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INTRODUCTION

75% of the area of Poland is covered by 
dystric, brunic, luvic and albic soils, with only 
<1% of total surface covered by very good soils 
i.e. chernozems [Skłodowski, Bielska, 2009]. It 
is necessary to fertilize poor soils in order to use 
them effectively. Soil quality is improved in Po-
land through liming (control of chemical reac-
tion), enrichment of sorption complex, introduc-
tion of the organic substance (peat, brown coal, or-
ganic fertilizers) or through enrichment of loamy 
fraction (soil loaming, synthetic sorbents, natural 
modified sorbents), phytostabilization and syn-
thetic fertilization [Karczewska, 2009]. Recently, 
particular attention was paid to opportunities of 
improvement of soil properties through the use of 
biochar. Such studies have been carried out both in 
Europe and all over the world [Hunt et al. 2010]. 

Previous studies have demonstrated that 
biochar in soil increases fertility through im-
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Abstract
The paper presents the results of research focused on the investigations of the possibil-
ities to use biochar to improve the quality and productivity of soils. Biochar is a mate-
rial similar to the commonly known charcoal obtained from the thermolysis process (a 
process similar to dry distillation of wood). The structure and technical properties of 
biochar depend on the type of biomass which is produced and the thermal decomposi-
tion process conditions: process time, temperature and atmosphere. It was found that a 
positive effect of biochar on the soil properties is manifested through the improvement 
of soil fertility, better water retention, improvement of the cation exchange, and the 
regulation of the pH. The biochar used in the present study was obtained by autother-
mal thermolysis of biomass at 300 °C. Three types of biochars of different origin were 
used. The biochar samples were subjected to ultimate and proximate analysis, as well 
as structural and porosimetric investigations. The experimental research were also 
conducted on the experimental test field and gave a positive effect of the presence of 
biochar on soil quality and plant yield. Biochar introduced into soil allows for long-
term storage of carbon. The introduction of biochar to soil has a positive effect on 
plant growth, higher dose resulted in an increase in biochar and plant mass.
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provement of cation exchange and opportuni-
ties for growth of microorganisms; it improves 
soil capability of absorbing water and makes 
it easier to control pH in soil. Studies carried 
out by Beesely and Nigussie [Nigussie, 2012]
found that biochar added to poor and degraded 
soils might contribute to improvement of fer-
tility and productivity of soils and help protect 
plants [Malińska, 2012]. Biochar has alcaline 
reaction (pH 7.0–7.8) and can be used for neu-
tralization of acid soils, which account for 45% 
in Poland [Zarzycki 2007]. Biochar might also 
represent a catalyst to improve absorption of po-
tassium ions, absorbed in certain ranges of soil 
pH. Addition of biochar to soil might replenish 
and equalize carbon balance and contribute to 
carbon sequestration in soil [Gajić, 2011]. C to 
N ratio is important in soils as it reflects nitro-
gen availability for plants. Balance between the 
processes of immobilization and mineralization 
occurs when C/N ratio in the decaying organic 
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substance is 20–30/1, whereas nitrogen content 
ranges from 1.2 to 1.8% [Kacprzak, 2007].

No specific studies have been carried out in 
Poland on the effect of addition of biochar on 
the improvement in medium-class soils (III–IV 
soil bonitation class), poor and very poor soils 
(V and VI class) and increase in vegetation mass 
in such soils [Kobyłecki, 2014]. The structure of 
biochar and its physical properties depend on the 
type of biomass it is made of and on thermolysis: 
process duration, temperature and atmosphere. 
Biochar is a material similar to the substance 
commonly known as charcoal, obtained through 
thermolysis (a process much similar to dry dis-
tillation of wood) of biomass of different origins 
[Kobyłecki et al. 2005; Kobyłecki, Bis 2006; 
Kobyłecki et al. 2008; Kobyłecki 2011, Bis 
2012, Bis 2013]. With respect to the character 
of this study, the most important biochar param-
eters are chemical composition, specific surface 
area and porosity.

This paper presents the results of the study 
concerning the opportunities of the use of biochar 
to improve soil quality and productivity. Three 
types of biochar (of different origins) were used 
in the study. The samples were subjected to stuc-
tural, porosimetry, technical and elemental analy-
ses. Experiments were also carried out on an ex-
perimental test field.

MATERIAL AND METHODS

Biochars obtained in the process of auto-
thermic biomass thermolysis at the temperature 
of 300oC were used in order to analyse the op-
portunities to use biochar to improve soil quality. 
The processes of biochar production in a reactor 
consist in ensuring pressure and flow conditions 
in order to obtain maximum rate of heating the 
fragmented biomass to the temperature of over 
300 °C [Kobyłecki et al. 2005; Kobyłecki, Bis 
2006; Kobyłecki et al. 2008; Kobyłecki 2011]. 
Three types of biochar obtained from different 
biomass were used in the study: pine tree biomass 
(Biochar 1), willow biomass (Biochar 2) and mis-
canthus biomass (Biochar 3).

Technical analysis of biochar was made ac-
cording to Polish Standard PN-G-04560:1998P. 
The analysis of the content of carbon (C), hydro-
gen (H), nitrogen (N) and sulphur (S) was car-
ried out in elemental analyzer (LECO). Heat of 
combustion was determined using IKA Basic C 

2000 calorimeter using the isoperibolic method. 
Philips XL30/LaB6 scanning microscope was 
used for structural analysis of biochar. Porosity 
of biochar was determined using PoreMaster 33 
mercury porosimeter with Quantachrome Instru-
ments software.

RESULTS AND DISCUSSION

Technical analysis showed that Biochar 2 had 
the lowest content of ash whereas biochar 2 had 
the lowest content of volatile fractions and wa-
ter. Elemental analysis showed the highest coal 
content in biochar 3 (ca. 82%), with the lowest 
content observed in biochar 2 (ca. 72%). All three 
biochars are characterized by high calorific value 
(over 27 kJ/kg). From the standpoint of the use of 
biochar, the best properties are observed for Bio-
char 3, characterized by high content of carbon 
and low content of volatile fraction.

Table 1 presents the results of technical analy-
sis (e.g. content of water, ash and volatile frac-
tions), elemental analysis (content of carbon, ni-
trogen, hydrogen and sulphur) and calorific value 
of three different biochars.

In order to evaluate the effect of open struc-
ture of biochar on improvement in soil quality, 
structural and porosity analyses were carried out 
for Biochar 3. 

According to a classification introduced by 
IUPAC (International Union of Pure and Ap-
plied Chemistry), there are three basic classes 
of pores: micropores – with diameter of < 0.002 
µm; mesopores, with diameter of 0.002–0.050 
µm; macropores, with diameter of > 0.050 µm. 
Micropores and mesopores determine the size 
of internal surface and are essential for adsorp-
tion processes. Macropores perform the role of 
routes of transport, providing access to the pores 
of smaller sizes. With respect to the method of the 
use of biochar, the presence of macropores will 
substantially contribute to improved water bal-
ance in soil. 

Figure 2 illustrates the structure of biochar 
obtained during carbonization at the temperature 
of over 300 °C. Biochar shows a fibrous struc-
ture with open pores with diameter of ca. 50 μm. 
Porosimetric analysis revealed mean pore size as 
presented in Figure 1A. 

Open porosity, specific surface and biochar 
density were determined based on porosimetry 
examinations (Table 2). As results from the data 
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presented in Table 2, the highest specific surface 
was found for biochar 1 (see Figure 1). Further-
more, the highest value of open porosity is ob-
served for Biochar 3 (>27%). Considering the 
use of biochars in soil, high porosity is beneficial 

since it might contribute to improvement in water 
balance in soil and positively affect microelement 
availability in plants. 

After the analysis of properties of biochar (el-
emental analysis and porosity), Biochar 3 was se-
lected for test field experiments (from miscanthus 
biomass). This was caused by substantial content 
of carbon and high open porosity and specific sur-
face of biochar. 

Biochar was added to soil using three dif-
ferent doses (3 kg/m2, 7.5 kg/m2, 10 kg/m2) and, 
on such test fields (with dimensions of 1×1 m) 
charlock and lupine were sown. Figure 3 pres-
ents a view of the experimental test field two 

Table 1. Proximate and elemental ultimate analysis of biochar sample (dry)

Type of biochar WT 
[%] 

VMd 
[%] 

Ad815 
[%]

FCd 
[%] 

Cd 
[–] 

Hd 
[–]

Nd 
[–]

Sd 
[–]

Wgd 
[kJ/kg] 

Wdd 
[kJ/kg]

Biochar 1 7.4 20.0 5.2 74.80 77.40 3.00 0.80 0.00 29 013 28 153 

Biochar 2 12.4 31.1 4.9 64.00 72.30 4.50 0.50 0.00 27 501 26 179 

Biochar 3 1.7 16.5 5.5 78.00 82.20 3.00 0.70 0.00 28 743 28 026 

Comments: WT – total water, VM – total volatile fractions, A – ash content, FC – fixed carbon, Wg – combustion 
heat, Wd – calorific value.

Figure 1. Pore size distribution (a) and surface areas (b) of biochars tested

a) b)

Table 2. The results estimated based on porosimetric 
analysis

Specification Open porosity 
[%]

Specific 
surface [m2/g]

Density 
[g/cm3]

Biochar 1 4.02 2.49 0.59

Biochar 2 20.50 0.52 0.72

Biochar 3 27.68 1.64 0.71

Figure 2. Microstructure of biochar obtained from pine wood
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months after sowing. Figures 4 and 5 show 
the diagrams that illustrate the mass of plants 
(lupine in Figure 4 and charlock in Figure 5) 
depending on the biochar dose used. Figure 
3 presents selected photographs showing the 
growth of plants in the experimental test field. 
It can be observed that addition of biochar af-

Figure 3. Plant growth vs. time in the experimental test field

Figure 4. Weight of the lupine collected from the 
experimental test field

Figure 5. Weight of the charlock collected from the 
experimental test field

fects both the size of plants and the mass of 
crops. The greatest mass of lupine was found 
in the test field 4, whereas the greatest mass of 
charlock was harvested in the test field 3. The 
authors are in the process of preparation of a 
more detailed study concerning the effect of 
biochar on soil properties.
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CONCLUSIONS

In conclusion, changes and effects caused by 
biochar in soil remain largely unknown. Although 
physicochemical properties of biochar and mech-
anism of its stabilization might be explained by 
long period of presence in soil, the effect of vari-
ous factors on short- and long-term loss from soil 
has not been researched sufficiently yet. Also, 
little is known about the loss and transfer of bio-
char into the profile, moving to ground waters and 
transport mechanisms. The scientific research in 
this field is currently carried out by the authors.

The results presented in this study lead to the 
following conclusions:
1. Physicochemical and porosimetric properties 

of biochar depend mainly on biomass used for 
the production of biochar.

2. High porosity of biochars might contribute 
to improvement in water balance in soil and 
will positively affect microelement availabil-
ity for plants.

3. Addition of biochar to soil positively affects 
growth of plants while greater dose of biochar 
caused a greater increase in plant mass.
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