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The scientific work presents the results of a comprehensive study of the productivity and ecological role of
Robinia pseudoacacia L. plantations in Vinnytsia region. The relevance of the study stems from the widespread
use of this species in agroforestry, energy forestry, and the reclamation of degraded lands, due to its high
ecological plasticity, ability to fix atmospheric nitrogen, and rapid biomass growth. A review of the literature
demonstrates the ambivalent impact of Robinia pseudoacacia L.: on the one hand, it improves soil fertility and
increases nitrogen content; on the other hand, it poses a risk of displacing native plant species and disrupting the
hydrological regime of the area. Fifteen temporary test plots with a total area of 5.25 hectares were established
within the Vinnytsia Forestry Branch. Plot selection was carried out based on forest site conditions, stand age,
species composition, site quality, and sanitary condition. The data collection methodology followed the national
standard SOU 02.02-37-476:2006, ensuring the representativeness and reliability of the obtained data. The results
of the study indicate the high biological productivity of Robinia pseudoacacia plantations within the Vinnytsia
Forestry District. The predominant forest site conditions were fresh loams (type C2), which provided optimal
conditions for the growth of this species. The age structure of the plantations is characterized by the dominance
of young and middle-aged stands (over 56%), indicating active regeneration dynamics. Maturing, mature, and
overmature stands accounted for a smaller proportion, reflecting effective forest management practices. The
silvicultural and mensurational characteristics revealed significant variability in stand parameters depending
on age. The average tree diameter ranged from 3.7 cm in 4-year-old stands to over 27 cm in 82-year-old stands,
while tree height varied from 4.2 to 24.5 m. Absolute stand density ranged from 1.24 to 44.71 m?/ha, and relative
density from 0.22 to 1.09, indicating different developmental stages and stand densities. Owing to the high wood
density and calorific value, the stands exhibit considerable potential for biomass production as a source of
renewable energy. The assessment of phytomass across different fractions of the aboveground tree components
enabled an objective estimation of accumulated biomass per unit area and the calculation of potential energy
yields. Structural analysis of sample plots by site quality classes revealed a predominance of medium-quality
stands (classes I and III), characterized by an optimal balance between growth and ecosystem stability. This
creates promising prospects for the further use of Robinia pseudoacacia L. in regional forestry practices as a
key tool for bioenergy development and forest reclamation of degraded lands.

Keywords: energy efficiency, silvicultural and taxonomic indicators, type of forest vegetation conditions,
productivity, biomass, phytomass.
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INTRODUCTION

Robinia pseudoacacia L., commonly known
as black locust or “false acacia”, is a fast-growing
tree species widely utilized in forest reclamation,
energy production, and land restoration projects.
Its ability to fix atmospheric nitrogen, tolerance
to drought, and adaptability to poor soils make
it especially valuable for the rehabilitation of
degraded lands [1].

However, the introduction of black locust
may have negative ecological consequences.
Studies conducted in Central Europe have de-
monstrated that it alters the understory structure
and microclimate, promoting the spread of light-
demanding and nitrophilous species, which can
lead to the displacement of native flora [2].

From an energy perspective, black locust
demonstrates high potential. In short-rotation
plantations on fertile soils, its yield can reach up to
45 t/ha of dry biomass within 5 years, surpassing
the performance of some poplar hybrids. Addi-
tionally, Robinia pseudoacacia L. wood possesses
high density and calorific value, making it an ef-
ficient energy source. Studies have also indicated
the feasibility of using Robinia pseudoacacia L.
sawdust to produce pellets with favorable fuel
properties [4].

Robinia pseudoacacia L.’s high adaptability
enables it to colonize former agricultural and
mining lands, contributing to biomass accumula-
tion and carbon sequestration. However, its inva-
sive nature necessitates a cautious approach to
its use, considering the potential impacts on local
ecosystems and biodiversity [3; 5].

The aim of the study is to assess the ecolo-
gical and energy potential of Robinia pseudoaca-
cia L. as an introduced tree species, taking into
account its ability to reclaim degraded lands, fix
atmospheric nitrogen, and productivity in short-
rotation plantations, as well as to study possible
risks to biodiversity and the functioning of local
ecosystems in the context of the spread of this
species.

ANALYSIS OF LATEST RESEARCH
AND PUBLICATIONS

Robinia pseudoacacia L. has been the subject
of numerous studies evaluating its bioecological
and energy potential. Due to its nitrogen-fixing
capacity, rapid growth, and resistance to adverse
conditions, this species is considered promising
for the restoration of degraded lands, biomass
production, and soil improvement [6]. A study by
A. A. Dzyba found that the density and age of Ro-
binia pseudoacacia L. plantations affect the vege-
tation composition and soil chemical properties
in floodplain forests in Austria. With increasing
density and age of plantations, the content of

nitrogen, nitrate, and carbon in the soil increases,
promoting the spread of nitrophilous plant spe-
cies. However, overall plant diversity does not
change significantly, indicating the complex im-
pact of Robinia pseudoacacia L. on the ecosys-
tem [2].

S. A. Sytnyk investigated the potential of
Robinia pseudoacacia L. for biomass produc-
tion. She found that its rapid growth and strong
regrowth ability after cutting make Robinia
pseudoacacia L. a promising species for energy
production [8].

S. A. Sytnyk analyzed the biomass pro-
ductivity of Robinia pseudoacacia L. under two-
year cultivation cycles. The results demonstrated
that Robinia pseudoacacia L. can provide stable
biomass yields with high energy potential, con-
firming its suitability for establishing short-ro-
tation energy plantations [5; 8].

MATERIALS
AND RESEARCH METHODS

To investigate the biological productivity
as well as the ecological and energy potential of
Robinia pseudoacacia L. plantations — specifi-
cally focusing on the above-ground phytomass of
the trees — we conducted field research during
2024—-2025. Temporary test plots were established
within the territory of the Vinnytsia Forestry
Branch to collect the necessary data and carry
out the experiments.

According to the Ukrainian standard SOU
02.02-37-476, temporary sample plots (TSPs) used
for forest research must meet the following re-
quirements [7]:

1. Location: T'SPs should be situated at least
30 meters away from forest boundaries, roads,
clearings, logging sites, and other forest infra-
structure;

2. Number of trees: Each plot must include
no fewer than 200 trees of the main forest-
forming species;

3. Area: The area of a TSP must be a mul-
tiple of 0.05 hectares, and its length-to-width ratio
must not exceed 2:1 [2; 4].

To establish temporary sample plots, we se-
lected forest areas within the territory of the Vin-
nytsia Forestry where artificially planted stands
of Robinia pseudoacacia L. are widespread.

Using the “Divisional Taxation Characteris-
tics of Forests” database, taxonomic descriptions,
and stand planning materials, we selected sample
plots on the lands managed by the forestry enter-
prise, which operates under the State Enterprise
“Forests of Ukraine”.

When selecting plots, the following stand
characteristics were taken into consideration:
forest vegetation type, forest type, stand com-
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position, stand age, quality class, and relative
stocking (completeness).
The next stage involved an on-site inspection
of the selected forest plots. During this process:
e the current silvicultural and taxonomic cha-
racteristics of the stands were verified,;

e the compliance with the designated forest ve-
getation conditions was assessed,;

e the sanitary condition of the stands was evalu-
ated.

If the Robinia pseudoacacia L. stands met
the established criteria and were deemed rep-
resentative, a temporary sample plot was estab-
lished. The size of each TSP was determined
based on the number of Robinia pseudoacacia L.
trees subject to measurement.

RESULTS AND DISCUSSION

At the Vinnytsia Forestry District, where
a sufficient number of Robinia pseudoacacia L.
plantations are present, 15 temporary sample plots
were established (Fig. 1). On these plots, the main
silvicultural and mensurational characteristics
of the stands and the phytomass of individual
fractions of the above-ground tree parts were
determined. The total area of the plots amounted
to 5.25 hectares.

The silvicultural and taxonomic characte-
ristics of Robinia pseudoacacia L. stands from
sample plots are presented in Table 1.

According to S. A. Sytnyk when selecting
the optimal method and number of model trees for
accurately determining the phytomass of planta-
tions, it is necessary to consider: the objectives
of the study, the variability of key taxonomic
indicators (such as age, quality class, and forest
type), and the time and financial costs of fieldwork
[5]. In other words, to effectively select model
trees, it is necessary to balance the required ac-
curacy of the study with available resources and
the variability of forest characteristics. Based on
our analysis of Robinia pseudoacacia L. planta-
tions within forestry enterprises of the Vinnytsia
Forestry Branch, these plantations are predomi-
nantly found in clumps. According to forest fund
accounting data, clumps occupy more than half
(54.3%) of the forested area, while thickets account
for 38.1%. Pines are present only insignificantly,
constituting 0.9%. To ensure the representative-
ness of the study, the temporary test plots we
established reflected the typical structure of these
stands (Table 2) [4].

Analysis of the distribution of temporary
sample plots by predominant types of forest ve-
getation conditions (FVC) and quality classes in-
dicates the predominance of medium-productive
plantations, corresponding to quality classes I and
ITI, with 6 and 5 plots respectively. The largest
area is occupied by the type of conditions C2
(fresh clumps), which indicates sufficient pro-

Fig. 1. Black locust (Robinia pseudoacacia L.) plantations in the Vinnytsia Forestry District

Source: photo by the authors.
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Table 1
Silvicultural and taxonomic characteristics of Robinia pseudoacacia plantations
(Vinnytsia Forestry District)
Trial Stand Age, Average Number Absol_ute Relative Quality
plot code composition years | Diameter, | Height, of trees, derzlsuy, density TF1 class
em m pcs/ha m?/ha
15021.1 10Rps.L. 21 12.6 175 288 15.49 0,66 Co Ta
15022.2 10Rps.L. 63 224 23.3 312 38.00 1,09 B2 I
15023.7 7TRps.L3Psul. L. 13 5.8 6.7 431 4.47 0,35 A0 v
15024.9 10Rps.L. 37 214 20.1 202 4471 1,01 C2 Ia
15025.2 7TRps.L.3Psul. L. 4 3.7 4.2 418 1.24 0,22 Bl III
15026.1 10Rps.L. 54 21.8 215 303 25.87 0,83 B1 I
15027.8 7TRps.L.3Qrob.L. 82 27.8 245 252 25.84 0,89 C2 11
15028.4 9Rps.L.1Fex.L. 53 21.3 195 207 24.57 0,82 C1 I
15029.9 10Rps.L. 51 21.1 20.5 290 27.81 0,81 Co I
15030.5 9Rps.L.1Psul. L. 31 15.2 18.2 382 491 0,22 B2 II1
15031.6 10Rps.L. 62 22.6 204 229 24.76 0,88 B1 II1
15032.9 10Rps.L. 71 24.1 22.1 208 28.54 0,73 Bl III
15033.10 | 10Rps.L. 43 19.6 134 271 39.65 0,82 Co I
15034.15 | 10Rps.L. 12 6.3 6.7 229 37.87 0,88 Co I
15035.17 10Rps.L. 15 6.6 5.3 259 27.87 0,78 C1 I
Source: formed on the basis of the authors’ research.
Table 2
Distribution of TSPs by predominant types of forest vegetation conditions and quality classes
Type of fore_st' Quality Class Total
vegetation conditions Ia I II III v
B2 - 1 - 1 1 3
B1 - 2 - 2 1 5
C1 - 1 - - - 1
C2 - 2 - 3 1 6
Total 1 6 3 15

Source: formed on the basis of the authors’ research.

ductivity of Robinia pseudoacacia L. plantations.
Overall, the structure of the TTPs reflects the
predominance of conditions with medium and
sufficient productivity potential [9; 10].

The age structure of Robinia pseudoaca-
cia L. plantations within the territory of the Vin-
nytsia Forestry Department is characterized by
the predominance of young stands, which cover
the largest area. The maximum age of Robinia
pseudoacacia L. in this region reaches 90 years,
although stands of this age occupy the smallest
area.

88

Temporary test plots were established tak-
ing into account this age structure. Fig. 2 shows
the distribution of Robinia pseudoacacia L. stands
by age group across the temporary test plots.

According to Fig. 2, under the studied condi-
tions, young and middle-aged stands prevail, each
group accounting for approximately 28—29%. This
indicates active regeneration and good represen-
tation of young stands in the overall forest fund
structure. Maturing and mature stands occupy
about 21-22%, suggesting a gradual transition of
stands into the maturity phase. Ovemature stands

Ne 2/2025 36anaHcoBaHe NPUPOOOKOPUCTYBAHHA



S. Razanov, M. Matusiak, A. Bondar, O. Vradii

Bioecological and energy potential of Robinia pseudoacacia L. stands
under the conditions of the Vinnytsia forestry district of SE “Forests of Ukraine”

have the smallest share — only about 8% — which
may indicate timely final felling.

Table 3 presents a detailed distribution of
temporary sample plots by age classes and qua-
lity [1; 7].

Analysis of the data from Table 3 shows that
the experimental stands are distributed quite
evenly by age and correspond to the actual age
structure.

According to the distribution of temporary
test plots, most are located in young and middle-
aged stands, which reflects the real age distri-
bution of the stands managed by the Vinnytsia
Forestry District.

In addition to the aforementioned charac-
teristics of the studied stands, it is also important
to evaluate the research data by relative stand
density. The distribution of temporary trial plots
by relative stand density and age groups is pre-
sented in Table 4 [3].

Temporary test plots were established con-
sidering a range of relative completeness, with the
most representative values between 0.7 and 0.9.
Analysis of data from the Specific Taxation Cha-
racteristics of Forests database shows that the

%
30 q

25
20
15 A
10 ~

1111,

Young  Middle- Maturing Mature Over-
plantings  aged mature

Fig. 2. Distribution of Robinia pseudoacacia L.
plantations by age group in the Vinnytsia
Forestry District
Source: formed on the basis of the authors’ research.

relative completeness of Robinia pseudoacacia L.
stands within the territory of the Vinnytsia Fo-
restry Branch varies widely, ranging from 0.2
to 1.0.

An important aspect of studying both the
energy potential and ecological functions of any stand
is the analysis of wood density dynamics [4].

Table 3
Distribution of temporary sample plots by age class and creditworthiness
Credit Age class -
rating otal
I | II | 111 | v | A% | VI | VII | VIII | IX | X
Ia — — 1 1 — — — — — — 2
I — 2 — — 1 2 1 — — — 6
II — — — — — — — — — 1
111 1 — — 1 — — 1 1 1 — 5
v — 1 — — — — — — — — 1
Total 1 3 1 2 1 1 2 1 1 — 15
Source: formed on the basis of the authors’ research.
Table 4
Distribution of TSPs stands by age group and relative completeness
Relative completeness
Age group Total
0.2-0.3 0.31-0.4 0.61-0.7 0.71-0.8 0.81-0.9 >1.0
Young 1 1 — 1 1 — 4
Middle-aged 1 — 1 — 1 1 4
Maturing — — — — 3 — 3
Mature — — — 1 1 1 3
Overmature — — — — 1 — 1
Total 2 1 1 2 7 2 15
Source: formed on the basis of the authors’ research.
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Table 5
Energy reserve in the phytomass of Robinia pseudoacacia L. stands
in the Vinnytsia Forestry District (GJ/ha)
Average Average height, m
diameter, cm 6 | 8 | 10 | 12 | 14 | 16 | 18 | 20 | 22 | 24

4 800

750 1127

732 1000 1280
10 721 960 1233 1622
12 935 1200 1577
14 896 1167 1454 1780
16 1112 1432 1721 2019
18 1002 1411 1650 1987 2461
20 1321 1612 1912 2333 2829
22 1546 1892 2200 2698 2900
24 1768 2102 2578 2868 3274
26 2050 2365 2645 3139
28 2428 3090

Source: formed on the basis of the authors’ research.

In this context, the energy value of Ro-
binia pseudoacacia L. stands in the Vinnytsia
Forestry Branch was estimated by determining
the amount of energy stored in their above-
ground phytomass. Additionally, literature data
were used, indicating that, on average, one ton
of carbon in phytomass contains 35.76 GJ of
energy [3].

Data on the energy content of the above-
ground phytomass of Robinia pseudoacacia L.

3,2%

[ — stemwood [l — bark [ ]| — branches

stands per hectare, depending on their average
diameter and height at a relative completeness
of 0.9, are presented in Table 5.

According to the research results, the high-
est reserve values are observed at the largest
sizes — 3090 GJ at a diameter of 28 cm and a
height of 24 m. The growth of the energy reserve
occurs unevenly, with a tendency to accelerate,
which indicates a high bioenergy potential of the
breed. The data confirm the effectiveness of us-

Il — leaves

Fig. 3. Average energy potential of the structural components
of above-ground phytomass in Robinia pseudoacacia L. stands:
a — diameter (D) — 20 cm, height (H) — 18 m; b — diameter (D) — 10 cm, height (H) — 12 m.

Source: formed on the basis of the authors’ research.
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ing white acacia as a productive energy crop in
the study conditions.

The size and density of Robinia pseudoaca-
cia L. stands significantly influence energy ac-
cumulation. As tree size increases, energy content
rises in the trunks but decreases in the crowns.
Denser stands store more energy overall. Ac-
cording to analytical data, Robinia pseudoaca-
cia L. forests in the Vinnytsia Forestry territory
have the potential to accumulate up to 2 million
GJ of energy annually.

We also estimated the distribution of struc-
tural fractions within the above-ground phy-
tomass of Robinia pseudoacacia L. stands by
calculating their relative proportions (Fig. 3).

A comparative analysis presented in Fig. 3
shows that in both cases, the largest share of
the above-ground phytomass is accounted for
by trunk wood. However, in variant (b), its rela-
tive proportion decreases by approximately 5%,
while the shares of bark and branches increase.
The smallest share in both variants belongs to
leaves, with an additional decrease observed in
variant (b). These changes likely reflect the influ-
ence of specific ecological and biological factors
on the stands, as well as differences in their age
groups.

CONCLUSIONS

The study confirmed the high productivi-
ty of Robinia pseudoacacia L. plantations in the

Vinnytsia Forest District, particularly under fresh
clump conditions (site type C2). Average tree dia-
meters ranged from 3.7 cm in young stands to
27.8 cm in mature ones, with heights varying
from 4.2 to 24.5 m, indicating rapid growth and
strong adaptability to local environmental condi-
tions.

Robinia pseudoacacia L. exhibits high en-
ergy potential due to its dense and high-calorific
wood. For instance, the energy reserve in the
phytomass reaches 3090 GJ/ha for trees with a
diameter of 28 cm and a height of 24 m, making
the species a promising candidate for bioenergy
production and renewable energy resource de-
velopment.

The predominant forest vegetation condition
is fresh clumps (C2), where Robinia pseudoaca-
cia L. demonstrates optimal growth performance.
The age structure of the stands is dominated
by young and middle-aged trees, indicating ac-
tive regeneration and contributing to ecosystem
stability.

Robinia pseudoacacia L. plantations, par-
ticularly those of medium site quality (classes
I and III), serve as an effective tool for bioenergy
production, forest reclamation, and the stabiliza-
tion of degraded lands.

However, their utilization requires careful
planning, including consideration of environmental
impacts and continuous monitoring of biodiversity
effects.
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Y Haykogiil npaui 8uceim./ieHo pe3y.1bmamu KOMN/AEKCHO20 00CAI0HCEHH A NPOJYKMUBHOCMI MA eK01021HHOL
po/i HacadxceHb pobiHil ncegsdoakayii Ha mepumopii BIHHUWYUHU. AKIMYa/ibHICMb po60mu 3yM08/1eHA WUPOKUM
BUKOPUCMAHHAM Ub020 8UJY 8 A2po/licoMeniopauii, eHepeemudHoMYy AICIBHUYMBI ma peKyabmusauii dezpa-
008aHUX 3eMe b 3a80SKU Ll020 BUCOKIU eK0/102IHHIU naacmudHocmi, 30amHocmi 0o gikcauii ammocgepHozo
asomy ma weudKkomy npupocmy 6iomacu. AHAI3 AimepamypHUX dxcepes 0eMOHCMPY€E amMbigaleHmMHICMb
8n.ugy poobiHii: 3 00H020 6OKY — NOKPAWEHHS poOoHoCMi 'pyHmMy ma nidguwieHHS eMicmy a3omy, 3 iHU020 —
PU3UK 8UMICHEHH abopu2eHHUX 8UJi8 POCAUH | NOPYUWEHHS 2i0p0/102IUH020 pedcumy mepumopii. Ha 6asi
@inii “BiHHUUbKe sicoge 2ocnodapcmaeo” 6y./10 3aKAa0eHo 15 mumuacogux npooHUX N0W, 3a2aAAbHOI NA0WEH
5,25 2a. Bio6ip 0inaHOK 30ilICHI08ABCS 3 yPAXY8AHHAM MUNY AICOPOCAUHHUX YMOB8, 8IKY 0epe8oCmaHis, cK1ady
HacaodxceHb, bOHIMemy ma caHimapHo2o cmaHy. Memooduka 06.1iky 6a3yeanacst Ha 0epiasHuUX cmaHoapmax
COY 02.02-37-476:2006, wo 3a6e3nevu10 penpeseHmamugHicms daHux. Pesysiemamu 00CAi0HCeHHA c8I0Uamb
npo 8UCOKYy 610/102TUHY NPOOYKMUBHICMb POBIHIEBUX HACADNCEHD Y MedHcax BIHHUUbK020 HadaicHuumaa. Ilepe-
8ANCAOUUMU MUNAMU ALCOPOCAUHHUX YMO8 6yu c8idxci cyepydu (mun C2), uio 3abe3neuysaiu HAalKpawi ymMosu
04151 pocmy uyiei nopodu. Bikoga cmpykmypa HacaoddceHb Xapakmepuzyemubcst 00MIHY8AHHAM MOAOOHSAKIB i ce-
pedHbOo8iKo8UX depesocmaHris (noHad 56%), wo ceiduums npo aKkmueHy OUHAMIKY 810H08/1eHH . [Ipucmuzaroui,
cmuei ma nepecmiliHi HacaoXeHHs CMaHO8UAU MEHULY UACMKY, W0 8KA3Y€ HA eieKMmUBHe /1ic020Ccnodapcvke
‘ynpagainHsa. JlicieHuuo-makcayiliHa xapakmepucmuka noka3a/1ia 3Ha4Hy 8apiamugHicms makcauiiiHux nokas-
HUKI8 3a/1eJCHO 810 8iKY depegocmanis. CepedHiil diamemp depes K0usascs 8i0 3,7 CMy 4-piHHUX HACAOHCEHHAX
00 noHaod 27 cmy 82-piuHux, a eucoma — 810 4,2 do 24,5 m. AbconromHa nogHoma eapirosasaca 8io 1,24 m?/za
00 44,71 m?/2a, 8i0HOCHA hogHoma — 8id 0,22 do 1,09, wo ceiduums npo pisHi cmadii po3gumky ma cycmomy
HacaodceHb. 3a80sAKU 8UCOKIL WibHOCMI Ma Ka/opitiHocmi depe8UuHU, HACAONCEHHS 0eMOHCMPYHMb 3HA-
YHUI nomeHuyiaa 0151 BUpobHUUMEa biomacu 1K 0ixcepena 8i0H08A08AHOT eHepzil. /JocaldxiceHH himomacu
okpemux gpakuiii Had3eMHOT uacmuHu depeg 0aau 3mMo2y 06’eKMUBHO OUITHUMU KiAbKICMb AKYMY/1b08AHOT
6iomacu Ha 0OUHUYIO NAOWI MA po3paxy8amu MOJICAUBL 06CS2U eHepeemUYHUX pecypcis. CmpyKmypHUll aHa-
A3 NPOBGHUX NA0W, 3a KAdcamMu 6oHImemy 3aceiouus nepesaxdcaHHs cepedHboboHImemHux HacadxceHs (I ma
III kaacu), wo xapakmepusyromsbcst ONMUMAALHUM CNi88IOHOWEHHAM Npupocmy ma cmabi/ibHocmi eKocuc-
memu. Ile 8idkpugae nepcnekmugu 011 N00AIbULO20 BUKOPUCMAHHS POBIHIT 8 ic020CN00apChbKIll npakmuui
pezioHy K 0OH020 3 OCHOBHUX IHCMPYMeHmMig 6ioeHep2emu4H020 po38UMKY ma Aicomeniopayii 0e2cpadosaHux
mepumopiii.

Karwuoei caoea: eHepzoeeKmugHICMb, AiCIBHUHO-MAKCAUITHI NOKASHUKU, MUN /AiCOPOCAUHHUX YMO8,
npodyKkmuegHicms, biomaca, geimomaca.
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