the actual difference
in average values acquires the status of significant. For
example, in terms of trunk height (trait 1), the K-102 plus
tree by the LSD (least significant difference) estimates at
a 5% significance level showed significant upward devia-
tions from the 17 others included in the considered ar-
chive of clones No. 3.

The ramets of the K-58 and K-52 plus trees had 12
such differences with other elements of the same assort-
ment, the ramets of the K-100 and K-122 plus trees had 9
each, and the ramets of the K-99 plus tree had 7. A num-
ber of other plus trees (K-119, K-56, K-59, K-60, K-55,
K-54, K-53, K-118, K-98), on the contrary, had a signifi-
cant difference with only 3 others in the range under con-
sideration. In the assessment according to the stricter cri-
terion in the Tukey’s test (Dys), these trends remained. A

similar pattern was observed for other taxation indicators
of the studied plants, despite the fact that each of them
had its own specificities in this regard. The majority of
the analyzed traits are characterized by the prevailing (up
to 96.87%) influence of external factors on the general
background formation of the phenotypic variance of the
taxation indicators of the plus trees’ vegetative offspring
introduced into the archive of clones No. 3. It can be
stated that the assortment of the clone archive No. 3, cre-
ated in accordance with current regulations and standards,
is represented by the vegetative offspring of Norway
spruce trees, which significantly differs at the interclonal
level in most of the taxation indicators. Growing together
within the borders of the same plot on an ecological back-
ground aligned according to basic parameters, representa-
tives of clones of different name showed phenotypic het-
erogeneity, the cause of which is largely related to the
specifics of their genotypes. This corresponds to the ideas
about the scale of hereditary conditionality of the taxation
indicators’ phenotypic variance of many coniferous spe-
cies and was confirmed by the results of the variance
analysis.

The significance of the differences between the plus trees clones in terms of taxation indicators"?

Accounting The share of the factor's influence (h’ts,?) Criteria for
zones, traits Fox Plokhinsky Snedecor differences
h’ 45,7 Fy’ h2 +s,” F,’ LSDys Dos

Trait 1 3,80 0,3638 0,0957 3,803 0,2774 0,1087 2,553 3,668 3,705
Trait 2 2,42 0,2672 0,1102 2,424 0,1632 0,1258 1,297 6,639 6,707
Trait 3 2,71 0,2892 0,1069 2,706 0,1894 0,1219 1,553 7,714 7,792
Trait 4 1,61 0,1945 0,1211 1,605 0,0766 0,1389 0,551 16,619 16,787
Trait 5 5,32 0,4446 0,0835 5,323 0,3719 0,0945 3,937 1,448 1,463
Trait 6 1,70 0,2038 0,1197 1,702 0,0877 0,1372 0,639 16,969 17,142
Trait 7 2,27 0,2544 0,1121 2,268 0,1480 0,1281 1,155 205,097 207,179
Trait 8 3,74 0,3597 0,0963 3,736 0,2725 0,1094 2,491 0,025 0,026
Trait 9 4,21 0,3879 0,0920 4,214 0,3056 0,1044 2,927 1,887 1,906
Trait 10 2,78 0,2947 0,1061 2,778 0,1958 0,1209 1,619 0,048 0,048
Trait 11 2,65 0,2849 0,1075 2,650 0,1843 0,1227 1,502 0,411 0,415
Trait 12 4,95 0,4266 0,0862 4,948 0,3509 0,0976 3,595 1,012 1,023
Trait 13 5,20 0,4386 0,0844 5,196 0,3649 0,0955 3,821 0,967 0,976
Trait 14 6,74 0,5035 0,0747 6,743 0,4402 0,0842 5,230 0,841 0,850
Trait 15 0,60 0,0827 0,1379 0,599 —0,0580 0,1591 0,365 0,240 0,242

"ndicators: F., — Fischer's experimental criterion; Fys/Fo; — tabular values of the Fischer criterion at the 5% and 1% significance
levels accordingly — Fosj0; = 1,64 and 2,00; h? — an indicator of the factor's influence strength; +s,2 — an error of the indicator of the
factor's influence strength; F.2 — an indicator of the reliability of the factor's influence strength; LSDys — the least significant differ-
ence at the 5% significance level; Dys — the Tukey’s criterion at the 5% significance level.

Traits: 1) height; 2) diameter of the trunk at the height of 1.3 m; 3) the diameter of the trunk at the root neck; 4) the distance to
the first knot; 5) the distance to the first living knot; 6) the average distance between the whorls; 7) the cross-section area of the trunk
at a height of 1.3 m; 8) the trunk taper; 9) the ratio of the height of the trunk to its diameter at the height of 1.3 m; 10) the index of
tree growth intensity; 11) the volume of the view cylinder; 12) crown diameter in the N-S direction; 13) crown diameter in the E-W
direction; 14) average crown diameter; 15) crown asymmetry coefficient.

CONCLUSION

The plus Norway spruce trees in the clone archive on
the territory of the Semenovsky district forestry of the
Nizhny Novgorod region, represented by vegetative off-
spring that entered the reproductive phase of ontogenesis,
differed visibly in basic taxation indicators: trunk height,

diameter at a height of 1.3 m and at the root neck, taper,
and also in relation to the height of the trunk to the area of
its cross-section, which acts as an indicator of the inten-
sity of tree growth. The recorded phenotypic differences
between the examined clones of plus trees appeared on
the aligned ecological background, within the borders of
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the same plot under the same forest growing conditions
and general patterns of agrotechnical and forestry care,
which may serve as a basis for recognizing the hereditary
nature of the established variability. The analysis of vari-
ance confirmed the hereditary conditionality of the pheno-
typic manifestations of the taxation indicators of the Nor-
way spruce trees’ vegetative offspring.
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OCOBEHHOCTH ®OPMHUPOBAHUS IIPUPOJIOMO0JIb30BAHUS BOPEAJIBHOM 30HbBI
NPUEHUCENCKON CUBUPU

B. A. Bespyknx', E. B. Apneesa’, H. A. JIuraepa’, O. A. Kysuenosa’, A. A. Koporkos’

leaCHOﬂpCKI/lﬂ rocy/apCTBEeHHbII nenarornueckuii yausepcuret um. B. I1. Acradbresa
Poccuiickas deaeparnus, 660049, r. KpacHosipek, yi. A. Jlebenesoid, 89
*CubupcKuii rocy1apCTBEHHBINH YHHBEPCUTET HAYKH M TEXHOJNOTHi MMEHH aKkajeMuka M. @. PemerHesa
Poccuiickas @eneparms, 660037, r. KpacHosipck, npoct. uM. razetsl «KpacHosipckuit pabounii», 31
E-mail: e.v.avdeeva@gmail.com
*Cubupuckuii peaepanbHblii yHHBEPCHTET
Poccuiickas ®enepanms, 660099, r. KpacHospck, npocn. CBoboaHEIH, 79

H3zyuenue 6onpocog npupo0dononvb308anus Oblio U 0CMAemcs 0OHOU U3 OCHOBHBIX 3a0ay COBPEMEHHOU 2e02paghuil.
B Ipuenuceiicxoii Cubupu, npomsnysuteticsi ¢ cegepa Ha 102 Ha 30°, popmupyromes paznoobpasuie ranouiagpmel om
MYHOPbL, 1eCOMYHOPbL 00 ecocmenetl, cmenell U 20pHbIX 1ecos. B cmambe daemcst xapakxmepucmuka hpaxkmopog ¢op-
MUPOBAHUSL U DYHKYUOHUPOBAHUSL NPUPOOONONb3068anus Ha meppumopuu Cubupu. Paccmampueaiomes éonpocel 63au-
Mooeticmausi npupoobl U 00WEeCmaa, 6IUsHUe HA He20 0esimelbHOCMU Y4ell08eKd, KOMopas CeA3aHa ¢ IKCHIyamayueti
NPUPOOHO-PECYPCHO20 NOMEHYUANA MEPPUMOPUU PESUOHA, €20 OXPAHAIOM U BOCTPOUIBOOCHEA NPUPOOHBIX PeCypCos.
IIpupooononvzosanue paccmampugaemcs 8 WUPOKOM U Y3KOM CMbICIIe, 2080PUNICA O PAKMOPAx dIKOHOMUYECKO20 pa3-
BUMUS 80 BPEMsL NEPex00d K PbIHOYHOU IKOHOMUKE, AHATUSUPYIOMCS BONPOCHL 0eMozpaduu, cmpyKmypa HacereHus,
ucmopuueckue u 9KON0SUYECKUe (PAaKmopuvl, a Maxice NPOMbIUIEHHbIE U CEeNbCKOXO3SUCMEEHHbIE NPOU3EOOCMEA.
Aemopamu paccmampuaemcst pe2uOHaIbHOe RPUPOOONOLb308AHIUE, MO eChlb KOHKPEMMbIIL NPOYEcc 83auMo0eticmeusl,
IKOHOMUKU U HACENeHUs OAHHO20 PE2UOHA ¢ NPUPOOHBIMU (hakmopamu ceoetl cpedvl obumanusi. Pecuonarvnoe npupo-
00nob306anUe Kaxk cucmema opmupyemcs u QYHKYUOHUpYIom noo 6030eticmeuem 6HYmMpeHHUX U GHEWHUX (aKkmo-
pos. K eHeuwnum omHoCImest 2e0n0IUMUYecKoe NOJ0JCEHUE U3YUAeMO20 Pe2UOHA — HATUYUE GHEUHUX 2DAHUY, CESI3U —
ucmopuueckue IKOHOMUYECKUe, U Opyeue ¢ CONpedeibHbiMU 20CY0apcmeamu, U meppumoputl, He UMelouux oouux
C PE2UOHOM 2PAHUY, a MAKICEe MECMO PecUOHA 60 HYMPULOCYOAPCMBEEHHOM pasderenuu mpyoa. K enympennum ¢ax-
mopam  Gopmuposanus U @DYHKYUOHUPOBAHUE PESUOHANLHOU CUCEMbL  OMHOCAMCS  NPUPOOHbIE COYUATLHO-
IKOHOMUYECKUE UCHOPUYECKUe HAYUOHATbHbIE YMHUYECKUe Komopwvle oud@epenyupyiom omoenvHvle meppumopuu
pezuona.llpusedennviti ananu3 nPUpPOOONOIL30BAHUS NO360IUL BbIAGUMb OCOOEHHOCMU MO20, YMO OCHOBY PA36UMUs
COBPEMENHOU IKOHOMUKU COCMABIAIOM NPOYECcyl 83auUMOOeicmeus npupoosl U obuecmed, Komopule, 0Cyujecmes-
I0Mcs 8 npoyecce pecUOHATbHOZO NPUPOOONONb30BAHUS XAPAKMEPUSYIOWUECS CAeOYIOWUMY YepMAaMU: NPUpoOHO-
UCTOPUYECKOE eOUHCIBO U/UNU YeTOCMHOCMb, UHOUBUOYATILHOCHLb, NPUGHECEHHOCTb 8030€UCTEUSL.

Knrwouegvie cnoea: npupooononvsosanue, 00bekm, uepmol U Gakmopvl GopMuposanusl, pecuoHalbHas cucmema,
IKON02USA, NPUPOOHBLE PECYPChL, (PYHKYUOHUPOBAHUE PeCUOHANBHOU CUCTNEMbL, YPOAHUZAYUL.
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FEATURES OF NATURAL MANAGEMENT IN THE BOREAL ZONE
OF THE YENISEI SIBERIA

V. A. Bezrukikh', E. V. Avdeeva’, N. A. Ligaeva®, O. A. Kuznetsova®, A. A. Korotkov’

'Krasnoyarsk State Pedagogical University named after V. P. Astafyev
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The study of nature management issues has been and remains one of the main tasks of modern geography. In the
Yenisei Siberia, stretching from north to south for 30° various landscapes are formed from tundra, forest-tundra to
forest-steppes, steppes and mountain forests. The article characterizes the factors of formation and functioning of
nature management in Siberia. The issues of interaction between nature and society, the impact on it of human activity,
which is associated with the exploitation of the natural resource potential of the territory of the region, its protection
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and the reproduction of natural resources are considered. Nature management is studied in a broad and narrow sense,
it points the factors of economic development during the transition to the market economy, analyzes demographic
issues, population structure, historical and environmental factors, as well as industrial and agricultural production.
The authors consider regional nature management, that is, a specific process of interaction between the economy and
the population of a given region with the natural factors of the habitat. Regional nature management as a system is
formed and functions under the influence of internal and external factors. The external ones include the geopolitical
position of the region under study, the presence of external borders, historical and economic ties with certain states,
and territories that do not have common borders with the region, as well as the place of the region in the intrastate
division of labor. The internal factors of the formation and functioning of the regional system include natural, socio-
economic, historical, national and ethnic factors that differentiate individual territories of the region. The above
analysis of nature management made it possible to identify the features of the fact that the basis for the development of
the modern economy is the processes of interaction between nature and society, which are carried out in the process of
regional nature management and are characterized by the following features: natural-historical unity and/or integrity,

individuality, implication of influence.

Keywords: nature management, object, features and factors of formation, regional system, ecology, natural

resources, functioning of the regional system, urbanization.

The issues of interaction between nature and society
have been in the centre of attention of scientists from dif-
ferent fields of knowledge since ancient times: from gen-
eral theoretical problems of the universe (dialectics and
cause-and-effect relations) and social development to
narrow issues of interaction of individual components of
the natural environment or the impact of different indus-
tries and activities on natural complexes, individual com-
ponents of interaction. However, nature management as
an independent scientific discipline was formed only in
the second half of the XX century. The theoretical foun-
dations were formulated by Yu.N.Kurazhkovsky, he saw
the main tasks of this discipline in ‘the development of
general principles of any activity related either to the di-
rect use of nature and its resources, or with changing im-
pacts on it’ [7].

The study of nature management has been and re-
mains one of the main tasks of modern geography. Ac-
cording to some scientists, ‘nature management is a spe-
cial-geographical, i.e., geographically bound, aspect of
the interaction between nature, society and economy,
forming the distribution of population on the Earth, its
settlement (ekistics), the main life-support systems, regu-
larities and evolution of the so-called territorial communi-
ties of people’ [4]. It represents a special sphere of human
activity, reflects the relationship between the economy,
settlement, production and social infrastructure and the
natural environment. V.S.Preobrazhensky [11] believes
that nature management is a process of interaction be-
tween man (society) and the natural environment or a
sphere of activity aimed at the integrated solution of three
main tasks: resource supply, preservation of people's liv-
ing environment, and protection of natural diversity.
Other scientist S.B.Potakhin, [10] consider nature man-
agement more narrowly, as a process of human consump-
tion of natural (landscape) potential of the territory. Cur-
rently, two directions interact in nature management:
1) resource use — use, development, reproduction, im-
provement of natural resources; 2) protection of the envi-
ronment and natural systems, i.e. preservation and im-
provement of environmental quality, protection of the
gene pool, wealth and diversity of nature.

The authors believe that nature management is an ac-
tively developing sphere of human activity associated
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with the exploitation of natural resource potential of the
region's territory, its protection and reproduction of natu-
ral resources. It should be noted that nature management
from the position of determining its role and place in the
process of social reproduction refers to both the sphere of
material production and the infrastructure of production
and social purposes, for the purposes of satisfying envi-
ronmental, material and cultural needs of society. In for-
eign literature ‘nature management’, denoted by the term
‘land use’ is nowadays more and more often explained as
‘nature management’. Natural resource use is the process
of utilisation of natural resources by society for a given
historical moment.

In the definition of the term by Yu.N. Kurazhkovsky
*...the tasks of nature management as a science are summed
up to the development of general principles for the carry-
ing out of all activities related either to the direct use of
nature and its resources, or with changing its effects, the
ultimate goal of this development is to provide a unified
approach to nature as a universal basis of labour’ [7].

The object of nature management as a science is a
complex of relationships connecting natural resources,
living conditions of society and its socio-economic devel-
opment. The subject of nature management can be con-
sidered the optimisation of these relations, the desire to
preserve them and reproduction of living environment
[12]. At present, nature management is at the stage of its
development, when ‘qualitatively new tendencies in the
relationship between social production and the environ-
ment are manifested. Nature protection becomes a neces-
sary, but not sufficient condition for the harmonious de-
velopment of nature’. We need a wide range reproduction
of natural goods in the practice of nature management,
i.e., purposeful activity to maintain or increase the eco-
logical or natural potential of the environment [8].

Nature management is considered in a broad and nar-
row sense of the word. We will not consider in detail the
category of ‘nature management’ as a system-wide sphere
of activity, the conceptual apparatus of which is complex.
The understanding of this definition depends on the field
of interest of the researcher and the object of specific
study. The authors consider regional nature management,
i.e. a specific process of interaction of the economy and
population of a given region with natural factors of its
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environment. Therefore, the main features of regional
nature management are highlighted:

— every regional system, when developing, is affected
by the natural-historical unity as an integrity; region as a
result of the evolution of the natural environment of the
territory and the population living on it, undergoes a
number of changes, due to natural-economic and national-
ethnic reasons;

— individuality — each region is individual by its
physical and geographical characteristics (a region is a
group of natural complexes characterised by a certain
range of natural components (conditions and resources)
and the nature of their use, treatment, reproduction, and
by the level of socio-economic development and national-
ethnic peculiarities of formation and development;

— bringing in the impact of regional systems of higher
rank and neighbouring regions, material and informa-
tional transboundary transfers. The nature of the impact
can be very diverse: economic, environmental, national-
ethnic and political, etc. [5]. B.M. Ishmuratov and his
authors speak about the regional character of nature man-
agement [4]. They define regional nature management as
‘a set of algorithms (or stereotypes) of use as reproduction
of natural and socio-economic resources, united by be-
longing to a particular territory, serving as the basis for
the formation of local communities of people, including
the formation, development and reproduction of ethnic
groups or nationalities [4].

Regional nature management as a system is formed
and functions under the influence of internal and external
factors. External factors include the geopolitical position
of the region under study: the presence of external bor-
ders, historical economic and other ties with neighbouring
countries and territories that do not share common borders
with the region, as well as the region's place in the inter-
nal division of labour.

The internal factors of formation and functioning of
the regional system include natural, socio-economic, his-
torical, national, ethnic factors that differentiate separate
territories of the region. These factors have a system-
forming and structuring character. Their role changes in
time and space. For example, natural factors in the past
and present had a important system-forming significance,
while their role in different periods of economic devel-
opment of different industries is not the same. The highest
role of natural factors is in the sectors related to the natu-
ral environment (natural resource and landscape use in-
dustries). This role has both direct and indirect character.
The direct impact of natural factors involves the extrac-
tion of natural resources and their use in economic turn-
over. Indirect or secondary impact of natural factors is
carried out either through the use of certain phenomena or
natural forces in technological chains without their direct
consumption, or through the pollution of natural envi-
ronments by the discharge (emission) of harmful sub-
stances and unprocessed wastes. The importance of natu-
ral factors also depends on the level of development of
productive forces in a particular region, on the nature and
intensity of impact (extensive or intensive type) on the
environment.

Economic factors of formation and functioning of the
regional system and its individual subsystems are also

determined by the level and focus of economic develop-
ment; territorial and industrial structure of production and
infrastructural arrangement of the territory; degree and
kind of development, urbanisation of the region; provision
with natural, economic, labour, intellectual and other re-
sources. Economic factors have diverse and intensive
action. The role of these factors is different at each stage
of development of productive forces and production rela-
tions and depends on time priorities and targets. At pre-
sent, the most significant economic factors for the major-
ity of Russian regions include the existing territorial and
industrial structure of the economic complex, the possi-
bilities of its adaptation to the market economy or diversi-
fication, taking into account the previously accumulated
material, intellectual, economic and social potential.

One of the most important factors of economic devel-
opment during the transition to a market economy is the
formation of modern market infrastructure, which has a
complex character. Its formation is aimed at the creation
of modern transport and information communications,
engineering and technical arrangement of the territory,
creation of a network of financial institutions. An impor-
tant place in the system of market infrastructure is given
to the creation of a network from organisations engaged
in the provision of marketing services to domestic and
foreign producers, providing material and technical sup-
ply and management of markets for manufactured prod-
ucts [1].

Social factors in the functioning of the regional system
include various indicators of demographic development:
the sex and age structure of the population; the ratio of
births and deaths, including by age, with the separation of
child mortality and mortality of persons of working age
for various reasons from different categories of diseases,
including those of a social nature. Social factors also in-
clude indicators of the availability and quality of labour
resources: the number of persons of working age and the
economic workload on them, which takes into account
how many persons there are younger and older than work-
ing age per worker, and the social and qualification struc-
ture of the population. An important differentiating role
is played by the national-ethnic structure of the population
and peculiarities of settlement of the territory, which in-
fluence the subsequent character of the region's develop-
ment — national priorities of lifestyle, activities, etc. Pa-
rameters reflecting the development of social infrastruc-
ture: the availability of social and cultural facilities, con-
sumer demand for services of this kind, territorial aspects
of the location of infrastructure facilities are also consid-
ered the social factors of public development. At the same
time, it should be noted that while there is a certain
growth in the development of market infrastructure, in-
cluding production, information and financial services,
and the provision of services for the sale of products in
modern Russia, the market of social services is in an even
deeper crisis than the economy as a whole.

Historical factors are important at the stage of forma-
tion and functioning of regional systems. They character-
ise the current economic development and settlement of
the territory. At the same time, the role of certain factors
is not the same at different stages of historical develop-
ment of the territory [3; 6].
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Ecological factors in the formation of regional sys-
tems are mainly associated with the identification and the
need to take into account the parameters characterising
the ecological capacity [2; 9] or, in another version, the
carrying capacity of the territory. This indicator is con-
stantly identified with the self-purifying capacity of the
territory, which in our opinion is not legitimate, since the
latter is determined by the ability of the territory to restore
or reproduce itself, its physical and consumer properties.
Ecological capacity or carrying capacity of the territory is
a category of a higher order, allowing to determine what
anthropogenic load the given territory is able to with-
stand, to process without its qualitative change. To deter-
mine the numerical value of the amount of ecological
capacity N.B. Popova proposed the category of ‘ecologi-
cal technocapacity, which is the maximum technogenic
load, numerically not exceeding the variation of compo-
nents of the natural environment in natural conditions and
functioning’ and the algorithm for its determination on the
basis of the energy approach [9]. All the above-mentioned
environmental parameters are determined by the natural
component of the territory, by its individual combination
of natural conditions and resources. Environmental fac-
tors also include the indicators of regional development
related to the location of environmentally intensive indus-
tries, the effects of population concentration, summation
and synergy of various types of pollution, and this is al-
ready the result of economic, introduced impact on the
environment.

Regional nature management is effective if its func-
tioning results in maximum efficiency at economically
and environmentally acceptable costs. As a criterion of
economic acceptability of costs it is proposed to consider
the outstripping rates of growth of production volumes
against the rates of growth of resource costs for its pro-
duction. The criteria of ecological acceptability of costs
for the implementation of measures related to the use of
natural resources differ depending on the reproducibility
of any resource involved in the turnover, as well as the
possibility of using secondary raw materials. For repro-
ducible natural resources, such an indicator can be the
ratio of the rate of their use and reproduction, for non-
reproducible ones, that is the ratio of the rate of extraction
of natural resources and production of finished products
from them. Regional nature management consists of sepa-
rate subsystems. Agrarian and industrial nature manage-
ment, forest and water management are the most com-
mon, typical for all regional systems. The role of these
subsystems changes in different regional systems depend-
ing on the combination of natural-ecological and socio-
economic conditions of their development.

CONCLUSIONS

The given analysis of nature management has allowed
to reveal that the processes of interaction between nature
and society are the basis for the development of modern
economy. This interaction is carried out in the process of
regional nature management and characterised by the fol-

lowing features: natural-historical unity and/or integrity;
individuality; brought impact. Territorial type of nature
management is spatial and temporal differentiation of
regional systems to ensure economically efficient and
ecological development. Running of regional nature man-
agement systems is ensured by their internal properties
and adaptation to changing natural-ecological and socio-
economic conditions.
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M3YYEHHME NPONECCOB POCTA SAAICEHSI MAHBYYKPCKOI'O
11O MATEPUAJIAM I'OCYJAPCTBEHHOUN UHBEHTAPU3AIIUU JIECOB

H. B. BoiBoanes

Tuxo0oKeaHCKUI IrOCyJapCTBEHHbII YHUBEPCUTET
Poccuiickas ®enepanns, 680035, Xabaporck, yiu. Tuxookeanckas, 136
JlanbHEBOCTOUHBIN HAyUYHO-UCCIIEA0BATENbCKIUI HHCTUTYT JIECHOTO X03siicTBa
Poccuiickas denepanus, 680020, Xabaporck, yii. Bonodyaesckas, 71

XeotiHo-wupokoaucmeennvle aeca 6 102cHol yacmu Jlanvheco Bocmoka — yHUKAIbHASL KOJIEKYUsl OPE8eCHbIX NOpPoo,
OCMABWIAACS HAM C MPEMUYHO20 nepuodd. 30ecs npouspacmem MHONCECMB0 PeOKUx cemeicms, pooos, 6udos. SApkum
npeocmagumenem cemeticmeéa Macnunosvie (Oleaceae Hoffmgg.et Link) ssnsemcs poo scenv (Fraxinus L). Poo
npeocmaenen scenem manvudcypckum (F. mandshurica Rupr.). B ecmecmgeHHbIX yciousx obpasyem uibMoso-
sicenesvie, A UHO20A siceHesble ypembl. Hcenb MAHbYICYPCKULL pacmenm 6 coCmage X8OUHO-UUUPOKOTUCTBEHHBIX 1ECO8,
ecmpeuaemcs Kak 0OUHOYHBIMU IK3eMIAAPAMU, MaK U Hebonvuumu epynnamu. OOHOU NOPOObI HACANHCOeHUS He 00pa-
3yem. B nexomopuix evioenax e2o doisi mosicem docmueamsv 40 % om obwjeco 3anaca nacasicoenus. Makcumanvhviil
so3pacm omoenvhbix 0epesved docmuzaem 200 u 6onee nem, gvicoma — 25—30 m, ouamemp — oo 1,0 m. Cmeonvt nps-
Mble, NOTHOOPeBeCHble, KPOHA adCypHasl, Kopa 2naokas. Tpebosamenen Kk niodopoduio nous. Ha xopouio openuposan-
HbIX NOYBAX NOKA3bI8AEM 8bICOKYIO CKOPOCHb POCMA, OCOOEHHO 8 MOJOOOM 803pACME.

Kaxk cneocmsue, xonuuecmeennas cnenocms 8 Hacasxicoenuu nacmynaem 6 40 jemmnem 6o3pacme, MexHUYECKds — 6
80 nem. Obnadaem 6bICOKOU 3UMOCMOUKOCHbIO, YMO 0becnedugaem emy NpeuMymecmsd no CPAGHEHUI0 ¢ OpyeumMu
nopoodamu npu iecopasgedenul 8 cegepublx patoHax. [exopamugen, nepeHocum o6pesKy KpoHbl 8 20pOOCKUX NOcao-
kax. Hopmamuenas 6asza, cocmasnennas Onsi 9moti nopoovl, Karouaem madauysbl xo0a pocma, 00vemHble, COPMuU-
Menmuvle u mosapuvie madauyvl. Tabauywvl x00a pocma, cocmasienvl 0 mpex munos iecd U XapaKxmepusylom OuHa-
MUKY maKcayuoHHuix noxkazameneu ¢ unmepsaie 10—100 nem. B nacmoswel cmamve no Mmamepuanam 20cyoapcmseet-
HOU UHBEHMAPU3aYULL 1eCo8 OblLId NOCMPOEHA MAbIUYya x00a pocma Oist SICeHsE MAHbYICYPCKO20. DKCNEPUMEHMATb-
HbIM Mamepuanom nocayxcunu 121 moodenvroe depeso acens manvudxicypckoeo. CpedHue 3HAYeHUs 8blcom, OUamempos
U 3anacos blPaGHEHbL C NOMOWbIO NApabobl 2-20 nopadka. B mabauye xoda pocma paccuumana OUHAMUKA CPEOHUX
3HAYEHUU MAKCAYUOHHBIX NOKA3AMeNell: GbLCOMbL, OUAMempad U HAIUYHO20 3anacd.

Onpeodenen 6bix00 KPYRHOU NAOC cpednell 0en10601 opesecunvl. 110 amum OaHHbIM YCMAHOBIEH 603PACH KOIUYECH -
6EHHOU U MEXHUYECKOU cnerocmell jiecd. Yuumoieas avlcokue npoOyKYUOHHble XapaKmepucmuki sICeHs MaHbYiCypCKo-
20, pazpaboOmManHbIll HOPMAMUE MOJICHO CHUMAMb OONOTHEHUEM K UMEIOWelcs: HOpMAMUGHOU base, Ymo 8diCHO npu
UHMEHCUDUKAYUY TeCOXOZAUCMBEHHO20 NPOU3B0OCMEA 8 pecuore. Tabauyy MOHCHO UCNOIB3068aMb OIS OYEHKU U NPO-
2HO3a 3aNACO8 OPeBECUHbl 8 HACAICOEHUSX C YYACMUEM SCEHSI MAHLYIICYPCKOZO.

Knrwouegvle cnosa: acenvb Manbydicypckuil, mabauya xooa pocma, CMEWanHoe Hacaxcoenue, CpeoHull npupocm, Ko-
JUYECBEHHAs U MEeXHUYECKAs CReoCU.

Conifers of the boreal area. 2024, Vol. XLII, No. 7 (special), P. 31-36

STUDY OF THE GROWTH PROCESSES OF THE MANCHURIAN ASH TREE BASED
ON THE MATERIALS OF THE STATE FOREST INVENTORY

N. V. Vyvodtsev

Pacific State University
136, Pacific Str., Khabarovsk, 680035, Russian Federation
Far Eastern Forestry Research Institute
71, Volochaevskaya St., Khabarovsk, 680020, Russian Federation

Coniferous-deciduous forests in the southern part of the Far East are a unique collection of tree species left to us
from the tertiary period. Many families, genera and species grow here. A prominent representative of the Olive family
(Oleaceae Hoffmgg.et Link) is a genus of ash (Fraxinus L). The genus is represented by Manchurian ash (F. mand-
shurica Rupr.). In natural conditions, it forms ilmovo-ash, and sometimes ash uremes. Manchurian ash grows as part of
coniferous-deciduous forests, occurs both in single specimens and in small groups. It does not form one type of plant-
ings. In some allotments, its share can reach 40 % of the total stock of planting. The maximum age of individual trees
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reaches 200 years or more, height is 25-30 m, diameter is up to 1.0 m. The trunks are straight, full-timbered, the crown
is openwork, the bark is smooth. It requires fertile soils. On well-drained soils, it shows a high growth rate, especially
at a young age.

As a consequence, quantitative ripeness in the planting occurs at the age of 40, technical one occurs at 80 years.
1t has a high winter hardiness, which provides it with advantages over other species in afforestation in northern areas.
1t is ornamental and tolerant of crown pruning in urban plantings. The regulatory framework compiled for this species
includes growth progress tables, volumetric, assortment and commodity tables. Growth progress tables are compiled
for three types of forests and characterize the dynamics of taxation indicators between 10 and 100 years. In this article,
based on the materials of the state forest inventory, a growth progress table for Manchurian ash was constructed. The
experimental material included 121 model Manchurian ash trees. The average values of heights, diameters and re-
serves are equalized using a parabola of the 2nd order. The dynamics of the average values of taxation indicators is
calculated in the growth progress table: height, diameter and available stock.

The output of large plus medium-sized business timber has been determined. According to these data, the age of
quantitative and technical ripeness of the forest has been established. The listed indicators reflect the dynamics of the
average data for this forest-forming species. The accuracy of determining the stock is not less than 5%. Taking into
account the high production characteristics of Manchurian ash, the developed standard can be considered an addition
to the existing regulatory framework, which is important for the intensification of forestry production in the region. The
developed tables can be used to assess and forecast wood stocks in plantings with the participation of Manchurian ash.

Keywords: Manchurian ash, growth progress table, mixed planting, average growth, quantitative and technical
ripeness.

RELEVANCE OF THE ISSUE

The ash genus (Fraxinus L.) belongs to the Oleaceae
family (Oleaceae Hoffmgg.et Link). These are large de-
ciduous trees reaching heights of 25-30 m and diameters
of up to I m [1]. In the Russian Far East, the Manchurian
ash (F. mandshurica Rupr.) (Fig. 1) is widely distributed.
This species has been well studied. Growth progress ta-
bles for three forest types have been developed for modal
stands of Manchurian ash [11]. These are included in a
regional reference guide [10] but are not part of the tables

or models for growth dynamics and productivity of the
main forest-forming species of Northern Eurasia [12]. The
study focuses on the growth characteristics of Manchurian
ash in mixed coniferous-deciduous forests of the Primor-
sky region, where its share exceeds 40 % in some areas
[6].

Results show that high productivity is achieved in
stands containing Manchurian ash, Korean pine, Ayansky
spruce, and white fir.
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Fig. 1. Distribution of Ash Species
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Manchurian ash is prevalent in the Primorsky and
Khabarovsk regions, less common in the Amur region,
and found on Sakhalin and Kunashir Islands [1; 14]. It
grows in deciduous and mixed forests, not forming pure
stands. Along with Maximovich poplar and Japanese elm,
it forms elm-ash (urema) forests. The species can be
found on slopes up to 700-800 m above sea level. It has a
well-developed root system that provides wind resistance.
When included in coniferous stands, it protects against
windthrow [1]. The tree prefers fertile, moist soils and
thrives on deep, well-drained alluvial soils underlain by
sandy-gravel layers. It lives for over 200 years. Its crown
is delicate, initially elongated-oval but becoming broad-
rounded with age. The bark is gray or brownish, cracked,
and 3-5 cm thick. The leaves are opposite, compound,
and odd-pinnate. The flowers lack a perianth, and the
fruits are single-seeded, oblong-elliptical samaras. It be-
gins fruiting at 25-30 years [14]. Manchurian ash grows
quickly, with young trees reaching a height increment of 1
meter per year under favorable conditions. Its wood is
tough, hard, and attractive in texture and color. It is used
in shipbuilding, mechanical engineering, construction (for
interior finishing), furniture production, veneer, and ply-
wood. The wood is in demand both domestically and in-
ternationally, making the species highly promising for
forestry and processing. The aim of this study was to
analyze the growth patterns of Manchurian ash in the Pri-
amurye -Primorye coniferous-deciduous forest region
based on national forest inventory data (NFI) and to de-

Table 1

Distribution of Manchurian ash trees by age and thickness steps

velop a generalized growth progress table to determine
the age of technical maturity

MATERIALS AND METHODS

The experimental material consisted of 75 permanent
sample plots established in various strata during the state
forest inventory in the Priamurye -Primorye coniferous-
deciduous forest region [8]. The quantitative and qualita-
tive indicators of Manchurian ash formation in the forest
region were characterized by a sample of 121 Manchurian
ash trees (Table 1). Since the plots were randomly lo-
cated, the sample can be used to develop various forest
taxation standards: growth tables, volume scaling rules,
and standard tables of cross-sectional areas and stocks.

The use of model trees was based on their representa-
tion of a statistically significant part of the general popu-
lation, which provides the necessary data for the entire
population through measurements. The sample plots were
selected based on the following criteria:

— Representativeness (ability to reflect the general
population);

— Randomness (equal probability of selection for
each object in the general population);

— Sufficient volume to ensure statistically significant
results.

The accuracy criterion for forest accounting is the de-
termination of total wood stock with an error margin of
3 %. For the Priamurye -Primorye coniferous-deciduous
forest region, this margin was accepted as 3 %.

Thick- Age, years

ness Total

steps 20| 30 [ 40 [ 50| 60 | 70 | 80 [ 90 [ 100 [ 110 [ 120 [ 130 | 140 | 150 [ 160 | 170 | 180 | 190
8 3 2 5
12 1 1 2
16 3 3 1 2 9
20 1 1 2 1 6 2] 3 1 17
24 1 3152 3 1 1 16
28 1| 4 6 6 1 18
32 1|21 2 5 11
36 1 6 6 13
40 1 1 6 3 2 13
44 1 1 7 1 10
48 2 1 3
52 1 1
56 1 1
60 1 1
64 1 1

3 5 5 5 2 [10]10]13 ] 15 19 | 24 4 2 0 2 0 1 1 121

The sample covered an age range of 20190 years,
with an age variation within one thickness step reaching
90 years. SFI plots with continuous Manchurian ash cov-
erage were not recorded, although small pure stands are
found in river valleys [1].

The analytical review of the results of the NFI of the
first inventory cycle for the forest area, prepared by FSBI
Roslesinforg, provides a summary table reflecting the
dynamics of average stocks of all tree species, including

Manchurian ash. The dynamics were determined with 3%
accuracy. These values serve as an average stock line for
Manchurian ash stands in the Priamurye -Primorye conif-
erous-deciduous forest region. In order to determine the
age changes of business timber, stocks were analytically
levelled using a parabola of the 2™ row, then commodi-
tized using local commodity tables [10] to determine the
age of technical maturity [7]. In the final version, the
growth progress table reflected the dynamics of heights,
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diameters and stocks. The latter is differentiated by the
categories of business timber size. Calculation of Man-
churian ash tree trunk volumes in bark and without bark
when adjusting the volume discharge scale was carried out
using regression equations, which are available in the
handbook for forest inventory in the Far East [10]:

Vib. =83 x 10°dh + 310 x 10d’h;
Vw.b.=0,5 x 10 °DH + 281 x 10 'D°H,

M
2

where Vib. — volume of Manchurian ash tree trunk in bark,
M* Vw.b. — trunk volume of Manchurian ash tree without
bark m3; d — tree diameter, cm; h — step height, m.

When calculating other taxation indices, we used well-
known formulae contained in the textbook of
N.P. Anuchin [2].

RESEARCH RESULTS

The methodology of constructing growth progress ta-
bles for individual trees is tested on several tree species
that are represented in the plantations as companion spe-
cies [3-5; 15]. The theoretical basis for this methodological
approach was the fact that a model tree grown in a forest
environment was formed under the influence of many
factors, but the determining factor was the intercenotic
relations of trees of different tree species, their mutual
influence on each other, which is subject to a certain regu-
larity transmitted through the thinning constant [9; 13].

The mathematical expression of the thinning constant
is the product of the number of stems by the average di-
ameter to the degree of 1.5. Its biological meaning lies in
the compensatory ability of the remaining trees to produce
woody mass. The average value of the thinning constant

25

determined by three tables of ash stands growth progress
[11] is 86,000, or 8.6m” per tree.

The average values of heights and diameters calculated
from the model trees are described by a parabola of the
2nd order (Fig. 2):

=—0,189A%+3,86A +2,5, R*=0.88:;
=-0,025H>+2,38H- 7,7, R*=0,67,

)
4)

where H — height of the tree, m; D — diameter of the tree at a
height of 1.3m, cm; A — age of the tree reduced by 10 times,
years.

It should also be noted that the trees were randomly
sampled, which excludes systematic error when describ-
ing age-related changes in taxation indices.

A similar equation describes the dependence of the
stock on the age of Manchurian ash stands (Fig. 3):

y =-0,755x> + 33,92x — 24, R*= 0,97, (5)
where y — stock per 1 ha, m®; x — age reduced by 10 times,
years.

The height, diameter and available stock were summa-
rised in the growth progress table (Table 2).

The available stock in the growth progress table was
standardised according to the commodity tables [10]. For
each age class, the dynamics of the average growth of
large plus medium-sized business timber in percentage
and absolute values was determined, and the age of the
onset of quantitative and technical maturity was deter-
mined using these data.
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Table 3

Results of stock comparison with known analogues [11]

Age, Ash-alm urema Sedge-grass Swamp ash tree

years Aav, m>/ha Mt Mdt Decl. Aav, m’/ha Mt Mdt Decl. Aav, m’/ha Mt Mdt Decl.

% % %
10 0,4 40 9 78 2,0 20 9 55 1,4 14 9 -35
20 3.8 76 41 —46 2.4 48 41 -15 1,8 35 41 +15
30 34 101 71 =30 2,9 88 71 -19 1,9 56 71 +21
40 2,9 117 99 -14 33 131 99 24 1,8 72 99 +27
50 2,6 129 127 -2 32 162 127 =22 1,7 87 127 +31
60 2,4 141 152 +7 32 190 152 =20 1,7 101 152 +34
70 2,2 153 177 +14 3,1 215 177 -18 1,6 115 177 +35
80 2,1 165 199 +17 3,0 237 199 -16 1,6 128 199 +36
90 2,0 177 221 +20 2,9 257 221 -14 1,5 138 221 +38
100 1,9 190 240 +21 2,8 275 240 -13 1,4 145 240 +39
Avg. -10 =22 +27

Note: Mt — stock from the growth progress tables, m */ha; Md t — stock from the developed growth progress table, m */ha.

It is important to pay attention to the early onset of
quantitative ripeness, which occurs at 40 years of age in
the developed table. This is important when creating fast-
growing plantations of deciduous species. In favourable
conditions for growth, Manchurian ash shows a higher
growth rate compared to other deciduous species.

The developed series was compared with the discharge
table of Manchurian ash tree volumes. At the age of 20
years the height of ash tree corresponds to the 5th height
category, and at the age of 100 years it corresponds to the
3rd height category. At the age of 100-130 years there is
some slowdown of growth in height, which is reflected in
the stock of stands. The main purpose of the growth pro-
gress table is to develop an averaged age series of taxation
indices on the basis of which it is possible to determine the
real age of technical maturity in the Priamurye-Primorye
coniferous-deciduous region. The developed table has ful-
filled its task.

CONCLUSION

A table of growth progress has been constructed for the
Priamurye — Primorye coniferous-decidious forest region.
Its analysis allows us to draw the following conclusions.

1. The age of quantitative ripeness in stands of Man-
churian ash comes at 40 years, the age of technical ripe-
ness at 60-80 years, which is 20 years earlier than the offi-
cial cutting age in exploitation forests.

2. Comparison of the stocks of the developed table
with the stocks of the known tables of the growth course
did not reveal any significant discrepancies. The average
value of the error did not exceed 5%.

3. The change of heights in the growth progress table
differs from the discharge scale. In the initial ages it corre-
sponds to the 5th discharge scale, but at 100 years of age it
has changed to the 3rd discharge scale. On this basis it is
concluded that the discharge scale should be recompiled to
exclude systematic errors when calculating the reserves of
plantations with Manchurian ash, prescribing management
measures, etc. The comparison of the reserves of Manchu-
rian ash forests with the developed table showed no sig-
nificant differences.

4. The qualitative characteristics of Manchurian ash
stands are not significantly affected by the age of model
trees. Measurements of model trees recorded a weak ten-
dency of increasing marketability class with increasing
stand age.

5. The developed table can be used for calculations of
business timber, the amount of damage caused by illegal
logging, fire damage to plantations, and also as a kind of
standard of long-distance stands, the accuracy of stock
determination in which is not lower than 5 %.
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OLEHKA COCTOSIHUsI COCHOBBIX IPEBOCTOEB B 'OPOJACKHX JIECAX
I'OPOJA TIOMEHU (HA TIPUMEPE DKOINAPKA «3ATIOMEHCKHNUN»)

A. B. Jlanuesa’, C. B. 3anecos’, B. C. Kopopuna'

'TocynapcTBeHHbIit arpapHblii yauBepcuTer CeBepHOTro 3aypaibs
Poccuiickas @enepanms, 425003, r. Tromens, yin. Pecybmmxwu, 7
2ypaHbCKI/lﬁ rOCyJIJapCTBEHHBIN JIECOTEXHUYECKUI YHUBEPCUTET
Poccuiickas ®eaeparms, 620100, r. EkarepunOypr, yi. Cubupckuii Tpakr, 37
E-mail: 'a.dancheva@mail.ru, *zalesov@usfeu.ru

Tpoananuzuposana ycmouuueocms cOCHOBbIX OPeBOCMOe8 IKONAPKA « 3amiOMEHCKUILy ¢ UCNONb308AHUEM NOKA3A-
meJeli CAaHUMAPHO20 COCMOSIHUS, OMHOCUMENLHO20 ICUSHEHHO20 COCTNOAHUS, OMHOCUMENbHOU GbICOMbL U KOMNIEKCHO-
20 oyeHouno2o nokazamerns. 1o 6onvuwuncmey noxazamenel cOCMOSHUE COCHIKO8 8 30He AKMUBHO20 NOCEWEeHUs. Oye-
HUBAEMCsl KAK CUTbHO OCIADNIEeHHOe, 8 30HE YMEPEeHH020 U Clab0o20 noceujenus — Kak ociabnennoe. B xode uccredosa-
HUUl YCMAHOBIEHO, YMO YCUNICHUE PEKPEAYUOHHBIX HAZPY30K HE MOIbKO CHUIICAEN KOIUYECMBO 300PO8bIX, HO U VEeu-
yueaem 000 CUTLHO OCIAONEHHbIX U 0adce OMMUPauux oepedvbes. B wacmnocmu, 6 30He aKkmueHo20 noceujeHus
Habooaemcs CHudceHue 00U 300pogbix depesves 8 7—9 paz npu ygeruyeHuu 001U OCIAONEHHBIX U OMMUPAIOUUX
6 2,5-5 paz no cpasnenuio ¢ 30HAMU YMEPEHHO20 U clab020 nocewieHus. AHAIU3 8UO08 NOBPENHCOEHULL CINBOI08 0epesy-
€8 noKasas, 4mo Hauboiee 4acmo 6CMpeyarWuMUcs A6IsI0Mcs Ha2ap HaA CMBOIAX 0epesbes, CMOTomeyenue i Mexa-
Huyeckue noepedcoenusi. Ommeyaemcs oowjasi 3aKOHOMEPHOCHb YEEIUYEHUs KOIUYECMBA PA3TULHbIX NOBPENCOeHUL
depesbes ¢ yeenudenuem pekpeayionHozo eosoeticmesust. Konuuecmso depesvbes co cmonromeyenuem, ni0008bIMU me-
AAMU U MEXAHUYECKUMU NOBPENHCOCHUAMU 6 30He aKMUH020 nocewjeHus 6 1,5-5 pas bonvue 6 cpagHeHuu ¢ 30HAMU
ymepenHo2o u ciabozo nocewenus. B yensax npedomsepaujenusi 0eepadayu COCHOBbIX HACANCOCHUL IKONApKa «3amio-
MEHCKUUY U NOBLIUEHUS UX YCHIOUYUBOCU NPEONIOdICEH PO NECOXO3SUCHBEHHBIX MEPONPUAMULL, 68 YACHMHOCTU, 8pe-
MEHHOE 020PANCUBAHUE TECHBIX YUACMKO8 HAXOOAWUXCS 8 KPUMUYECKOM COCMOSIHUU HA NEPUOO UX 80CCHIAHOGLEHUS,
nposedeHue TanOuUapmuvix pyboK ¢ Yenblo OMOIONCEHUsL OPEBOCIMOEE U CO30AHUEM PEKPEeAYUOHHO NPUBLEKAMENIbHBIX
YCMOUYUBLIX IAHOULADINOE NOTYOMKPLIMO20 MUNA U M. O.

Kniouesvie cnosa: copoockue neca, coOCHOBbIL OPeBOCMOU, peKpeayuoHHoe 8030elicmaue, JICUSHEHHOe COCMOosAHUE
opesocmoes.

Conifers of the boreal area. 2024, Vol. XLII, No. 7 (special), P. 37-42

ASSESSMENT OF PINE VITAL STATES IN THE URBAN FORESTS OF THE TYUMEN CITY
(ON THE EXAMPLE OF ZATYUMENSKY ECOPARK)

A. V. Dancheval, S. V. Zalesovz, V. S. Korovina'

'Northern Trans-Urals State Agricultural University
7, Republiki Str., Tyumen, Tyumen Region, 625003, Russian Federation
?Ural State Forest Engineering University
37, Sibirsky tract str., Ekaterinburg, 620100, Russian Federation
E-mail: 'a.dancheva@mail.ru, *zalesov@usfeu.ru

The assessment was given regarding the vital state of the pine forests in the Zatyumensky Ecopark based on
indicators of the sanitary and vital status, relative height and a comprehensive assessment indicator. According to
majority of indicators, the vital state of pine forests in the zone of active visits is assessed as severely weakened, in the
zone of moderate and weak visits — as weakened. Common pattern of an increase in the number of severely weakened
and dying trees and a decrease in the number of healthy trees with an increase in recreational impact has been
observed. In particular, there is a decrease of healthy trees by 7-9 times in the zone of active visits with an increase of
weakened and dying trees by 2.5-5 times compared to the zones of moderate and weak visits. The analysis of tree trunk
damage types showed that the most common types are tree scorch marks, resin flow and mechanical damage. Common
pattern of an increase in the number of tree damages with an increase in recreational impact has been observed. It was
found that the in the zones of active visits the number of trees scorch marks on tree trunks, wood-destroying fungi and
with mechanical damage is 1.5-5 times more compared to the zones of moderate and weak visits. In order to prevent
degradation of pine plantations of the Zatyumensky Ecopark and increase their sustainability, a number of forestry
measures are proposed, in particular, temporary fencing of forest areas in critical condition for the period of their

37



[JanueBa A. B., 3anecos C. B., Koposuna B. C. OrieHKka COCTOSIHHSI COCHOBBIX APEBOCTOEB B TOPOJICKUX Jiecax roposaa TIoMeHH ...

restoration; landscape felling to rejuvenate stands and create recreationally attractive sustainable landscapes of semi-

open type, etc.

Keywords: urban forests, pine forests, recreational impact, vital state of forest.

INTRODUCTION

Studying the peculiarities of recreational forest use is
currently important for the scientific world and for the
formation of strategic directions in ecology for the regions
of the Russian Federation (Kazantsev et al., 2009; Zha-
murina, Samokhvalova, 2016; Kazantseva, 2016; Sedykh
et al., 2017). In the situation of increasing urbanisation of
city areas, recreational forest management acquires special
relevance, consisting in unique opportunities for recreation
and restoration of physical and emotional strength of a
person in the immediate vicinity of the place of residence
in forest parks and artificial green spaces created within
urban areas. Trees and shrubs not only clean the air and
release oxygen, but also attract birds, making a natural
environment most favourable for visitors. It is no wonder
that forest parks have long been a place for family holi-
days.

At the same time, public visits to forest parks cause
certain problems related to the reduction of sustainability
and recreational attractiveness of plantations. The latter is
particularly evident in the case of insufficient development
of forest parks.

The impact of recreational users on forest plantations
is determined by the following main factors: disruption of
forest litter, trampling of seedlings, small undergrowth and
living ground cover, collection of the most ornamental
plant species, soil compaction, increased risk of fires,
damage to trees and shrubs, which subsequently leads to
their contamination with fungal spores, pollution by
household waste (Isayeva et al, 1991; Zalesov et al., 2008;
Sobolev et al., 2011; Mikhailova et al., 2021; Kolyada et
al., 2022).

Logically, the degree of negative impact depends on
many factors. The preservation of all components of planta-
tions is facilitated by the creation of a well-thought-out
road and path network, recreation areas and, of course, the
regulation of visitors. The latter can be ensured by spread-
ing them across the territory and concentrating them in the
most stable areas.

Special attention is paid to the degradation of forest
ecosystems. The latter starts under the influence of spon-
taneously formed paths and roads, which lead to the viola-
tion of the original integrity and structure of forest planta-
tions, modification of the ground cover, partial reduction
of the species composition of plantations, etc. (Mamaeyv,
Koltunova, 2003; Timashchuk, Potapova, 2016;
Dancheva, 2018; Gryazkin et al., 2020).

In order to control the condition of plantations in for-
est parks and prevent their degradation, it is necessary to
carry out environmental monitoring based on silvicultural
methods (Franklin, 1988; Debort, Meyer, 1989; Sobolev
et al., 2011; Dancheva et al., 2014; Kazantseva, 2016).
The combination of these methods allows to detect nega-
tive trends in the state of forest communities promptly
and take appropriate measures to restore and rehabilitate
plantations. Woody vegetation is one of the reliable indi-
cators of the state and fixation of changes occurring in the
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natural environment. Therefore, monitoring of forest
stands in combination with analyses of the condition of
other components of forest plantations, provides reliable
data on the changes occurring in recreational forests.

The recreational impact on the stand for pine forests of
the Zatyumensky Ecopark is studied insufficiently, which
determines the importance of this issue. The lack of suffi-
ciently complete and up-to-date information on the peculi-
arities of recreational forest management in the state of
urban forests of Tyumen served as a basis for scientific
research in this direction.

The aim of the study is to assess the current state of
pine stands in the Zatyumensky Ecopark of Tyumen city
and to develop proposals to improve their sustainability
and recreational attractiveness.

MATERIALS AND OBJECTS

OF RESEARCH

Zatyumensky Ecopark is the second largest forest park,
which is a part of the urban forests of Tyumen (Official...,
2022). The great success of the park is connected with its
developed modern structure, equipment with all necessary
elements of development (walking and cycling road net-
work, recreation areas, lighting elements, sports grounds,
dog walking areas, etc.).

Before 1960, the Zatyumensky Ecopark was an ordi-
nary forest area, which was attached to the estate of mer-
chant Ivan Petrovich Kolokolnikov (Ecopark..., 2022).

In 2017, the park was renovated and improved. A year
later, the Zatyumensky Ecopark welcomed its first visitors.

The current state of the Zatyumensky Ecopark is char-
acterised by its location within the Kalininsky administra-
tive district of Tyumen on its outskirts in the western part
of the city. The northern border is 1060m long, the eastern
border is 705m long, the southern border is 1439m long,
the western border is 585m long. The total area of the
natural territory is 77.2 hectares. Geographical coordinates
of the centre point of the ecopark are 57009'43°°N;
65027'56E.

The climate of the city Tyumen is moderately conti-
nental (Kozin, Bakulin, 1996). In spite of unstable weather
and minimum air temperatures in December, reaching
minus 42 °C, it is possible to organise recreation in forest
parks at any time of the year.

According to the forest-steppe zoning, the territory of
the Ecopark belongs to the West Siberian sub-taiga-
forest-steppe region of the forest-steppe zone (Special
Protected Natural Areas of Russia, 2022). The landscapes
of Tyumen are characterised by gentle, somewhat hilly
plains, representing combinations of such cenoses as:
pine-birch forests, birch broad-grass forests, spruce-fir
forests and some groups of pine forests (Ivanenko, Ku-
lyasova, 2008).

Forest plantations of the Zatyumensky Ecopark belong
to the protective forests, the category is urban forests (Spe-
cial Protected Natural Areas of Russia, 2022). Pine stands
predominate by composition up to 58 % of the total forest
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area. The largest share of pine stands is characterised by I
and II classes of bonitet. The average age of pine stands is
65 years. The following species are in the undergrowth of
pine stands: species of the genera rosehip (Rosa L.), haw-
thorn (Crataegus L.), raspberry (Rubus L.), willow (Salix
L.), cherry (Padus Mill.). The grass cover is represented
by herbs.

The object of research was pine forests of natural ori-
gin of IV age class. To assess the state of stands, the indi-
cators of sanitary state, vital state and relative height were
used (Dancheva, Zalesov, 2015; Bun'kova et al., 2020).
The categories of sanitary state of coniferous species vary
from 1 to 5, where 1 is the characteristic of healthy trees
(without signs of weakening), and 5 is the characteristic
of dead trees. For each species of woody vegetation, the
average value of the sanitary state category indicator was
calculated based on the number of trees of each species
(Cs).

The analysis of sanitary state was based on the aver-
age values of sanitary state categories Cs. Healthy, weak-
ened and severely weakened stands had Cs values of 1.0—
1.5; 1.51-2.5 and 2.51-3.5, respectively. Dying and dead
stands had values of 3.51-4.5 and 4.51 and more.

An important indicator is the vital state of trees, which
is determined by the state of the assimilation apparatus. If
the latter was damaged by 20 % or less, the trees were
classified as healthy, if 21-50 %, the trees considered as
damaged (weakened), if 51-80 %, the trees were severely
damaged, and if more than 80 %, the trees were classified
as destroyed. Similar indicators were taken into account
for stand assessment, but average indicators were taken
into account.

The ratio of tree height to its cross-sectional area at a
height of 1.3m was used to determine the Complex evalua-
tion indicator (CEI). The optimum value of CEI for pine
stands aged 40—70 years was considered to be 5-8, at the
age of 80 years it was 4, and at the age of 100 and more
years it was 2—3cm/cm’.

The relative height index (H/D) was calculated as the
ratio of tree height (m) to tree diameter (cm). If the H/D
value exceeded 100, the state of trees was assessed as
weakened.

The main taxation indices of trees were determined
using standard methods (Dancheva, Zalesov, 2015).The
obtained data were processed by generally accepted statis-
tical methods using Excel programmes.

In order to assess the state of pine stands, 3 temporary
sample plots (TSPs) were established with counting of all
trees on them. The principle of their remoteness from the
places of mass recreation (in our case, a linear object is a
landscaped road for pedestrian and bicycle traffic) was
taken into account when laying the plots according to the
previously developed methodology (Dancheva, 2018).
TSP-1 is laid at a distance of 10m from the object and as-
signed to the zone of active visits. TSP-2 is laid at a dis-
tance of 30m and assigned to the zone of moderate visits
and TSP-3 is laid at a distance of 80m from the linear rec-
reation object and assigned to the zone of low visits (con-
trol one).

According to a set of diagnostic features, including the
proportion of the soil removed to the mineral layer, the
character of herbaceous-shrub vegetation and undergrowth

distribution over the area of the plot, according to the
methodology of N.S. Kazanskaya, V.V. Lanina and
N.N. Marfenin (1977), the stages of recreational digression
of pine forests in each temporary sample plot were deter-
mined. On TSP-1 (zone of active visits), the part of the
surface of the plot removed to the mineral layer was 19 %
of the total area. There is a clustered location of under-
growth near the trunks of trees on the plot, live ground
cover with predominance of cereals is located in places
between paths, which corresponds to the IV stage of rec-
reational digression. At TSP-2 (zone of moderate visits),
the share of paths (the part of the plot surface removed to
the mineral layer) was no more than 3 per cent (stage II of
recreational digression). There were no paths at TSP-3
(zone of low visits), that corresponds to the first stage of
digression.

RESEARCH RESULTS

Table 1 presents the average values of the main taxa-
tion and state indicators of pine forests of the Zatyumen-
sky Ecopark depending on the intensity of recreational
impact.

The research objects are represented by pure pine for-
ests of I and II classes of bonitet. According to the indica-
tor of relative completeness, the stands on all sample plots
are highly complete.

During the research it was found that the values of av-
erage height and diameter indices on TSP-1 are 5-20 %
lower than on the plots laid in the zone of moderate visits
(TSP-2) and in the control one (TSP-3).

No clear dependence of the proportion of dead trees on
the intensity of recreation was found, which, in our opin-
ion, can be explained by the removal of dangerous trees.
At the same time, the stand at TSP-1, where maximum
recreational loads were recorded, is characterised as se-
verely weakened according to the main state indicators
(Cs, Relative vital state). Pine forests at TSP-2 and TSP-3
in the zone of moderate and low visits are weakened ac-
cording to the analysed indicators.

The pine forests in all sample plots are stable according
to the values of Complex evaluation indicator (CEI) and
relative height (H/D).

According to the data of one-factor analysis of vari-
ance, reliable differences in height, diameter and relative
vital state index are observed in most cases between pine
stands at TSP-1 in the zone of active visits, TSP-2 and
TSP-3 in the zone of moderate and low visits (Table 2).
Reliable differences in the analysed indicators between
pine stands at TSP-2 and TSP-3 were observed only in
diameter.

The distribution of trees in the sample plots by vital
state categories, presented in Table 3, shows an increase in
the number of severely weakened and dying trees with
increasing recreational impact. Thus, the number of such
trees at TSP-1 in the zone of active visits is 17.7 %, which
is 2.5-5 times higher compared to TSP-2 and TSP-3, lo-
cated in the zone of moderate and low visits, respectively.

The opposite situation is observed when analyzing the
healthy trees, the number of which decreases with in-
creasing recreational impact. The proportion of healthy
trees at TSP-1 in the zone of active visits is 3.2 per cent,
which is 7-9 times lower compared to TSP-2 and TSP-3.
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Table 1
Average values of taxation indices of pine forests depending on recreational impact

TSP-1 TSP-1 TSP-1

Indicator (zone of active visits) (zone of moderate visits) (zone of low
visits)

Stand composition 10Pines+Birch 10Pines 10Pines
Diameter, cm 28,7+0,9 35,9£1,6 29,8+0,8
Height, m 23,2+0,3 25,6+0,4 25,4+0,3
Complete-  fabsolute,m*ha 329 35,5 43,0
ness relative 0,8 0,8 1,0
Growth density,pcs./ha 469 330 580
Number of deadwood, pcs./ha 8 - 10
Reserves, m*/ha 337 413 485
Deadwood reserve, m3/ha 1 - 3
Bonitet class 11 I 1
Sanitary state category, Cs 2,840,1 2,240,1 2,3+0,1
Relative vital state, % 58,6+1,7 72,1+1,5 70,242,0
Complex evaluation indicator, cm/cm * 4,4+0,3 3,0+0,3 4,1+0,2
Relative height (H/D) 85,5+2,6 75,3+3,0 88,0+1,9
Table 2

Results of one-factor variance analysis of the main taxation indicators

Variance for the main taxation indicators Comparable sample plots
TSP-1 and TSP-2 TSP-1 and TSP-3 TSP-2 and TSP-3
Diameter F 16,8 0,7 13,8
P 8,6 0,4 0,1
Height F 22,9 26,3 0,18
P 6,2 1,1 0,6
Relative vital state F 26,6 19.4 0,4
P 1.4 2,3 0,5
Fn 3,9 3,9 39
Table 3
Distribution of trees in sample plots by vital state categories, %
Temporary sample plots Vital state category
dying severely weakened weakened healthy
1 1,6 16,1 79,0 32
2 3,0 0,0 69,7 27,3
3 1,7 5,1 69,5 23,7

In the course of research, the relationship between the
vital state of trees and their diameters was established.
According to Fig. 1, severely weakened and dying trees
are characterised by the smallest diameters. Healthy trees
are characterised by the largest diameters.

The assessment of the degree of tree damage in differ-
ent recreationally impacted functional zones showed that
the most frequent damage is scorch on tree trunks. The
share of trees with scorch on their trunks is up to 87 % of
the total number of trees on the plot. The highest share of
these trees was recorded on TSP-1 in the zone of active
visits, and the lowest was on TSP-2 in the zone of mod-
erate visits (Fig. 2).

The reason for scorching of tree trunks is running
ground fires caused by burning poplar fluff and dry grass.
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Strengthened fire protection of the Ecopark has contributed
to the fact that no forest fires have been recorded here for
the last 3 years.

In addition to scorch on tree trunks, tar wounds, fruit-
ing bodies of fungi and mechanical damage were ob-
served on all plots. A general pattern of increase in the
number of these damages with increasing recreational
impact was established. Thus, the number of trees with tar
wounds on TSP-1 in the zone of active visits reaches
31 %, which is 2-3 times higher compared to TSP-2
and 3. The number of trees with fungal fruiting bodies
and mechanical damage on TSP-1 is 5 and 1.5 times
higher than on TSP-2. There are no trees with fungal
fruiting bodies and mechanical damage on TSP-3 in the
zone of low visits.
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Fig. 1. Correlation between tree diameter and vital state category in pine forests of Zatyumensky Ecopark
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CONCLUSIONS

1. Pine forests on all sample plots are characterized as
weakened according to the sanitary state indicator and
relative vital state.

2. There is a general pattern of increase in the number
of severely weakened and dying trees, as well as a de-
crease in the proportion of healthy trees with recreational
impact. Weakened and dying trees at TSP-1 in the zone of
active visits, constitute for an average of 18 %, which is
2.5-5 times more than at TSP-2 and 3 in the zones of mod-
erate and low visits, respectively. The number of healthy
trees at TSP-1 does not exceed 3.5 %, which is 7-9 times
less than at TSP-2 and 3.

3. The most common types of tree trunk damage are
scorch, tar wounds and mechanical damages. The most
common tree damage in all sample plots is scorch.

4. There is a general pattern of increase in the number
of various tree damages with increasing recreational im-
pact. For example, the number of trees with tar wounds on
TSP-1 is 2-3 times higher compared to TSP-2 and 3.

5. The number of trees with fungal fruiting bodies and
mechanical damage on TSP-1 in the zone of active visits is
5 and 1.5 times higher than on TSP-2 in the zone of moder-
ate visits. There are no trees with fungal fruiting bodies and
mechanical damage on TSP-3 in the zone of low visits.

6. In order to prevent degradation of pine stands in the
Zatyumensky Ecopark and to increase their sustainability,
the following measures can be proposed:

— conducting temporary fencing of forest areas that are
in critical state for the period of their restoration;

— redirecting the flow of visitors to more recreation-
ally sustainable areas of the Ecopark;

— creation of natural curbs along the landscaped road
and path net from Karagana tree, raspberry, rosehip, east-
ern thuja and other tree and shrub species, which will be a
natural barrier for visitors;

— landscape cutting to restore stands and create recrea-
tionally attractive and sustainable landscapes of semi-
open type with the involvement of various introduced
trees.

REFERENCES

1.0snovy fitomonitoringa: ucheb.posobiye; izd. 3-ye,
dop. i pererab. / N.P. Bun'kova, S.V. Zalesov, Ye.S. Za-
lesova, A.G. Magasumova, R.A. Osipenko. Yekaterin-
burg: Ural.gos.lesotekhn.un-t, 2020. 90s.

2 .Vliyaniye rekreatsionnoy nagruzki v zimniy period
na lesnuyu ekosistemu / A.V. Gryaz'kin, A.A. Kochkin,
AN. Prokof'yev, M.M. Gutal', Tkhan' Chan Chung, A.V.
Yefimov  //  Izvestiya  Sankt-Peterburgskoy le-
sotekhnicheskoy akademii. 2020. Ne230.S. 6-18. DOI:
10.21266/2079-4304.2020.230.6-18.

3. Opredeleniye stadiy rekreatsionnoy digressii v sos-
novykh nasazhdeniyakh Kazakhskogo melkosopochnika
(na primere GNPP «Burabay») / A.V. Dancheva, S.V.

41



[JanueBa A. B., 3anecos C. B., Koposuna B. C. OrieHKka COCTOSIHHSI COCHOBBIX APEBOCTOEB B TOPOJICKUX Jiecax roposaa TIoMeHH ...

Zalesov, B.M. Mukanov, A.V. Portyanko // Agrarnaya
Rossiya. 2014. Ne 10. S. 9-15.

4. Ekologicheskiy monitoring lesnykh nasazhdeniy
rekreatsionnogo naznacheniya / A.V. Dancheva, S.V. Za
lesov. Yekaterinburg: Ural'skiy gosudarstvennyy le-
sotekhnicheskiy universitet, 2015. 152s.

5. Dancheva A.V. Povysheniye rekreatsionnoy ustoy-
chivosti 1 privlekatel'nosti sosnovykh lesov Kazakhstana:
spetsial'nost' 06.03.02 «Lesovedeniye, lesovodstvo, lesou-
stroystvo i lesnaya taksatsiya»: dissertatsiya na soiskaniye
uchenoy stepeni doktora sel'skokhozyaystvennykh nauk /
Dancheva Anastasiya Vasil'yevna. Ufa, 2018. 515s.

6. Osnovnyye faktory porazhennosti sosny korne-
vymi i stvolovymi gnilyami v gorodskikh lesoparkakh/
S.V. Zalesov, Ye.V. Koltunov, R.N. Lapshevtsev // Zash-
chita i karantin rasteniy. 2008. Ne2. S. 56-58.

7. Ivanenko A.S., Kulyasova O.A. Agroklimatiches-
kiye usloviya Tyumenskoy oblasti / Tyumen': Izd-vo.
TGSKHA, 2008. 206s.

8. Isayeva R.P., Kurbatova G.V., Shakhova K.I. K
obosnovaniyu struktury rekreatsionnykh lesov // Lesok-
hozyaystvennaya informatsiya. 1991. Nel2. S. 14-15.

9. Kazanskaya N.S., Lanina V.V., Marfenin N.N. Rek-
reatsionnyye lesa.M. :Lesnaya prom-st', 1977. 96s.

10. Kazantseva M.N. Monitoring sostoyaniya ras-
titel'nogo pokrova prigorodnykh sosnyakov g.Tyumeni //
Ekologicheskiy monitoring i bioraznoobraziye. 2016. Nel
(11). S. 47-51.

11. Kazantsev P.A., Kazantseva M.N. Zhiznennoye
sostoyaniye i1 dekorativnost' derev'yev v gorodskikh na-
sazhdeniyakh g.Tyumeni // Aktualnyye problemy
lesnogo kompleksa. 2009. No23. S. 173-176.

12. Kozin V.V., Bakulin V.V. Geografiya Tyumen-
skoy oblasti.Yekaterinburg: Sredne-Ural'skoye knizhnoye
izdatel'stvo, 1996. 240s.

13. Skver kak landshaftno-arkhitekturnaya territoriya
rekreatsionno-funktsional'nogo naznacheniya na territorii
goroda Ussuriyska Primorskogo kraya / A.S.Kolyada,
AN.Belov, N.G.Rozlomiy, S.A.Berseneva // Lesnoy
vestnik/ Forestry Bulletin, 2022. T. 26. Ne4. S. 73-80.
DOI: 10.18698/2542-1468-2022-4-73-80.

14. Mamayev S.A., Koltunova A.l. Ekologo-
biologicheskiye osobennosti ustoychivosti prigorodnykh

lesov // Lesnoye khozyaystvo i zelonoye stroitel'stvo v
Zapadnoy Sibiri: mater.konf. Tomsk: TGU, 2003. S. 109-
111.

15. Mikhaylova T.A., Shergina O.V., Kalugina O.V.
Monitoring vliyaniya antropogennykh faktorov na lesnyye
biogeotsenozy Yuzhnogo poberezh'ya oz.Baykal // Sibe-
rian Journal of Life Sciences and Agriculture. 2021. T. 13,
Ne3. S. 244-260. DOI 10.12731/2658-6649-2021- 13-3-
244-260.

16. OOPT Rossii // Kadastrovoye delo Ne 006.
Pamyatnik prirody regional'nogo znacheniya «Lesopark
Zatyumenskiy» [Elektronnyy resurs]. URL: http://oopt.
aari.ru/oopt/Lesopark-Zatyumenskij/cadastre/ pdf (data
obrashcheniya: 24.04.2022).

17. Ofitsial'naya stranitsa ekoparka «Zatyumensky»
[Elektronnyy resurs]. URL: http://zatyumenskij- park.ru
(data obrashcheniya: 08.08.2022).

18. Edaficheskiye usloviya rosta khvoynykh rasteniy
na territorii goroda Novocherkasska / S.A. Sedykh, N.V.
Ivanisova, L.V. Kurinskaya, D.V. Semenov, D.P. Ze-
len'kova // Prirodoobustroystvo. 2017. Ne 1. S. 120-126.

19. Timashchuk D.A., Potapova E.N. Lesovodstven-
naya otsenka sosnovykh nasazhdeniy v zone rekreatsion-
nogo vozdeystviya v Voronezhskoy oblasti // Le-
sotekhnicheskiy zhurnal. 2016. T. 6, Ne 1 (21). S. 53-61.

20. Sobolev S.V., Baychibayeva A.V., Dancheva A.V.
Ekologicheskaya rekreatsionnaya yemkost' kak mera za-
pasa lesnykh rekreatsionnykh resursov / Agrarnyy vestnik
Urala. 2011. Ne 5. S. 52-55.

21. Ekopark «Zatyumenskiy» [Elektronnyy resurs].
URL: https://www.tourister.ru/world/europe/russia/ city/
tyumen/parks/33303 (data obrashcheniya: 04.01.2022).

22. Debort S., Meyer D. Degradation de lecosys-
teme forestier: analyse et ebauchen de solutions //
Schweiz. Z. Forstw. 1989. No. 11. Pp. 965-976.

23. Franklin J. F. Structural and functional diversity in
temperate forests // Biodiversity. Washington : Nat. Acad.
Press, 1988. Pp. 166-175.

© Dancheva A. V., Zalesov S. V.,
Korovina V. S., 2023

IToctynuna B pegaxkuuto 20.01.2023
XBoitHbie 6opeanbHOit 30HB1. 2023. T. XLI, Ne 4
[lepeBonHas Bepcus mpuHsATa K Myonukanun 27.12.2024



XBoitHbIe OopeanbHOit 30Hb1. XLII, No 7 (cneunansHsrit), 2024

YK 630*52:630*174.754 DOI: 10.53374/1993-0135-2023-4-300-305

XBoitabie OopeanbHOi 30Hb1. 2024, T. XLII, Ne 7 (cnenuanshsrit). C. 43—47

MOJAEJIA AJId ONEHKHN BUOMACCBHI JEPEBBEB JIECOOBPA3YIOIIUX BUJIOB
O JUAMETPY KPOHBI B CBSI3U C UCIIOJIb30OBAHUEM JJPOHOB"

B. A. Ycoasues"?, H. C. Henopueﬁz, B. I1. YacoBckux®

lypaHBCKI/Iﬁ rOCyAapCTBEHHBIN JI€COTEXHUYECKUN YHUBEPCUTET
Poccuiickas ®enepanms, 620100, r. ExkarepunOypr, Cubupckuii TpakT, 37
’Boranuueckuii cag YpO PAH
Poccuiickas @enepanms, 620144, r. ExkarepunOypr, yi. 8 Mapta, 202a
Y pasbCcKuii roCy1apCTBEHHBIH SKOHOMHUECKHH YHUBEPCHTET
Poccuiickas ®enepanms, 620144, r. ExkarepunOypr, yi. 8 Mapra, 62

B ces13u ¢ usmenenuem knumama u nOMeHYUAIbHOU 603MONCHOCHIBIO €20 CIAOUNUZAYUL C NOMOWBIO YRPAGISIEMbIX
J1eCO8 U OYEHKU UX y2nepo0 0enoHupyiowell CROCOOHOCmU, 0COOYI0 aKmMYyaIbHOCHb NPUOBPemaem 603MONCHOCb One-
PAMUBHOU OYeHKU OUOMACCHL U OP2AHUYECKO20 Y2nepo0d IeCH020 NOKpo8d. B nocieduue 200vl mexnonozuu oucmanyu-
OHHO20 30HOUPOBAHUSL 1eCO8 HA OCHOBE OECNULOMHBIX TeMAMEeNbHbIX annapamos (OporHos) nO360IUNU NOYHAMb 3HA-
YeHUs Napamempos KpOH 0epesbes ¢ MAKCUMANbHO OIU3K020 PACCHOAHUS, 4Mo obecneyugaem He mobKO 6blCOKYIO
MOYHOCMb U CKOPOCMb USMEPEHU, HO U 803MOJICHOCb PA3IUYAMb 0epesbsi NO 8U008OMYy cocmagy. B nacmoswem
UCCIe008aHUYU NPEONPUHIMA NONBIMKA PA3PAOOMKYU AIOMEMPUIecKUX Mooeell, NPeOHAZHAYEHHbIX OJisl OYeHKU OUo-
Maccwl depesves 1ecoodpazyiomux podos Poccuu no ouamempy kpomwl. /s pearuzayuu noOCMagieHHOU yeau ucciedo-
8AHUA UCNONB308AHA ABMOPCKAs baza danHwbix 6 koauvecmse 15200 onpedenenuii 6uomaccel oepegves. H3 nee omo-
opanvl 1665 moodenvHbix Oepegbed namu x6ouHbIx u 780 MOOenbHbIX Oepesbed ulecmu TUCHEEHHbIX 8Ud08. Tlockonbky
Gaxmuyeckue 3HaueHus OUOMACCHl Oepesbed NPeoCcmasietsl 8 6ase OAHHBIX HeCKONbKUMU SUKAPUPYIOWUMU 8UOAMU
8 npedenax pood, AHAIU3 3A8UCUMOCMU DUOMACCHL Oepesa Om e20 Juamempd KpOHbl 8bINOIHEH HA YPOBHE POO08 U NOO-
po0oos. Paccuuman naxem annomempuyeckux mooenetl GUOMACCHl 0epedbed NOIH020 PPAKYUOHHO20 cOCmAasa Ojisl Ka-
240020 pooa U nOOPoOa, 6ce peepecCUoHHble KOIPhuyueHmol Komopuix 3nauumvl Ha yposre p < 0,001. Ilpeonoicen-
Hble AIOMEempuyYecKue Mooeiu Mozym Oblmb UCHOIb3068AHbL NPU OYEHKAX OUOMACCHI U OP2AHUYECKO20 Yeaepood
depesbes u Opesocmoes necoobpasyrouux podos Poccuu na ocnose yugposoii pomozpammempuu 6U3yaIbHbIX OaH-
HbIX, NOTYYAEMBIX C NHOMOWBIO OPOHOB.

Knroueswie cnosa: buomacca depesves, OUCMaAHYUOHHOE 30HOUPOBAHUE NON02d, OPOHbI, ALLOMEMPUYECKUE MOOETU.

Conifers of the boreal area. 2024, Vol. XLII, No. 7 (special), P. 43-47

MODELS FOR ESTIMATING BIOMASS OF FOREST-FORMING SPECIES
BY CROWN DIAMETER AS RELATED TO DRONE INVOLVING

V. A. Usoltsev"?, 1. S. Tsepordey?, V. P. Chasovskikh®

'Ural State Forest Engineering University
37, Siberian tract, Yekaterinburg, 620100, Russian Federation
?Botanical Garden of the Ural Branch of the Russian Academy of Sciences
202a, 8 Marta Str., Yekaterinburg, 620144, Russian Federation
3Ural State University of Economics
62, 8 March Str., Yekaterinburg, 620144, Russian Federation

Due to climate change and the potential possibility of its stabilization with the help of managed forests and assess-
ment of their carbon depositing capacity, the possibility of operational assessment of biomass and organic carbon of
forest cover becomes particularly relevant. In recent years, remote sensing technologies of forests based on unmanned
aerial vehicles (drones) have made it possible to obtain the values of the parameters of tree crowns from as close dis-
tance as possible. That provides not only high accuracy and speed of measurements, but also the ability to distinguish
trees by species composition. In this study, an attempt is made to develop allometric models designed to estimate the
biomass of trees of forest-forming genera in Russia by crown diameter. To achieve the research goal, an author's data-
base of 15200 definitions of tree biomass was used. A number of 1665 model trees of five coniferous and 780 model

«
Pabota BBITIOJIHEHA COTIIACHO rocyJapcTBEHHOMY 3ajanuio boranmueckoro cama YpO PAH.
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trees of six deciduous species were selected from it. Since the actual values of the biomass of trees are presented in the
database by several vicarious species within the genus, the analysis of the dependence of the biomass of a tree on its
crown diameter is performed at the level of genera and subgenera. A package of allometric models of the biomass of
trees of full component composition for each genera and subgenera is calculated, all regression coefficients of which
are significant at the level of p < 0,001. The proposed allometric models can be used to estimate the biomass and or-
ganic carbon of trees and stands of forest-forming genera in Russia based on digital photogrammetry of visual data

obtained using drones.

Keywords: tree biomass, remote sensing of the canopy, drones, allometric models.

INTRODUCTION

In modern conditions, it is often necessary to estimate
promptly the carbon storage capacity of plantations in
some forest areas both at a given time and at certain time
intervals. Photogrammetry methods based on aerial pho-
tography have made it possible to determine the size of
tree crowns with greater accuracy than in ground-based
taxation [2; 18]. Today, great prospects in this direction
are opened by the use of unmanned aerial vehicles, or
drones [3; 13; 17].

This study attempts to develop allometric models for
estimating tree biomass of forest-forming genera in Rus-
sia based on crown diameter. It is assumed that by meas-
uring crown diameter using drones it is possible to esti-
mate tree biomass in forest plots quickly and with low
labour input. A large set of allometric models and tables
for estimating tree biomass from trunk diameter at breast
height for different tree species in different countries is
now available [15]. These models can be used to estimate
tree and stand biomass by establishing relationships be-
tween trunk diameter and crown parameters estimated by
digital photogrammetry [5].

MATERIALS AND METHODS

OF RESEARCH

To realise the set goal of the study, 1665 model trees
of five coniferous and 780 model trees of six deciduous
species were selected from the formed database in the
amount of 15200 determinations [16]. Since actual values
of tree biomass are represented in the database by several

vicariant species within genera, we analysed the depend-
ence of tree biomass on crown diameter at the level of
genera and subgenera. For some genera it was not possi-
ble to calculate the dependence of root biomass on crown
diameter due to lack of data, and in such cases the average
root to aboveground mass ratio was calculated for each
genus. The experimental material was processed using the
multivariate regression analysis in programme Statgraph-
ics-19 (http://www .statgraphics. com/).
The following structure of the allometric model is
adopted:
InP; = aQ + a1(InDcr), (1)

where Pi is biomass of the i-th fraction in absolutely dry
state, kg (trunk, branches, needles (leaves), aboveground
and roots, respectively P, Py, P; P, and P,); Dcr is a
crown diameter, m. When calculating the models (1),
their correction for logarithmic transformation was ap-
plied [6].

RESULTS AND THEIR DISCUSSION

The results of calculating model (1) are presented in
Table 1. All regression coefficients of the models pre-
sented in Table 1 are reliable at the level of p<0.001,
which ensures the reproducibility of the obtained results
[8].

For genera (or subgenera) with insufficient representa-
tion of actual data on root biomass, average indices of
relative root biomass Pr/Pa [4] are proposed (Table 2).

Table 1
Results of calculations for models (1)
Genera (or subgenera) D::s;lgf;t Regression coefficients of model (1) iR QR
ao* | a
Coniferous genera (subgenera)
InP 1,3728 3,1588 0,775 1,04
InP, —1,0900 3,3297 0,862 0,82
Subgenus Pinus L. InP; —-1,0441 2,6438 0,825 0,75
(two-needled pine) InP, 1,5231 3,1102 0,809 0,92
InP, 0,2914 2,1315 0,747 0,83
InP —0,6877 4,2035 0,792 1,02
InP, -1,3117 3,3039 0,816 0,74
Picea L. InP; -0,9527 2,7751 0,730 0,80
InP, 0,1182 3,7837 0,805 0,88
InP, —-1,6477 3,9079 0,859 0,77
InP 3,6862 1,3585 0,372 0,81
InP, 1,0775 1,7742 0,632 0,64
Abies Mill. InP; 1,2636 1,3489 0,435 0,72
InP, 3,8127 1,4107 0,429 0,75
InP, -1,2933 3,3717 0,651 0,81

44



XBoitHbIe OopeanbHOit 30Hb1. XLII, No 7 (cneunansHsrit), 2024

End of Table 1

Genera (or subgenera) Djfﬁggf:t Regression coefficients of model (1) iR —
ap* a
InP 0,9429 2,9603 0,783 1,00
InP, —1,1464 2,8661 0,905 0,59
Larix Mill. InP, -1,9992 2,3545 0,872 0,58
InP, 1,1248 2,8846 0,818 0,87
InP, 0,7476 2,2860 0,694 0,70
InP —0,1241 3,2871 0,791 0,88
InP, —-1,0706 3,0015 0,815 0,75
S‘E%%Z“EZ gfﬂ‘;"i{l le"” InP, ~1,2602 2,6026 0,343 0,58
InP, 0,3997 3,1351 0,828 0,75
InP, - - - -
Deciduous genera
InP 0,8579 2,6037 0,790 0,84
InP, —1,3154 2,8681 0,797 0,91
Betula L. InP, -1,9517 2,1248 0,768 0,77
InP, 1,0178 2,60137 0,801 0,82
InP, 1,5260 1,7772 0,666 0,65
InP, 0,3936 2,7814 0,823 0,49
InP, —2,6687 3,3665 0,839 0,60
Populus L. InP, —3,2737 2,7978 0,785 0,59
InP, 0,4242 2,8530 0,835 0,48
InP, - - - -
InP, 3,0110 1,5766 0,551 0,85
InP, 1,3755 1,2847 0,559 0,76
Tilia L. InP, —0,4838 1,1621 0,563 0,68
InP, 3,2197 1,5153 0,560 0,80
InP, - - - -
InP, 3,0247 1,6498 0,455 0,91
InP, 0,2965 1,8645 0,578 0,85
Alnus Gaertn. InP, —0,4115 1,2563 0,502 0,67
InP, 3,1164 1,6524 0,475 0,88
InP, - - - -
InP, —1,0895 3,1089 0,975 0,31
InP, —2,5138 3,2841 0,964 0,38
Salix L. InP, -2,3712 2,1896 0,939 0,34
InP, —0,7207 3,0777 0,990 0,18
InP, - - - -
InP, 0,8666 2,9430 0,704 1,09
InP, —2,0350 3,5970 0,854 0,85
Quercus L. InP, -2,5974 2,4818 0,852 0,59
InP, 0,8901 3,0291 0,744 1,01
InP, 2,4277 1,4565 0,814 0,40
Note. Here in after:
*The free term of the model is adjusted for logarithmic transformation [6];
#*adjR?- the coefficient of determination adjusted for the number of variables;
***SE - standard error of the equation.
Table 2
Average root to aboveground weight ratios for five genera (subgenera)
Indicator Haploxylon Populus Tilia Alnus Salix
Pr/Pa 0,24+0,10 0,33+0,08 0,27+0,11 0,22+0,07 0,27+0,09

Then we calculated allometric models of the form

InD = Ao+ al(lnDcr),

2

where D —is trunk diameter at breast height, cm. The re-
sults of the calculation of models (2) are presented in Ta-
ble 3. Models (2) serve as an intermediate link when there
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is a need to use the constructed models (1) with known
crown parameters obtained by digital photogrammetry to
estimate tree biomass at local sites using appropriate local

Table 3
Results of calculation for models (2)

allometric models in which the independent variable is
represented by trunk diameter at breast height [15].

Dependent Regression coefficients -
Genera (subgenera) variable of model (2) adjR SE
agy | a)
Coniferous genera (subgenera)
Subgenus Pinus (two-needled pine) InD 1,7295 1,0355 0,621 0,44
Picea InD 0,6686 1,7819 0,804 0,41
Abies InD 2,4659 0,5337 0,355 0,33
Larix InD 1,4623 1,0931 0,769 0,35
Subgenus Haploxylon (five-needled pine) InD 1,1484 1,2838 0,793 0,34
Deciduous genera
Betula InD 1,2705 1,0250 0,791 0,32
Populus InD 1,0422 1,2074 0,850 0,19
Tilia InD 2,6741 0,3339 0,490 0,20
Alnus InD 2,1375 0,6572 0,458 0,36
Salix InD 0,7066 1,3175 0,981 0,11
Quercus InD 1,1187 1,1959 0,740 0,40

Numerous models similar to (2) are available in the
literature for different tree species. Determination coeffi-
cients, which characterise the proportion of explained
variability of trunk diameter through crown diameter,
vary within a fairly wide range. For example, it is 0.909;
0.961 and 0.956 for fir, spruce and beech in Croatia, re-
spectively [14], it is 0.762 for incense pine in the USA
[12], it ranges from 0.610 to 0.870 for seven deciduous
species in the USA [7], and it ranges from 0.560 to 0.870
for the other six deciduous species in the USA [10]. Coef-
ficients of determination in our models (2) vary among
genera from 0.355 to 0.981. But even with the lowest co-
efficient, e.g., in model (2) for linden or model (1) for fir,
the regression coefficient of the model is significant at the
level p <0.001 (t = 7.0-7.1 >t 4o; = 3.29). The low coef-
ficients of determination in some cases in our models (2)
may be due to the wide spatial representation of species
with a correspondingly high proportion of unaccounted
‘noise’. At the same time, the high coefficients of deter-
mination of the three tree species in Croatia (0.90-0.96)
can be explained by the fact that the models were ob-
tained within one local site-national park, where 2,000
trees of each species were measured [14].

Tree mapping by drone from a minimum height makes
it possible not only to determine crown diameters with
great accuracy and speed, but also to identify tree species
without errors, even such as spruce and fir, for example,
by the opposite orientation of cones. While in saxaul for-
ests representing open (sparse) tree plantations, determi-
nation of tree mass by crown diameter estimated by aerial
photo interpretation was a common procedure [1], in
closed stands a part of trees remains hidden under the
main canopy, thus causing some underestimation of bio-
mass [9]. The magnitude of this underestimation is pro-
portional to canopy closure, and it is technically possible
to make corrections as a result of a special study. In cases
where the change in stand biomass over time is estimated
by periodic overflights of the same plot, the probability of
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possible underestimation is significantly reduced or be-
comes comparable to the error in crown measurement.

The values of tree and stand biomass calculated by
models (1) can be converted to the amount of carbon de-
posited in biomass by a ratio of 0.5 [11].

CONCLUSION

Thus, for the main tree genera and subgenera growing
on the territory of Russia, a package of allometric models
for estimating tree biomass by crown diameter has been
proposed for the first time. All regression coefficients of
the constructed models are significant at the level of
p < 0.001, which ensures reproducibility of the obtained
results. The use of unmanned aerial vehicles (drones)
makes it possible to quickly and with little labour input to
estimate tree biomass by recorded crown diameter, in-
cluding, taking into account differentiation of the canopy
by species composition.

The proposed allometric models can be used to esti-
mate biomass and organic carbon of trees and stands of
forest-forming genera in Russia based on digital photo-
grammetry of visual data obtained by drones.
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BbIPAIIIMBAHUE CESIHHHEB COCHBbI KEJAPOBOM CUBUPCKOM
C 3AKPBITOU KOPHEBOU CUCTEMOMUN HA SKCIIEPUMEHTAJIBHBIX CYBCTPATAX

. A. KonoBanoga, /I. /I. [lonomapes, H. I1. Bparuiosa, A. A. Kopotkos, A. B. Mantyauna

Cubupckuii TOCy1apCTBEHHBIN YHUBEPCUTET HAYKH M TEXHOJIOTHI UMEHHU akajgemuka M. @. PemerHena
Poccwuiickas @enepanmst, 660037, r. KpacHosipck, npoci. uM. razetsl «KpacHosipckuit pabounii», 31
E-mail: nbratilova@yandex.ru

H3yuen eonpoc svipawusanus cesHyed coCHbl KeOpoBoU CUOUPCKOU C 3aKPbIMOU KOPHEBOU CUCIEMOU HA IKCnepu-
MEHMANbHLIX cMecsX Ha ocHoge mop@a. OCHOBHLIM KOMNOHEHMOM cybcmpama Obll UCHONb308AH MOPQ MeCmHO20
npoucxoxcoenus, 0oowvisaemvlii ¢ Kozynvckom patione Kpacrnospckozo kpas. Topg cmewusanu ¢ onunkamu, 8epmuxy-
JIUMOM, NEPUMOM 6 PA3HBIX NPONOPYUsIX. B pside dKcnepumMenmanbHblx cmecell 8 Kauecmee 0CHOBHO20 KOMNOHEHmA
emecmo mopgha ObLI UCRONBL308AH KOKOCO8bIl cydcmpam. B kauecmee KOHmMponbHO20 cybCcmpama ucnoib308aiu mopgh
npoussodcmea komnanuu OO0 « BEJITOP®» no peyenmy Ne 19¢/1.

Ilposedennvle uccredosanus 3a poCmom CesiHyed COCHbl KeOposoll CUOUPCKOL, BbIPAUUBAEMBIX C 3AKPLIMOU KOpHe-
801 CUCMEMOTL 8 KACCEMAX C PA3IUYHBIM COCMABOM CYOCMPAmos NO360AULU COelamy psid 6bl60008: NPU UCHOIb306A-
HUU 4ucmulx mopgpos, yenecoobpasno npumenenue yOoopenuil; NOTHOYEHHOU 3aMeHOl MOphIHbIM cybcmpamam Mo-
JHCem CAYIACUMb KOKOCOBbLU CYOCmpam npu YCaoguu CMEWUBAHUs e20 ¢ eepmuryaumom ¢ nponopyuu 50/50 %, umeem
CMBICT 0Opamume 6HUMAHUE HA MOPDHbL MECMHO20 NPOUCXONHCOEHUS. OJISL CHUIICEHUS. CeDeCmOUMOCU 3ampan.

Kniouegvie cnosa: cocna kedpoeas cubupckas, cesybl, 3aKpblmas KopHesds cucmema, cyocmpam, mopg, Kokoco-
8blll cCyocmpam, nepaum, 6epMUKyIum.
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GROWING SEEDLINGS OF PINUS SIBIRICA DU TOUR WITH A CLOSED ROOT SYSTEM
ON EXPERIMENTAL SUBSTRATES

D. A. Konovalova, D. D. Ponomarev, N. P. Bratilova, A. A. Korotkov, A. V. Mantulina

Reshetnev Siberian State University of Science and Technology
31, Krasnoyarskii rabochii prospekt, Krasnoyarsk, 660037, Russian Federation
E-mail: nbratilova@yandex.ru

The issue of growing Pinus sibirica Du Tour seedlings with a closed root system on experimental mixtures based on
peat has been studied. The main component of the substrate was peat of local origin, mined in the Kozulsky district of
the Krasnoyarsk Krai. Peat was mixed with sawdust, vermiculite, and perlite in different proportions. In a number of
experimental mixtures, coconut substrate was used as the main component instead of peat. Peat produced by VELTORF
LLC was used as a control substrate according to recipe No. 19¢/1.

Conducted studies of the growth of Pinus sibirica Du Tour seedlings grown with a closed root system in cassettes
with different compositions of substrates allowed us to draw a number of conclusions: when using clean peat, it is
advisable to use fertilizers; Coconut substrate can serve as a complete replacement for peat substrates, if mixed with
vermiculite in a 50/50% ratio; It makes sense to pay attention to peats of local origin to reduce costs.

Keywords: Pinus sibirica, seedlings, closed root system, substrate, peat, coconut substrate, perlite, vermiculite.

INTRODUCTION

The use of planting material with a closed root system
is a promising direction in silvicultural production [1; 2].

Modern forest restoration volumes require solving the
problem of extending planting periods while maintaining
potential survival rates. This can be achieved by using
planting material with a closed root system.

Planting material with a closed root system has several
advantages over the traditional seedlings and saplings
used in domestic silvicultural production. Seedlings with
a closed root system are well-suited for transportation,
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allow to extend the silvicultural season, and, according to
several researchers, demonstrate better survival rates un-
der unfavorable forest growth conditions [3].

Currently, active efforts are being made to reduce the
cost of cultivating plants with a closed root system and to
develop resource-saving technologies.

When creating forest plantations of Siberian pine using
planting material with a closed root system, it is necessary
to select the most productive type of substrate [2; 4].

Advanced greenhouse technologies are based on the
specific properties of the substrate used and the optimiza-
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tion of the nutrient regime. The cultivation of tree seed-
lings in closed soil is mainly carried out on substrates
composed of high-moor peat [6]. The basis for creating
the most productive nutrient substrate for coniferous
planting material with a closed root system is milled high-
moor peat [1].

It is believed that a high-quality nutrient substrate con-
sists of a mixture containing 60-70 % peat and various
additives that support the physicochemical properties of
the substrate for growing seedlings [9].

E.V. Titov [7] described in detail the technique of
growing Siberian pine seedlings with a closed root sys-
tem. This approach involves the use of peat, plastic, or
other pre-prepared containers for seedlings, with a height
of at least 8 cm and a volume of 200-300 cm?. In mid-
April, a substrate is prepared from a mixture of peat and
loam (1:1), with fertilizers added at the following rates
per 10 liters of mixture: granulated superphosphate —
50 g, potassium salt — 25 g, dolomite lime — 250 g. The
containers are then filled with this substrate and placed on
the soil in a greenhouse.

D.I. Mukhortov and A.V. Antropova [5] presented the
results of studies on the agro-physical properties of vari-
ous root-closing substrates, analyzing their impact on the
growth and development of Scots pine seedlings grown in
containers as planting material for reforestation projects.
Their research confirmed that the growth and develop-
ment of Scots pine planting material with a closed root
system are more influenced by the agro-physical proper-
ties of the substrate than its agrochemical properties. Re-
gression analysis of the correlation between the biometric
parameters of seedlings and the water-physical properties
of the substrate revealed an inverse correlation between
dry matter mass and density. Substrate density has the
greatest impact on the root collar diameter and dry matter
mass of seedlings. The introduction of agroperlite into the
substrate affects its agro-physical properties. With an in-
crease in the proportion of agroperlite, the bulk density of
the substrate increases by 55 %, and the density of the
solid phase increases by 9 %, which is associated with an
increase in the water retention capacity of the substrate.

The number of researches on the selection of optimal
substrate compositions to replace peat fully is increasing.
One such substrate is coconut fiber, which is character-
ized by its cation exchange capacity and optimal air-to-
water ratio [8].

OBJECTS AND METHODS

OF RESEARCH

The object of the study is seedlings of Siberian pine
seedlings (Pinus sibirica Du Tour) grown with a closed
root system in Plantek-81 trays on experimental substrate
compositions in a greenhouse provided by Reshetnev Uni-
versity under an agreement with LLC “Krasnoyarsk Forest
Nursery.”

The seeds were collected in the North-Yeniseisk for-
estry, stratified in winter trenches, and sown in June 2022
in trays with dimensions of 38.5x38.5x8.0 cm.

As the control substrate was used peat produced by
LLC “VELTORF” under recipe No. 19¢/1. This peat mix-
ture contains milled peat (50%), cut peat (30 %), limestone

flour, agroperlite (20%), a wetting agent (pH aqueous so-
lution: 4.0-4.5), and Pg Mix (1 kg/m?) [10].

In the experimental mixtures, locally sourced peat from
the Kozulsky district of Krasnoyarsk Krai, provided by
LLC “KrasKIP,” was used as the primary substrate com-
ponent.

The peat was mixed with sawdust, vermiculite, and
perlite in various proportions. In some experimental mix-
tures, coconut substrate was used as the main component
instead of peat (Figure 1).

This study presents the results of seedling growth both
without the use of fertilizers and with the application of
AgroMaster 18.18.18+3 fertilizer.

RESULTS AND DISCUSSION

During the observation of the growth of Siberian pine
seedlings, it was found that the average height of seed-
lings grown without the use of fertilizers by August 18,
2022, was 3.02+0.02 cm. Depending on the experimental
variant, this parameter ranged from 2.6+0.09 cm to
3.4340.07 cm. The variability level of the height parame-
ter was classified as medium (Figure 2).

The best growth among the studied variants was ob-
served in seedlings grown on a coconut substrate with the
addition of vermiculite in a 50/50 proportion (variant 9).
The differences with most other variants were statistically
significant at a 95 % probability level.

Good height growth was also observed in seedlings
from variants 5 (peat produced by LLC “KrasKIP” with
the addition of sawdust and vermiculite in a 50/25/25 %
ratio) and 6 (peat by LLC “KrasKIP” with sawdust and
vermiculite in a 33.3/33.3/33.3% ratio).

Seedlings grown on substrates from variants 16 (peat
by LLC “KrasKIP” with the addition of sawdust and per-
lite in a 50/25/25 % ratio) and 10 (coconut substrate with
perlite and vermiculite in equal proportions) lagged in
growth.

The next series of experiments included determining
the role of the AgroMaster 18.18.18+3 fertilizer in culti-
vating Siberian pine seedlings on various substrates.

It was found that by 18.08.2022, the average height of
seedlings grown with fertilizer application was 3.01 +
0.02 cm. Depending on the substrate composition, this
parameter ranged from 2.81+0.06 cm to 3.33+0.08 cm
(Figure 3).

It should be noted that treatment of trays filled with
experimental substrates with AgroMaster 18.18.18+3 fer-
tilizer did not significantly affect seedling growth in most
variants.

However, when using the peat mixture produced by
LLC “VELTORF” with the addition of agroperlite (con-
trol variant 1) and peat by LLC “KrasKIP” (variant 2), the
application of fertilizer increased significantly the height
of Siberian pine seedlings. In the first variant, the height
was 3.11+0.05 cm compared to 2.74+0.07 cm. In the sec-
ond, the height was 3.22+0.08 cm compared to 2.93+0.08
cm. The differences were statistically significant (tf =
=4.30 and 2.56, respectively, exceeding tys) (see figure).

The application of fertilizer also affected positively
the height of seedlings grown on substrates in variants 3,
10, and 16.
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Figure 1
Experimental Substrate Variants

Variant Substrate Proportions of the
number mixture, %
1 Peat mixture according to recipe No. 19¢/1 produced by VELTORF LLC 80/20
with the addition of agroperlite (control)
2 Peat produced by KrasKIP LLC 100
3 Peat produced by KrasKIP LLC with the addition of vermiculite 50/50
4 Peat produced by KrasKIP LLC with the addition of sawdust 50/50
5 Peat produced by KrasKIP LLC with the addition of sawdust and vermiculite 50/25/25
6 Peat produced by KrasKIP LLC with the addition of sawdust and vermiculite 33,3/33,3/33,3
7 Coconut substrate without additives 100
8 Coconut substrate with the addition of perlite 50/50
9 Coconut substrate with the addition of vermiculite 50/50
10 Coconut substrate with the addition of perlite and vermiculite 33,3/33,3/33,3
11 Peat produced by KrasKIP LLC with the addition of perlite 50/50
12 Peat produced by KrasKIP LLC with the addition of perlite and vermiculite 33,3/33,3/33,3
13 Peat produced by KrasKIP LLC with the addition of coconut substrate 50/50
14 Peat produced by KrasKIP LLC with the addition of sawdust and perlite 33,3/33,3/33,3
15 Peat produced by KrasKIP LLC with the addition of sawdust, perlite and vermiculite 25/25/25/25
16 Peat produced by KrasKIP LLC with the addition of sawdust and perlite 50/25/25
Figure 2
Height of Siberian cedar pine seedlings grown without fertilizers, cm
s : o o [ v | e | et
1 2,74 0,07 0,41 14,9 2,7 6,83
2 2,93 0,08 0,56 19,3 2,7 4,81
3 3,08 0,09 0,57 18,5 2,9 3,10
4 3,16 0,06 0,44 13,8 2,0 2,94
5 3,27 0,07 0,52 16,0 2,2 1,56
6 3,23 0,06 0,37 11,6 1,8 2,20
7 2,78 0,09 0,53 19,2 3,1 5,87
8 2,75 0,06 0,39 14,1 2,2 7,37
9 3,43 0,07 0,53 15,4 2,0 —
10 2,70 0,05 0,33 12,2 1,8 8,51
11 2,90 0,06 0,46 15,9 2,2 5,65
12 3,16 0,07 0,49 15,5 2,2 2,77
13 2,96 0,10 0,54 18,2 3.4 3,76
14 3,23 0,07 0,50 15,3 2,1 2,00
15 2,91 0,06 0,42 14,3 2,1 5,68
16 2,60 0,09 0,49 18,9 3,6 7,09
Average 3,02 0,02 0,53 17,4 0,7 4,38
Figure 3
The height of Siberian cedar pine seedlings grown using fertilizer, cm
Vari _ o o tp (When
ariant number X +m +c V, % P, % -
tos=1,96)
1 3,11 0,05 0,39 12,6 1,7 2,33
2 3,22 0,08 0,50 15,5 2,4 0,99
3 3,33 0,08 0,49 14,8 2,3 —
4 3,10 0,04 0,30 9,6 1,3 2,65
5 2,96 0,05 0,38 12,8 1,8 3,96
6 2,99 0,05 0,39 13,1 1,8 3,59
7 2,94 0,05 0,37 12,7 1,8 4,15
8 2,87 0,08 0,51 17,8 2,7 4,14
9 3,28 0,06 0,38 11,7 1,7 0,51
10 3,03 0,05 0,39 12,9 1,8 3,21
11 2,81 0,06 0,40 14,3 2,1 5,38
12 2,87 0,06 0,39 13,6 2,1 4,71
13 3,00 0,06 0,46 15,3 2,1 3,32
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End of the Figure 13

Variant number X +m +o V, % P, % tq)Ewhen
tos= 1,96)
14 2,83 0,08 0,49 17,3 2,7 4,61
15 2,94 0,05 0,34 11,4 1,8 4,11
16 2,88 0,06 0,42 14,6 2,0 4,59
Average 3,01 0,02 0,44 14,5 0,5 3,27
a
3,5 -
N N
3 - \ —\ D\
5N R R R R & ARRRR
SREERE & & |\ Y
0
4 7 8 3 10 11 12 13 14 15 16

N without fertilizer B with fertilizer

The height of Siberian cedar pine seedlings with closed root system grown on substrates of different composition

in two versions: without fertilizers and with fertilization

CONCLUSION

The conducted research on the growth of Siberian pine
seedlings, grown with a closed root system in trays with
various substrate compositions, allowed for the following
conclusions:

— A complete replacement for peat-based substrates
can be achieved using coconut substrate, mixed with ver-
miculite in a 50/50 proportion.

— When cultivating Siberian pine seedlings with a
closed root system using peat mixtures produced by LLC
“VELTORF” or pure peat from LLC “KrasKIP,” it is
advisable to apply AgroMaster 18.18.18+3 fertilizer.

— When growing planting material with a closed root
system on peat mixtures, it is reasonable to consider lo-
cally sourced peat to reduce production costs.
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BJIMAHUE ITAPAMETPOB PABOYEI'O OPTAHA JITUCKOBOT'O PBIXJIMTEJISA
HA TEXHOJIOT'MYECKHI POIIECC HAPE3KH BOPO3/I IIPA JIECOBOCCTAHOBJIEHUA

C. H. loaimatos, H. B. Cyxenko

Cubupckuii rocyapcTBEHHBIH YHUBEPCUTET HAYKH M TEXHOJIOTHH UMeHH akanemuka M. @. PemerneBa
Poccwuiickas @enepanus, 660037, r. KpacHosipck, npocrt. uM. razersl «KpacHosipckuii Pabouwniin, 31
E-mail: pipinaskus@mail.ru

Cospemennasn cumyayus 6 obracmu yCmoudugo2o 1econonv3oeanus 6 Poccuu xapaxmepusyemcs npobremot 60c-
CMAHOBNEHUsA, OXPAaHbl U 3awumul 1ecos. Hecmomps na 3HauumenvHvle 006bEMbl pabom nO COXPAHEHUN) NOOpPOCma
6 npoyecce pyboK 21aBHO20 NOIL30BAHUS, NPOBEOCHUI) MEPONPUAMUL COOCUCBUSL 1eCOB0CCIMAHOBIEHUIO, CYUeCyent
VCmMOUBas MeHOeHYUs OMCMABAHUA MEMN08 60CCIMAHOGIEHUSA NECHbIX HACANCOCHUT HA (POHE SHAYUMENbHO20 VEeu-
yenus naowaodeti evlpyoox u capeti. Cospemennvie MeXHOL02UU IECHbIX KYIbIYp MO2Ym Cmambv 3QhexmueHbiM opaii-
8epom pocma npodykmusHocmu recos Poccuu. /[nsa peanusayuu maxux mexHonozuii mpebyemcsa onepamusHas u Kave-
CMBEHHAS NOO20TNOBKA NOYBbI 8 UHIMEPECAX NOCAeOYIOWe20 1eCO80CCINAHOGIeHUA.

Hccnedosanue nanpasneno na peuienue 3a0ayu 1ecO80CCMAHOBIEHUs 8 YCL08UAX 8bipyOoK. Iposeden ananus Kou-
CMPYKYUU OUCKOBbIX PbiXaumenetl, npeoOHA3HAYEHHbIX 0I5l NOO2OMOBKU NOUEbL 8 Npoyecce pabom no 1eco80CCmMaHos1e-
Huto. Ilpoananuzuposansvl ghakmopul, oxasviearowue Cywecmeennoe GusaHue Ha Q@PekmusHocms pabomol niy206-
poixaumeneil ¢ OUCKOBbLIM pabouum op2anom. B xo0e pabomul onpedensniuce 3akOHOMepHOCU, 6lUAIOWUE HA KUHEMA-
muuecKue cOOMHOWeEHUs npu 06pabomKe J1eCHbIX NO48 OUCKOGbIMU puixaumenimu. bvln yemanoenen npunyunuanvrulil
Xapakmep O8UdHCeHUs NIACMA NO NOBEPXHOCMU paboye2o opeana OUcKoso2o pvixaumens. Ha ocnoeanuu ananuza npo-
yecca 0bpazosanus 6opo30 npu 0bpabomie NOUEbl OUCKOBLIM PbIXIUMENeM, OAHbl PeKOMEHOAYUU No 8blOOPY TUHEUHbIX
U yenogvix napamempos pabouezo opeana. Ha ocnose ananuza cghopmyruposarvt mpebosanus K OUCKOSLIM NIY2aM-
DUIXTUMENAM, KOMOopble CMO2Ym IPHEKMUBHO OCYUeCIAmMb OCHOBHYI0 NOO20TOBKY NOUEbl 8 YCAOBUAX BbIPYOOK,
8 PA3HOOOPA3HBIX NOUBEHHO-KAUMAMUYecKux ycnosuax Poccuu. Mamepuanel uccnedosanuti, pexomenoosanHvle TuHel-
Hble U yenosvle napamempsl paboyux opeanos Mo2ym Oblmb UCHOIb308AHBI NPU NPOEKMUPOSAHUU U YCOBEPUIEHCMBO8A-
HUU JIECHBIX pbIXAUmeneli ¢ OUCKOBLIMU pabOYUMU OP2AHAMU.

Knwuesuvie cnosa: Jlecoeoccmanoesiierue, ouckoevie pulxaumenu, niyeu, aHaius, pa60qu12 OpeaH, Kunemamuka njia-
cma.

Conifers of the boreal area. 2024, Vol. XLII, No. 7 (special), P. 52-59

INFLUENCE OF THE PARAMETERS OF THE WORKING BODY OF THE DISC RIPPER
ON THE TECHNOLOGICAL PROCESS OF CUTTING FUROWS DURING REFORESTATION

S. N. Dolmatov, N. V. Sukhenko

Reshetnev Siberian State University of Science and Technology
31, Krasnoyarskii Rabochii prospekt, Krasnoyarsk, 660037, Russian Federation
E-mail: pipinaskus@mail.ru

The current situation in the field of sustainable forest management in Russia is characterized by the problem of
restoration, conservation and protection of forests. Despite the significant amount of work to preserve the undergrowth
in the process of felling the main use, carrying out activities to promote reforestation, there is a steady trend of lagging
behind the rate of restoration of forest plantations against the background of a significant increase in the areas of
felling and burnt areas. Modern technologies of forest crops can become an effective driver of growth in the
productivity of Russian forests. The implementation of such technologies requires prompt and high-quality soil
preparation in the interests of subsequent reforestation. The study is aimed at solving the problem of reforestation in
the conditions of clearings. The analysis of the design of disc rippers designed for soil preparation in the process of
reforestation was carried out. The factors that have a significant impact on the efficiency of the plow-rippers with a disk
working body are analyzed. In the course of the work, regularities were determined that affect the kinematic
relationships during the processing of forest soils with disc rippers. The fundamental nature of the formation movement
on the surface of the working body of the disk ripper was established. Based on the analysis of the process of furrow
Sformation during soil cultivation with a disk cultivator, recommendations are given on the choice of linear and angular
parameters of the working body. Based on the analysis, the requirements for disc cultivator plows are formulated,
which will be able to effectively carry out basic soil preparation in clearing conditions, in a variety of soil and climatic
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conditions in Russia. Research materials, recommended linear and angular parameters of the working bodies can be
used in the design and improvement of forest rippers with disk working bodies.

Keywords: reforestation, disc rippers, plows, analysis, working body, formation kinematics.

INTRODUCTION

The forests of Russia occupy one fifth of the world's
forest area and being one of the renewable natural re-
sources, satisfy numerous needs of the economy and soci-
ety in forest resources, fulfill the most important envi-
ronment-forming, environment-protecting and other use-
ful functions. However, at present the problems of forest
conservation and utilization are complex and diverse.

The Strategy for the Development of the Forest Com-
plex of the Russian Federation until 2030 considers insuf-
ficient reforestation efficiency as one of the main prob-
lems constraining the development of the forest complex.
Having almost halved over the last 20 years, the annual
volume of reforestation has stabilized at the level of 800—
900 thousand hectares. Due to non-compliance with agro-
techniques of cultivation of established forest crops, their
high mortality is observed in the period before their con-
version to the forested area. The need of established forest
crops in agro-technical maintenance is met only by half.
At the same time, the land holders of forest areas are not
sufficiently interested in forest reproduction, effective use
of harvesting areas and development of forest infrastruc-
ture.

In the Russian Federation, the process of coniferous
species replacement by deciduous species is unfavorable
for the forest industry due to low availability of fellings
for the purpose of forest plantation maintenance. At the
same time, the share of artificial reforestation in the total
volume of reforestation remains low (22 % on average)
compared to foreign countries. The predominant method
of reforestation is the promotion of natural regeneration.
Artificially created forest plantations require agrotechni-

cal maintenance. At the same time, the need for agrotech-
nical care is met only by 60%. Due to non-compliance
with agrotechnics of cultivation of established forest
crops, their death is observed in the period before their
conversion to the forested area [1].

The majority of forests grow on heavily sodded soils,
where reforestation activities are not successful without
effective preparation. Insufficient tillage is one of the ma-
jor problems, partly due to lack of suitable equipment and
partly due to lack of funding. The wide range of different
types of equipment developed in Russia for soil cultiva-
tion (including the creation of micro-tillage) does not
seem to be fully utilized.

In Russia, there are quite a lot of studies devoted to
the issues of soil cultivation (Pisarenko and Merzlenko,
1990, Kalinichenko et al., 1991, Volkov, 1998, Melek-
hov, 2002, Sokolov, 2006) [2—6]. Research on increasing
the passability and durability of tillage implements used
in the conditions of reforestation on undisturbed areas is
becoming particularly important. Such implements in-
clude rippers with disc working bodies, which are de-
signed with both passive and active working ones. The
use of disc rippers in reforestation without stump removal
is relevant to meet environmental requirements as well as
cost-effective [7]. Experiments conducted by Brakke For-
est show that there is a big difference in results depending
on where and how the seedlings are planted. Experiments
show that the depth and location of planting, the type of
soil are crucial for the survival and development of the
seedling. The Bracke range of milling rippers (Fig. 1) is
recognised as very effective [8].

Fig. 1: Bracke T26 working body and the result of shaping of planting spots:
T — inverted turf; H — mineral soil mounds on inverted turf; M — mineral ground mounds on mineral soil

Tools with disc working bodies reduce the time of soil
preparation, make it possible to work on unprepared sites
with local irregularities [9; 10]. Bracke T21.a disc ripper
is used for work on small plots. It is available in two
modifications (with a three-point attachment for coupling

with tractors and with a frame for installation on a for-
warder). The design of this machine allows manual regu-
lation of the disc tilt at nine different angles [11]. More
powerful rippers Bracke T26.a, Bracke T45.a are used for
work on difficult and cluttered areas.
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The design characteristic of the Bracke T26.a ripper is
the possibility to set the arms and discs at different widths
and angles, which allows varying the parameters of
ground pressure and the pressure of the working body.
The Bracke T45.a ripper is also an effective tool on
unlogged fellings, as it provides simultaneous processing
of four strips [12]. During reforestation on fellings, prom-
ising designs of disc rippers are also used for basic soil
preparation. These machines perform simultaneous tillage
and partial clearing of cultivated strips by shifting felling
pieces with their working bodies. The rippers allow to
provide quality soil treatment in difficult conditions of
unploughed and cluttered fellings [13].

For effective operation of forest disc rippers it is nec-
essary to study the influence of parameters of the working
surface of ripper blades on the technological process of
furrow cutting. The existing forest ploughs work unsatis-
factorily due to inconsistency of accepted parameters to
the technological task of furrow cutting. The work of a
modern disc ripper requires justification of parameters of
the working body - the knife-blade of the ripper to ensure
a turning over of the soil layer so that the mineralised part
is on top and the turf part is at the bottom of the mineral-
ised soil roll (Fig. 1). In this case a certain analogy with
the work of mouldboard classical ploughs in the aspect of
the movement of the soil layer on the forming elements of
the mouldboard can be traced. On the basis of the above
stated, let us formulate the aim and objectives of the re-
search.

PURPOSE AND OBJECTIVES

OF THE RESEARCH

The purpose of the research is the influence of parame-
ters of the working body of the disc rippers on the techno-
logical process of cutting furrows during reforestation.

The stated purpose allows to assign the research objec-
tives:

1. To determine the factors influencing the kinematics
and deformation of the layer.

2. To determine the characteristics of the layer movement
on the working surface of the working body of the disc rip-
per.

RESULTS AND THEIR DISCUSSION

Figure 2 shows the working body of the disc ripper -
cutter. The cutter consists of removable blades 1 and base
body 2.

Fig. 2. Cutting working body
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The shape and parameters of the furrow (layer) cross-
section, the angle & of the knife-blade inclination to the
furrow bottom, the angle y0 of the cutting blade inclina-
tion to the furrow wall, the shape and parameters of the
formers, the parameters of the guide, the shape and pa-
rameters of the field cut curve, the pitch of the helical
surface are among the parameters that have a significant
influence on the kinematics and deformation of the layer.
Nowadays, when designing forest ploughs, the shape of
furrow cross-section is accepted in the form of rectangle
or trapezoid. Let us consider the features of rectangular
and trapezoidal forms of furrow cross-section.

The purpose of furrow cutting is to prepare the soil for
sowing or planting forest crops in a furrow or layer. It
follows that the furrow and layer widths, i.e. the mineral-
ised strip, should be as wide as possible. From this point
of view, the trapezoidal cross-sectional shape has a num-
ber of advantages compared to the rectangular cross-
sectional shape (Fig. 3).

With a given furrow width, the cross-sectional area of
the trapezoid is smaller. By reducing the furrow cross-
section, the work required to turn the layer is also re-
duced. It is important to determine the required traction
forces, because their value determines the required power
of the traction device used to drive the disc ripper [14].

The trapezoidal cross-section reduces the force re-
quired to cut the layer. Studies [15—18] have shown that
the characteristics of the cutting process are significantly
influenced by the standing of the ground and the traction
resistance of the plough depends on the length and loca-
tion of the cutting blade. Side (vertical) blades require
more force, so they should be excluded from the cutting
process if possible. For the same working width, the trac-
tion resistance increases with increasing blade length.

When the vertically placed cutting blade is deflected
in the direction perpendicular to the movement, the cut-
ting force and specific resistance decrease. Thus, deflect-
ing the knife at an angle of 45° at a cutting depth of
0.28m. causes a 25 % reduction in specific resistance
compared to the resistance of the knife placed vertically.

The trapezoidal shape of the furrow cross-section
eliminates vertical cutting of the layer and also reduces
the so-called active blade length. Assuming that the active
blade length is the length of the blade cutting the layer
along the bottom of the furrow. The active blade length
can be characterised by the coefficient of blade length
reduction, which is equal to:

;oL (b—A)siny: b— Ab
r LP

, 1
bsiny b O

where Ly — blade length at rectangular cross-section; Lt —
blade length at trapezoidal cross-section; Ab — undercut-
ting of the layer along the bottom of the furrow.

For trapezoidal shape of the furrow cross-section the
value of Ab is defined as:

t

Ab= —,
tg A

)

where ¢ — height of the cutting blade; A — angle of inclina-
tion of the cutting blade.
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Fig. 3.Scheme of formation of the soil layer

The shape of the furrow cross-section should be cho-
sen so that K;, is less than 1. Thus, in order to ensure a
certain furrow width, in case of rectangular cross-section
of the layer it is necessary to cut the soil up to point 4,
(Fig. 3, a), and in case of trapezoidal cross-section up to
point 4. Consequently, in the second case the active
length of the blade is considerably reduced. All this
should lead to a reduction of traction resistance. In case of
trapezoidal cross-section of the body the soil shattering at
the furrow edge is reduced. For a rectangular furrow
cross-section, the lateral edges will crumble over time. It
means that there is no need to do an excavation of a part
of soil, which is still crumbling. Insufficient substantia-
tion of the rational parameters of the working body of the
disc ripper -cutter, leads to the fact that manufacturers
produce disc rippers with blades of chosen ‘intuitively’
shape (Fig. 4).

Studies [19; 20] have shown that the type and shape of
disc ripper has a significant effect on traction resistance.
For example, with tractors of traction class 14 kN it is
possible to use successfully not only single disc active
ripper, but also passive double disc version under soft soil
conditions. In more difficult conditions with tractors of 30
kN traction class, it is recommended to use the active
double disc version of the ripper to ensure high quality
indicators.

The analysis of industrial samples of disc rippers al-
lows to draw a conclusion about the maximum spread of
trapezoidal shape of blades. Most often the knife-blade
(Fig. 5) contains a cutting blade part transitioning
smoothly to the ploughshare part, forming the surface of
the mouldboard and transporting the soil layer.

Taking the shape of the cross-section as a rectangular
trapezoid, let us find out at what angle A should be placed

the side. Based on experiments [21], it was found that to
ensure minimum energy consumption with the plough
working surface, it is recommended to place the blade at
an angle of 60-75°.

Graphical and analytical studies of different mould-
boards have allowed us to establish the nature of layer
movement on the working surface of the plough body.
Depending on the law of surface formation, the layer ei-
ther shifts to the side (if the cross sections on the vertical
projection of the mouldboard do not intersect in one
point) or turns around some axis (through which the cross
sections pass or around which they turn). So, under the
influence of the working surface the layer is forced to turn
around some axis. In order to facilitate the layer rotation,
the undercutting knife should be positioned so that its end
coincides with the point O, which is the axis of layer rota-
tion (Fig. 3, @). In this case, the furrow width will corre-
spond to the designed surface.

If the undercutting knife is positioned at an angle A<\
o (Fig. 3, ¢), where X, is the angle of inclination of the
knife at which its plane passes through the layer rotation
axis, it actually does not fulfill its role. After all, the sur-
face is designed so that the layer turns around the axis O,
and near this axis the layer is not cut. Under the influence
of the working surface, the layer is forcibly rotated around
the O axis, bending and breaking the uncut part of the
layer. If the undercutting knife is placed at an angle A>A
(Fig. 3, d), the layer width will also decrease, which gen-
erally corresponds to the data obtained [22].

In both the first and second cases, the furrow width
will decrease due to the ‘overthrust’ of the layer. By the
term ‘overthrusting’ we mean the placement of a part of
the layer above the furrow. This phenomenon will occur
due to the following factors:
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1. The height of the undercutting part of the cutter
blade is insufficient for complete undercutting of the layer
(the end of the undercutting blade does not coincide with
the O axis of the layer rotation).

2. The helical surface guide is deflected to the left in
the direction of movement from the longitudinal plane.

Let us consider the substantiation for choosing the an-
gle A of inclination of the blade undercutting part (Fig. 3).
It is obvious that the angle A for a specific working sur-
face with a given furrow width b cannot be chosen arbi-
trarily, even for the condition when the knife edge coin-
cides with the axis O. If the angle A is small, the blade of
the knife will be too short. At A= 90°, the furrow section
approaches a rectangle, which, as mentioned above, is
also unpractical. Consequently, the angle A must be cho-
sen for some other considerations. The following factors
can be taken as the main ones:

1. Angle v of soil destruction during wedge penetra-
tion. The technological effect of the wedge, i.e. the de-
formation of the layer produced by it, does not depend on
the direction of movement and remains unchanged both
when the wedge moves perpendicular to the blade and

when it moves at an angle ;o < 90°.Then, applied to the
plough body of the knife-blade of the soil tiller, a straight
curved wedge with a cutting angle g, (Fig. 3, e) can be
conditionally considered in the cross-section passing
through the end of the ploughshare. When such a wedge
is moving, the soil breaks under angle y = 45°+50°. So, to
facilitate the process of layer undercutting, the angle A of
the cutting blade inclination should be close to angle v,
i.e. A=y =45°+50°.

2. Optimum combination of blade and share part of
the soil tiller blade.

In order for the blade part to be durable, its length
must be kept to a minimum. A minimum length is possi-
ble at A = 90°, but then the shape of the furrow cross-
section is irrational. The length of the knife part increases
when A is considerably more than 45°. So, for reasons of
durability, it is also most rational to adopt A= 45°.

Natural slope angle. To prevent the furrow walls from
crumbling, the angle A of inclination of the cutter and its
blades should not exceed the natural slope angle. The natu-
ral slope angle for different soils ranges from 35° to 50°.

Fig. 4. Varieties of working knife-blades mass-produced by the industry:
From left to right in the form of petals (TPF-1N Anschi); rectangular (TT26 from TD Forwarder Ltd);
asymmetrical trapezium (Bracke t21.b); symmetrical trapezoid (Bracke Forest t26.b)

Fig. 5.Cutting blade of the soil tiller:
1 — knife part; 2 — blade part

It should be noted that due to the need to make fur-
rows of different depths, the shape of the furrow cross-
section in the form of a regular trapezoid is not always
realised. If the height of the undercutting knife is chosen
so that when working at a depth of a,, the point M of the
knife coincides with the field surface and passes through
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the layer rotation axis O, then the cross-section of the
furrow formation is trapezoidal (Fig. 3, b). If the treat-
ment goes to a depth a,> ay, the point M will not coincide
with the field surface. In this case, the furrow cross-
section is obtained in the form of OMABC. Since the real
depth of the furrow will be constantly changing and will
depend on many factors (presence of stumps, local soil
irregularities), the end of the blade not only does not co-
incide with the rotation axis of the layer O, but the blade
plane also does not pass through the axis O. Conse-
quently, the knife part of the blade cuts only a part of the
layer height. Due to the fact that some layer height re-
mains uncut, a layer overthrust is formed, which reduces
the calculated furrow width. This disadvantage can be
avoided by correct selection of the position of the layer
rotation axis O at the given layer width b, furrow bottom
width by, angle A, as well as the largest and the smallest
calculated furrow depths @, and ayp..

Fig. 6 shows the shape of the furrow cross-section.
The distance from the left edge of the furrow to the axis O
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of the layer turnover, in accordance with Fig. 6 a, will be
taken from the expression:

by =b+(3-6) v, )

where b is the calculated furrow width.

Fig. 6, b shows the furrow cross-section taking into
account the layer overthrust. A value of 3-6 cm will avoid
reducing the calculated furrow width due to overthrust,
which will be observed due to the need to work at differ-
ent depths.

Thus, based on the analysis performed, the inclination
angle A should be taken as 45°+50°. At the same time, the
vertical height of the blade part should not exceed t = Ab

Y
o

Ba

Fig. 6.Shape of the furrow cross-section

< dmin. When designing the working surface, the layer
turnover axis should be shifted from the end of the
ploughshare blade by 3-6 cm.

Let us consider the question of setting the angle & of
the blade direction of the disc soil ripper to the bottom of
the furrow. Some researchers [18-21] recommended the
value of the angle within 20...30°. However, the con-
ducted researches were mainly concerned with the study
of its influence on the traction resistance. The question of
necessity to change the angle € from the position of layer
turnover kinematics is of great importance. Let's consider
the influence of the angle € on the layer kinematics. We
assume the condition of a flat wedge (Fig. 7).

Fig. 7.Scheme of layer movement along the oblique wedge

The Y-axis is in the direction of motion, the X-axis is
across the motion, and the Z-axis is vertically upwards.
Let the point B of the wedge in the first period of motion
coincides with the coordinate origin O and, moving with
constant velocity v, passes the path OB = vt. During this
time, the point O, belonging to the layer, will move to the
point O;. Under the condition of moving of the layer
without its compression, without taking into account fric-
tion, then OB = OB, OD = O,D. Consequently, the point
O, lies in the plane COD, perpendicular to the blade of
the wedge A4B. In this case, the relative trajectory of the
point O; to the blade is deflected by an angle y,. The
equations of motion of the point O, of the layer can be
written in the form:

x = OBsiny, cosy, (1-cose), %)

y = OBsin’y, (1-cose), (6)

z=0Bsiny,sine. @)

Excluding constants from the equations of motion, we
obtain the trajectory of motion of point O; of the layer:

X

== ()
cos v, (1—cose) - siny, (1-cosg) ~sing’

When studying layer kinematics, it is necessary to
limit the movement of the layer in any direction of the
coordinate axes. For the disc ripper operation it is neces-
sary to reduce the lateral displacement. Let's consider the
obtained equations for selection of parameters, providing
minimum displacement of the layer. Let us preliminarily
determine the kinematics of point A4 of the layer, which is
located from point B at a distance b (width of the layer)
along the X axis. Since the blade is located at an angle vy,
to the furrow wall, the point 4 of the layer will touch the
blade of the wedge when it passes the distance:
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Before point 4 meets the blade of the wedge, the mo-
tion of the layer is determined by geometrical relations
without taking into account the acting forces. At further
movement, when the layer, rising along the wedge, loses
its connection with the surface, gravity starts to exert a
greater influence, and the layer will tend to move to the
side and the trajectory to bend. This is true for an un-
bound layer (e.g., in the cultivation of unbound soils). In
the case of a bound layer, typical of forestry operations,
gravity can be neglected because the turf in the layer will
act as a reinforcement to prevent the layer from bending.
Consequently, point B of the layer in its relative motion
will continue to move along the line B,, and point 4 will
move along the line Am. So, considering the movement of
a bound layer, we can consider that the movement of
point 4 is subject to the same laws as point B. Conse-
quently, the equations obtained are also valid for point 4.

Let us find out the character of change for the lateral
displacement parameter (abscissa x) depending on the
change of the angle €. It is also important to establish the
dependence z = f'(¢), which characterises the layer uplift,
and tgh = f(¢) which characterises the tangent of the tra-
jectory inclination angle in the plane of lateral displace-
ment (transverse-vertical plane). Figure 8 shows graphs
illustrating the effect of change parameters of oblique
plane wedge on layer kinematics.

The graph (Figure 8, a) of the dependence x = f'(¢) is
obtained by substituting different values of angles e into
equation (5). The graph illustrates that as ¢ increases from
0 to 90°, the value of x increases, reaching the highest
value at € = 90°. From the graph z = f (¢) (Fig. 8, b) it fol-
lows that with the increase of ¢ the height of layer eleva-
tion increases. To draw the graph tgh = f (¢) we will take
the ratio:

OB=vt=

©)

z cth
tgh=2=— 2 (10)
X cosYy,

The graph tgh = f(¢) shows (Fig. 8, ¢) that the largest
value of tgh corresponding to the minimum lateral dis-
placement of the layer occurs at € — 0.

Thus, the influence of the angle € on the layer kine-
matics has been established. The layer under the influence
of a flat triangular wedge is displaced laterally. To reduce
the lateral displacement of the layer it is necessary to
strive to reduce the angle €. For point B of the layer, lat-
eral displacement is acceptable, as it is accompanied by
uplift and in general does not significantly affect the
kinematics of the layer. Therefore, the angle ey, can be
chosen based on the minimum traction resistance. For
point A4, lateral displacement and uplift of the layer are
very undesirable, because in this case the kinematics of
the layer differs significantly from the theoretical one.
Since the layer at point 4 is connected with the soil mass,
its lifting, carried out without turnover, causes crushing of
a part of the layer and, as a consequence, increased pres-
sure on the mouldboard. The angle € should be variable
along the length of the blade's ploughshare part, decreas-
ing from the blade part to its points of attachment of the
blade to the disc of the soil tiller. For constructive reasons
the angle ex should be chosen within the limits eg =
10+15°. The angle ey should be chosen based on the least
traction resistance within the limits ey = 25+30°. Reduc-
ing the angle &g prevents sliding and ensures retention of
the layer on the mouldboard surface.

CONCLUSION

The Russian Federation possesses significant forest
resources. Modern reforestation technologies are based on
the use of advanced high-performance equipment. Such
equipment includes disc rippers, which use both passive
and active working elements. The efficiency of such
equipment is influenced by a number of factors. In the
process of research were established certain regularities
affecting the kinematic relations in the process of forest
soil cultivation with disc rippers. The character of move-
ment of a layer on a surface of a working body of a disc
ripper has been defined. On the basis of the analysis of
process of formation of furrows at soil cultivation by a
disc ripper, the following parameters of a working body
are recommended: trapezoidal cross-section of a furrow
with angles of inclination of forming 45°; the angle of
inclination of a ploughshare part of a working knife-blade
of a disc ripper should decrease from a toe of a blade to
its back surface (cropping to a disc).

i
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Fig. 8. Graphs illustrating the influence of change parameters of oblique flat wedge on layer kinematics
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The angle ¢ should be 10+15°, gy is accepted in the
range of 25+30°. Reducing the angle ¢ prevents sliding
and provides layer retention on the mouldboard surface.

Materials of researches can be used at designing and
improvement of forest rippers with disc working bodies.
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Lenniono3no-6ymascnas npomMblUIeHHOCMb SI8ISeMCst OOHOU U3 DA308bIX OMPACAEl IKOHOMUKU, OHA USPAEm 8adIC-
HYI0 POllb 8 NOBLIUUEHUU HAYYHO-MEXHUYECKO20 YPOSHs NpaKmuiecku gcex ompaciei xo3aiucmea. OCHO8HbIM UCMOYHU-
KOM Cblpbsi OQHHOU NPOMBIULIEHHOCIU SGNAEeMCs Opesecuta Xeotnvlix nopod. Ozpomuas 6aza npupooOHbIX pecypcos
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THE EFFECT OF GRINDING ANNUAL PLANT POLYMERS
ON THE PROCESS OF OBTAINING FINE CELLULOSE

L. V. Yurtayeva, Yu. D. Alashkevich, E. V. Kaplev, E. A. Slizikova

Reshetnev Siberian State University of Science and Technology
31, Krasnoyarskii rabochii prospekt, Krasnoyarsk, 660037, Russian Federation
E-mail: 2052727 @mail.ru

The pulp and paper industry is one of the basic branches of the economy, it plays an important role in improving the
scientific and technical level of almost all sectors of the economy. The main source of raw materials for this industry is
coniferous wood.The huge base of natural resources attracts investments in this industry, stimulates the growth of pro-
duction. In Russia, an extensive model of forest management is mainly used, i.e. natural forest is being cut down. The
difficulty of restoring forest resources in a natural way is that this process takes a lot of time and there are various fac-
tors on which the speed of restoration of forest ecosystems depends.

The paper considers a method for obtaining fine-dispersed cellulose from an alternative source of raw materials to
wood and factors influencing the development of a fibrous suspension in a disc mill. The value of the degree of polym-
erization of cellulose that has previously passed the grinding stage, with different degrees of grinding on the Shopper—
Rigler scale, is analyzed.

Keywords: coniferous species of bio-damaged wood, grinding of fibrous materials, microcrystalline cellulose, de-
gree of polymerization.

INTRODUCTION tion to anthropogenic fires, there is a strengthening effect

The destruction of forests as a result of industrial log-
ging and forest fires has a negative impact not only on the
gas composition of our atmosphere, increasing the risk of
the greenhouse effect on the earth, which results in a dis-
turbance of the ecological balance of all ecosystems [1].
Over the last two centuries, the concentration of CO, in
the atmosphere has increased by 20% [2]. It is suggested
that due to the increase in the intensity of logging, in addi-
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of factors influencing the increase in CO, concentration.
According to the Centre for Forest Ecology and Produc-
tivity of the Russian Academy of Sciences, of the 500
billion tonnes of carbon contained in all terrestrial bio-
mass, Russian forests contribute 34 billion tonnes, of
which more than 25 billion tonnes are coniferous forests
[3]. The increasing growth of logging of forest resources
and their preparation for industrial use is associated with
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the fact that fibrous cellulose-containing semi-finished
products are a valuable source of raw materials for pro-
ducing:

— timber — products obtained by mechanical process-
ing, mainly from the trunk of a tree (roundwood, sawn
timber);

— raw materials for forestry production, obtained from
trunk, roots, crowns (larch, oak, chestnut bark, pine stump
wood);

— composite materials — sheet, board or other materi-
als obtained with the help of binders (plywood, chipboard,
laminates, blockboards, etc.);

— modified wood — solid wood with directionally
modified properties (pressed wood, plasticised with am-
monia, modified with synthetic resins, etc.);

— cellulose, paper and wood-fibre materials (wood
pulp, paper, cardboard, wood-fiber boards, etc.);

— products of hydrolysis and yeast production (alco-
hol, fodder and food yeast, furfural, etc.);

— products of wood-chemical production (turpentine,
rosin, tannin extracts, biologically active substances, etc.).

According to experts' estimates, 42 % of all wood har-
vested in the world is used for the production of paper
products, and gas emissions from paper production is
three times higher than the emissions from all existing air
transport [4; 5].

This is due to the fact that fibrous cellulose-containing
semi-finished products are used not only in pulp and pa-
per products, but also in the form of other products of
their deep processing, in particular, powdered cellulose
materials. Moreover, the popularity of pulp and paper
products in various industries is only increasing. About
200 thousand tonnes of various kinds of powdered cellu-
losic materials are produced in the world [6]. Modified
microcrystalline cellulose due to its unique properties,
allows to obtain materials with improved properties. It is
used in the form of powder in such industries as medical
and pharmaceutical (as an auxiliary agent in the manufac-
ture of tablets); food (in the manufacture of baked prod-
ucts, sweets, canned fish, mayonnaise, meat and dairy
products); in cosmetics as the basis of powders, creams;
oil and gas industry in the production of plastics, polymer
films, for the production of building materials, as a start-
ing material for the production of nanocrystalline cellu-
lose; in the composition of packaging paper and card-
board to increase their strength [6].

In the regard of the stated above, the problem of ra-
tional use of wood is acute. In our opinion, it is possible
to solve partially the problem of resource saving by pro-
duction of microcrystalline cellulose from an alternative
source to wood, a rapidly renewable raw material of an-
nual herbaceous plant (industrial hemp). The undeniable
advantages of cultivating hemp is the possibility of ob-
taining a large accumulation of wood (shive) in the stem
in a much shorter (4 months) period of time than wood
(50 years). A hectare of hemp produces about 6 tonnes of
cellulose per year, which is several times more than the
annual growth of a hectare of forest. Moreover, hemp is a
very unpretentious crop to climatic conditions and grows
successfully in a large latitudinal range. In addition, the
content of cellulose extracted from hemp is at least 5-7
times higher than from wood [7; 8]. By using hemp cellu-

lose, some countries have significantly reduced deforesta-
tion and protected the ecological environment [9-14]. The
varied use of hemp products and the ability to obtain good
yields without pesticides confirm the advantages of hemp
over other crops [15]. The hemp stalk consists of two
parts:

— hemp (long fibers of hemp stalks) is a valuable in-
dustrial raw material, used in the production of various
types of ropes, cables, twines, cords, steel rope cores,
technical fabrics and clothing;

— shive (the woody parts of the stalks that remain af-
ter the stalks have been processed, the short fibers) ac-
counts for 65-70 % of the weight of the processed hemp
stalks. The unspun part of the hemp stem (shive), which is
formed after extraction of fiber (hemp) from it, is consid-
ered to be a by-product of hemp production and can serve
as a raw material for the paper and chemical industries,
for the manufacture of building materials, as well as being
used as fuel and as a substrate for growing mushrooms [7].
Compared to hemp, shive has a shorter length of fiber and
higher lignin content, which prevents its use in the produc-
tion of high quality papers. Whereas length of fiber does
not have much influence in the production of powdered
cellulosic materials, and the lignin content of cellulosic
fiber can be reduced by milling the fibrous suspension in
milling equipment. At the same time, one of the main prob-
lems in obtaining powdered cellulosic materials by
chemical method is the disposal of the used acid solution.

The relevance of the research performed by the au-
thors is to consider the possibility of using an alternative
to wood source of raw materials for the production of
microcrystalline cellulose, as well as to reduce the harm-
ful chemical impact on the environment when obtaining
the finished product from raw materials of annual plants
(industrial hemp). At the same time, the analysis of litera-
ture sources has shown that there are practically no stud-
ies about obtaining microcrystalline cellulose from hemp
after grinding in a disc mill.

MATERIALS AND METHODS

OF RESEARCH

Researches in the field of obtaining microcrystalline
cellulose with preliminary grinding of fibrous semi-
finished products by blade and bladeless grinding meth-
ods are carried out in the Reshetnev Siberian State Uni-
versity of Science and Technology, in the laboratory of
the Department of Machines and Apparatuses of Indus-
trial Technologies [16-18].

The object of research is the process of microcrystal-
line cellulose production.

The subject of the study is the grinding of fibrous
mass in a disc mill.

The purpose of the work is to study the effect of
grinding on the process of obtaining microcrystalline cel-
lulose.

The raw material was shive extracted from industrial
hemp.

The objectives of the study included:

— grinding of the fibrous mass and analysis of the fac-
tors influencing its grinding in a disc mill [16];

— treatment of the fibrous mass by chemical method
and determination of its degree of polymerisation;
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— comparison of the degree of polymerisation of cellu-
lose macromolecules at different grinding degrees accord-
ing to the Shopper-Rigler scale.

The parameters characterising the type of powdered
cellulosic material include: cellulose processing method,
degree of polymerisation, cellulose structure, size of par-
ticles [6]. Therefore, the following laboratory methods
were used to control the process of obtaining microcrys-
talline cellulose from shive of industrial hemp:

« measurement of the grinding degree by ShR was
carried out in accordance with ISO 5267-1 (1999) [19];

* lignin content was determined according to State
Standard 11960-79 [20];

* the mass fraction of alpha-cellulose was determined
according to State Standard 595-79 [21];

_% |
II I I ||.

Fig. 1.Scheme of experimental blade grinding facility:

* determination of the degree of polymerisation was car-
ried out in accordance with State Standard 9105-74 [22].

Cellulose extraction from shive of industrial hemp
was carried out with a acid liquor, the main components
of which were sodium hydroxide and sulphide (NaOH
and Na,S). Cooking was carried out in a laboratory auto-
clave at a temperature of 170—171 °C for 3 hours.

The fibrous mass with a concentration of 1 % was
ground in a semi-industrial disc mill from 15°ShR to
83°ShR. The rotor speed of 2000 rpm and an inter blade
gap of 0.1 mm were chosen as the most effective for
grinding time and the degree of fibrous processing, on the
basis of earlier studies conducted at the Department [16;
23]. Fig. 1 shows the scheme of the experimental (semi-
industrial) facility of blade grinding. Table 1 shows its
technical characteristics.

1 — hydrobrushing pulper; 2 — disc mill; 3 — belt drive; 4 — pressure pipe; 5 — circulation pipe; 6 — frame;

7 — fixing; 8, 9, 10 — electric motor

Table 1
Technical characteristics of the blade grinding facility

Dimensions of disc mill (length +width+height),m 0,95x0,6%x0,8
inter blade gap, mm 0+6
number of rotor shaft rotations, rpm 0+2000
material of blade element Steel 40XH
nominal motor power, kW 22
number of motor output shaft rotations, rpm 750

Fig. 2. Scheme and characteristics of the blade grinding element
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— outside and inside diameters: D = 290mm, d = 130mm;

— thickness and height of the blade: § = 4mm; h = 4mm;

— width of the groove, b = 4mm;

— cutting length in second, Ls = 25213m/s;

— contact area of rotor and stator blades, F = 0,0076m?;

— the ratio of the surface area of blades to the total surface area of the ele-
ment, F,e / Fiom = 22,5 %
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Changing the crossing angle of the blades of the
grinding element allows to vary the ratio of hydrating and
shortening effect on the fibrous material. The grinding of
fibrous mass was carried out using a traditional eight-
sector element with a rectilinear shape of blades with an
angle of 22.5° (Fig. 2), which provides an optimal ratio of
fibrillating and cutting effects with a decrease in energy
consumption [24; 25]. That, as we expect, will lead fur-
ther to a decrease in the degree of polymerisation of cellu-
lose macromolecules during the hydrolysis process and to
an increase in its solubility. The main features of cellulose
powders that characterise their application are physical
inertness, morphology, microporosity of particles and
highly developed active surface, which are determined by
the degree of polymerisation.

Destruction of cellulose raw material was carried out by
exposure to 1.5 N hydrochloric acid solution. This was fol-
lowed by washing and dewatering operations. To determine
the characteristic viscosity and degree of polymerisation of
microcrystalline cellulose, the complex compound iron hex-
anatrium tristartrate, or the so-called iron-amine-sodium
complex (IASC), which is a complex of iron with sodium
tartrate in sodium hydroxide solution, was used [26].

RESULTS AND THEIR DISCUSSION

Since hemp stalk is a heterogeneous raw material
(20 % hemp and 80 % shive), with each part containing
a different length of fiber and percentage of cellulose,
it is not advisable to grind and cook it in undivided form
(Fig. 3, a).

Due to the fact that shive contains a small length of fi-
ber and is weakly fibrillated, it is not used in the produc-

Table 2
Mechanical properties of pulp sheet

tion of high-quality papers. Therefore, when processing
hemp stalks, they are usually utilized as shive briquettes.
We believe that the processing of shive into pulp and pa-
per products using traditional technology (sulphate delig-
nification method) is possible for certain types of papers.
In this work, the pulp yield from shive after cooking was
38 % (Fig. 3,b), lignin content was 2,14 %.

Fig. 3.Cellulose extraction from industrial hemp:
a — technical hemp before cooking; b — unbleached pulp
from technical hemp

To obtain pulp sheet with given mechanical strength
characteristics it is necessary to develop a complex of
properties in natural fiber such as flexibility, elasticity,
strength, which is possible only in the process of its grind-
ing. Table 2 shows mechanical properties of pulp sheet
obtained after grinding of industrial hemp (shive) in a disc
mill. For comparison, the table presents the norms of
State Standard 11208-82 "Wood pulp (coniferous) sul-
phate unbleached, NS-3 grade" [27].

Grinding degree according Breaking length, km Resistance
to the Shopper-Rigler scale to pressure, kPa to tearing, gs
15 2,8 121,2 18,4
57 8,2 385,4 65,3
HC-3 (60) 7,8 — 64,0

As can be seen from the table, the mechanical proper-
ties of pulp sheet made of unbleached cellulose extracted
from the shive at the grinding degree of 57 °ShR on the
Shopper-Rigler scale correspond to the indicators of State
Standard 11208-82 for the manufacture of wet strength
paper, base paper for the inner layers of decorative lami-
nates, cardboard for the end covers of filter elements, in
contrast to pulp sheet at the grinding degree of 15 °ShR.
Thus, at grinding degree 57 °ShR breaking length and
resistance to tearing are close in values to the correspond-
ing indicators of State Standard 11208-82. The index of
resistance to tearing for NS-3 grade is not regulated. This
is explained by the fact that, the ability of fibers to form
inter-fiber bonding forces in the development of external
and internal fibrillation of fibers increases in the process
of grinding of fibrous mass. This is due to the fact that the
grinding process in the blade machines is characterised by
two factors: hydrodynamic and mechanical. These factors
have an impact on the fibers during the passage of fibrous
suspension through the working inter-blade cavity formed
in the plane of conjugation of the stationary stator element

with the rotating rotor one. The hydrodynamic effect is
associated with factors that can be divided into several
groups [28; 291]:

— modes of movement of fibrous suspension stocks of dif-
ferent concentration in interblade grooves of grinding cavity,
determining its properties and character in the process of pass-
ing the cavity depending on the head and speed of stock;

— cavitation effect caused by the phenomenon of
emergence, development and, under certain conditions,
collapse of cavitation bubbles in the liquid phase interact-
ing with fibrous material;

— pulsation effect caused by cyclically alternating
drops of hydraulic pressure, in the form of its sharp in-
crease and decrease in the suspension to be treated, with
simultaneous circulation of pressure and discharge waves
through it at the sound speed;

— shock impact caused by collisions of fibrous suspen-
sion flows moving relative to each other and their impacts
with solid fragments of grinding element [30; 31];

— hydrodynamic friction due to the viscosity of the sus-
pension and the velocity gradient between its layers [32].
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Mechanical influence on fibrous material is connected
with its complex deformation as a result of compression,
torsion, shear stresses applied to it simultaneously. Due to
them fibers, respectively, are crushed, split in longitudinal
direction, cut and fibrillated, i.e. they become more flexi-
ble and plastic [16; 25]. At the same time, when grinding
fibrous materials in blade machines with traditional de-
sign of working blade surfaces, the share of energy spent
in the grinding process on hydrodynamic impact is less
significant compared to the energy spent on mechanical
impact [29].

It was found [33-36] that the inclusion of powdered
cellulose materials in the composition of fibrous mass
leads to an increase in the strength bonds between the
fibers in the finished paper sheet. Therefore, the fibrous
mass was subjected to chemical treatment after grinding,
in order to enhance the destruction of the cellulose struc-

ture and obtain microcrystalline cellulose from it. Micro-
crystalline cellulose was obtained by acidic heterogeneous
hydrolysis according to the scheme including preparation
of hydrolysis solution, hydrolysis of cellulose, washing,
drying, dispersing and sorting of the obtained cellulose
powder [26]. Hydrolysis (chemical treatment) of cellulose
samples after grinding was carried out at temperature t = 85
°C, in the presence of 1.5 N hydrochloric acid HC/, at hy-
drolysis plant for 75 minutes. The analysis of experimental
data showed that with increasing the grinding degree of
fibrous mass up to 83° ScR the degree of polymerisation of
microcrystalline cellulose decreases, from 180 to 75.

Electron microscopy images, obtained with a Hitachi
SU3500 SEM microscope, illustrating the efficiency of
fibrous suspension development after grinding microcrys-
talline cellulose obtained from shive (industrial hemp) are
on Fig. 4.

Fig. 4. Electron microscopy image of microcrystalline cellulose obtained from shive:
a — image of microcrystalline cellulose at 15°ShR; b — image of microcrystalline cellulose at 83°ShR

As can be seen from the images, not only the increase
of fiber outer surface after grinding of fibrous suspension
occurs, but also the destruction of intermolecular bonds
inside the cell wall of fiber with the formation of micro-
cracks happens. All this leads to an increase in the rate of
reaction of fibrous suspension with acid and a decrease in
the degree of polymerisation of powder cellulose.

CONCLUSION

Thus, as a result of the conducted research:

— Plant polymers from annual plants (industrial hemp
shive) are good raw materials for the production of certain
types of papers and microcrystalline cellulose;

— It was found out that for obtaining finished products
in the pulp and paper industry from annual plants, a very
important role is played by the process of grinding of fi-
brous materials, especially in obtaining microcrystalline
cellulose;

— The use of fibrous suspension pre-treated on a disc
mill allows to reduce the costs of further chemical treat-
ment in the process of obtaining microcrystalline cellu-
lose.
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