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Forest carbon stock in Left-bank Forest-Steppe of Ukraine
according to intensive forest monitoring data

V.P. Pasternak’, T.S. Pyvovar? V.Yu. Yarotsky?

The issues of carbon stock and dynamic in different carbon pools in forest stands of Left-bank Forest-steppe of
Ukraine are considered. The aim of the study was to evaluate carbon stocks and their changes in main pools: trees
biomass and mortmass. Data of two repeated observations on 19 permanent intensive forest monitoring plots in Kharkiv
and Sumy regions were used. Conversion method was used.

Study of increment and mortality dynamics at monitoring plots showed, that two processes impact carbon balance:
biotic damage which leads to trees dieback, and partial removal of dead wood from stands.

Oak stands have, on average, higher carbon stock in trees biomass and mortmass (102.9 t C ha’') than the pine
stands (98.7 t C ha'), which is associated with a higher representation of mature and overmature oak stands. While
comparison by age classes showed that pine stands, in general, have higher values of C in trees biomass, due to higher
productivity. The increase in carbon stocks with age is observed.

The annual change of C stock in trees biomass is the highest in younger stands, and it decreases with age; while in
mortmass it increases. Mature and overmature oak stands have negative trees biomass and positive dead wood growth.

At age 81-100 years oak forest stands have higher carbon storage capacity than pine (total carbon stock in main
pools (biomass, mortmass, litter and soils (30-cm layer)) is 191.7 t C ha' for oak and 175.4 t C ha! for pine stands).
Trees biomass carbon prevails among other pools (50.3 % in oak forests, and 57.6% in pine), the next is soil carbon
pool (45.9 and 29.0%, respectively).

National forest inventory will provide data for assessments of carbon stocks and dynamics in trees biomass and
mortmass pools. However, forest soil monitoring is necessary to evaluate carbon pools in soils and litter.
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Introduction. Paris climate agreement (2015) has
confirmed the important value of forests as the main
carbon sink.

Forests in terms of agroforestry, forest management,
reforestation have been suggested as one of the most
appropriate land management systems for mitigating
atmospheric CO, through the photosynthesis process
(Alemu, 2014). Forest ecosystems also contribute to
store more than 80% of all terrestrial aboveground C
and more than 70% of all Soil Organic Carbon (Alemu,
2014). The terrestrial carbon reservoir is actually a
collection of carbon pools with a wide range of net
primary production rates, respiration rates and carbon
turnover times. Detailed information on carbon stored
in dead wood and its relationships with different decay
stages are required by national forest and carbon sink
inventories to understand dead wood dynamics and the
impact on microhabitats with a changing climate. These
relationships are expected to vary with disturbance
regime and forest type.

The issue of carbon balance research in forest
ecosystems is receiving much attention today.
Particularly important is the use of information
technologies and mapping (Tokar, 2015; Wang et al.,
2009).

Inventory of greenhouse gases in the forestry
sub-sector can be performed by two methods: stock-
difference and gain-loss (stock emission) (IPCC,
2014). In Ukraine, carbon stocks in forests are assessed
by the second method (Buksha, Butrim, & Pasternak,
2008) on the base of stand wise forest inventory data
since the national forest inventory is at the stage of
development now. Comparison of forest stand wise
inventory data is not possible due to the irregularity of
their accounting, different methodological approaches
to the compilation and the relatively low accuracy
of the inventory of different components of forest
ecosystems (Buksha, Butrim, & Pasternak, 2008).

Forest-steppe zone is a transition zone between
forest and steppe, and it is vulnerable to expected
climate change (Shvidenko, 2017).

In Ukraine complex studies of carbon stocks in forest
ecosystems are fragmentary: one of the study areas are
trees biomass and mortmass stocks evaluation, and
conversion factors development on the ratios of trees
biomass fractions (Lakida, Vasylyshyn, Lashenko, &
Terentiev, 2011), estimation of carbon stocks in soils in
Carpathians (Shpakivska & Maryskevych, 2009) and
generally in Ukraine (Buksha, Raspopina, & Pasternak,
2012; Balyuk et al., 2017), several studies are devoted
to the assessment of carbon stocks in forests based
on stand wise forest inventory (by using gain — loos
method) (Shvidenko et al., 2014), several studies on
sample plots (Alioshkina et al., 2011; Bilous et al.,
2019). Studies are mainly carried out in the Forest zone
of Ukraine (Polissya) (Bilous et al., 2017; Lakyda et
al., 2018), while for the Forest-Steppe zone there are
just a few of them (Yarotsky, Pasternak, & Nazarenko,
2019b; Bilous et al., 2019). The features of C dynamics
were not studied in detail.

In Russia, forest carbon stocks were assessed on the
base of stand wise forest inventory data, and multiple
forest studies and models (Zamolodchikov, 2011).

In the majority of European countries forest carbon
storage is assessed on the base of national forest
inventory/monitoring (Cienciala, 2010), and soil
monitoring data (Manual on methods, 2016). Due to the
planned implementation of National forest inventory
in Ukraine, it is important to develop a methodology
for evaluating carbon stocks on sites.

Objects and methods. The study object is forest
stands of the Left-Bank Forest-Steppe of Ukraine. The
study subject is carbon in forest stands.

The aim of the research is to evaluate carbon
stocks in main pools of forest ecosystems and their
dynamics using the conversation method in the Left-
Bank Forest-Steppe of Ukraine on intensive forest
monitoring plots.

The study includes the results of two consecutive
surveys of 19 intensive forest monitoring plots located
in oak and pine forest stands of the Forest-steppe zone
in Kharkiv and Sumy regions (Tab. 1). Each plot is
observed every 4 years. The survey data for 2012-2015
were included in the study as the first observation and
repeated survey held after 4 years in 2016-2019 were
the second one. The monitoring plots are represented
by zonal types of forest type conditions according to
Alekseev-Pogrebnyak (Ostapenko, & Tkach, 2002):
D, — fresh fertile forest type condition (Quercus robur
L. (English oak) stands), C, — fresh relatively fertile
forest type condition, and B, — fresh relatively poor
forest type condition (Pinus sylvestris L. (Scotch pine)
stands). The age of studied forest stands varies from 44
to 144 years old. Oak stands are mainly grown on dark
gray forest soils, rarely on chernozems, and light gray
forest soils; pure pine stands — on sod-podzolic soils.
One monitoring plot is located in a 74-year deciduous
forest with a dominance of 7ilia cordata Mill. (small-
leaved lime).

There were two types of monitoring plots (Tab. 1):
the first — circular with concentric circles, with area
0.1 ha (all plots with «long» numbers), the second —
square-shaped (ICP test-phase) (three plots 1, 2, and
3) — with area 0.25 ha.

At the intensive monitoring plots, the indicators
of the main components of forest ecosystems (tree
stand, undergrowth, ground vegetation, soil, litter)
were evaluated. For each tree with DBH >7 cm, its
status (living, dead, fallen) was recorded, which made
it possible to trace the dynamics of trees mortality, or
removal from the forest stand. Heights were measured
for model trees. Index of health condition and the
presence of damage were estimated. The litterfall type
and thickness were assessed. Soil type was determined.
For dead logs with diameter >7 cm: species, size
(diameter and length), decomposition stage (5 classes)
and type of rot were evaluated. Dead logs of different
tree species and decomposition stages were sampled
to determine the base density. Field-map was used for
field work and data management.
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Table 1

Taxation characteristics of forest stands at intensive monitoring plots (2016-2019)

PotD i jie et S Dol M
32491 1 9Querob 1Poptre+Tilcor 52 D, Ia 0.73 269
42906 2 9Querob 1Ulmgla+Acepla,Robpse 84 D, I 0.59 255
44262 2 8Tilcor 1Poptrel Fraexct+Acepla 74 D, I 0.59 259
2263079 1 10Pinsyl 97 B, I 0.70 425
36324 1 7Querob 2Tilcor 1Acecam+Acepla 124 D, I 0.79 408
41544 2 4Querob 4AceplalFraexcl1Tilcor 144 D, I 0.73 319
631309 1 10Pinsyl 44 B, Ia 0.68 318
32473 1 8Querob 1Tilcor 1Acepla+ Acecam 88 D, I 0.93 339
32485 1 10Pinsyl 68 B, Ia 0.68 413
32496 1 10Querob+ Tilcor, Acecam 103 D, 11 0.68 290
33734 1 3 Querob 3 Tilcor 2 Acepla2 Acecam +Ulmgla 98 D, 11 0.83 286
33751 1 5 Querob 3 Fraexc 2 Tilcor + Acepla, Ulmgla 88 D, I 0.95 402
33754 1 5 Querob 2 Fraexc 2Tilcor 1Acepla 103 D, I 0.90 379
33760 1 10Pinsyl 63 B, Ia 0.85 453
33761 1 9 Querob 1Fraexc 73 C, I 0.55 200
33771 1 6 Querob 3Tilcor 1 Acepla + Acecam, Ulmgla 84 D, I 0.86 351
1 1 9 Querob 1Tilcor + Fraexc, Acecam, Acepla 92 D, I 0.74 335
2 1 6 Querob 3Fraexc 1Tilcor +Acecam, Acepla 132 D, I 0.82 368
3 1 7Querob 2Fraexc 1Aceplat+Acecam,Tilcor, Ulmgla 122 D, II 0.75 301

Notes: 1. Kharkiv region, 2. Sumy region; * Querob — Quercus robur, Pinsyl — Pinus sylvestris, Fraexc — Fraxinus excelsior, Tilcor — Tilia
cordata, Acepla— Acer platanoides, Acecam — Acer campestris, Ulmgla — Ulmus glabra, Robpse — Robinia pseudoacacia. B, — fresh relatively poor
forest type conditions; C, — fresh relatively fertile forest type conditions; D, — fresh fertile forest type conditions (classes by Alekseev-Pogrebnyak)

According to IPCC (2014), there are main carbon
pools in forest ecosystems: biomass (aboveground
and underground biomass), dead organic matter
(dead wood and litter) and soil organic matter. In our
study, carbon stock calculations and dynamics were
performed for trees biomass of forest stands, and
dead wood (dead trees and dead logs) on the base
of values of total stocks (volume), using conversion
method of calculations. Growing stock and dead
wood volume were converted into mass (using the
base density for tree species and decay stages and
species for dead wood) (Bilous et al., 2019; Cosmoa,
Gasparinia, Palettoa, & Nocettib, 2013; IPCC, 2014)
and the carbon stock (formulas (1)-(3)) (Buksha,
Butrim, & Pasternak, 2008). The fraction of branches
was considered without fractions of leaves and
needles (Lakida, Vasylyshyn, Lashenko, & Terentiev,
2011). For deciduous mixes stands calculations
were performed for individual trees, while for pine
monocultures — for the total growing stock.

Carbon stock in trees biomass was estimated
according to the formula:

C,...= =Ms- BEF

trees

0.5, (1)

where Ctrees — total carbon stock in live trees biomass

pool (tonnes C ha''); Ms, — total stem volume of i tree

si-Di

species; BEF — conversion coefficient for calculation
of stem biomass into total biomass taking into account
branches, for i — tree species; Di — basic density of
timber of i — tree species; 0.5 — conversion coefficient
used for calculation of dry organic mass into carbon
mass (carbon content of absolutely dry matter) (IPCC,
2014).

Carbon stocks in dead wood pool (dead trees and
dead logs) were calculated according to the data on the
basic density of dead wood by decomposition stages
and tree species.

Cratirees = ZMdt-Di-0.5; )

where C, . — carbon stocks in dead trees (tonnes

C ha'); Mdt, — total stem volume of dead trees of i tree;
Di — basic density of timber of i — tree species.

Ceadiogs— Md-Di;0.5; 3)

where C, ogs carbon stocks in dead logs (tonnes

C ha'); Md — total volume of dead logs; Dij — basic

density of timber of i — tree species of j — decomposi-

tion stage.

Annual changes of carbon stocks in carbon pools
were calculated according to IPCC formula (2014) at
site level, as the difference of two estimates:
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AC:th2 Ctl (4)'
(¢ 7t 1) ’
where AC — annual changes of carbon stocks in pool

i, tonnes C ha'year;

Ct} — total carbon stock in pool i at year t, tonnes
Cha”;

C,, — total carbon stock in pool i at year t,, tonnes
Cha'.

The growth and mortality in the studied monitoring
plots were estimated. To estimate the growth, the an-
nual changes in the growing stock of forest stands were
calculated taking into account changes in dead wood
stocks.

Z = (M,-M +Dw,-Dw )/(t,-t)), (5);

where Z — current annual increment, m*ha! year';

Ml.— growing stock in year t, m’, M, — growing
stock in year t,, Dw, — dead wood volume in year t,,
Dw, — dead wood volume in year t,.

To estimate the mortality changes in dead wood
stocks were evaluated.

ADW = (Dw,-Dw )/(t,-t,), (6);

where ADW is an annual change of total dead wood
volume.

The analysis of the obtained values was performed
by comparison with the data on the current growth and
mortality according to the yield tables (Forest taxation
guide book, 2013) for the main tree species and age
classes in terms of an actual density of stocking. In
case of negative balance of dead wood stock, it was
concluded that some of the dead wood was removed
from the studied stands.

For a comprehensive generalized assessment of
all carbon pools in oak and pine forests, we used our
data on carbon pools in biomass and mortmass (at
forest stand aged 81-100 years) and data of (Buksha,
Raspopina, & Pasternak, 2012) for litter and soils with
adaptation for plots: for all oak stands in D, soil C stock
in the 30-cm layer is 88.0 tonnes C ha, in B, (sod-
podzolic sandy soils) —50.9 tonnes C ha!. These values

are in the range of data published by (Balyuk et al.,
2017) for the same soil types. Litter carbon pool was
also calculated from (Buksha, Raspopina, & Pasternak,
2012): for oak stands — 2.78 tonnes C ha’', for pine
stands — 11.6 tonnes C ha™'. Changes in stocks in litter
pools and soil have not been evaluated.

The results of the assessments were summarized by
age classes and stand groups by the main tree species:
oak, pine and other deciduous since in this case, the
accuracy of productivity estimates is higher (Pregitzer
& Euskirchen, 2004). The results are presented as an
arithmetic mean values and standard deviations. The
comparison of mean values was performed using the
T-test.

Results and discussion. Significant trees dieback
in the inter-survey period occurred in almost all plots
(Tab. 2). The annual mortality rate exceeded the
reference level (Forest inventory handbook, 2013)
at half of the observed stands, at the rest sites this
variable could not be compared with reference level
due to the partial removal of dead wood from stands
(sanitary cuttings and/or dead logs removal by the
local population).

Between surveys at 6 oak forest stands (32473,
33734, 33771, 33754, 41544, 3), there was significant
mortality of Norway maple and field maple (Acer
platanoides L. and A. campestre L.) caused by
Verticillium wilt (Meshkova & Davydenko, 2016),
at 5 plots there was oak dieback (at almost all age
classes) exceeding the reference level, at two plots —
pathological dieback of Common ash (Fraxinus
excelsior L.). In pine stands, trees mortality was
registered in three plots, in two of them, the level of
mortality exceeded the reference level, in two plots the
dead wood was removed. The largest level of dieback
was recorded at plot 2263079 due to the impact of
clear-cut at the neighbor forest site several trees were
damaged and microclimatic conditions on the studied
plot changed. In the soft-leaved deciduous forest stand
the pathological dieback of aspen (Populus tremula L.)
was observed.

Just at one plot (42906) in oak and at one (631309)
in pine stands there was no mortality during the study
period.

Table 2
Mortality and increment at monitoring plots
Observed Reference
Plot ID Ageclass  Stock change, ADW stock  Increment  ADW stock m? Clzss on DW ]S)%I\);
m® ha'! year i m® ha’! m? ha! year ha'! yRamie
Oak
1 2 3 4 5 6 7 8
32491 41-60 6.9 4.4 8.5 3.1 1 Oak
33761 61-80 -5.9 1.0 4.8 1.2 LR Oak
32473 81-100 3.8 -0.1 3.9 1.5 R Maple
33734 81-100 5.1 -0.3 3.0 1.0 R Maple
42906 81-100 32 0.0 4.3 1.2 0 0
33751 81-100 6.3 -0.3 3.9 1.5 R Ash
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Continuation of table 2

1 2 3 4 5 6 7 8
1 81-100 4.9 5.4 3.8 1.2 1 Oak
33771 81-100 5.7 -0.5 5.3 1.7 R Maple
32496 101-120 5.8 1.5 2.2 0.7 1 Oak
33754 101-120 -1.7 11.8 33 1.1 1 Maple, Ash
41544 >121 2.1 0.1 1.7 0.6 R Maple
36324 >121 5.0 0.9 2.0 0.6 1 0
2 >121 -8.5 3.3 2.4 0.7 1 Oak
3 >121 -12.8 1.0 2.3 0.6 1 Maple
Pine
631309 41-60 12.4 -0.1 12.3 3.1 R Pine
32485 61-80 4.7 2.4 9.5 3.7 l Pine
33760 61-80 11.2 5.8 11.5 4.9 1 Pine
2263079 81-100 7.3 11.4 8.6 3.2 1 Pine
Other deciduous
44262 61-80 3.6 2.8 5.0 1.3 1 Aspen

Notes: Reference — Forest inventory handbook, 2013; | — lower level of mortality compared to reference level, 1 — higher level of mortality

compared to reference level; R — removed dead wood.

The average annual increment of studied stands
varies in a wide range. For oak stands the increment
level lower than in reference data (Forest inventory
handbook, 2013) is observed in younger (2 plots) and
older (age class >120 yeas) (2 plots) stands, and 1 plot
at age 81-100. That is typical for old-growth stands
where the process of mortality prevails over growth.
In younger oak stands (41-60 and 61-80 years) — it
can be explained by the influence of high mortality
level caused by diseases. Almost all other oak stands
have increment level higher than in (Forest inventory
handbook, 2013), mainly due to the growth of younger

Trees biomass and mortmass at monitoring plots

accompanying tree species. Among pine stands the
increment was normal at two stands, and lower at
another two plots.

Trees biomass stocks (Tab. 3) in the studied stands
vary over a wide range from 120.4 to 251.8 t-ha.
The average value is 186.8+39.2 t-ha™! for oak stands
and 177.1 £34 t-ha’! for pine stands in the first survey
cycle (during 2012-2015). For the second cycle
(2016-2019), the range of values increased: from
120.0 to 287.8 t-ha', the average for oak stands
is 188,3+39.7 t-ha!, and for pine stands — 186,7+
25.6 t-ha’'.

Table 3
for two observations (dry weight, tonnes ha™')

Plot ID Trees biomass Dead trees Deadlogs Total dead wood

1* 2 1 2 1 2 1 2

1 2 3 4 5 6 7 8 9
32491 160.2 182.1 0.9 8.5 0.0 1.4 0.9 9.9
33761 136.1 120.3 5.7 11.8 16.1 12.0 21.8 23.8
32473 180.0 186.8 1.5 0.9 0.4 0.7 1.9 1.6
33734 147.1 156.8 5.8 5.8 1.0 0.8 6.8 6.6

42906 138.8 144.1 0 0 0 0 0 0
33751 2443 287.8 1.7 2.9 4.7 2.2 6.4 5.1
1 188.7 1923 4.9 15.6 1.1 0.9 6 16.5
33771 180.7 190.5 13.4 13.0 1.1 9.4 24.5 22.4
32496 149.2 162.3 0.4 3.5 0.5 0.1 0.9 3.6
33754 249.5 231.8 3.2 253 1.6 5.3 4.8 30.6
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Continuation of table 3

1 2 3 4 5 6 7 8 9
41544 174.3 178.4 8.4 10.2 47.0 45.1 554 553
36324 192.5 208.0 0.0 0.0 22.0 232 22 23.2

2 251.8 222.8 10.2 5.1 17.6 259 27.8 31

3 221.7 171.8 0.0 1.5 2.9 14.5 2.9 16

Avg Oak 186.8 188.3 4.0 7.4 9.0 10.1 13 17.5
SD 39.2 39.7 4.1 7.0 12.8 12.8 15.7 15.1
631309 120.4 143.7 0.1 0.5 1.7 1.4 1.8 1.9
32485 184.0 191.7 1.2 2.2 0.1 1.5 1.3 3.7
33760 194.6 209.3 23 12.7 0.0 0.5 23 13.2
2263079 209.5 202.2 23 22.7 0.0 0.9 23 23.6
Avg Pine 1771 186.7 1.5 9.5 0.5 1.1 2 10.6
SD 34.0 25.6 0.9 8.9 0.7 0.4 0.5 10.0
44262 151.8 154.1 1.2 6.1 0.4 1.4 1.6 7.5

* 1 —1 observation (in 2012-2015), 2 — II observation (in 2016-2019); SD — standard deviation.

Dead wood at studied stands is represented both by
dead trees and dead logs, at oak stands prevail dead
logs, and at pine stands — dead trees. Dead wood in
oak stands is predominantly formed by English
oak, while other species as Norway maple and field
maple, elm, common ash, linden are less represented.
This is explained not only by the dominance of the
oak in the composition of the stands but also by it
significant decline compared to other species and a
longer decomposition time (Yarotsky, Pasternak, &
Nazarenko, 2019a). In pure pine stands dead wood is
formed only by pine.

During the four-year period between observations,
changes in trees biomass and mortmass stocks
occurred as a result of natural growth processes, as
well as the dieback and removal of dead wood from
the stands. Carbon stocks and it accumulation in forest

ecosystems depend on productivity, species compo-
sition, and age structure, as well as on forest manage-
ment regime and disturbances (biotic damage and
anthropogenic) (Jandl, Bauhus, Bolte, Schindlbacher,
& Schiiler, 2015). Generalized data on the total carbon
accumulation in tree biomass (Tab. 4) and mortmass
showed that the oak stands have, on average a higher
carbon stock in these two pools than the pine stands,
which is associated with a higher representation of
mature and overmature oak stands. The average C
in the trees biomass of oak stands is 93.4+10.3 and
94.1+10.5 t C ha’!, respectively, by observations. For
the studied pine stands, these values are 88.6+3.8 and
93.4+12.6 t C ha’!, respectively. The lowest carbon
stock is observed in other deciduous stands (75.9 and
77.1 t C ha '), which is natural taking into account
their lower productivity.

Table 4
Average carbon stocks at main C pools for two observations (t ha™')
Age class C trees biomass C dead wood C total
1 2 1 2 1 2
1 2 3 4 5 6 7
Oak stands
41-60 80.1 91.1 0.5 5.0 80.6 96.0
61-80 68.1 60.2 10.9 11.9 79.0 72.1
81-100 90.0+17.1 96.5+23.0 3.844.0 4.4+4.0 93.8+18.1 100.9+23.7
101-120 99.7425.1 98.5+17.4 1.4£1.0 8.6+6.8 101.1£26.1 107.1+£24.1
>120 105.0+=14.7 97.6+£10.5 13.549.4 15.7+7.4 118.6+12.6 113.3£12.0
Avg Oak 93.4+19.6 94.1+£19.8 6.5+7.6 8.8+7.3 99.9+21.4 102.94£21.7
V. Pasternak, T. Pyvovar, V. Yarotsky. Forest carbon stock in Left-bank Forest-Steppe of Ukraine according to intensive forest... 125
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Continuation of table 4

1 2 3 4 5 6 7
Pine stands
41-60 60.2 71.9 0.9 1.0 61.1 72.8
61-80 94.7+2.6 100.3+4 .4 0.9+0.3 4.2+2.4 95.6+2.9 104.5+6.8
81-100 104.8 101.1 1.2 11.8 105.9 112.9
Avg Pine 88.6+17.0 93.4+12.8 1.0+£0.2 5.3+4.3 89.5+17.1 98.7+16.1
Other deciduous stands
74 75.9 77.1 0.8 3.8 76.7 80.8

The estimated values for oak and pine stands are
lower than average values for modal oak (104 t C-ha)
and pine stands (101.3 t C-ha™') for the forest-steppe at
the same age ranges according to «Tables and models
of growth...» (Shvidenko, Schepaschenko, Nilsson, &
Buluy, 2008).

Generally, forest carbon pools vary with stand
age, so our data were generalized by age classes.
Unfortunately, the monitoring plots didn’t represent
all age classes range and for some age classes, there
was just one plot. However, comparison of total carbon
stocks at trees biomass by age classes presented in both
types of stands, shows that pine stands, in general, have
higher values (in age classes 61-80 and 81-100), which
is associated with higher pine productivity. In the age
class 41-60, the situation is opposite.

Both in oak and pine stands, the increase in carbon
stocks with age is observed. The exclusion is plot
33761 in the age group 61-80, which is located in an
oak stand in poorer conditions (C,) with a lower density
of stocking, and a significant mortality of trees.

In general, mortmass carbon stocks in oak stands is
higher than in pine stands both in absolute and relative
terms: in oak stands, it makes 6.5£7.6 and 18.8+
7.3t C ha'or7.0% and 9.3% of trees biomass pool for
each survey, respectively, while in pine stands only
1.0+0.2 and 5.3+4.3 t C ha'', or 1.1% and 5.7% respec-
tively. Generally, the mortmass pool is characterized
by C stock higher variability compared to trees biomass.

The data on average annual carbon change in the
studied forest stands showed (Tab. 5) that the youngest
oak stands have the highest level of the total C change
(mainly due to higher trees biomass increment), while
mature and overmature oak stands have negative trees
biomass growth and positive dead wood growth. In
such forests, the net ecosystem productivity is low due
to the slow growth and rather large volumes of dead
wood (Taylor, Seedre, Brassard, & Chen, 2014).

For pine stands the similar features are observed:
the change of C stock in trees biomass is the highest in
younger stands, and it decreases with age; in mortmass
changes is the opposite situation: increasing with age is
observed (see Tab 5).

Combination of our data for oak and pine stands at
age class 81-100 (the latest observation) with data from

(Buksha, Raspopina, & Pasternak, 2012) on carbon
stock in litter and soils (30-cm layer) showed (Tab 6),
that oak forest stands have higher carbon storage capac-
ity, than pine stands (total carbon stock in main pools
of the oak forest is 191.7 t C-ha'! and in pine stands —
175.4 t C-ha). The share of trees biomass carbon pool
is the highest among other pools (50.3 % in oak forests,
and 57.6% in pine forests), the next is soil carbon pool
(45.9 and 29.0%, respectively).

Table 5
Average changes in carbon stocks per year
(t halyear?

Age class, AC trees  AC dead AC total AC total,
years biomass wood %o*
Oak stands
41-60 2.7 1.1 3.9 4.8
61-80 2.0 0.3 -1.7 -2.18
81-100 1.6 0.1 1.8 1.9

101-120 -0.3 1.8 1.5 1.5

>120 -1.9 0.5 -1.3 -1.1

AVG Oak 0.2 0.6 0.8 0.8

Pine stands

41-60 2.9 0.0 2.9 4.8

61-80 1.4 0.8 22 2.3

81-100 -0.9 2.7 1.8 1.7

AVG Pine 1.2 1.1 2.3 2.6
Other deciduous

74 0.3 0.7 1.0 1.3

* Calculated as per cent of changes of C total (observation 1)

Our data (see Tab 6) is comparable to the results of
(Shpakivska & Maryskevych, 2009) on carbon pools
in Carpathians in spite of different climatic zone and
forest composition: the percentage of the C stock in
trees biomass in average is 54.2%, and in soils — 41.4%.
Similar proportions of carbon pools were described by
(Kenina, Jaunslaviete, Liepa, Zute, & Jansons, 2019)
for old-growth unmanaged Scots pine stands in Latvia:
trees biomass — 59%, mineral soils — 31%.
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Total C stock in oak and pine stands by main pools (at age class 81-100 years) fables
Main C pools
Stands Total
Trees biomass Mortmass Litter* Soil*
Absolute values, t C ha!
Oak 96.5 4.4 2.78 88 191.7
Pine 101.1 11.8 11.6 50.9 175.4
Percentage, %
Oak 50.3 23 1.5 45.9 100
Pine 57.6 6.7 6.6 29.0 100

* data from (Buksha et al, 2012)

Our results are preliminary, as soil and litter data
are from literature, and studied stands don’t represent
all age classes and productivity classes. Introduction of
NFTI and soil monitoring in Ukraine will allow obtaining
in particular precise data of forest carbon stocks and
their dynamics.

Conclusions. In the forest-steppe zone of Ukraine
tree biomass and mineral soils are the main carbon
pools. The total carbon stock in main pools of oak and
pine forests at age class 81-100 is 191.7 t C-ha' and
175.4 t C-ha'!, respectively. Two processes influence
the carbon balance in studied stands: biotic damage
which leads to tree dieback, and partial removal of
dead wood from stands.

The introduction of National forest inventory will
provide primary data for state-level assessments of
carbon stocks and dynamics in forest stands and dead
wood pools. However, special large-scale studies, such
as forest soil monitoring, are needed to evaluate carbon
pools in soils and litter that play an important role in
carbon cycling.
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3anacu Byrneuo y nicax JliBo6epexxHoro
Jlicocteny YKpaiHu 3a faHMMM iHTEHCMBHOTO
MOHITOPVIHrYy

B.M. NactepHak’, T.C. MuBoBap?, B. 0. Apoubkui’

Po3misiaroThCsl MUTaHHS 3amaciB 1 JUHAMIKA BYT-
JIeII0 B PI3HMX BYIVICIIEBUX ITyJIaxX JIICOBHX HACaKEHb
JliBoGepexnoro Jlicocreny Ykpainu. Metoro nocii-
JOKCHHs OYyJI0 OI[IHUTH 3alacH BYIVICIIO Ta IXHI 3MIHH B
OCHOBHHX ITyJlaX — (piTOMaci Ta MOpTMAaci Ha TUTSTHKaX
IHTEHCUBHOTO MOHITOPUHTY JiciB. Jna mocimimkeHHs
BUKOPHCTAHO JaHi JBOX MOBTOPHHX CIIOCTEPEKEHb Ha
19-TH MOCTIHHUX MIISHKAX IHTEHCHBHOTO MOHITOPHH-
ry qiciB y XapkiBcpkiit 1 CyMcbKill oOnactsix. 3amac i
JUHaMIKa BYIJICIO B TyJiaX (iTOMacH i MOPTMAacH Olli-
HEHO 3a JOMOMOTOI0 KOHBEPCIHOTO METOTy. Y3araib-
HEHI 3Ha4YCHHS 3aIlaciB BYIVIELIO B IPYHTaX Ta MiJICTHII-
i 3a JiTepaTypHUMH JJAHUMH BKJIFOYEHI JI0 CyMapHOL
OIIIHKH 3aracy BYIVIEIIO Ui TyOOBUX i COCHOBHX Ha-
camkenb y Bini 80-100 pokiB. [lani mpeicraBieHo 3a
KJIacaMH BIKY.

BuBdeHHs AuHAMIKY IPUPOCTY 1 BiNaay Ha IiIAH-
KaxX MOHITOPMHTY TOKa3ajuo, 110 Ha OajaHC BYIVICLIO
BILIMBAIOTH JIBA MIPOICCH: OI0THYHI MOMIKOKEHHSI, 1110
HPU3BOMATH 10 BCHUXAHHS Ta BIANAILy IEPEB, 1 4aCTKOBE
BUIAJICHHSI MEPTBOI IEPEBUHH 3 I€PEBOCTAHIB.

BcranosieHo, 110 cepe/Hiii 3amac Bymieito © y ¢i-
Tomaci n1yooBux JiciB cranoButh 94,1 + 10,5 TC-ra’l;
cocHoBUX — 93,4 + 12,6 TC'ra’, y mMopT™maci mybo-
Bux — 8,8 £ 3,8 1C'ra’'; cocnoBux — 5,3 £ 4,2 7C-ra’’.
VY cepennpomy B yciit BHOIpIi 1yOOBi HacapKeHHS Ha-
TPOMa/UKYIOTh CYyMapHO OLUIBLIMI 3arac ByIMIeIio y
¢itomaci Ta MOpTMaCI (102,9 tC-ra'), HiX COCHOBI
(98,7 TC-ra’!), mo moB’sA3aH0 3 GIIBIIOK TIPEACTABIIE-
HICTIO CTUINIMX 1 MepecTiHHUX AyOOBHX HacaIKEHb.
OpHak, MOPIBHSAHHS 3HAYCHb 3a KJACaMH BIKy IOKa-
3aJ10, 1[0 COCHOBI HAacCa/HKEHHS 3arajioM MaroTh OiJib-
mri 3HaueHHs C y ¢itomaci, 10 NoB’s13aH0 3 O1IBIIOI0
NPOIYKTUBHICTIO COCHOBHX JIepeBOCTaHiB. Bin3Haue-
HO 301TBIIIEHHS 3aIaciB ByIIIelto 3 BikoM. HalimeHmmi
3amac BYIVICLIO BU3HAYCHUH B 1HIIMX JIMCTSHUX Haca-
mkennsix (77,1 tCra™).

Tacmeprnax Bonooumup [lemposuu — akanemik JliciBHn4ol akase-
Mii HayK YKpaiHH, JJOKTOpP CLIBCHKOTOCIOJApChbKHX HayK, mpode-
cop. YKpalHChKHIl HAYKOBO-AOCIIHUI IHCTUTYT JIICOBOTO TOCIIO-
nmapcTBa Ta arpomicomeniopartii im. I M. Bucouskoro, Byim. [Tymi-
KiHCcbKa, 86, XapkiB, 61024, Vkpaina. Ten.: +38-057-707-80-44.
E-mail: pasternak65@ukrnet ORCID: https://orcid.org/0000-
0003-1346-1968

Iusosap Temsna Cepeiina — KaHOUIAT CUTLCHKOTOCIIONAPCHKAX
HayK, CTapIuii HAyKOBHH CHiBPOOITHUK. YKPATHCHKHI HAayKOBO-
JIOCJITHUH IHCTUTYT JIICOBOTO rOCIOIAPCTBA Ta arpojicoMerniopa-
uii im. [ M. Bucomskoro, Byn. [Tymkinceka, 86, Xapkis, 61024,
Vkpaina. Ten.: +38-097-358-97-49. E-mail: pyvovartatiana@
gmail.com ORCID: https://orcid.org/0000-0001-7250-8549
Apoyvruii Bonooumup [Opitiosuy — NpoBinHUIL iHXeHEp. YKpa-
THCBKHII HAyKOBO-ZOCHIIHUI 1HCTUTYT JIICOBOrO TOCHO/ApCTBa
Ta arponicomeniopanii iM. I. M. Buconpkoro, Byi. IlymkiHcbka,
86, Xapkis, 61024, Vkpaina. Ten.: +38-057-707-80-44. E-mail:
suerlay@ukr.net

BcranosieHo, 1o 3amac ByIJIeIno y MopTMaci y ay-
0OBHUX Jicax BUIIWHN, HIXK Y COCHOBHX, SIK B a0COJIOT-
HOMY, TaK 1 y BIJTHOCHOMY BHpaX€HHi: y MEPUIUX BiH
CTaHOBUTH 9,3% mmymy ¢iToMacu, Tofl K y OCTaHHIX —
numre 5,7%.

VY ny0oBUX 1 COCHOBHUX JlicaX HAHOUIBIY PiYHY 3Mi-
Hy 3amacy Cy (blTOMaCI BH3HAYEHO Y MOJIOJIIINX HACa-
JUKCHHSIX, 1 3 BIKOM IIeii MTOKa3HUK 3MECHIIYETHCS, TOAI
SIK 'y MopTMaci — 30inbiryersest. CTurm 1 mepecTtiiiHi
IyOOBI Haca/DKeHHS XapaKTePU3YIOThCS HETaTHUBHUM
MPUPOCTOM (DITOMACH 1 TO3UTUBHIUM — MOPTMACH.

[loeananHs HAMIMX AaHUX i3 JITEPaTypPHUMH PO
3aracy ByIVICIIO B MyJax MiICTHIIKH Ta IpyHTY (30-can-
TUMETPOBOMY I1api) CBiTYUTH, 1110 Y Billi 81-100 poki
IyOoBi Jicu € OUbIl e()eKTUBHUMHU HarpoMaKyBada-
MU BYIJICITIO, HI)K COCHOBI (3arajJbHUH 3amac BYTJICIIIO
B YOTHPHOX OCHOBHHX Iysax craHoButh 191,7 T C ra’!
i ayoosux jicie 1 1754 T C ra! ama cocHOBHX).
YacTka ByyIeIo y ¢gitoMaci mepeBaskae cepen 1HIuX
myiniB (50,3% y ny6oBux nicax i 57,6% y COCHOBHX), 32
Hero Wze myi IpyHTiB (45,9 1 29,0% BianosinHoO).

BupoBamxkenns HarioHanpHOI 1HBEHTapw3aIii Jii-
ciB 3a0e3MeunTh NEPBUHHUMHU AAHUMH U1 OLIHIOBaH-
HS 3amaciB ByDJICLIO 1 HOTO AWHAMIKH JAJsl MyniB ¢i-
TomMacu Ta MoptMacu. OmHAK, ISl OIIHIOBAHHS ITyJIiB
IPYHTIB 1 MIJCTHIIKH, SIKi BiAIrparOTh BAXKIUBY POIb Y
prr0061ry BYIJICILO B JICOBUX CKOCHCTEMAX, HEOOXis-
HUI MOHITOPHHT JTICOBHX IPYHTIB.

Kurouosi ciioBa: ¢diromaca; moprmaca; Byryene-
Bi MyJIM; 3MIHHM 3aMaciB BYIJIEII0; 1yOOBi HacaPKEHHS;
COCHOBI HaCa/KCHHS; KJIACH BIKY.

3anacbl yrnepopga B necax JleBo6epexxHon
JlecocTtenu YKpaunHbl N0 AaHHbIM
MHTEHCUBHOIO MOHUTOPWHIra

B.M. NactepHak', T.C. MneoBap?, B. 0. Apouknir®
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nennii JleBobepexxnoit Jlecocrenu Ykpaunsl. Llensio
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WCCIIeZIOBaHUS OBLIO OIIEHWTH 3arlachl yIepoaa M MX
W3MEHEHHE B OCHOBHBIX MyJax — (PUTOMAcce U MOPT-
Macce Ha y4acTKaX MHTEHCHBHOI'O MOHUTOPHHIA Jie-
coB. Jlyst nccnenoBaHusl UCHONB30BaHbl JaHHBIE JBYX
MOBTOPHBIX HaOironeHnit Ha 19 MOCTOSHHBIX yd4acT-
KaX MHTEHCUBHOTO MOHHMTOPHHTA JIECOB B XapbKOB-
ckoit 1 CyMcKo# o0macTsx. 3amachl 1 JUHAMHKA YTe-
pona B mynax GuToMacchl 1 MOPTMACChI OIICHEHBI TIPU
MOMOIIM KOHBEPCUOHHOTO MeTofa. O000LIeHHbIE 3Ha-
YCHUS 3alacoB YIVIEpOsa B MOYBAX M MOACTHIIKAX IO
JUTEPATYPHbIM JAHHBIM BKJIIOUCHBl B CYMMAapHYIO
OLIEHKY 3amaca yriaepoia Ui AyOOBBIX W COCHOBBIX
HacaxJaeHnit B Bosdpacte 80-100 mer. JlaHHBIE
[IPEACTABIICHBI 10 KJIacCaM BO3PacTa.

W3ydenne AMHAMUKKA TIPHPOCTa M OTMaga Ha
ydacTKaX MOHHUTOPHHIA TIOKa3allo, 4To Ha OajaHc
yIIepoAa BIUSIOT ABa Mpouecca: OHOTHYECKHE I10-
BPEXICHUs, IPUBOIINE K YCBIXaHUIO U OTHALy Je-
PEBBEB, M YaCTUYHOE yJaJICHUE MEPTBOHN JIPEBECHHBI
13 IPEBOCTOEB.

VYcraHoBIIEHO, 4TO cpeAaHuil 3amac ymiepoga ©
B (uromacce AyOOBBIX JIeCOB coctaBimser 94,1 =+
10,5 TC-ra’'; cocnoBbix — 93,4 + 12,6 TC'ra’!, B MopT-
Macce ayooBbix — 8,8 + 3,8 TC-ra’!; cocHOBBIX — 5,3 +
4,2 1C-ra’l. B cpemmem 1o Beeit BEIOOpKE TyOOBHIE Ha-
CaKICHUS HAKaIUIMBAIOT CyMMapHO OOJBIIMHA 3amac
yriepona B ¢guromacce u moptmacce (102,9 tC-ra'),
yem cocHoBele (98,7 TC-ral), uto cBA3aHO C 0OOIB-
el Tpe/ICTaBICHHOCTBIO CIENBIX M TEePEeCTOWHBIX
nyOoBBIX HacaxneHnid. OfgHaKo, CpaBHEHHE 3HAYCHUH
[0 KJaccaM BO3pacTa I0Ka3ajlo, YTO COCHOBBIC Ha-
CaKJIEHHUS B IIEJIOM MMEIOT Oojiee BHICOKHE 3HAUCHUS
C B ¢uromacce, 4To cBAI3aHO C OoJiee BBICOKOW MpO-
OYKTUBHOCTBIO COCHBL. OTMEUEHO YBEIMYEHHE 3aria-
COB ymiepoJia ¢ Bo3pactoM. HanMeHb1mii 3anac yrie-
poza HabIoaeTCsl B APYTUX JIMCTBEHHBIX HACAXKICHH-
ax (77,1 tC-ra ).

YcTaHOBIEHO, YTO 3amac yriepoja B MopTMacce
B TyOOBBIX JiecaxX BBIIIE, YEM B COCHOBBIX, KaK B a0-
COJIIOTHOM, TaK U B OTHOCHTEIBHOM BBIPAKCHUH: B
NepBBIX OH cocTasisieT 9,3% myna ¢uTomMaccsl, B TO
BpeMsI KaK BO BTOPBIX — TOJIBKO 5,7%.

B n1y6oBBIX ¥ COCHOBBIX Jiecax HauOOJbIlIee To0-
Boe m3MeHenue 3anaca C B ¢puTtoMacce 0OTMEICHO B 00-
Jiee MOJIOABIX HACaKICHUSAX M C BO3PACTOM YMEHbIIIa-
eTCsl, B TO BpeMsl KaK B MOPTMAacce — yBEIMYMBACTCSL.
Crienble U iepecToliHbIe TyOOBbIe HACAXKICHHS XapaK-
TEPU3YIOTCSl OTPHULATEIBHBIM MIPUPOCTOM (HUTOMACCHI
Y TIOJIOKUTEIBHBIM — MOPTMAcCCHI.

Coderanwie HaAIIMX MAHHBIX C JIATEPaTypPHBIMHU
JAaHHBIMH O 3aracax ymiepoaa B IyJlax IOACTHJI-
ku u 1ouBbl (30-caHTUMETPOBOM CJO€) IOKa3a-
10, uyto B Bo3pacte §1-100 ner myOoBbIe Jieca sIBIIs-
oTcst Oosiee APPEKTUBHBIMUA HAKOIMTEISIMU yTIIe-
poda, 4eM cocHoBble (0OmMiA 3amac yriepona B
Y4eThIPEX OCHOBHBIX Mmynax coctasisier 191,7 T C ra’!
Jutst 1y0oBeIX JiecoB 1 175,4 T C ra’! mist COCHOBBIX).
Honst ymiepoma B ¢uTtomacce mpeoOmamaer cpenu
npyrux mynoB (50,3% B ayOoBbIx necax u 57,6% B
COCHOBBIX), 32 HEH ciieyeT MOYBEHHBIH 1Tyl yIiepo/ia
(45,9 1 29,0% COOTBETCTBEHHO).

Buenpenne HanmonanbHONW MHBEHTapu3alUu Jie-
COB 00ECIEeUYNT NEPBUYHBIMU IAHHBIMU JUIS OLCH-
KM 3alacoB yIviepofa W ero AMHAMHUKU [Js IyJO0B
¢uTomaccer 1 MopTMacchl. OTHAKO JUISI OLIEHKH IYJI0B
MOYB U MOJCTUIIKH, KOTOPbIE UTPAIOT BAXKHYIO POJIb B
KPYTOBOPOTE yIIEpoJia B JIECHBIX SKOCUCTEMaxX HEoO-
XOJTUM MOHHUTOPHHT JIECHBIX ITOYB.

KiwueBble  ciaoBa:  ¢Quromacca;  MoprTmac-
ca; ymIepoAHbIC IyJbl; MU3MEHEHHUS 3aIllacoB YIJIEPO-
na; AyOoBBIE HACa)KACHUS; COCHOBBIC HACAXKICHMUS,
KJIacChl BO3pacTa.
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