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1 Introduction
Crops growth and productivity are strongly infl uenced 
by various biotic and abiotic stresses and soil quality 
(Thalmann & Santelia, 2017). These factors can be aff ected 
on a larger or a smaller scale by human activities. Plants 
require a number of soil nutrients such as N, P, and K for 
their growth, but soil nutrient levels may decrease over 
time after crop harvesting, as nutrients are not returned 
to the soil (Rawat et al., 2019) and therefore the use of 
fertilizers, ameliorants and amendments is justifi ed. In 
modern agriculture, fertilization is considered to be an 
intensifying factor that can signifi cantly increase the yield 
of cultivated crops, especially on sandy soils. In general, 
sandy soils are characterized by low sorption capacity, low 
organic carbon content (SOC) and especially low nutrient 
content (Behera & Shukla, 2015). SOC is a key parameter 
of soil quality, and its content in sandy soil is often below 
1%. Sandy soil has typically higher levels of aeration and 
heat leading to higher levels of decomposition in soil 
organic matter (Osman, 2018). 

Within the Slovak Republic, the soil fund is highly 
heterogeneous. Textural light soils (sandy, loamy-sandy) 
represent only about 9% of the agricultural land fund in 
Slovakia, but in some localities of the Záhorská Lowland 
or the Danubian Lowland they are among the dominant 
ones. In order for sandy soils to be suitable for agricultural 
production, farmers must pay considerable attention 
to them through various intensifi cation practices, 
including fertilization. In recent years, in addition to 
conventional organic and mineral fertilizers, biochar 
has been applied to the soil, especially for its positive 
benefi ts for agronomic practice (Horák et al., 2020). As 
published, the biochar increases soil pH (Gondek et al., 
2020), mainly in acid soils (Horák, 2015), improves soil 
sorption capacity (Cornelissen et al., 2018; Gondek et al., 
2020) and a whole complex of soil physical properties 
such as: soil structure (Obia et al., 2016), soil water regime 
(Igaz et al., 2018), as well as soil biological properties 
(Mierzwa-Hersztek et al., 2018) resulting in an increase 
in plant productivity (Mierzwa-Hersztek et al., 2018).The 
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behaviour of biochar in the soil environment significantly 
depends on its properties, which are influenced by the 
feedstock for its production, methods and conditions 
during its production (Singh & Cowie, 2010), but also the 
soil-climatic conditions of sites.

In the soil-climatic conditions of the Slovak Republic, 
the application of biochar is associated with a lack of 
knowledge of its effects on soil properties, and on crop 
yields. However, the most important consideration for 
farmers is whether biochar, when applied to the soil, brings 
sufficient benefits through increased yields, and influence 
on soil properties leading to clear economic benefits.

There is a presumption that biochar will not be 
a  balanced fertilizer  in the soil environment  due to its 
high stability, but its addition to the soil may play a key 
role in nutrient dynamics through the direct addition or 
indirect influence of soil properties that increase nutrient 
availability (e. g. by increasing the pH of acidic soils or by 
increasing the content of organic substances).  Biochar 
producers must  focus  on achieving a product with 
the best possible properties  during the production 
process  or  recommend  biochar  application with other 
fertilizers in various combinations. Subsequently, before 
the actual use of such products, it is necessary to verify 
them in production conditions, and their effects must be 
tested in different soil-climatic conditions, including the 
place of use, i.e. Slovakia.

Based on the above overview, the aim of this study was to 
quantify the effects of added biochar substrates and their 
combination with mineral fertilization on C content and 
crop yields during a period of 3 years from its application 
in sandy soil.

2 Material and methods 
In autumn 2017, the field research with biochar substrates 
and their combinations with other mineral fertilizers 
were carried out on the cultivated soil of the Dolná Streda 
locality (Slovakia). Soil was classified as Haplic Arenosol 
(Arenic, Calcic) (WRB, 2015). The soil contained 819 g.kg-1 
of sand, 105 g.kg-1 of silt and 76 g.kg-1 of clay on average 
(classified as sandy in texture), 9.7 g.kg-1 of soil organic 
carbon and the content of total nitrogen was 1.3 g.kg-1, 

contents of available P and K were 175 and 165 mg.kg-1, 
respectively, and the average soil pH in H2O was 7.6. At 
the experiment site, a long-term average annual rainfall 
is in the range 520–600 mm and the average annual 
temperature ranging from 9–10 °C was recorded.

A long segments block design was applied, with plots 
measuring 7.5 × 12 m (90 m2) with a protective belt of 
1 m left between individual plots (the total of 10 plots). 
Experimental treatments are shown in Table 1. Biochar 
substrates were applied to each plot and incorporated to 
0.15 m by disking. The control plots were also disked. In 
2017 (before experiment establishment), durum wheat 
was grown as the preceding crop. During the experiment, 
sunflower, durum wheat, and maize were planted in 2018, 
2019 and 2020, respectively. The disking performed up to 
the depth of 0.15–0.18 m was used. Before the sowing of 
sunflower in spring 2018, urea was applied into the soil. 
The dose of urea was 100 kg.ha-1. In the spring 2019, both 
mineral fertilizer – urea and monoammonium phosphate 
(AMOFOS NP 12-52) at rates of 100 kg.ha-1 and 100 kg.ha-1 
respectively were applied. In 2020, during the vegetation 
season for maize, urea and AMOFOS were applied at rates 
of 100 and 100 kg.ha-1 – 50% before sowing and the other 
50% on June 10.

Effeco 50:50 is the biochar (pyrolyzed hard wood) 
blended with dried sheep manure in the proportion 1 : 1 
and it contains 43% of total organic carbon, 1.2% total N, 
0.49% P, and 24.6% K, and its pH is 8.18. Effeco 33:33:33 
is the biochar (pyrolyzed hard wood) blended with dried 
sheep manure and the residue from the biogas station 
(originally – cattle manure) in the proportion 1  :  1  :  1, 
and it contains 45.4% of total organic carbon, 1.3% 
of total N, 0.79% P, and 15.5% K, and its pH is 8.44. The 
content of heavy metals in both types of biochar does 
not exceed the limit rates, which are set by agriculture 
regulation 577/2005. Both types of biochar substrates are 
granulated into pellets and all substrates are trademarks 
of the company Zdroje Zeme ag.

Soil samples were collected in all treatments from the 
depth 0–0.2 m, twice a year (spring and autumn) during 
the 3-year period. For each sampled zone (included 
all treatments), three different locations were chosen 

Table 1 The investigated treatments

Treatment Rates (t.ha-1) Treatment Rates (t.ha-1)

Control – no fertilization 0 Fertilized Control – mineral fertilization (MF) 0

Effeco 50:50 10 Effeco 50:50 + MF 10

Effeco 50:50 20 Effeco 50:50 + MF 20

Effeco 33:33:33 10 Effeco 33:33:33 + MF 10

Effeco 33:33:33 20 Effeco 33:33:33 + MF 20
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randomly. At each location, soil samples were collected 
and mixed to create an average sample. Soil samples 
were dried at laboratory temperature and grinded. 
SOC content was measured using the wet combustion 
method-oxidation of SOM by a mixture of 0.07 mol.
dm-3 H2SO4 and K2Cr2O7 with titration using Mohr’s salt, 
and labile carbon (CL) content was determined using 
0.005 mol.dm-3 KMnO4 (Hrivňáková et al., 2011).

Plants of sunflower, durum wheat, and maize were 
sampled in triple repetition at the end of the vegetation 
season. The ears of maize and sunflowers capes were 
taken from one randomly selected 1.2 m row – (wide 
row crops), while the durum wheat was sampled from 
a randomly selected 1 × 1 m square – narrow row crop. 
Ears, capes, grains, and seeds from each plant were 
obtained under laboratory conditions.

All results were compared by the analysis of variance 
(ANOVA) procedure by using the Statgraphics Centurion 
XV.I (Statpoint Technologies, Inc., Warrenton, VA). 
Differences in means were determined by calculating 
the least significant difference (LSD) using the 5% level. 
To evaluate the trends between SOM and crop yields, the 
simple linear regression model was used.

3 Results and discussion 

3. 1 Soil organic carbon

A higher content of SOC was determined at higher rate 
than lower rate of both tested biochar substrates applied 
alone, however, a statistically significant increase of SOC 
was observed in Effeco 33:33:33 at 20 t.ha-1 compared 
to the control (Table 2). Biochar is a significant source of 
stable carbon and its stability is a result of the production 
process. During the production process, the carbon base 
of the biological materials used to produce biochar is 

rearranged and aliphatic carbon chains (chain structures 
whose chemical bonds are easily attacked by microbial 
enzymes) are converted to aromatic rings (usually 
six carbon – such as benzene or occasionally other 
atoms, such as nitrogen, linked in the ring structure by 
strong chemical bonds that are resistant to microbial 
decomposition). Further restructuring leads to the 
coupling of these aromatic groups into large complexes 
by the process known as condensation. This is achieved 
using well-pyrolyzed biochar made up of leaves of 
condensed aromatic rings of various sizes, along with 
ash and traces of smaller molecules. Aromaticity and 
the degree of condensation are associated with the 
stability of biochar (Shackley et al., 2016). In this study, 
the biochar substrates contained 43.0% (Effeco 50:50) 
and 45.4% (Effeco 33:33:33) of C and for this reason, the 
increase of SOC in sandy soil due to their applications is 
not surprising. Biochar substrates application into the 
soil can be linked with decreasing microbial activity, 
lower CO2 production, and a fall in mineralization which 
results in an increase in SOC in the soil – a negative 
priming effect (Cheng et al., 2016). Interestingly, the 
increase in labile carbon content (CL) in the soil was 
not statistically confirmed due to the large variance of 
values in the biochar substrate alone treatments. It was 
more at a lower than a higher application rate for both 
biochar substrates alone. Its more significant increase 
could be inhibited by the sorption of labile carbon by 
biochar alone in the substrate, which in turn promotes 
the formation of relatively stable organic matter in the 
soil (Jones et al., 2012).

Different effects on the content of SOC but also CL 
were observed in the treatments of biochar substrates 
combined with mineral fertilization (Table 2). Mineral 
fertilizers are considered to be significant accelerators 
of some soil processes (Horák et al., 2017), which was 

Table 2 Contents of soil organic carbon and labile carbon in the individual treatments (2018–2020 – average)

Treatment Rate (t.ha-1) SOC (%) CL (mg.kg-1)

Control – no fertilization 0 0.90a 828a

Effeco 50:50 10 1.06ab 1,047a

Effeco 50:50 20 1.17ab 1,025a

Effeco 33:33:33 10 1.23ab 1,110a

Effeco 33:33:33 20 1.38b 1,081a

Fertilized control – mineral fertilization (MF) 0 1.36bc 1,149a

Effeco 50:50 + MF 10 1.01a 936a

Effeco 50:50 + MF 20 1.47c 1,448a

Effeco 33:33:33 + MF 10 1.11ab 1,012a

Effeco 33:33:33 + MF 20 1.10ab 1,074a
Different letters (a, b, c) indicate that treatment means are significantly different at p ≤ 0.05 according to the LSD multiple-range test
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confirmed by our results. The SOC decreased significantly 
from 1.36% (MF-control) to 1.01% in Effeco 50:50 at 
10  t.ha-1 + MF and in the Effeco 33:33:33 both rates + 
MF decreased and in the Effeco 50:50 at 20 t.ha-1 + MF 
even increased, but these results were not statistically 
significant. The CL contents corresponded to the SOC in the 
individual treatments, which means that in addition to the 
Effeco 50:50 at 20 t.ha-1 + mineral fertilization treatment, 
the CL values decreased compared to the MF-control, 
but statistically insignificant for large variability in the 
replicates (Table 2). Under certain conditions, the mineral 
fertilizers applied together with biochar substrates can 
contribute to the preferential use of these substrates by 
stimulating microbial activity, while soil microorganisms 
can preferentially utilize labile sources of added biochar 
substrate or soil organic matter (Singh & Cowie, 2014), 
which can cause the so-called positive priming effect 
with consequent reduction of SOC.

3.2 Crops yield

The crops yield during the first three years of biochar 
substrates application and their combinations with 
mineral fertilizers are summarized in Table 3. In our 
case, the average yield of sunflower seeds was 1.86 
t.ha-1 (control) and only after application of the biochar 
substrate Effeco 50:50 at a rate of 20 t.ha-1 the yield 
increased statistically significantly. In the case of a lower 
rate but also both rates of the Effeco 33:33:33, we did 
not find a statistically significant increase in the yield of 
sunflower seeds. The effect of biochar substrates on crops 
yield was also assessed in comparison with conventional 
sunflower fertilization on this sandy soil, this means the 
second control was a treatment with additional urea 
fertilization at a rate of 100 kg.ha-1 (Mineral fertilization, 
MF-control). Compared to the MF-control (Urea at rate of 

100 kg.ha-1 in 2018), we observed on average an increase 
in the yield of sunflower seeds in the treatments Effeco 
33:33:33 in rates of 10 and 20 t.ha-1 + MF by 270 and 610 
kg.ha-1 respectively, and in treatment Effeco 50:50 at 
a rate of 10 t.ha-1 + MF by an average of 1.01 t.ha-1, but 
these findings were not statistically significant due to 
the large variance of values between replicates (total of 
3 replicates). However, between the MF-control and the 
biochar substrate Effeco 50:50 at a rate of 20 t.ha-1 + MF, 
we noticed a statistically significant difference in the yield 
of sunflower seeds. It is clear from the above that a higher 
rate of biochar substrate Effeco 50:50 without additional 
fertilization, but also in combination with 100 kg of urea 
per hectare had the most significant effect on increasing 
the yield of sunflower seeds on sandy soil in 2018.

Interestingly, in the next two years the same trends in 
the crops yield after biochar substrate treatments were 
observed, being completely different compared to 2018. 
In 2019, the wheat grain yield increased statistically 
significantly in the treatments with both biochar substrates 
in both rates compared to the unfertilized control. 
Compared to the unfertilized control, the grain yield 
increased by 56, 98, 35 and 53% in the treatments Effeco 
33:33:33 at 10 t.ha-1, Effeco 33:33:33 at 20 t.ha-1, Effeco 
50:50 at 10 t.ha-1 and Effeco 50:50 at 20 t.ha-1 respectively. 
When compared to fertilized control (MF-control: 
Amofos + Urea of 2019), wheat grain yield increased 
statistically significantly only in the case of Effeco 50:50 
substrate  – significantly more after the higher than the 
lower application rate. As mentioned above, also in 2020, 
the trends in increasing the yield in individual biochar 
substrate treatments followed the year 2019.

The size of crops yield is dependent on various factors 
including soil-climatic conditions and soil management 

Table 3 The crops yield in the individual treatments

Treatment Rate (t.ha-1) Crops yield (t.ha-1)

sunflower 2018 wheat 2019 maize 2020

Control – no fertilization 0 1.86a 1.99a 1.85a

Effeco 50:50 10 2.23a 2.69b 2.13a

Effeco 50:50 20 3.39b 3.04b 3.95b

Effeco 33:33:33 10 2.16a 3.11b 4.33b

Effeco 33:33:33 20 2.27a 3.95c 5.78c

Fertilized Control – mineral fertilization (MF) 0 1.93a 2.04a 1.90a

Effeco 50:50 + MF 10 2.94a 2.99b 4.85b

Effeco 50:50 + MF 20 5.09b 5.06c 5.90b

Effeco 33:33:33 + MF 10 2.20a 2.58ab 2.18a

Effeco 33:33:33 + MF 20 2.54a 2.69ab 3.07a
Different letters (a, b, c) indicate that treatment means are significantly different at p ≤ 0.05 according to the LSD multiple-range test
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practices including fertilization. One of the most 
significant factors affecting crops yield is climate 
(Kováčik  & Ryant, 2019; Aydin et al., 2020). Crops have 
different requirements on temperature and precipitation; 
however, their optimal distribution is crucial during 
the vegetation season of crops (Gantner et al., 2008). 
Observed sunflower seeds and wheat grain yield data 
in 2018 and 2019 respectively, were compared to the 
average crop yields obtained for specific crops during the 
studied seasons in Slovakia, and the maize grain yield in 
2020 is an estimate of average yields (Fig. 1). The average 
gained yield of sunflower seeds in 2018 and wheat in 
2019 in Slovakia was reported to be 2.93 t.ha-1 and 4.90 t.
ha-1, respectively. In 2020, the average estimate of corn 
grain yield was 7.59 t.ha-1 (STATdat, 2020). Considering 
the limitation of tillage operations on the site (only 
disking and reduced tillage) since the biochar substrates 
application in autumn 2017, the observed crop yields in 
the field experiment were compared to the lower values 
referring to the country’s average. However, we must 
also remember that the soil at the experimental site was 
sandy. And so, for this reason, it is not surprising that 
the yields were below the average yields of individual 
crops in Slovakia. According to the results of Agegnehu 
et al. (2016) as well as Aydin et al. (2020), the application 
of biochar and its combination with other manure or 
mineral fertilizers significantly increased crop yields; 
however, this effect is more significant in low productive 
sandy soils than in high productive loam, silt loam, silty 
clay loam or clay soils (El-Naggara et al., 2019).

3.3 Relationships between soil organic carbon 
 and crops yield 

Since biochar is a source of carbon, we assumed that 
the application of biochar substrates to the soil would 
increase its content in the soil, which could result in an 
increase in crop yields. The linear relationships between 
total, labile carbon and crop yields are shown in Fig. 2. It 

is evident from the data that the higher content of SOC 
in the soil resulted in higher crop yields, but a statistically 
significant effect was found only in the case of biochar 
substrates alone treatments. In the case of biochar 
substrates combined with mineral fertilizers, we did not 
find a statistically significant linear relationship between 
SOC and crop yields, which could indicate that other 
factors may have influenced the formation of crops in 
those treatments – e.g. soil properties influenced through 
the application of supplied biochar substrates or mineral 
fertilization – improving soil pH, sorption capacity, 
nutrient regime or physical properties (Horák, 2015; Igaz 
et al., 2018; Juriga & Šimanský, 2019). Despite the fact that 
a positive correlation was found between the content of 
SOC and CL (in treatments with biochar substrates alone 
r = 0.738, P <0.01; also, in treatments biochar substrates 
with mineral fertilizers r = 0.806, P  <0.001) the content 
of CL did not have a statistically significant effect on 
increasing the crop yields not even in biochar substrates 
alone treatments, nor in biochar substrates combined 
with mineral fertilizers.

4 Conclusions 
The results showed that the effects of biochar substrates 
on change in SOM and crop yields is dependent on the 
rates and type of biochar substrates employed as well as 
their combination with other mineral fertilizers. Overall, 
our results showed a robust effect on crop yields due to 
applied biochar substrates in the second year after its 
incorporation to the sandy soil with the same trend in the 
third year especially in treatments using biochar substrates 
alone, compared to the first year after their application. 
Increase in crop yields is linked to higher SOC in the soil 
due to biochar substrates alone being applied, and in the 
case of treatments using biochar substrates together with 
mineral fertilizers, the increase of crop yields was affected 
by other factors – probably as a result of the improvement 
of other soil properties, nutrient supply etc. after the 
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incorporation of biochar substrates to the soil, but also 
additional mineral fertilization. Going forward, further 
research is important to identify those effects which 
are responsible for the increase in crop yields in biochar 
substrates with mineral fertilizers treatments.
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