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ABOVEGROUND BIOMASS OF COMMON OAK WINDBREAKS
IN CENTRAL UKRAINE

The article is devoted to research of above-ground biomass of oak (Quercus robur L.) windbreaks.
Described are the morphological, biological, ecological and forest meliorative properties of common
oak growing in windbreaks. The dependence between the amount of biomass components and the main
mensurational and meliorative indices such as protective height and openness in the crowns of windbre-
aks has been established. As a result, mathematic models for the assessment of both the above-ground
components of a tree, the crown, and a windbreak, as a whole, have been developed. It is determined
that the relative density of the trunk has less accuracy than openness in the crown in the assessment of
the components of above-ground phytomass of a windbreak. For a separate tree of 36 cm in diameter at
breath height, 24 m in height, a 0.8 windbreak density and a 10 % openness of crown in windbreak, the
share of trunk biomass is higher in a massive stand in comparison with a windbreak. However, the
crown biomass in a windbreak is 6% larger than in a massive stand. The standards for determination of
the amount of phytomass components for trunks and crowns of separate trees and oak windbreaks, as
well as that of sequestered carbon have been developed. The developed models and standards were
analyzed. and the structure of phytomass on the components and sequestered carbon done. The compa-
rative analyze has revealed the trends towards increased share of crown phytomass in the oak windbre-
aks with increasing their biometric characteristics as compared to massive stands.

Keywords: windbreak, biomass; protective height; openness; natural density; basic density; wood;
bark; woody green stuff; branches; leaves; sequestered carbon.

shows its great potential concerning reduction in the con-
centration of greenhouse gases in the atmosphere and achi-
eving the goal of the Framework Convention. Under the
Kyoto Protocol, Ukraine has regularly to conduct annual in-
ventory of changes in net emissions by sources and remo-
vals of greenhouse gases by sinks (Shevchuk, 2004; IPCC,
UNEP, OECD, IEA,1995a, 1995b, 1995c, 1997). Carbon
pools and flux of forest ecosystems were studied by many
scientists (Lakyda, 2002; Utkin, et al., 1998; Khodash,
2010; Crane, 1985; Dixon, et al., 1994; Zhou, 2000/2001).
There is a significant amount of data on biological pro-
ductivity of massive stands of main forest-forming species.
Windbreaks were not the subject of a separate detailed
study of patterns of accumulation of biomass components
and atmospheric carbon. This situation needs correcting as
windbreaks directly affect forest cover percent, and hence
the carbon balance of sparsely wooded agricultural areas.
Comprehensive assessment and the use of resource potenti-
al of protective forest plantations is a strong argument for
their establishment, especially given the continued shift of

Introduction

Today, in Ukraine, there
is a problem of complex in-
ventory and continuous regu-
lation of forest shelterbelts
(windbreaks). In light of cur-
rent environmental and eco-
nomic needs of humanity, the
complete inventory of forest
objects is not possible witho-
ut providing information abo-
ut their biological producti-
vity, the impact on the carbon
balance of the atmosphere
and energy value (Buksha &
Pasternak,  2005;  Yukh-
novskyi, et al., 2009). The
study of forest biomass of
plant communities plays a
key role in solving these

problems. agricultural sector to private ownership (Anuchin, 1982;
Expert assessment of fo-  Bazilevich, 1993).
rest resources of Ukraine
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The purpose and tasks
of the study

The aim of research is
the development of complex
information support and re-
gulatory evaluation of com-
ponents of the aboveground
biomass and deposited car-
bon of trees and stands of
common oak in windbreaks.
The research object is repre-
sented by windbreaks of
common oak (Quercus ro-
bur L.) in the central part of
Ukraine, which include the
territory of  Chernihiv-,
Kyiv-, Cherkasy- and Polta-
va regions.

Optimal soil conditions,
moderate temperatures and
significant amount of rainfall
in the study region are fa-
vourable factors for the
growth of woody and herba-
ceous plants, including agri-
cultural crops. Thus, a large
area of land in the region has
become a forest-agricultural
landscapes (FAL), in which

systems of windbreaks are an integral part of FAL. These
protective plantations are established on arable lands for ne-
utralization of adverse environmental factors and to increase
crop yields. However, windbreaks also play an important
ecological role, and have a significant forest resourses poten-
tial (Shvidenko, et al., 1987).

Common oak is the most suitable tree species to create
windbreaks because of its biological stability, longevity and
high agroforestry properties.

The studies of biological productivity of protective forest
plantations have not become extensive yet. The existing
works are fragmentary, but ther are all the prerequisites for
their further enhancement. In particular, A. Kodash (Kho-
dash, 2010) evaluated the main components of the biological
productivity of protective forest plantations at the local
level, V. Yukhnovsky (Yukhnovskyi, 2003) assessed the
above indicator for optimized forest-agricultural landscapes
of Ukraine. A. Kabantsov (Kabancov, 1990) studied the re-
lationship of fractional composition of pine shelterbelts
biomass with their openness and their aerodynamic properti-
es. American scientists from the National Agroforestry
Center conducted diverse studies (2005-2008) on
accumulation of carbon stock by protective forest plantati-
ons in the US, including windbreakes (NAC, n. d.), J.
Brandle and G. Ruark researched windbreaks for carbon
sequestration (Brandle & Ruark, 2000/2001), Coocha J. at al
determined carbon reservations in the aerial biomass of ag-
roforestry systems (Concha, Alegre & Pocomucha, 2007).

Research Objects and Methods

Windbreaks are part of forest-agricultural landscapes in
which they transform arable territory; forest and field here
are a single ecological system (Pylypenko & Yukhnovskyi,
1998; Law of Ukraine of 21.09.2000, No. 1989-I1I, 2000;
Tkach, Hladun & Tkach, 2000).

Conducting scientific research on such a specific object
has significant features and, therefore, the methods of
research on biological productivity and phytomass should
be generalized and adapted for it. Our research methodo-
logy is based on the following principles: conventional met-
hods in forest inventory (Anuchin, N. (Pylypenko &
Yukhnovskyi, 1998), Nikitin, K. (Nikitin & Shvidenko,
1978), Shvidenko, A. (Shvidenko, et al., 1996)); silvicultu-
ral techniques, researching in protective afforestation (Bod-
rov, V. (Bodrov, 1974), Pylypenko, O. (Pylypenko &
Yukhnovskyi, 1998), Yukhnovsky, V. (Yukhnovskyi,
2003), Khodash, A. (Khodash, 2009) and others); methods
for determining quantitative and qualitative indicators of bi-
omass in forests (Vatkovskyy, A. (Vatkovskij, 1968),
Lakyda, P. (Lakida, 1996), Tokmurzin, T. (Tokmurzin,
1977), Usoltsev, V. (Usolcev, 1988, 2002), Utkin, A. (Ut-
kin, 1986; Utkin, et al., 1998), Whittaker, R. (Whittaker,
1965) and others).

The field research was conducted on 15 temporary trial
plots laid down in the oak windbreaks, created by clump
planting method in three administrative districts of Cherni-
hiv region. The mensurational operations were done to get
the biometric characteristics of the stands. To study the pa-
rameters of biomass, 46 model oak trees were chosen. To
determine the density of fractions of the trunk and
branches, their moisture content and the content of
absolutely dry matter, 50 test sections of the trunk and
149sections of branches were cut out. (Figures. 1 and 2).

Figure 1. Cutting of model branches from a growing tree

Figure 2. The test samples cut from the trunk of oak to determine
density of biomass fractions
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About 20 % of model trees were selected from the
middle rows of windbreaks. The data on 23 trial plots inclu-
ding biometric characteristics of 51 model trees, cut for the
analysis of the growth, was taken from the database of the
Agroforestry Department of NULESU.

Comparative characteristics of the results of weighing
crown biomass fractions, using different methodological
approaches, for a total of 10 felled model trees are shown in
Table 1.

Table 1. Comparison of the results of weighing crown biomass
fractions obtained from different methodological approaches
Fraction of biomass

Parameters  [Woody

green stuff branches

leaves crowns

Freshly-cut total As a result of weighing crown

biomass of 10 2052 | 184.6 | 8764 | 1,171.6
trees, kg As a result of weighing model branches
3246 | 2020 | 8844 ] 1,209.0
Deviation
Absolute, kg -29.4 -17.4 -8.0 -37.4
Relative, % -10.0 -9.4 -0.9 -3.2

The data in Table 1 leads to the conclusion that the ex-
perimental material obtained by weighing separate model
branches have larger absolute values than that obtained by
weighing total fractions of crown biomass of model trees.
But this relative deviation between the results obtained by
different methodological approaches does not exceed 10 %
for certain fractions and is 3 % for the whole crown.

Applied our method of cutting branches model to deter-
mine the parameters of crown biomass is obtained and cor-
rect and using the data can be used for further research to
determine patterns of biological productivity of oak
windbreaks.

Results and discussion

At the first stage of research the qualitative characteris-
tics of components of biomass oak growing in winbreaks
were analized. Comparative analysis of the values of the
average compactness of biomass components of trunk oak
in windbreaks and compatness values of the respective frac-
tions of the same species obtained in massive plantations by
P. Lakyda (Lakyda, 2002), are presented in table 2.

Table 2. Comparative characteristics of density of biomass components of oak trunk for relative heights, kg/m’

Component biomass The relative height of the trunk
(category stands) 0h | 0.1h | 0.25 h | 0.5h | 0.75 h
Freshly-cut state
Wood without bark (research data) 1,128 1,136 1,080 1,109 1,119
Wood without bark (data by P. Lakyda) 1,098 1,036 1,009 1,005 1,015
Deviation, % 2.7 8.8 6.6 9.4 9.3
Bark (research data) 931 943 1,025 1,079 1,258
Bark (data by P. Lakyda) 775 766 807 862 914
Deviation, % 16.8 18.8 21.3 20.1 27.3
Absolute dry matter
Wood without bark (research data) 683 703 671 701 677
Wood without bark (data by P. Lakyda) 640 609 592 585 586
Deviation, % 6.4 13.4 11.8 16.5 13.5
Bark (research data) 537 569 591 591 638
Bark (data by P. Lakyda) 429 430 447 452 447
Deviation, % 20.2 24.4 24.4 23.5 30.0

According to Table 2, the wood and bark of the trunk in
the windbreaks have larger absolute values for density in
natural and absolutely dry conditions than in the massive
plantations. An analysis of changes in the density of bi-
omass components with height of the trunk has shown that
the lowest density is observed at 0.25 4, while in the massi-
ve plantations — at 0.5 /. This phenomenon is explained by
a large extent of the crown and that in the narrow strips the
trees growing in the open space have a larger diameter and
smaller height than the trees of massive plantations.

The average values for density, compared with corres-
ponding data obtained by P. Lakyda (2002) for massive oak
plantations in Ukraine are given in Table 3.

Table 3. Comparison of the average values of the density
of trunk biomass components in windbreaks and massive

than for massive forest plantations. The density of freshly-
cut wood is more than by 5.8 %, and in the absolute dry
state — by 11.1 %. The comparative characteristics of values
for natural and basic density of the wood and bark of
branches in the windbreaks and in massive stands are shown
in Table 4.

According to the data in Table 4, the deviation between
values for density of the crown biomass components of oak,
growing in the windbreaks, and the similar indicators for
massive stands does not exceed 10 % and reach maximum
for basic density of branch bark of 9.4 %. The minimum de-
viation, characteristic for the basic density of wood
branches, is 0.6 %.

Table 4. Comparison of the average values for density
of components of biomass in branches of oak windbreaks

plantations and in massive plantations
Density (p~"7), kg/m’ Density (p~"7), kg/m’
Objects natural basic Objects natural basic
wood | bark |wood+bark| wood | bark wood | bark |wood+bark| wood | bark
Windbreaks 10962 1,0%0ij 108349 [ 677410 | 579220 Windbreaks 1,00549 99928 | 100040 | 597+ | 550*'7
(research data) (research data)
Massive planta- Massive plantati-
tions (data by P.[1,032*'° 819*"* |  985*° [ 602" | 436*% ons (data by P. | 9952 | 949°5 | 980 | 601*7 | 498*"
Lakyda) Lakyda)
Deviation, % 5.8 20.5 9.0 11.1 | 24.8 Deviation, % 1.0 5.0 2.0 -0.6 9.4

According to Table 3, the average density of the bi-
omass fractions of oak trunk in the windbreaks is higher

Table 5 shows the comparison of the average values for
leaves share in woody green stuff and the content of dry
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matter in it for the windbreaks, with corresponding values
for massive oak plantations. The data obtained for the
windbreaks is exceeding the counterparts of massive plan-
tings by around 5.9 % and 6.8 %, respectively.

Table S. Comparison of the average values for leaves
percentage in woody green stuff and absolutely dry matter in
the leaves of oak growing in the windbreaks and massive
plantations

Obiects The share of leaves in| The share of absolute
) woody green stuff, % |dry matter in leaves, %
Windbreaks £1,0 40,9
(research data) 61.6 44.0
Massive plantations £1,6 42,0
(data by P. Lakyda) 379 41.0
Deviation, % 59 6.8

The average values for the share of absolutely dry mat-
ter in wood, bark and wood of branches in the crowns of
oak winddbreaks are 60.7, 56.8 and 59.0 %, respectively.
Large differences in the values for quality characteristics
are identified for biomass fractions of the trunk of oak
windbreaks and massive plantations. The larger values of
density of wood and bark in the windbreaks are due to the
influence of the complex adverse environmental factors on
the growing trees.

The statistical analysis of experimental data, their corre-
lation and regression analysis were done before the estab-
lishment of aboveground biomass and carbon deposited in
the oak windbreaks. Mathematical models were developed
to estimate the parameters of biomass components of trees
and stands of oak in the windbreaks. They formed the basis
of the relevant standards for identifying different functions
of biomass-accumulated carbon.

Simulation of relation parameters of tree biomass with
major biometric indices is methodologically divided into:
modeling of biomass components of the trunk in terms of
volume, followed by the transfer of a unit mass of freshly-
cut (natural) wood and absolute dry biomass components
and modeling components of freshly-cut wood with further
transferring them in absolutely dry state.

Mathematical models of evaluation components of bi-
omass of the trunk in volume units are shown in Table 6.
To determine the volume of wood biomass, bark and wood
of branches of the crown, the mathematical models were
obtained using main biometric parameters: the diameter of
the tree at breast height (d; ;) and tree height ().

Table 6. Models of relations between volumes of trunk
biomass components with the main biometric indices

x&%ﬂr Type model o’
To assess the volume of wood tree trunks
1 | Voond=2- 04-10°-d" O, 107 | 0.99
To assess the volume of the bark of tree trunks
2] Vear=2.71-107-d"7 01”0 [ 0.96

The high coefficients of determination (0.96-0.99) are
characteristic for mathematical models presented in Table
6, which provides their adequacy in determining the amo-
unts of trunk biomass with high accuracy.

The models for determination of the components of
crown biomass with the introduction of index of openness
in the crowns of the windbreaks (/,,,) are given in Table 7.

The standards for the determination of the volume of
aboveground biomass components in natural (freshly-cut)
and absolutely dry states were developed using the models
3-5. The fragments of standards are given in Table 8.

Table 7. Mathematical models to estimate biomass
components of the tree crown

x&%ﬂr Type model o’
To assess the biomass of woody green stuff
3 | qu=3510°d" w77 1,"77 [ 012
To assess the biomass of branches
4 | qbr:2.77.10—4.d4,w .h—um:.]por U129 | 0.84
To assess the biomass of leaves
3 | ¢=2.3-10 & ja.h—z,yw.lpor 0,367 | 0.72
Table 8. Weight of oak trees in natural condition, kg
Diame- Height, m
ter,em| 8 [ 10 | 12 [ 14 [ 16 | 18 | 20 | 22 | 24
Openness in crowns — 10 %
12 53 | 64 | 75 - - - - - -
14 74 | 88 [ 104 ] 119 - - - - -
16 100 | 118 [ 137 ]| 157 | 177 - - - -
18 131 | 153 | 177 | 201 | 226 - - - -
20 169 | 195 | 223 | 253 | 283 - - - -
22 - | 2441277 | 312 | 348 | 385 - - -
24 - 1301|339 380 | 423 | 466 - - -
26 - | 367|411 | 458 | 507 | 557 - - -
28 - | 4431493 | 546 | 602 | 659 - - -
30 - - | 586 646 | 709 | 774 - - -
32 - - | 692 | 758 | 829 | 902 | 977 - -
34 ~ |- |- 885 | 963 [1,044[1,128[1,213[1,299
36 ~ |- [ - [1,026[1,112[1,202[1,295|1,389]1,485
38 - - | - [1,279[1,377[1,479]1,583[1,689
40 - - - | - [1,463[1,5711,682[1,796|1,912

The tables are formed with two outputs (diameter and
height) for the tree trunk of oak and with three outputs (di-
ameter, height and openness ) for crowns in the windbre-
aks). The average values for openness in crowns were used
for development of the Tables.

There is a concept of construction (design) of windbreak
(Bodrov, 1974; Pylypenko & Yukhnovskyi, 1998).
Construction of windbreak is defined by structure of its lon-
gitudinal vertical profile in the leaved state that determines
its aerodynamic properties. According to the ISO 48-74:
2007, there are the following design of windbreaks (Fig. 3):

¢ Blown design with openness of more than 60 % and 10 %
respectively in the bottom and top of the vertical longitudinal
profile;

¢ Dense (not-blown) design with almost no gap (10 %) aro-
und the longitudinal vertical profile;

¢ Sieve-looked design with evenly spaced lumen area from 15
to 35 % for all vertical longitudinal profile.

The tables for estimation of biomass were developed for
the blown, dense and sieve-looked designs of windbreaks
that respectively are characterised by 5, 10 and 25 % of
openness in crowns.

Distribution of biomass components in absolute dry sta-
te for the windbreaks and massive plantations can be seen
in Fig. 4. The charts presented here indicate the relationship
between typical biomass components of oak trees in the
windbreaks in massive plantations. In windbreaks,the share
of trunk wood is decreased by 8 %, bark - by 2 % and
branch biomass is increased by 10 % as compared with
massive stands.

As for the comparison of the distribution of biomass
components in massive plantations, for d; ;=36 cm, /=24 m
the share of stem wood and bark is larger by 3 % in the
massive plantations, while the share of branches and overall
crowns is 6 % less due to significantly powerful oak crown
in the windbreaks.
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Figure 3. Different types of windbreak constructions: a) blown
design; b) dense (not-blown) design; c) sieve-looked design

Figure 4. Relationship between some components of aboveground
biomass of oak trees in an absolute dry state: a) d; 3=20 cm, h=16 m,
1,,=10 %; b) d, 3=36 cm, h=24 m, 1,,,=10 % (windbreaks, research
data), ¢) d; 3=36 cm, h=24 m, D=0.8 (massive stands, P. Lakyda's
data)

Developing models and standards for determination of
the biomass of oak stands growing in windbreaks is of para-
mount importance to monitor the accumulation of carbon
stocks by these objects. Simulation subject are wood bi-
omass of trunks (m,,,); biomass of trunk bark (m,); bi-
omass of overbark trunks (m,); biomass of branches (m1,);
biomass of woody green stuff (m,,,,); leaf biomass (m,,);

crown biomass (m,). In search of mathematical relati-
onships, the three factoral models for the researching and
biomass indices of stands were developed.

Mathematical models for estimation of parameters of bi-
omass components of trunks of oak growing in windbreaks
are presented in Table 9. The table data shows that there is
dependence of oak trunk biomass on the average diameter,
height, relative density, protective height (/,.) of windbre-
ak and openness in the crowns. They are characterized by
high rates of determination (Q° = 0.71-0.83). In order to
move from freshly-cut state to absolute dry state of fracti-
ons, the corresponding values were used for basic density
and the content of absolute dry matter.

Table 9. Mathematical models to estimate the amount of
biomass components of oak windbreaks in a natural state

x&%zlr Type model o’
To assess the biomass of wood trunks

6 | mwood:‘f-859'D()’()gg'Hpr]’ﬂj'PU’909 | 0.78
To assess the biomass of bark trunks

7 | m;,_,r:1.007'D’U’W4'Hp,]’463'P()’9()8 | 0.76

To assess the biomass of wood verdancy
3 | P 710°-D77 .H(),éw.]}mr U437 | 0.83
To assess the biomass of branches
9 | 1y =8.46-10°-D"- [T Lo U189 | 0.71
To assess the biomass of leaves
10 | m;v:4.9'10’2'D2’j4]'H0’ 07, 1. U429 | 0.83

Having obtained assessment standards of aboveground
biomass components of oak windbreaks, it is possible to de-
velop the tables to evaluate the carbon amounts using the
known conversion factors: for stem wood and bark — 0.50,
for leaves — 0.45 (Matthews, 1993, 1996). Such tables are
needed to assess the cycle of carbon in the biosphere

A fragment of tables to estimate carbon in above-ground
biomass components for trunks and crowns of oak
plantations in the windbreaks at a 0.8 density, openness of
crowns - 10 %, is given in Tables 10 and 11.

Table 10. The amount of carbon in the trunks of oak
windbreaks, t/ ha

Diameter, Protective height, m
cm 10 | 12 | 14 [ 16 | 18 | 20 | 22
Density — 0.8
16 42 53 - - - - -
18 42 53 66 - - - -
30 - - - - - 110 -
32 - - - - - 111 126

Table 11. The amount of carbon in the crowns of oak
windbreaks, t/ ha

Diameter, Height, m
cm 10 [ 12 | 14 [ 16 | 18 | 20 [ 22
Porosity in crowns — 10 %
16 4.60 | 5.39 - - - - -
18 5.84 | 6.83 | 7.85 - - - -
30 - - - - - 30.41 -
32 - - - - - 34.60 | 37.89

Figure 5 illustrates the accumulation of different com-
ponents, and biomass of oak windbreaks in natural (freshly-
cut) and in absolute dry state with an average diameter of
28 cm, protective average height of 18 m, density of 0.8
and openness of crowns - 10 %.

As Fig. 5 demonstrates, the biomass of trunks is domi-
nant among biomass components of oak windbreaks. The
fraction of branches is the main part of the crown biomass.
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The main function of the leaves fraction is the assimilation
of carbon from the atmosphere, and it does not play an im-
portant role in the accumulation of total biomass of stands.

Figure 5. Above-ground biomass of oak windbreaks in an
absolutely dry state at D =16 cm, H=H,,=10 m, P=0.8, I,,,=10 %

Conclusions

The main conclusions of the studies are as follows:

1. The arable lands of the region has been transformed
into forest-agricultural landscapes with systems of windbre-
aks. The presence of the latter increases forest cover of ag-
ricultural landscapes, forms their microclimate, contributes
to the soil erosion control, improve the hydrological regime
of the area, provides for absorption and accumulation of
free carbon from the atmosphere, serves as wood resource
and a source of additional energy.

2. Common oak, due to its longevity, powerful crown,
productivity and biological stability, is the main species to
form forest shelterbelts with high protective properties.
Windbreaks are the specific object of forest inventory,
which, in addition to forestry-biometric characteristics,
have inherent meliorative and specific indicators, namely,
protective height, openness, width and design.

3. The components of trunk biomass of oak are charac-
terized by higher values of local and average natural and
basic density and their absolute values. Changing the basic
density of biomass components with trunk height is such
that the smallest value of wood density is observed at a he-
ight of 0.25 A, most — at 0.1 4 and 0.75 A. The highest value
for basic density of bark is found at a height of 0.75 £, the
lowest — at the root.

4. Found are the resulting impact factors of forestry-me-
liorative indicators which are underlying in modeling of
aboveground biomass of tree and forest stand. Such para-
meters as diameter at breast height, tree height, the relative
density and openness of the crown were chosen to determi-
ne the amounts of wood biomass components for an
individual tree, and average diameter, protective height,
average height, density, growing stock volume, openness of
crowns — to calculate amounts of biomass for the whole
windbreak (stand).

5. As a result of modeling aboveground biomass of
windbreaks, the models of biomass components for trunk
and crown of a separate tree were obtained. The structure of
oak wood biomass by its components was established. For a
separate tree with a diameter at breast height of 36 cm, he-
ight of 24 m, and a density of stand of 0.8 and openness in
crowns of 10 %, the share of trunk biomass in the massive
plantations is higher, and for crown biomass is less by 6%
than in windbreaks.

6. The math models of evaluation of the components of
aboveground biomass are calculated for oak windbreak in
its natural state. The normative-reference tables of three in-
puts to determine the volume of aboveground biomass com-
ponents in absolute dry state and the accumulated carbon in
them were developed.

7. The analysis of the developed standards showed a
tendency towards increasing the share of biomass in the
crown of oak windbreaks with age, in contrast to the massi-
ve plantations.
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HAJI3EMHA ®ITOMACA JYBA 3BUYAHHOIO Y IOJIE3AXUCHUX
JIICOBUX CMYTAX LIEHTPA/IbHOI YACTUHHU YKPATHH

JocnimkeHo Hag3eMHy ¢iromacy nyba 3BudaiiHoro (Quercus robur L.), mo pocte y moiesaxucHux micoBux cmyrax (IUIC).

OmnucaHo MopooriuHi, 6i0I0rivHi, €KOJIOrivHI Ta JIiCOMeTiopaTHBHI BIACTHBOCTI Ay0ba 3BHYalfHOr0. BCTaHOBIIGHO 3aJI€XKHICTE MiXK
KiJIBKICTIO KOMITOHEHTIB ()iTOMacH Ta OCHOBHHMH TaKCalliHUMHU 1 MEIIOpaTHBHUMH HMOKa3HHUKAMH — 3aXHCHOI0O BUCOTOIO Ta axKyp-
HiCTIO y KpoHaX. Po3po0ieHo MaTeMaTH4Hi MOJIeNi OLHKY HAaJI3eMHUX KOMIIOHEHTIB JUIs OKPEMOTO AepeBa i Haca ukeHHs. BeraHoBs-
JICHO, IO JJIsI OLiHKY KOMITOHEHTIB Hajg3eMHoi ¢iromacu I1JIC BigHOCHA IIiIBHICTH CTOBOYpaA Ma€ MEHIILY TOYHICTh, HDK aXKypHICTh
kpoHH. [list okpeMoro jaepeBa giamerpoM 36 cM Ha BHUCOTI rpyjel, Bucororo 24 M, nmoBHoToo cMmyrd 0,8 i IpOCBITHICTIO Y KPOHI
(axxypHicTb) diToMaca cTroBOypa B MacMBHUX HacaJUKeHHsX Ha 10 % mepeBUIlye aHAJIOTIYHUH ITOKAa3HUK Y JTiCOBHX cMyrax. OmHak
¢iTomMaca KpoHHU Ty0a MOJIE3aXMCHUX CMYr Ha 6% IIEpeBHINYE Lieil MOKa3HUK Al MacHBHUX HacaJkeHb. Po3pobieHo HopMaTuBH
KUTBKOCTI KOMITOHEHTIB ()iTOMACH 1 JICIOHOBAHOT'O BYIJICIIFO JJIsl CTOBOYpIB 1 KpoH aepeB nyda y I1JIC.

Knruosi cnosa: nonesaxucHa jicoBa cmyra; ditomaca, 3aXUCHA BHCOTa; aKYPHICTh; IPUPOJHA LIIBHICTE; 0a30Ba LIUTBHICTD;
JIepeBHHA; KOpa; IepeBHa 3€JIeHb; T1JIKa; JIUCTS; ASIIOHOBAHUI BYTJIeLb.

B. 0. IOxHoeckuiil, I'. M. /lo6ueHko!, A. M. Xodaw', M. P. Mockepa Jlocada?, P. bopek3
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2
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HA/ZI3BEMHBIE PUTOMACCHI 1YBA OBbIKHOBEHHOT'O B ITOJIE3AIIIMTHBIX
JIECHBIX TIOJIOCAX HEHTPAJIbHOH YACTH YKPAHUHBI

Hccnenosana HamsemHast uromacca ny6a oObIKHOBEHHOTO (Quercus robur L.), IpoM3pacTalomero B MOJIE3ANIUTHEIX JIECHBIX
noocax (ITJIIT). Onucansr Mopdonornaeckne, GHOIOTHYECKUE, IKOJIOTHIECKHE 1 JIeCOMEIHOPATUBHBIE CBOICTBA Jy0a OOBIKHOBEH-
HOTO0. Y CTaHOBJIEHA 3aBHCHMOCTb MEX/y KOJINYECTBOM KOMIIOHEHTOB (QUTOMACCHI X OCHOBHBIMHU TaKCAI[HOHHBIMH U MEITHOPATUBHBI-
MH II0Ka3aTeJISIMH — 3al[UTHOH BBICOTOH U a)KypHOCTBIO B KpoHax. Pa3spaboTaHsl MaTeMaTnueckue MOJETH OLEHKH HaJ[3¢MHBIX KOM-
MIOHEHTOB JUISL OT/ASJIFHOTO JiepeBa U B LIEJIOM JUIsl HaCaXKIASHUs. Y CTAaHOBJICHO, YTO AJIS OLIEHKH KOMIIOHEHTOB HaJ3eMHOI puTomac-
col IIJIIT oTHOCUTENBHAS IIIOTHOCTH CTBOJA MMEET MEHBIIYI0 TOUHOCTb, Y€M aXKypHOCTb KpOHBIL. [l OTAENbHOrO JepeBa AUaMeT-
poM 36 cM Ha BBICOTE IPYAH, BBICOTOH 24 M, moaHOTOH moiockl 0,8 ¥ IPOCBETHOCTHIO B KPOHE (@KYpHOCTH) (hUTOMAacca CTBOJA B
MaCCHBHBIX HacaxJeHUsX Ha 10% npeBblIaeT aHAJOTUYHBIH NOKa3aTelb B JIECHBIX nostocax. OxHako ¢puroMacca KpoHEI qyba moie-
3aIUTHBIX 110OJIOC Ha 6% IIPEeBBIIAET ITOT [OKa3aTeNb IS MACCHBHBIX HacaXaeHHH. Pa3paboTaHbl HOpMAaTHBEI KOJIHMYECTBA KOMIIO-
HEHTOB (PUTOMACCHI ¥ IENOHUPOBAHHOTO YIiIepo/a ISl CTBOJIOB M KpOH JepeBbeB nyba B ITVIIL.

Kntouegwie cnosa: none3amuTHbIE JIECHBIE OJIOCH!; (UTOMACCA; 3alIUTHAS BEICOTA; )KyPHOCTD; €CTECTBEHHAs ITIOTHOCTE; 6a30-
Bas IUIOTHOCTb; IPEBECHHA; KOpA; IPeBECHAs 3€ICHb; BETKA; JIUCThs; ACIIOHUPOBAHHBII yriepou.
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