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Abstract: Effective management of waste and judicious use of resources are issues of paramount importance
in contemporary times. The waste from the wood processing industry can be used in many ways as a secondary
raw material. In this respect, the conversion of such wastes into high-value products is of great scientific and
practical interest.

The current article discusses the properties of biochar derived from wood processing waste and its prospects
for agricultural applications. Biochar is a carbon-rich porous material that is produced by pyrolysis of plant-
based materials in the absence of oxygen. High adsorption capacity, large surface area, and positive effect on
the soil environment are ecologically significant.

The conducted analyses show that biochar is an effective way to improve the physical and chemical properties
of soil, for retaining moisture, preventing nutrient leaching, and improving the microbiological activity of soil.
Moreover, the carbon sequestration properties of biochar suggest that it is an important factor contributing to
the mitigation of climate change.

In summary, employing biochar derived from wood waste is a promising and environmentally friendly strategy
that can achieve the twin objectives of waste management and the improvement of agricultural productivity.
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Introduction
In modern agrarian and ecological research, in-
creasing soil fertility, enhancing crop productiv-

emerged as a subject of particular attention in
this field.
Biochar is a carbon-rich substance obtained

ity, and ensuring ecological sustainability stand
as one of the principal priority directions [1, 6].
In this regard, the application of various organic
and mineral amendments to improve the physi-
cal and chemical properties of soil has become
widespread [2]. In recent years, biochar has

through the pyrolysis of plant-based organic ma-
terials -such as wood, agricultural waste, and
similar feedstocks -by heating them at high tem-
peratures under oxygen-free or very low-oxygen
conditions. An important technological consid-
eration in the production of biochar is the correct
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selection of temperature: at temperatures ex-
ceeding 700°C, the quantity of harmful sub-
stances may increase; moreover, the gases re-
leased during the process must not be discharged
into the atmosphere but should instead be cap-
tured and combusted [6].

This process was first investigated by Lehmann
J. and Joseph S. The course of the process is di-
vided into the following stages: the initial feed-
stock is obtained, an oxygen-free environment is
created, high temperature is applied, and ther-
mochemical decomposition -pyrolysis -takes
place; as a result, gases and liquid are separated,
and biochar remains as the solid residue [5].
Another method of producing biochar is hydro-
thermal carbonization. This process can be car-
ried out at relatively low temperatures in the
range of 180—250°C. In this process, biomass is
mixed with water and placed in a closed reactor;
the temperature is gradually increased to main-
tain stability. Depending on the temperature re-
gime applied, the following products are ob-
tained: below 250°C -biocoal (hydrothermal car-
bonization); between 250—400°C -bio-oil (hy-
drothermal liquefaction); and above 400°C -gas-
eous synthesis products such as CO, CO2, Ha,
and CHa4 (hydrothermal gasification) [7].

In the hydrothermal process, the hydrolyzed
product undergoes a series of reactions -dehy-
dration, decomposition, and isomerization -to
form 5-hydroxymethylfurfural and its deriva-
tives. In addition, hydrocarbon compounds are
formed as a result of condensation, polymeriza-
tion, and intramolecular dehydration reactions.
The high molecular weight and complex struc-
ture of lignin complicate the mechanism: the de-
composition of lignin begins with dealkylation
and hydrolysis reactions, yielding phenols, cate-
chols, syringol, and other phenolic products; in
the final stage, carbon is produced through the
repolymerization and cross-linking of intermedi-
ate products [7].

Another thermochemical method used in the
production of biochar is gasification. In this
method, carbonaceous material is converted at
high temperature -in the presence of gasifying
agents such as oxygen, air, and steam -into syn-
thesis gas composed of CO, CO2, CHa, Ha, and
hydrocarbon traces. Research indicates that re-
action temperature is the most critical factor de-
termining the composition of the synthesis gas:

as temperature increases, the proportion of car-
bon monoxide rises, while methane, carbon di-
oxide, and hydrocarbon fractions decrease [8].
The primary product of this process is synthesis
gas; biochar is obtained as a lower-yield by-
product.

The application of biochar in agriculture is justi-
fied by its comprehensive positive effect on the
physical, chemical, and biological properties of
soil. Biochar increases the water retention ca-
pacity of soil, prevents the leaching of nutrients,
stabilizes the pH level of soil, and creates a fa-
vorable environment for the development of
beneficial microorganisms [3]. Furthermore, the
carbon-sequestering property of biochar demon-
strates that it plays an important role in combat-
ing climate change [4].

In this context, the experimental investigation of
the effect of biochar applied together with com-
post and soil on plant development is of current
scientific and practical significance. In particu-
lar, a comparative analysis of the effect of vari-
ous soil mixtures on the germination dynamics
of plants and their early development stage can
yield important results in terms of selecting effi-
cient substrates for agriculture.

The objective of the study is to determine the ef-
fect of biochar applied together with soil and
compost on the germination rate and develop-
mental indicators of plants. To this end, soil mix-
tures of various compositions were prepared and
their comparative effects were investigated.

Experimental part

The present study was conducted with an exper-
imental approach to evaluate the effect of bio-
char on soil fertility. The method of comparative
analysis was employed. All experimental vari-
ants were performed in laboratory conditions un-
der the same ecological parameters. Tempera-
ture, lighting regime, irrigation frequency, num-
ber of seeds, and sowing depth were kept the
same for all the samples, thus ensuring the ob-
jectivity of the results.

Raw Materials and Reagents. Wood shavings
and small wood chips of wood-derived raw ma-
terial were used for the preparation of biochar in
the study. Standard Absheron soil and organic-
rich compost were also used for the preparation
of the substrate.
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Preparation of Biochar. Biochar was obtained
through a pyrolysis process under oxygen-free
conditions. For this purpose, the prepared raw
material was subjected to thermal treatment in a
muffle furnace at a temperature of 400°C for a
duration of 6 hours. During pyrolysis, thermo-
chemical decomposition of the organic compo-
nents took place, volatile substances were re-
leased, and a carbon-rich, highly porous biochar
structure was formed.

Following thermal treatment, the biochar was
cooled to room temperature, mechanically
ground, and homogenized in order to achieve a
uniform particle size.

2989.10—

Discussion and results

The experimental research conducted made it
possible to comparatively evaluate the effect of
biochar on the soil substrate. In order to correctly
interpret the results, the physicochemical prop-
erties of the biochar used were first analyzed,
followed by a discussion of its effect on plant
development.

Physicochemical Characterization of Bio-
char. FTIR analysis was carried out to deter-
mine the surface functional groups of the biochar
(Figure 1).
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Figure 1. FTIR analysis of the obtained biochar

The analysis of the FTIR spectrum confirms the
presence of various functional groups on the sur-
face of the biochar. The peaks recorded in the
778—-873 cm ™ interval are associated with the vi-
brational modes of aromatic C—H bonds. This in-
dicates that aromatic rings predominate in the
structure of the biochar and reflects a high de-
gree of aromatization. Such a structure enhances
the chemical stability of the biochar and creates
conditions for it to remain in the soil for an ex-
tended period without decomposition.

The peaks observed in the 1057-1339 cm™
range are attributed to C—O bonds and C—H de-
formation vibrations. These signals indicate that
partially oxygenated functional groups -such as
phenol and ether -are retained within the bio-
char. The peaks recorded in the 1457—-1559 cm™
interval correspond to aromatic C=C and car-
bonyl (C=0) groups. This region confirms that
the aromatic structure of the biochar has been

formed and that the pyrolysis process proceeded
effectively. The wide absorption bands in the
range 1635-1717 cm™ indicate the presence of
carbonyl (C=0) and aromatic C=C bonds, which
are active adsorption centers on the surface of
the biochar and ensure the retention of various
substances on the surface. Weak to moderate in-
tensity peaks at 2309-2989 cm-1 are related to
aliphatic C-H and CO2, showing small amounts
of volatile components and incompletely de-
composed organic residues in the biochar. Over-
all, FTIR analysis indicated that the biochar pro-
duced at 400°C gave a good compromise be-
tween high aromaticity and suitable surface
functionalization. The strong signals of aromatic
C—H and C=C bonds indicate a well-carbonized
biochar with a stable structure, which is benefi-
cial for the long-term stability of the biochar in
the soil and its carbon sequestration capacity.
Furthermore, the weak C—O peaks at the range
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of 1000-1400 cm—1 suggest that the important
biopolymers such as cellulose and lignin have
been degraded significantly. This is a testimony
to the efficiency of the pyrolysis process and in-
dicates the suitability of biochar for soil amend-
ment. The weak peaks in the region >2300 cm—1
suggest that most of the volatile matter was re-
leased during pyrolysis, which is an important
aspect of the stability of the biochar. The FTIR
analysis performed demonstrated that the bio-
char obtained is stable and durable due to its
highly aromatic carbon structure; it possesses an
adsorption capacity due to the functional groups
on its surface; and it presents a good degree of
carbonization, as shown by its low volatile mat-
ter content. The acid-base properties of the bio-
char were measured by the pH method, and it
was found that the biochar has an alkaline char-
acter (pH = 9.4). In order to evaluate the adsorp-
tion capacity, two equal volumes (100 ml) of dis-
tilled water were homogeneously prepared by
adding equal amounts of methylene blue, one of
the samples was spiked with pre-ground biochar
and the other was used as control solution. The
sample to which biochar had been added was
mixed intensively, and the time was recorded
from the moment of mixing. Both solutions were
kept under identical conditions and observed at
defined time intervals.
By visual observation, it was seen that the meth-
ylene blue color intensity of the biochar treated
solution decreased faster with time and the solu-
tion became lighter in color. No color change
was observed in the control sample. This obser-
vation was taken as a preliminary result that bi-
ochar has the capacity to remove the dye from
the solution. This method provides indirect in-
formation regarding the specific surface area and
porosity characteristics of the biochar.
These properties provide scientific justification
for the expectation that, when biochar is added
to the soil substrate, it will improve the retention
of water and nutrients and may exert a positive
effect on plant development.
Effect on Plant Development. To evaluate the
effect of biochar on plant development and soil
substrate, three different experimental variants
were prepared:

e VI: biochar + compost + soil

e V2: compost + soil

e V3:soil only (control group)

For each part, the components were mixed in
pre-determined proportions, and a homogeneous
substrate environment was created. Seeds of the
same bean variety (Phaseolus vulgaris) were
sown in all variants.

The development of the plants was observed
daily during the whole experiment. The assess-
ment was conducted by the following indicators:
germination period (days), germination percent-
age (%), and dynamics of plants’ morphological
development.

The data acquired were analyzed using compar-
ative methods, yielding reliable results through
systematic observation and statistical recording
techniques. The performed experimental studies
allowed to comparatively evaluate the effect of
biochar on the soil substrate. The obtained re-
sults showed that the composition of the sub-
strate has a direct influence on the germination
dynamics of the plants and the early stage of de-
velopment. In variant V1 — a mixture of biochar,
compost, and soil — germination was observed
earlier, from days 2-3. At day 4-5, plant devel-
opment in this variant was more intensive, with
a higher rate of stem elongation and leaf for-
mation. This structure provides a more stable
moisture environment to the seed, which ac-
counts for the high porosity and water retention
capacity of biochar. In variant V3 (soil only),
germination was recorded, but the development
rate was lower than in V1. However, the devel-
opmental parameters recorded in variant V3
were higher than those recorded in variant V2
(compost and soil mixture). The late germina-
tion and poor development in the V2 variant can
be explained by unfavorable physical properties
of compost (air permeability and water regime)
or by limited availability of nutrients in a form
immediately accessible to plants.

Subsequent observations demonstrated that, in
the environment where biochar was applied, the
soil remained moist for a longer period, thereby
stabilizing the water supply to the plants. As a
result, the overall condition of the plants in var-
iant V1 was more stable, and vegetative devel-
opment was more intensive in character. The
comparative growth dynamics of bean seeds are
presented in Figure 2.
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Figure 2. Growth development dynamics of bean seeds

Conclusion

The results obtained demonstrate that the appli-
cation of biochar comprehensively improves the
physical and chemical properties of soil. Specif-
ically, the porous structure enhances the water
holding capacity, and the surface functional
groups guarantee the adsorption of nutrients and
avoid their washing out. These factors together
stimulate the development of the plant.

In general, it was confirmed that the best results
were obtained with the use of biochar in combi-
nation with compost and soil (V1). However, the
application of compost alone did not have the

expected positive effect and even performed
worse than the soil-only part in some cases.
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AGAC EMALI TULLANTILARININ BIOCARA CEVRILMOSI VO ONUN TORPAQ MOHSUL-
DARLIGINA TOSIRI
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Xiilasa: Miiasir dovrds tullantilarin somarsli idars olunmasi va resurslardan diizgiin istifade miihiim masals
hesab olunur. Agac emali sonayesinds yaranan tullantilar, ikinci deracali xammal kimi genis totbiq imkanlarina
malikdir. Bu baximdan, onlarin yiiksok alava doyar yaradan mohsullara ¢evrilmasi mithiim elmi va praktiki
ohamiyyat kosb edir.

Bu moaqalads agac emali tullantilarindan alinan biogarin xiisusiyystlari vo onun kond tesarriifatinda totbiq
perspektivlori arasdirilmigdir. Bio¢ar bitki mangali materiallarin oksigensiz soraitda piroliz naticasinds alda
olunan karbonla zongin, masamali qurulusa malik madds kimi saciyyslondirilir. Onun yiiksok adsorbsiya qabi-
liyyati, genis soth sahasi vo torpaq miihitine miisbat tasiri bu materiali ekoloji baximdan shomiyyatli edir.
Aparilan tohlillor gosterir ki, biogcar torpagin fiziki vo kimyavi xiisusiyystlorini yaxsilasdirmagq, riitubstin
saxlanmasini tomin etmok, qida maddslorinin yuyulmasinin garsisini almaq va torpagin mikrobioloji aktivli-
yini artirmaq baximindan effektiv vasitadir. Bununla yanasi, biogarin karbon saxlayici xiisusiyyasti onun iqlim
dayisikliklsrinin azaldilmasina tohfs veron miihiim amil oldugunu gostarir.

Natica etibarils, agac tullantilarindan alds olunan bio¢arin tatbiqi ham tullantilarin somarali istifadasine, hom
do kond tosorriifatinda mohsuldarligin artirilmasina xidmoat edon perspektivli va ekoloji cohotdon dayaniqli
yanagma kimi qiymatlondirils bilor.

Agar sozlor: tullantilarin tokrar istifadssi, oduncaq tullantulari, biogar, torpaq miinbitliyi, piroliz prosesi
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AnHoTauus. B coBpeMeHHy10 310Xy 30 (eKTHBHOE yIpaBlIieHHE OTXOAaMHU U PAlHOHALHOE HCIIOIb30BaHUE
PEeCypcoB CUMTAIOTCS BOIIPOCAMHU IIEPBOCTENIEHHON BaxkHOCTU. OTXO0ABI, 0Opasyromuecs B AepeBooOpadaThl-
BaIOLIEH MPOMBIIIJICHHOCTH, 00J1a1aI0T LIMPOKKUM ITOTEHIIMATIOM IPUMEHEHUS B KAYECTBE BTOPUYHOTO CHIPBSI.
B 370i1 cBsI31 X TpeoOpa3oBaHue B IPOILYKTHI C BEICOKOW TOOABIEHHON CTOMMOCTBIO IMEET BAXKHOE HAyUHOE
U IPaKTHYECKOE 3HAYCHHE.

B nanHoii cTaThe HccienoBaHbl CBOMCTBA OMOYapa, MOMyYeHHOrO U3 OTXOA0B AEPEBOOOPAOOTKH, U MEpCIIeK-
THBBI €TO IPUMEHEHNUS B CENBCKOM X03AHCTBE. bruoyap xapaktepusyercsl Kak OOraThlid YIiIepoIoM MOPUCTHINA
MaTepHal, oIy4aeMblil B pe3ysbTaTe MUPOJIN3a PaCTUTEIHHBIX MaTepHalloB B OeckucioponHoi cpene. Ero
BBICOKAs! aICOPOLIOHHAS CIIOCOOHOCTD, OOJIbIIAs MJIOIIAAb TOBEPXHOCTH U IOJIOKUTEIILHOE BO3ACHCTBHIE HA
[TOYBEHHYIO CPENY IEIAIOT ITOT MaTepHall 3KOJOTHYECKN 3HAUMMBbIM.

[TpoBenénnble aHANMNM3BI TIOKA3BIBAIOT, YTO OHOYap sBIsieTcS (O (EKTUBHBIM CPEJICTBOM YIIy4IleHUs hru3nye-
CKMX M XMMHUYECKHX CBOWCTB MOYBBI, 0OECIIEUCHUS yIepXKaHUsl BJard, NpeloTBPaIeHNs] BBIMBIBAHHS IHTa-
TEJBHBIX BEILECTB U MOBBILIEHHUS MHUKPOOMOJIOrMYECKON aKTMBHOCTH MO4Bbl. Kpome Toro, yriepon-cexkse-
CTPUPYIOIIME CBOWCTBA OMoYapa CBUIECTENLCTBYIOT O TOM, UTO OH SIBIISIETCS BaKHBIM (PAKTOPOM, CIIOCOOCTBY-
FOILIMM CHIKEHUIO MTOCJIEICTBUN U3MEHEHHMSI KIIMMaTa.

B 3akmouenue, npuMeHeHne 6royapa, MoJydeHHOro U3 IPEBECHBIX OTX0/A0B, MOXKET OBITh OLIEHEHO KaK Iep-
CIICKTUBHBIA U SKOJOTMYECKU YCTOWYHMBBIN MOAXOJ, CIAYXKAIIUKA Kak 3(p(EKTUBHOMY HCIIOJIb30BAHUIO OTXO-
JIOB, TaK Y TOBBIIIEHUIO IIPOAYKTUBHOCTH B CEJILCKOM XO3SIICTBE.

Ki1roueBble cji0Ba: IOBTOPHOE HCIIOJIB30BaHUE OTXOI0B, IPEBECHBIE OTXO/BI, OMOYap, MIOAOPOANE HOYBHI,
MPOLECC MUPOIH3A.

12



