UDC 630*56.003.12:630*17:582.475.2 (477.75)

CRIMEAN PINE-TREE AT GROUND PHYTOMASS AND CARBON
DEPOSITED IN IT IN CRIMEA
Lakyda P.I., doctor of agricultural sciences
Vasylyshyn R.D., candidate of agricultural sciences
Domashovets H.S., candidate of agricultural sciences
Shvets Yu.P., external Phd student

Results of the development of normative and information support for estimating
guantitative characteristics of at-ground Crimean pine-tree stands phytomass in
Autonomous Republic of Crimea are presented. The algorithm for making standard and
reference tables are suggested, that represent the phytomass of such components as tree
overbark, trunk wood, a tree foliage, wood and bark of tree top branches. This
algorithm is founded on the results of mathematical modeling of quantitative format and
weight characteristics and assess of their qualitative indexes. Developed in the research
mature standards allow estimating phytomass format and carbon dioxide deposited
therein for Crimean pine-tree and substantiating integrated use of forest resources of
Crimea scientifically, silviculturally and ecologically

Key words: at-ground phytomass, Crimean pine-tree, a model, temporary
experimental places, test trees, standards, carbon dioxide.

The current phase of human civilization functioning is characterized by dynamic
changes of qualitative and quantitative nature that have caused reconsideration public
attitude to the environment. Intensive development of science and techniques is
responsible for the activation of all economic processes, at the same time, leading to the
growth of man-induced impact on the environment and in effect to the appearance of
major ecological problems. More specifically, a dynamic growth of carbon dioxide
concentration in the planetary atmosphere has reasoned global climate changes and
destabilized Earth’s atmosphere. Highly important atground carbon dioxide absorber is
forest with its natural capacity to balance carbon concentration.

The research of an ongoing use of forest resources under conditions of global
climate change is a currently essential problem, scientists of many prominent research
centres in the area of forestry throughout the world are trying to solve. Currently,

considerable progress in this sphere has been made internationally. This is verified by a
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number of fundamental scientific works [1, 5, 6]. Although, together with an enormous
number of descriptive data and general assessment of the subject of researches, a
complex of adequate standard and reference materials available to estimate different
aspects of forests bio productivity in practice is necessary. For the time being, its
complex assessment will enable us to answer questions about the search of alternative
sources of excess carbon depositing and oxygen producing, assessment of energy
potential of forests and their productivity enhancement as well as to determine the level
of forest ecosystem influence upon global carbon cycle in the context of expected
climate changes.

Research Outline is to work out an algorithm, mathematical models and standard
and informative support for estimating quantitative format of components of at-ground
phytomass and carbon deposited in it for Crimean pine tree species which prevails in
forests of Crimea.

Material and methodology of the research. Experimental data were collected
during field work by professor P.l.Lakyda’s methodology from 2006 to 2010 [2]. They
were used to study the at-ground phytomass components of Crimean pine tree growing
on the territory of Crimea. 18 temporary sampling plots were used as experimental
material which represent planted Crimean pine tree stands, ages 7 to 72 years old,
having productivity of the 2", 3™ 4™ and 5" bonitet classes and relative density from
0,27 to 1,13. The study of the phytomass components of Crimean pine trees includes
performing field forest resource management on temporary sampling places as well as
laboratory scientific researches in defining some qualitative at-ground phytomass of
trees [3, 4]. The process of investigating at-ground phytomass of trees consisted of the
following steps; 1 — studying the history of trees at-ground phytomass assessment; 2 —
experimental data collecting, processing and analyzing ; 3 — mathematical modeling of
trees at-ground phytomass components and examining the adequacy of these samples; 4
— working out the algorithm and standard and reference tables that show quantitative
indexes of trees phytomass components; 5 — verifying the worked out standards.

The quantitative assessment of experimental data of components Crimean pine

trees phytomass is shown in Table 1.



1. Quantitative assessment of experimental data of components of Crimean pine
trees phytomass

Age-old Number, items
groups of | Sample Experimental cuts Crown samples
sample | trees with including including
trees hyt : Total
’ Py omass | Total stand | branches total Tree Pine
years | assessment leaves | needles
Up to 20 16 36 24 2 32 20 2 68
21-40 16 45 30 5 32 20 2 77
41-60 22 72 48 4 64 40 4 136
61-80 3 9 6 3 8 5 3 17
Total 57 162 108 4 136 85 1 298

Detailed mensuration characteristics of Crimean pine tree stands was received
after processing the primary data taken from temporary sample plots with the help of
programme PERTA, worked out by A.Z. Shvydenko and Ya. A. Yudytskyi, members
of the department of forest mensuration and forest inventory of NULES of Ukraine in
1984. Calculation of qualitative indexes of phytomass components of a stand and head
was done with the help of applied programmes GIL, ZRIZ and PLOT worked out by
P.l. Lakyda [1]. It is necessary to mention that collected and processed experimental
data appropriately describe Crimean pine tree stands available in forest fund of
Autonomous Republic of Crimea and enable us to solve a number of problems put
within the work being done.

Research Results. One of the main contemporary methods of research s
mathematical modelling. Generally modeling is a research process of a real system
which includes model constructing, its investigating and transferring of tangible results
on the investigated system.

Indexes of phytomass components of Crimean pine trees were modeled in two
directions:

a) modelling the size of a trunk with the bark and the size of the bark;

6) modeling the phytomass components of the head of a pine tree (branches with

the bark, pine tree needles).




While selecting different modeling combinations for an equation there were put
the indexes which greatly influenced dependent variable at the 5 % significance level.
Thus the preference was given to more practical equations in which taxation features
could be easily seen while full-scaling reviewing and estimating a tree with the help of
unsophisticated equipment.

Modelling the at-ground phytomass components of Crimean pine tree was
performed using the data that characterize main mensuration indexes of sample trees.
While doing the regressive analysis it was revealed that the best model of main at-
ground phytomass components depends on such mensuration features as the tree
diameter at height of 1,3 m (d) and tree height (h). This model is two-component one.
Other taxation features of trees and tree trunks such as age, head diameter, head length,
etc were tested as well, however they are not analyzed in this article. For Crimean pine-
tree species the received mathematical dependences serve as a basis of the algorithm for
calculating the components of at-ground phytomass and carbon deposited in it. For this
algorithm elaboration the following signs were used: d — tree with bark diameter at
breast height, cm; h — tree height, m; v — trunk with bark size, m*; v, — tree bark size, M
0o; —[A3 phytomass in freshly cut state, kg; q..,; — top branches phytomass without /13
fraction in freshly cut state, kg; q.;, — tree top branches phytomass in freshly cut state,
kg; 0. — tree top needles phytomass in freshly cut state, kg; p;,"™" — basic trunk wood
density, kg-(m®)™; <" — basic trunk bark density, kg-(M®)™; o™ — basic trunk wood
with bark density, kg-(M®)™; po™ — natural branch wood with bark density, kg-(m°)%;

ein

p10" — basic branch wood with bark density, kg-(v®) s, — the content of absolutely

dry substance in branches with bark; p,,— per cent of needles in tree foliage, %; s,,— the

2in

content of absolutely dry substance in fresh pine needles; m™ — branches wood with
bark phytomass in absolutely dry state, kg; m,,— pine needles in absolutely dry state, kg;
m" — tree top phytomass in absolutely dry state, kg; m’# — a tree at-ground phytomass

on absolutely dry state, kg; mc— dioxide deposited in at-ground tree phytomass, kg.



Layout view of the given algorithm and received mathematical models of main
components of at-ground Crimean pine tree phytomass are shown in Picture. 1. and in
Table 2.
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Pic. 1 — the pattern of the algorithm for calculating Crimean pine tree at-ground
phytomass components and carbon dioxide deposited in the phytomass

2. Models of assessment of Crimean pine tree at-ground phytomass in Crimea

Model

2
Number Model Type R

1 v = 5,600 E-05 - d 179 . ph 110 0,99




2 V, =6,000 E-06 - d >*™* - h 8% 0,98
3 Qo = 0,372 - d 2014 . jy 0%, 0,86
4 Qoinz = 3,080 E-03 - d 2543 - h 042 0,94

Theory and practice of scientific researches concerning the study of problems on
biotic productivity of forests and developing regulatory support for assessment the
components of tree stands phytomass prove that in fact it is almost impossible to avoid
their qualitative indexes investigating, namely basic density of tree stand wood, stand
bark, tree stand with bark, stand branches wood, stand branches bark and branches
wood with bark. In addition, pine needles per cent in tree foliage and the content of
absolutely dry substance in pine needles fraction were calculated. Qualitative features of
Crimean pine tree phytomass was averaged, which were used to develop standards are
shown in table 3.

3. Regulatory assessment of qualitative indexes of Crimean pine tree phytomass in

Crimea

Tree stands wood and bark density, kg-(m®)™*

natural basic
wood bark wood+bark wood bark wood+bark
916 563 839 451 343 427
Qualitative indexes of tree tops phytomass, kg-(m®)™*
wood bark wood+bark wood bark wood+bark
946 900 930 472 460 464
The content of absolutely dry substance in pine tree 0,51
needles
The portion of pine tree needles in a tree foliage, % 58,8

Thus, calculations resulted in standard and reference tables used to estimate a tree
phytomass for such components as a tree stand phytomass, a tree stand bark phytomass,
a tree stand with bark phytomass, a pine tree needles phytomass, a tree top branches
with bark phytomass, a tree top phytomass, a tree at-ground phytomass, carbon dioxide
deposited in at-ground tree phytomass, the ratio of a tree at-ground phytomass to the

size of a stand with bark, a tree foliage phytomass.



Parts of the developed standards for estimating the Crimean pine tree at-ground
phytomass in absolutely dry state is shown in table 4.
4. Crimean pine tree at-ground phytomass, kg

Absolutely dry state

Diameter, Height, m

cm 4 6 8 10 | 12 | 14 | 16 | 18 | 20 | 22 | 24 | 26

4 29 35 43 - — — — - — _ _ _
6 62 75 91 11 — — — — - — _ _

8 11 13 16 19 22 — — — — — - -
10 17 20 24 28 33 38 — — — — — —
12 - 28 34 40 47 54 61 — — — — —
14 - 38 45 54 62 72 82 92 — — — —
16 - - 58 69 80 92 100 120 130 - - -
18 - — /3 8 100 120 130 150 160 180 — —
20 - - 90 110 120 140 160 180 200 220 240 -
22 - — 110 130 150 170 190 210 240 260 290 310
24 — — — 150 170 200 220 250 280 310 340 360
26 — — — 170 200 230 260 290 320 360 390 420

The standards of Crimean pine tree general at-ground phytomass (table 4) reflect
biological peculiarities of accumulation of all components of phytomass of a tree stand
as well as of a tree top. For low degrees of thickness an essential impact on the
formation of a tree top can be seen, though with increasing in diameter and a stand
height its mass impact is fundamental.

Analyzing standards of assessment of Crimean pine tree needles phytomass
(table 5) it should be noted that a tree needles mass increases with increasing options of
a tree stand, though having the same stand diameter, the higher the tree is the smaller
needles mass becomes as part of a tree foliage fraction thus confirming the peculiarity
of forming a tree top indexes for other coniferous species.

5. Crimean pine tree needles phytomass, kg

Absolutely dry state

Diameter, Height, m

cm 4 6 8 10 | 12 | 14 | 16 | 18 | 20 | 22 | 24 | 26

4 08 06 05 - — — — — — _ _ _




6 1,7 13 11 09 - — — - - — — —
8 30 23 20 17 15 - — - — — — —
10 48 37 31 27 24 21 - - — — — —
12 - 53 44 38 34 31 28 - — - — —
14 - 72 60 52 47 42 39 36 - — — —
16 — - 79 68 61 55 51 47 44 - — —
18 - - 10 87 77 70 64 60 56 52 - -
20 — - 12 11 95 86 79 74 69 65 61 -
22 — - 15 13 12 10 96 89 83 79 74 71
24 — — - 15 14 12 11 11 99 94 89 84
26 — — - 18 16 15 13 12 12 11 10 99
In order to receive integrated characteristics of regulations for estimating the

whole complex of taxation and ecological indexes of trees and trees stands in recent

time special attention is paid to defining the content of carbon dioxide as in the main

structural components of a tree phytomass so in planted trees in general (table 6).

6. Carbon dioxide deposited in at-ground tree phytomass, kg

Diameter, Height, m
cm 4 | 6 | 8 |10 |12 ] 14|16 | 18 | 20 | 22 | 24 | 26
4 14 17 21 - - — — — — — — -
6 30 37 45 54 - - — - - — — -
8 53 63 7,7 93 11 - - — - - — —
10 82 97 12 14 17 19 - - — — — —
12 - 14 17 20 23 27 31 - - — — —
14 - 19 22 26 31 36 41 46 - - — -
16 — - 29 34 40 46 52 59 65 - - -
18 — - 36 43 50 57 65 73 81 8 - -
20 — - 4 52 61 70 79 8 99 110 120 -
22 — - 53 63 73 84 95 110 120 130 140 150
24 — — - 74 86 99 110 130 140 150 170 180
26 — — — 87 100 110 130 150 160 180 190 210
Conclusions. The worked out algorithm and the complex of mathematical models

and standards and reference tables for qualitative assessment of indexes of Crimean pine

tree at-ground phytomass is a significant supplement to the existing regulations of

forestry in Autonomous Republic of Crimea. The suggested standards are basic for

scientific, ecological, silvicultural and technical and economical substantiating the




extended use of forest resources on the principles of sustainable development with a

complex assessment of forest value.

Literature

1. Vuglecz’, klimat ta zemleupravlinnya v Ukrayini: lisovy'j sektor : [monografiya] /
A. Z. Shvy'denko, P. I. Laky'da, D. G. Shhepashhenko, R. D. Vasy'ly'shy'n, Yu. M.
Marchuk. — Korsun'-Shevchenkivs ky'j: FOP Gavry shenko V.M., 2014. — 283 s.

2. Laky'da P. I. Fitomasa lisiv Ukrayiny™ [monografiya] / P. I. Laky da. — Ternopil " :
Zbruch, 2002. —256 s.

3. Lakyda P.l. Modelyuvannya normaty vno-informacijnogo zabezpechennya
ocinky” komponentiv nadzemnoyi fitomasy derevostaniv sosny  kry 'ms'koyi ta
deponovanogo v ny x vuglecyu / P.l. Laky'da, G.S. Domashovecz’, Yu.P. Shvecz" //
Naukovy'j visny 'k NUBIP Ukrayiny™ . — K : NUBIP Ukrayiny’,

4. Normaty'vy' ocinky  komponentiv nadzemnoyi fitomasy derev golovny X
lisotvirny 'x porid Ukrayiny™ : dovidny k (normaty vno-vy robny che vy dannya) /
Laky'da P. I. ta inshi. — K. : Vy'davny'chy'j dim «kEKO-informy», 2011. — 192 s.

5. Normaty vno-y nformacy onnoe obespecheny’'e dlya ocenky nadzemnoj
fy tomasssl derev'ev xvojneix lesoobrazuyushhy'x porod Ukray'ns1 / P. Y'. Laky'da, R.
D. Vasy'ly'shy'n, G. S. Domashovecz, A. Yu. Terent'yev, Y . P. Lakyda, Yu. P.
Shvecz’, A. E. Shamraj // Lesnaya taksacyya y lesoustrojstvo. — 2013. — #1(49) - S.
34-38.

6. Plugatar’ Yu. V. Dy namy ka nasazhdeny'j sosnsl kreimskoj (Pinus pallasiana L. )
v gornom Krermu / Yu. V. Plugatar’, Y'. A. Trofy'menko, Yu. P. Shvecz, S. A.
Semenyuk // Lisivny cztvo i agrolisomelioraciya. — 2008. — Vy p. 114. — S. 80-85.

7. Bioproductivity of Ukrainian forests in conditions of global climate change
[Electronic resource] / P. Lakyda, R. Vasylyshyn, S. Zibtsev, A. Bilous I. Lakyda //
Earth Bioresources and Life Quality. — International Scientific Electronic Journal. —
2013. — Vol. 4 — Web access: http://gchera-ejournal.nubip.edu.ua/index.php/ebql
[article/view/154/118.



http://gchera-ejournal.nubip.edu.ua/index.php/ebql%20/article/view/154/118
http://gchera-ejournal.nubip.edu.ua/index.php/ebql%20/article/view/154/118

8. Lakyda P. Mitigating climate change by utilization of energy potential of
Ukrainian forests / P. Lakyda, R.Vasylyshyn, S. Zibtsev, |I.Lakyda //
International conference “Tackling climate change: the contribution of forest

scientific knowledge”, 21-24 May, 2012, Tours. — Tours, 2012. — P. 312.

HAJIBEMHA ST ®UTOMACCA 1 JIETIOHUPOBAHHBIN YT JIEPO/]
JEPEBBEB COCHbI KPLIMCKOU B KPBIMY

Jlakuna I1.1., OKTOp CENBbCKOXO3SIMCTBEHHBIX HAYK
Bacwmumun P.JI., kKaHauIaT ceabCKOX035MCTBEHHBIX HAYK
Homamosen I'.C., kaHIUAAT CEILCKOXO35IMCTBEHHBIX HAYK
IIIBer FO.II., couckarens
Ilpusedenvi  pezyromamuvl  paspabomiu HOPMAMUBHO-UHDOPMAYUOHHO20
obecneueHus Ons OYEHKU KOJIUUECMBEHHbIX NApaMempos HAO3ZEMHOU HumMomaccol
oepesves cocHbl Kpvimckou 6 AP Kpvim. [Ilpeonooicen aneopumm — co30aHus:
HOPMAMUBHO-CRPABOYHBIX MAOIUY, OMPANCAIOWUX PUMOMACC) MAKUX KOMNOHEHMO8
KaK cmeoJsl 8 Kope, Opesecuna cmeosd, Kopa cmeoid, X605, Opesecuna u Kopa eemeeu
KOPOHbl, KOMOPbIU 6A3Upyemcst Ha pe3yibmamax Mamemamuiecko20 Mooeiuposanus
UX KOIUYECMBEHHbIX 0OBLEMHBIX U 8ECOB8bIX NAPAMEMPOB U OYEHKU UX KAUeCMBEHHbIX
noxazameneu. Paspabomanuvlie 6 npoyecce pabomvl HOPMAMUBLL  NO3BOJIAIOM
0CYUecmeisims OYEeHK) 00beM0o8 Pumomaccvl U OeNOHUPOBAHHO20 8 Hell yeaepooa OJis
0epevbed  COCHbl  KDPBIMCKOU U Chopmynuposams  HAYYHOE  1eCO800CMBEHHO-
9KoN02UecKoe 000CHOBAHUE KOMNIEKCHO20 UCNOAb308AHUS IeCHbIX pecypcos Kpvima.

Knrouesvie cnosa: naosemuas pumomacca, cocHa KpublMCKas, MoOelb, 8peMeHHble
npobHbIe niouau, MooevbHbvle 0epesbs, HOPMAMuUBsl, y21epoo.
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Results of the development of normative and information support for evaluating
quantitative characteristics of at-ground Crimean pine-tree stands phytomass in
Autonomous Republic of Crimea are presented. The algorithm for making normative
and reference tables are suggested, that represent the phytomass of such components as
tree overbark, trunk wood, acerouse leaf, wood and bark of crown branches. This



algorithm is founded on the results of mathematical modeling of quantitative format and
weight characteristics and assess of their qualitative indexes. Developed in the research
mature standards allow estimating phytomass format and carbon dioxide deposited
therein for Crimean pine-tree and proving integrated use of forest resources of Crimea
scientifically, silviculturally and ecologically
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