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INTRODUCTION

The role of soil as the most important natural
resource is expressed in the European Soil Charter
(2003). Learning morphological features as well as
biological, physical and chemical soil processes is
essential for rational management of its resources
(Bastida et al. 2008). According to a directive of the
European Parliament and of the Council establishing
a framework for soil protection, soil is defined as a
depleting resource of which the formation and rege-
neration processes are very slow. A thematic strategy
on soil protection, aiming to stop and reverse its
degradation is formulated in the Sixth Community
Environment Action Programme. Additionally, in the
communication “Towards a Thematic Strategy for
Soil Protection” of 2002, the decrease in soil organic
matter content was listed as the most important of
the eight threats to soil in the European Union. The
recently observed decrease in soil organic matter
content is a result of intensifying soil degradation
processes. For example, in Poland, up to 90% of
agricultural use soils have a low organic carbon

content, and losses of carbon in the balance of soil orga-
nic matter are greater than its accumulation.

Due to the indisputable significance of humus in
many biochemical processes as well as its increasing
deficit particularly in light soils, alternative sources
of substrates for the reproduction of this constituent
should be sought. Considering the physical, chemical
and biological stability, one source may be the solid
product of thermal biomass transformation
called biochar (Kwapinski et al. 2010, Allaire et al.
2015, Mierzwa-Hersztek et al. 2018). Biochar is a
carbon-rich solid product obtained from pyrolising
biomass under low oxygen conditions (Lehmann
2007, Kwapinski et al. 2010) and is defined by its
intentional application to the soil for environmental
applications. Biochar contains highly condensed
aromatic structures that resist decomposition in soil.
For this reason, it can effectively reduce atmospheric
CO2 concentration, because biochar slows the rate at
which fixed carbon is returned to the atmosphere (Xu
et al. 2012). As reported by Woolf et al.  (2010), the
use of biochar could mitigate up to 12% of current
anthropogenic CO2 emissions.
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 Abstract: Due to the indisputable significance of humus in many biochemical processes as well as its increasing deficit particu-
larly in light soils, alternative sources of substrates for the reproduction of this constituent should be sought. The aim of this study
was to evaluate the effect of the addition of wheat straw and wheat straw biochar (in four rates) on quantitative and qualitative humus
parameters. The following properties were determined in soil: pH, organic carbon, total nitrogen, humic and fulvic acids, carbon in
the extract, non-hydrolysing carbon and spectrophotometric indexes for solution of humic acids including A2/6, A2/4, A4/6. After
applying 1% and 2% additions of biochar to the soil, the Corg soil content significantly increased compared to the same doses of
thermally unconverted straw. After 254 days of incubation, the addition of biochar to soil at higher doses, decreased the share of
humic acid carbon (CHA, CFA) in the Corg content compared to treatments without organic additions and WS treatment. The non-
hydrolysing carbon soil content was significantly increased by treatments with 1% and 2% additions of  WSB, which indicates
greater stabilisation of humus compounds and, at the same time, lower CO2 emission. Soil humic acids amended by treatment with
biochar, especially at 1% and 2% doses, were characterised by lower A2/6 and A2/4 ratios. Recognition of changes that may occur in
the quantitative and qualitative composition of soil humus after the application of biochar may in the future be helpful information
for determining appropriate biochar dose.
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The use of different types of exogenous organic
matter (EOM), such as biochar, has a great potential
in stabilising humus content in soil (Kwapinski et al.
2010, Gondek and Mierzwa-Hersztek 2017). However,
frequent literature references to quality standards of
humus and the soil itself do not describe individual
factors such as quantitative and qualitative humus
compounds parameters. Its production involves
substrates of different origins and physicochemical
and biochemical properties. These include not only
agricultural biomass (S<nchez et al. 2009), but also
energetic plants (Kwapinski et al. 2010). Due to the
diversity of substrates and parameters of the pyrolysis
process, the obtained solid and stable products differ
significantly in chemical composition, for example,
in the carbon content (Jindo et al. 2014). Biochar is
believed to be an attractive product with a great
potential for long-term storage of carbon in soil.
Unfortunately, the as yet poorly recognised effect on
the humification rate and humus compounds hetero-
geneity of application of varied doses of biochar to
soil does not allow a full evaluation of the biochar’s
effect on humus quality.

The latest literature review brings up many
doubts regarding the influence of biochar on soil
properties, biological activity, or changes of organic
compounds, depending on the material used for the
production of biochar, temperature of the process and
period of application or dose (Lehmann 2007, Jha et
al. 2010). Moreover, there is no information about
quantitative and qualitative parameters of humus

compounds in soil after biochar application.
In consequence, it is difficult to unambiguously show
the positive and negative aspects of biochar changes,
making it impossible to properly assess the effect of
its application on physical, chemical and biological
soil properties. Worse still, the question of the extent
of biochar’s influence on quantitative and qualitative
humus compounds composition remains unanswered.
That is why it is essential to identify potential changes
in the quantitative and qualitative composition of
humus after biochar application. This direction of
research, particularly with reference to the qualitative
composition of humus, provides great potential for
progress not only in agricultural sciences, but also in
chemistry, biology, or even geoscience. In addition,
identification of changes to biochar, taking account
the above aspects, may play a key role in detoxification
and restoration of soil properties. The aim of this
study was to evaluate the effect of the addition of
wheat straw (Triticum aestivum L.) and biochar
obtained from this biomass on quantitative and
qualitative humus parameters.

MATERIAL AND METHODS

The research material was wheat straw from an
agricultural holding located in the Ma³opolska Pro-
vince (southern Poland) and biochar produced from
from wheat straw. Wheat straw was dried at 65°C,
ground down in a laboratory mill (mesh size of 4 mm)
and mixed to ensure homogeneity. The plant material
was pyrolysed in an electric laboratory furnace
(equipped with a temperature controller) at 300°C for
15 minutes under a limited supply of air (IBI 2015).
The rate of heating the combustion chamber was 10°C
min–1. The process parameters were configured so as
to obtain the lowest possible carbon losses. The
selected physical and chemical properties of the
materials used in the incubation experiment are shown
in Table 1.

The laboratory experiment was carried out on soil
with a loamy sand texture (PTG 2008), collected from
0–20 cm layer in southern Poland. By assumption,
the experiment was supposed to reflect the processes
taking place in cultivated soil after the application of
mineral fertilisers and organic materials. The soil was
mixed with mineral salts (0.10 g N⋅kg–1 DM of soil,
0.04 g P⋅kg–1 DM of soil, and 0.12 g K⋅kg–1 DM of
soil) and organic materials (straw, wheat straw
biochar) and then placed in plastic containers (able
to contain 250 g of soil material), transferred to a
thermostatic cabinet, and incubated at 24°C for 254
days. During the experiment, the humidity of the
incubated samples was maintained at a constant

TABLE 1. Chemical and physical properties of wheat straw and
biochar

noitanimreteD tinU wartstaehW
)SW(

wartstaehW
rahcoib
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HniHp 2O – 51.0±48.5 06.0±25.6

CE Sµ ⋅ mc 1– 12.0±84.4 12±87.3

rettamyrD g⋅ gk 1– 2.0±259 2±669

hsA g⋅ gk 1– MD 1.3±8.55 1±811

nobraC g⋅ gk 1– MD 401±164 381±926

negortiN g⋅ gk 1– MD 24.0±07.3 25.0±0.01

ruhpluS g⋅ gk 1– MD 11.0±26.0 11.0±45.0

negordyH g⋅ gk 1– MD 20.2±9.36 29.0±8.54

negyxO g⋅ gk 1– MD 11±014 91±081

ecafruscicepS
S(aera TEB )

m2⋅g 1– 20.0±55.0 90.0±76.0

emuloveroP mc 3⋅g 1– 000.0±9000.0 200.0±6100.0
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mn 76 321

±standard deviation, n=3.
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level of 50% of the maximum soil water capacity.
The properties of the soil used in the studies are
presented in Table 2.

The experimental diagram included two control
treatments: soil without mineral and organic fertili-
sers (C) and soil with the addition of mineral salts
(MF), which allowed us to demonstrate the real
effect of organic materials. The experiment comprised
10 treatments carried out in 3 replications: control –
soil without fertilisation (C); soil + NPK (MF); soil
+ NPK + wheat straw (WS) in a doses of 0.2%, 0.5%,
1% and 2% (WS 0.2%, WS 0.5%, WS 1%, WS 2%),
soil + NPK + wheat straw biochar (WSB) in a doses
of 0.2%, 0.5%, 1% and 2% (WSB 0.2%, WSB 0.5%,
WSB 1%, WSB 2%).

Soil samples were collected on the day of starting
the experiment (0 day) and, after 245 days of incubation,
dried in the open air, ground down in a porcelain
mortar and 1 mm sieved. Then, organic carbon was
assessed by oxidative-titrating method. Humus com-
pounds content was extracted from soil by mixture
of 0.1 mol⋅dm–3 Na4P2O7 solution + 0.1 mol⋅dm–3

NaOH. Humic acid carbon (CHA) was isolated in the
extract of sodium pyrophosphate and sodium base,
whereas fulvic acid carbon (CFA) was calculated from
the difference between the amount of carbon in the
extract (Cext) and the amount of humic acid carbon
(CHA) in the extract (Kononowa 1968). The non-
hydrolysing carbon (CNH) extraction residue was
computed from the difference between the organic
carbon content (Corg) and the amount of carbon in the
extract (Gondek and Mierzwa 2014). Light absorban-
ce was then measured in the obtained solutions of
humic acids at the wavelength of 280, 465 and 665

nm, and colour ratio (A2/6, A2/4, A4/6) was compu-
ted.

Statistical analysis

The differences between each treatment and the
control as well as between treatments were evaluated
using one–way analysis of variance (ANOVA, Duncan
test, α≤ 0.05). Variation within treatments was deter-
mined by calculating the values of standard
deviation (±SD). All statistical analyses were perfor-
med using Statistica PL 13 software (StatSoft Inc.).

RESULTS

Wheat straw (WS) had lower values of pH, dry
matter and ash content compared to biochar obtained
from this material (WSB) (Table 1). The contents of
sulphur, hydrogen, and oxygen noted in biochar
(WSB) were smaller and carbon and nitrogen
contents were greater than those discovered in ther-
mally unconverted straw (WS). During the analysis
of biochar physical parameters, we discovered that
the specific surface area as well as pore volume and
diameter increased as a result of thermal conversion.

The soil used in the studies was sandy and acidic
and contained 6.43 g⋅kg–1 DM of total carbon and
0.54 g⋅kg–1 DM of total nitrogen. The total contents
of trace elements were typical for uncontaminated
soils (Table 2).

Regardless of the type of organic material and its
dose, the content of organic carbon in soil on the day
of setting up the experiment (0 day) increased signi-
ficantly compared to control treatments without the
addition of organic materials and mineral fertilisers
(C) and the treatment with mineral salts (MF) (Table
3). After 254 days of incubation of soil with organic
materials, a similar relationship was noted, except for
treatments in which 0.2% of thermally unconverted
straw and 0.2% of biochar were applied (Table 3).
Lower organic carbon content was determined after
254 days of incubation in the soil on all objects except
treatments into which 1% and 2% doses of biochar
were introduced.

After 254 days of incubation, Cext soil content
significantly increased in treatments with 0.5%, 1%,
and 2% additions of WS and 2% addition of WSB
compared to the content determined in the soil of C
and MC treatments (Table 3). However, it should be
noted that the Cext contents determined in treatments
with WS were much lower after 254 days than on the
day of starting the experiment (0 day). The mean share
of Cext in the total Corg content after 245 days of

noitanimreteD tinU eulaV

1.0–0.1dnaS mm 58

20.0–1.0tliS 9

20.0<yalC 6

HHp 2O – 50.0±76.5

CE Sµ ⋅ mc 1– 53.4±2.23

C .tot g⋅ gk 1– MD 80.0±34.6

N .tot 10.0±45.0

N:C – 9.11

dC .tot gm ⋅ gk 1– MD 10.0±91.0

uC .tot 60.0±58.1

bP .tot 35.1±9.73

nZ .tot 70.1±5.61

TABLE 2. Selected properties of soil used for the incubation
experiment

±standard deviation, n=3.
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incubation decreased (about 1%) on WS and
increased (about 4%) on WSB (Table 3).

The CHA content in soil was comparable in both
cases (on 0 day and after 254 days) in treatments with
organic materials, regardless of the dose (Table 3).
The share of humic acid carbon (CHA) in the content
of Corg, irrespective of the material type, dose, and
analysis date, did not exceed 10% (Table 3). Irrespecti-
ve of the date, the analysis of the effect of the material
dose revealed the generally decreasing share of this
humus fraction in Corg. After 254 days of incubation,
there was an increase in the share of CHA in the
organic carbon content after adding both WS and
WSB (apart from the 2% WSB dose). A similar
tendency was observed for fulvic acids (CFA), in
which the share of Corg was much higher (Table 3).

Both on the day of setting up the experiment (0
day) and after 254 days of incubation, a significantly
higher content and share of non-hydrolysing carbon
(CNH) in the Corg content was noted in the soil of

treatments with the addition of biochar compared to
treatments with thermally unconverted straw (Table 3).
In general, irrespective of the type of organic
fertilisation, 1% and 2% doses had a more favourable
effect on the share of this humus fraction in the Corg
content. It should also be noted that a very strong
significant relationship was demonstrated between
Corg and CNH (Figure).

The values of CHA:CFA ratio, regardless of the
type of organic material, dose, and date (0 and 254
days) were relatively low (0.19–0.40) (Table 4). After
254 days, the parameter values in treatments with WS
were higher than on the day of setting up the experi-
ment (0 day). Comparable or smaller values of the
CHA:CFA ratio were discovered for WSB. In general,
the amount of material added did not have a major
effect on the parameter value.

The values of the A2/6 quotient were generally
comparable on the day of setting up the experiment
(0 day) and after 254 days of incubation. It was

tnemtaerT C gro C txe AHC AFC HNC

g⋅ gk 1– MD g⋅ gk 1– Cnierahs%(MD gro )

)yad0(tnemirepxeehtyadtratsehtnO

C a90.5 )6.64(b73.2 )6.9(b94.0 )0.73(b88.1 )4.35(a27.2

FM a45.5 )0.94(cb27.2 )8.5(a23.0 )2.34(c93.2 )0.15(a28.2

%2.0SW d51.8 )2.63(cb49.2 )8.6(cb55.0 )4.92(c93.2 )8.36(c02.5

%5.0SW dc35.7 )9.86(e81.5 )3.8(dc36.0 )6.06(e65.4 )1.13(a43.2

%1SW e67.01 )9.25(e43.5 )4.6(ed56.0 )4.64(e96.4 )8.94(c24.5

%2SW f06.21 )1.34(e54.5 )7.5(e27.0 )4.73(e37.4 )9.65(d91.7

%2.0BSW cb24.6 )0.62(a56.1 )3.7(b74.0 )4.81(a81.1 )3.47(c77.4

%5.0BSW d69.7 )7.43(cb57.2 )2.6(b94.0 )5.82(b62.2 )3.56(c12.5

%1BSW e09.01 )1.62(cb38.2 )7.4(b15.0 )3.12(c23.2 )0.47(d50.8

%2BSW f03.31 )6.12(cb78.2 )0.4(b35.0 )6.71(c43.2 )4.87(e04.01

naeM a39.7 a11.3 a45.0 a55.2 a18.4

tnemirepxeehtfosyad452retfA

C ba19.5 )9.64(cb47.2 )6.7(a54.0 )2.93(b92.2 )2.35(ba61.3

FM a40.5 )9.75(cb29.2 )1.9(ba64.0 )8.84(cb64.2 )1.24(a31.2

%2.0SW a54.5 )2.45(cb69.2 )5.9(cb25.0 )8.44(cb44.2 )7.54(a94.2

%5.0SW cba36.6 )9.74(c81.3 )5.9(ed36.0 )4.83(dc55.2 )1.25(cb44.3

%1SW cb72.7 )5.25(d08.3 )9.8(d56.0 )6.34(d51.3 )5.74(cb64.3

%2SW d39.8 )8.34(d98.3 )8.8(e87.0 )0.53(d11.3 )2.65(c40.5

%2.0BSW ba19.5 )6.04(a93.2 )3.9(c55.0 )2.13(a48.1 )5.95(cb25.3

%5.0BSW dc27.7 )8.73(cb29.2 )7.6(cb25.0 )1.13(c04.2 )2.26(c08.4

%1BSW e3.11 )2.72(cb50.3 )9.4(c55.0 )3.22(dc05.2 )8.27(d02.8

%2BSW f2.51 )0.22(c23.3 )4.3(cb25.0 )6.81(dc08.2 )0.87(f98.11

naeM b28.8 b14.3 b65.0 b78.2 b14.5

TABLE 3. The content of soil humus compounds on the start day the experiment (0 day) and after 254 days of the experiment

Each value represents the mean of three replicates. The different letters within a column indicate a significant difference at α ≤ 0.05
according to Duncan’s multiple range tests – two-factor analysis: treatment × analysis date.
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TABLE 4. The ratio of humic to fulvic acids and the optical properties of humic acid extracts on the start day (0 day) and after 254
days of the experiment (254)

tnemtaerT AFC:AHC 6/2A 4/2A 6/4A

0 452 0 452 0 452 0 452

C fe62.0 cb02.0 cb91.5 cb83.5 d02.1 dc31.1 cb06.4 c57.4

FM a41.0 ba91.0 cb82.5 a57.4 d81.1 cb01.1 cb84.4 ba03.4

%2.0SW dc32.0 dc22.0 c65.5 cba02.5 d22.1 cb90.1 cb45.4 c87.4

%5.0SW a41.0 ed52.0 cb32.5 c34.5 c71.1 cb01.1 cb84.4 d59.4

%1SW a41.0 cb12.0 a11.4 cba70.5 b80.1 b00.1 a18.3 e50.5

%2SW ba51.0 ed52.0 cba36.4 cba68.4 b70.1 a39.0 ba43.4 d32.5

%2.0BSW g04.0 f13.0 cb51.5 cba11.5 dc81.1 cb70.1 ba83.4 c97.4

%5.0BSW edc22.0 dc22.0 cba27.4 cba40.5 cb01.1 cb70.1 ba82.4 c17.4

%1BSW edc22.0 dc22.0 cba69.4 cba39.4 cb90.1 b00.1 a55.4 d39.4

%2BSW edc32.0 ba91.0 ba14.4 ba08.4 a10.1 ba79.0 ba73.4 d79.4

naeM a12.0 a32.0 a29.4 a60.5 a50.1 b31.1 a34.4 b58.4

Each value represents the mean of three replicates. The different letters within a column indicate a significant difference at α≤ 0.05 according to
Duncan’s multiple range tests – two–factor analysis: treatment × analysis date.

found that the larger addition of both WS and WSB
resulted in lower values of A2/6. Similar relationships
were determined for the A2/4 quotient value. Reverse
relations were found for the A4/6 quotient (Table 4).
Especially after 254 days of incubation, this parameter
value increased with the increased additions of WS
and WSB.

DISCUSSION

The pH values of WSB used in our study (Table 1)
was lower than the pH values of different biochars
used in the study of Jindo et al. (2014). This was

determined by the temperature of biomass thermal
conversion. According to Novak et al. (2009), pH
changes in the pyrolysed material occurred probably
as a consequence of the relative concentration of non-
pyrolysed inorganic elements already present in
original feedstocks. In our study, in the case of WSB,
higher pH values can be attributed to a very stable
organic carbon content in this material, which gives
more surface functional groups and a large area thanks
to micropores and aromatic ring structures (Jien and
Wang 2013, Chintala et al. 2014, Gai et al. 2014, Obia et
al. 2015, Gondek and Mierzwa-Hersztek 2016).
Jindo et al. (2014) argued that the temperature used

FIGURE. The relationship between
the content of Corg and CNH in soil
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in the process of thermal conversion of organic material
greatly effects losses of different elements. These
authors indicated that the temperature increase
during pyrolysis results in a greater loss of H and O
compared to C. In the present study, the content of
both H and O in WSB was lower than their content
determined in WS. As indicated by Cheah et al.
(2014), the total sulphur content in biochar is mostly
affected by the type of feedstock. However, it should
be remembered that this element content will decrease
during the thermal conversion of biomass (Al-Wabel
et al. 2013), which was also demonstrated in the
present study. Additionally, as stated by Yu et al.
(2007) and Knudsen et al.  (2004), the large variation
in N and S content in biochars results from the retention
of N in heterocyclic compounds, such as pyridones
or pyrrols and the complexation of inorganic S forms
by biochar. The porosity and specific surface area of
biochar are important physical properties taking into
account the effect of this type of material on soil
properties. Jindo et al. (2014) obtained higher values
of SBET compared to these determined in the present
study. However, it should be noted that these authors
analysed biochars produced from different materials
and at higher temperatures of the pyrolysis process.

Soil degradation and nutrient depletion are a global
concern. Soil restoration techniques aimed at incre-
asing soil organic matter (SOM) and stability of soil
carbon (C) are required to enhance productivity and
minimise risks of both soil degradation and environ-
mental pollution (Mukherjee et al. 2014). Human
interference in the soil environment, i.e. introduction
of different organic materials to soil, significantly
influences the properties and process of humic sub-
stance humification. When it comes to biochar, the
wide variety of substrates and a series of processes
taking place in the first stage of humification make it
difficult to determine the humic substance structures.
It is a common concept that bridged aromatic rings,
which contain varied functional groups, are the
structural basis of the humic acid molecule. Functional
groups are believed to have critical effect on chemical
properties of humic acids. Scientific literature provides
some examples that the type and content of functional
groups in humic acid molecules condition a number
of humic acid properties, such as hydrophilicity, acidic
character, ionic exchange capacity, as well as formation
of mineral-organic bonds. Unfortunately, due to its
polymolecular and polydispersive structure, humic
substances undergo constant biochemical and chemical
changes in soil, making it difficult to unambiguously
determine the structure of their molecules. Therefore,
comprehensive studies on an organic soil substance
after the application of biochar are important not only

from a cognitive point of view, but also for the
fertility assessment and degree of soil degradation.

In the present study, the increase in the content of
organic C after 254 days of incubation and applying
higher doses of biochar (1% and 2%) (Table 3) was
comparable to those treatments with the same doses
of unconverted straw applied. As stated by Hernan-
dez-Sariano et al. (2016), the application of biochar
to soil may cause accumulation of C, which is a
result of a spatial reorganisation of C in soil particles,
as well as a decrease in its respiration activity.
According to Jiang et al. (2016), causes of higher C
content in soil after application of biochar compared
to thermally unconverted materials should be sought
in biochar resistance to microbial decomposition and
the content of nitrogen and low molecular weight C
compounds in soil. This observation is partly confirmed
by our results, as we demonstrated an increase in Cext
content, but, at the same time, lower share of Cext in
Corg content in the soil of treatments with 1% and 2%
additions of WSB compared to the same doses of WS
(Table 3). In addition, Jiang et al. (2016) showed that
the addition of biochar to soil promoted the formation
of dissolved organic carbon (DOC) derived from soil
organic carbon (SOC) however, DOC accumulated
in soil and was not mineralised to CO2. Also Lu et al.
(2014) demonstrated the significant effect of biochar,
even with an addition of N, on reducing CO2  emis-
sions from native SOC by 64.9–68.8%. This indicates
that biochar inhibited the decomposition of native
SOC and the stimulation effect of inorganic N on
native SOC degradation. The authors also indicated
a reduction in the soluble carbon (DOC) content in
the soil, primarily due to the sorption of DOC by
biochar.

Literature data indicate that humic substances are
composed of humic and fulvic acids as well as humins
which have different properties. However, they are
humic acids that have a high sorption capacity and
are believed to be the most important components of
soil humus (Tahir et al. 2011, Motojima et al. 2012,
Mukherjee et al. 2014, Hernandez-Sariano et al.
2016). Humic substances are recognised by most soil
scientists and agronomists as the most important
components of healthy fertile soil. According to
Mukherjee et al. (2014), the increase in the CHA
content in soil improves soil buffering properties,
micronutrient chelation by increasing acidic ligands
(-COOH or Ph–OH), as well as improving soil
available water capacity (AWC). The latest data
(Lehmann 2007) indicate significant progress in
understanding the properties of biochar and its
impact on soil and plants. However, the biochar’s
effect on the process of creating humic substances,
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which are extremely important in the context of
improving productivity, health, and functional
properties of degraded soils, remains not fully described.
Biochar in soil undergoes multidirectional and
varied changes that lead to significant amendments
in its structure, including π–π electron donor-acceptor
– type interaction between sorbed SOM and functio-
nal groups, surface hydrophilic or hydrophobic
interactions, and complexation by multidented
organic acids with metal ions in soil (Mukherjee et
al. 2014). The knowledge of surface oxidation of
biochar by means of chemisorption during its aging
in the environment at varied access of air and water,
which can significantly affect the elemental compo-
sition of humic substances, acquires importance for a
full understanding of these processes.

In our study, after 254 days of incubation, the
addition of WSB to soil increased the content of
humic acid carbon (CHA, CFA) with the simultaneous
decrease of its share in the organic carbon content
compared to C, MF treatments as well as treatments
amended with WS, especially at higher doses (1%
and 2%). It was also found that the content of CFA
(being the most reactive humus fraction with lower
chemical stability) in the soil of all experimental
treatments was higher than the content of CHA, and
increased relative to higher doses of WS and WSB
(Table 3). Considering the significant role of humus
acids (humic acids, in particular) in soil fertility, the
increase in the content of CHA and CFA in these
treatments can be regarded as a very beneficial phe-
nomenon. On the other hand, higher CFA content may
contribute to faster leaching of heavy metals and
alkaline cations from soil compared to the situation
when the share of CHA predominates. This is due to
the fact that fulvic acids are very easily soluble (like
most of their salts), and this determines their mobility
and ability to penetrate deep into the soil profile.
Additionally, these acids dissociate in solutions much
more strongly than humic acids and show a strongly
acidic pH.

According to Li et al. (2015), biochar is very
beneficial for the formation of humus in the soil. The
authors demonstrated increased contents of humic
acids, fulvic acids, and humins after the application
of biochar, which was very positive for the stability
of the organic carbon pool in the soil. In the studies
of Li et al. (2015), after 210 days of incubation, the
CHA content increased by 9.8% and reached 13.6%,
and the CFA content by 17.2% compared to the
control. In our study (Table 3), the content of CNH
and the share of this humus fraction in the Corg
content significantly increased, which indicates a
greater stabilisation of humus compounds and, at the

same time, the probable smaller emission of CO2
(Li et al. 2015). The biochar stability in the soil
environment, although modified by the type of
biomass and technology used to produce this
material, as well as environmental factors, including
soil moisture, is conditioned mainly by the strong
carbon bond in the material structure and the degree
of aromatic carbon condensation (Schmidt et al. 2011,
Singh and Cowie 2014, Qayyum et al. 2014). Some
previous studies also suggest that biochar can stabilise
native organic carbon in soil by creating organic-mi-
neral connections, as well as by the sorption of DOC
on the biochar surface and in pore spaces due to the
exceptionally large specific surface area (Keith et al.
2011, Zimmerman et al. 2011, Singh and Cowie 2014).
Ngo et al. (2014) also argued that the application of
biochar to soil increased the content of not readily
mineralised lignin compounds.

In addition to the quantitative and qualitative
composition of humus compounds in soil fertilised
with biochar, of great importance is also the CHA:CFA
ratio, which informs about the internal structure and
quality of soil humus substances. It is assumed that
the higher the relationship values, the more fertile the
soil. In the present study, the values of the CHA:CFA
ratio did not exceed 1.0 (Table 4), which indicated
a low degree of humification of organic matter in the
soil of each treatment.

Changes in the optical density of humic acid
solutions expressed by absorbance at the wavelength
of 280, 464, and 664 nm indicated that humic acids
in the soil of treatments amended with biochar, espe-
cially at 1% and 2% doses, were characterised by
lower A2/6 and A2/4 ratios (Table 4). This indicates
a higher molecular weight and a higher condensation
level of CHA aromatic structures. In addition, the
values of the A2/4 ratio, which expresses the ratio of
lignin-like substances to the content of substances in
the initial stage of decomposition, showed that
higher addition of organic material increased the
content of substances resistant to humification
(Gondek and Mierzwa 2014). The optical properties
of humic acids can be changed not only due to
humification and mineralisation processes taking
place in the soil, but also the type of external organic
matter introduced. According to Baglieri et al. (2007),
the optical density of humic substances depends on
the ratio of carbon in the aromatic nucleus to carbon
in the side radicals. The author stated that the chemi-
cally ‘younger’ humic acids are characterised by
lower optical density compared to ‘more mature’
acids. This is due to the large condensation of the
aromatic nucleus in ‘mature’ humic acids – while in
‘younger’ acids – due to the greater number of side
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chains. In the research, Adani et al. (2007) discovered
that the introduction of external organic matter into
the soil can significantly affect the properties of soil
humus compounds.

CONCLUSIONS

1. Higher doses of biochar resulted in a higher in C
org

contents in soil.
2. The share of C

ext
 in C

org
 in the soil with biochar

was smaller than in the soil with straw
3. The addition of biochar to the soil decreased the

share of humic acid carbon (CHA, CFA) in the C
org

content.
4. The content of non–hydrolysing carbon significantly

increased in the soil with biochar.
5. Humic acids in the soil with biochar had a higher

molecular weight and a higher aromatic structure
condensation level.
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Przemiany biowêgla w glebie na podstawie iloœciowych i jakoœciowych
parametrów zwi¹zków humusowych

Streszczenie: Ze wzglêdu na niepodwa¿alne znaczenie próchnicy glebowej w wielu procesach biochemicznych, a tak¿e jej rosn¹-
cy deficyt szczególnie w glebach lekkich, stale poszukuje siê alternatywnych Ÿróde³ tego sk³adnika. Bior¹c pod uwagê stabilnoœæ
fizyczn¹, chemiczn¹ i biologiczn¹, takim Ÿród³em mo¿e byæ sta³y produkt termicznej konwersji biomasy zwany biowêglem. Celem
niniejszej pracy by³a ocena wp³ywu dodatku s³omy pszennej (Triticum aestivum L.) i wyprodukowanego z niej biowêgla w dawkach
0,2%, 0,5%, 1% i 2% na parametry iloœciowe i jakoœciowe próchnicy. Stwierdzono, ¿e niezale¿nie od terminu analizy po zastosowa-
niu 1% i 2% biowêgla do gleby, w porównaniu do takich samych dawek s³omy nieprzekszta³conej termicznie, zawartoœæ Corg w
glebie istotnie siê zwiêkszy³a. Wykazano znacznie mniejszy udzia³ Cext w zawartoœci Corg w glebie obiektów, w których zastosowano
biowêgiel w dawkach 1% i 2% w porównaniu do równowa¿nych dawek s³omy pszennej. Dodatek biowêgla do gleby w porównaniu
do obiektów bez dodatków organicznych (C, MF) oraz do obiektów ze s³om¹ pszenn¹, zw³aszcza w wiêkszych dawkach (1% i 2%),
po 254 dniach inkubacji zmniejszy³ udzia³ wêgla kwasów humusowych (CHA, CFA) w zawartoœci wêgla organicznego. Niezale¿nie
od terminu istotnie zwiêkszy³a siê tak¿e zawartoœæ wêgla niehydrolizuj¹cego w glebie obiektów, w których zastosowano dodatek 1%
i 2% biowêgla. Wskazuje to na wiêksz¹ stabilizacjê zwi¹zków próchniczych, a zarazem mniejsz¹ emisjê CO2. Kwasy huminowe w
glebie obiektów, w których zastosowano biowêgiel, zw³aszcza w dawkach 1% i 2%, charakteryzowa³y mniejsze wartoœci wspó³czyn-
ników A2/6 i A2/4, co wskazywa³o na wiêksz¹ masê cz¹steczkow¹ i wiêkszy stopieñ skondensowania ich struktur aromatycznych.

S³owa kluczowe: biowêgiel, wêgiel kwasów humusowych, gleba, s³oma pszenna, wêgiel organiczny
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