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AbstrAct

The objective of this study was to investigate the effects of biochar (B) at different application 
doses (0, 10 and 20 t ha-1) on the content of macro- and micronutrients in soil (silt loam Haplic 
Luvisol at a field site of Dolná Malanta, Slovakia) as well as in the organs of corn. Application 
of 20 t ha-1 of biochar had significant effects by increasing the soil pH, total content of P, Ca and 
available K. The content of available Mn, Ni and Zn in the soil significantly increased in B20 
treatment by 45, 17 and 32%, respectively, as compared to B0. The total content of Cu in the 
soil was significantly decreased by 9% in B20 compared to B0. In comparison to B0, the statis-
tically significantly lower Ca content was found in corn seeds grown on the plots where biochar 
in both doses was applied. Biochar applied to the soil did not change the content of other macro- 
and micronutrients in the corn organs. Negative correlations between P in seeds of corn and 
total (r = 0.543, P ≤ 0.05) and available (r = 0.564, P ≤ 0.05) content of P were observed. Higher 
total content of K in the soil resulted in higher content of K in leaves (r = 0.561, P ≤ 0.05) and 
corn seeds (r = 0.905, P ≤ 0.001). Higher total content of Mn in the soil increased the content  
of Mn in stalks (r = 0.830, P ≤ 0.001) and in seeds of corn (r = 0.874, P ≤ 0.001). There was  
a positive correlation (r = 0.756, P ≤ 0.001) observed between the total content of Zn in the soil 
and Zn in corn roots and, conversely, a negative correlation was determined between available 
Zn in the soil and Zn in corn roots (r = -0.506, P ≤ 0.05).
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INTRODUCTION

Biochar, known as new black gold, is a novel, stable, carbonaceous 
by-product which is synthesized through pyrolysis of biological materials in 
the absence of O2. Recently, an emerging interest in the application of bio-
char as a robust soil amendment has given rise to a broad research area in 
science and technology (Lahori et al. 2017). Numerous studies have been 
conducted worldwide to determine consequences of biochar amendments on 
soil properties and on agronomical production (Tammeorg et al. 2015, Lima  
et al. 2018). Biochar has shown a promise as a sustainable amendment able 
to enhance soil chemical properties (Lehmann et al. 2011). Biochar increases 
soil pH, mainly in acid soils (Horák et al. 2017). Some biochars contain high 
quantities of ash, which is enriched with a number of plant nutrients, espe-
cially cationic elements, such as K, Ca and Mg (Yuan et al. 2011). Biochar 
can also improve nutrient absorption, cation exchange capacity (Van Zwieten 
et al. 2010) sorption parameters, mainly soil organic matter sorption  
(Šimanský et al. 2017), as well as reduce the leaching of pesticides and nutri-
ents to surface and ground water (Novak et al. 2009, Oleszczuk et al. 2014). 
Biochar is considered as a promising remediation option for heavy metal 
contaminated soils to reduce heavy metal bioavailability to plants (Evangelou 
et al. 2014, Lahori et al. 2017). Another positive effect of biochar that has 
been shown is the ability to change soil biological community composition 
and abundance (Lehmann et al. 2011) as well as physical properties. Biochar 
applied to soil has had positive effects on the soil water holding capacity, 
bulk density, porosity (Kammann et al. 2011) large inner surface area  
(Chintala et al. 2014) and soil structure (Obia et al. 2016, Šimanský et al. 
2016). The effects of biochar on soil properties largely depend on biochar 
properties, which vary widely between different biochars, mainly due to varia- 
tions in feedstock materials (Butnan et al. 2015, Purakayastha et al. 2015) 
and pyrolysis conditions (Wang et al. 2013). The different effects might be  
a result of differences in the biochar reactivity (i.e. the amount of reactive 
functional groups) that strongly depends on production conditions and feed-
stock (Keluweit et al. 2010) but also on the length of time (duration of con-
tact between biochar and soil particles).

Up to 35% of corn yield depends on fertilization, which is therefore con-
sidered to be a significant intensification factor (Kováčik 2014). It is obvious 
that in order to achieve high production with the required quality there must 
be enough nutrients in the soil. If nutrients are missing, they can be deli- 
vered through fertilization. Corn is a plant that has high nutrient require-
ments (Fecenko, Ložek 2000, Vaněk et al. 2013). To produce 1 tonne of grains 
corn needs the following nutrient supply: 22-26, 4.4-6.6, 21-33, 4.3-7.1 and 
4-6 kg N, P, K, Ca and Mg, respectively (Vaněk et al. 2013). Since biochar is 
considered to be a significant source of nutrients, it could be applied to soil 
to increase yields (Jones et al. 2012, Vítková et al. 2017). However, there 
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have been cases where biochar had no effect on yields or even had an oppo-
site effect (Huang et al. 2013, Horák et al. 2017). Sometimes the application 
of biochar into soil can increase the immobilization of macronutrients and 
micronutrients, and reduce their uptake to a plant. Information on the total 
content of nutrients in biochar is important, but even more important is to 
have information on how much of them is in the available form because they 
are the source for the future yield of crops (Kováčik 2014). It is impossible to 
achieve higher yield with poor nutrition. The uptake of nutrients from soil is 
affected by different factors and often the uptake of one nutrient is blocked 
by the absorbtion of another one (Zlámalová et al. 2015). Also, the release of 
nutrients from the soil stock or fertilizers is influenced by a number of fac-
tors. Therefore, the results obtained from various soil climatic conditions on 
the translocation of nutrients into plants are of utmost value, and this is also 
true about studies into the impact of biochar. Based on the data mentioned 
above farmers are able to decide about the application of fertilizers, inclu- 
ding biochars.

We have assumed that if soil has an acidic soil pH, applied biochar with 
a higher pH value containing a valuable source of nutrients will improve the 
soil environment and increase the nutrients’ availability in the soil and their 
subsequent uptake by corn. We also assume that the percentage of macro- 
and micronutrients in corn parts might be higher owing to the application of 
higher biochar doses. Therefore, the objective of this study was (1) to quantify 
the impacts of two doses of biochar application on the soil’s macro- and  
micronutrient content, (2) to quantify the translocation of nutrients to indi-
vidual parts of corn in relation to biochar addition, and (3) to determine  
the relationships between nutrients in the soil and their content in the indi-
vidual corn parts.

MATERIAL AND METHODS

A field experiment was conducted in Nitra-Malanta (lat. 48°19′00″;  
lon. 18°09′00″) during 2015 and 2017. The area has a temperate climate with 
an annual rainfall of 539 mm and the average annual temperature is 9.8°C. 
The studied soil had been used for at least 100 years before the experiment 
started for the production of classical crops, typical of this area (winter 
wheat, spring barley, oil rape and corn). The soil contains 25.2% of clay,  
9.13 g kg-1 of soil organic carbon while the average soil pH (KCl) is 5.71 in 
A horizon (to the 0.25 m) and it is classified as Haplic Luvisol (WRB 2014).

The experiment was established in March 2014. Three treatments were 
applied: (1) B0 – no biochar as a control, (2) B10 – biochar at the dose of  
10 t ha-1, (3) B20 – biochar at the dose of 20 t ha-1. Each treatment was  
performed in triplicate over an area of 24 m2 in a randomized block design. 
The biochar used in the trials was obtained from pyrolysis at 550°C for  
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30 minutes. Biochar was produced from paper fiber sludge and grain husks 
(1:1 w/w) in a Pyreg reactor (Pyreg GmbH, Dörth, Germany). Biochar  
properties are shown in Table 1. Spring barley (Hordeum vulgare L.), corn 
(Zea mays L.), spring wheat (Triticum aestivum L.) and once again corn were 
sown in 2014, 2015, 2016 and 2017, respectively. 

Three soil subsamples from A-horizons (to the depth of 20 cm) were col-
lected from each treatment plot and mixed into one representative sample in 
2015 and 2017. The plant residues and visible particles of biochar were  
removed from the samples, which were then dried in an oven and sieved 
through a 2.0 mm mesh sieve to remove the skeleton fraction. Soil pH was 
analyzed potentiometrically (Elmetron CPC 401) in suspension with water 
and 1 M KCl solution, the content of total nitrogen (Nt) was determined with 
the Kjeldahl method (distillation unit Velp UDK 127), total content of P, K, 
Ca, Mg, Cu, Mn, Ni and Zn was assayed after digestion of ashed samples  
in aqua regia. The content of P in solution was analyzed by the molybdeanum- 
-blue method, whereas the remaining elements were determined by AAS 
(Perkin Elmer AA 2100). The content of bioavailable forms of P, K, Ca, Mg, 
Cu, Mn, Ni and Zn was determined after extraction of samples in 1 mol/l 
solution of HCl and the content of P in extracts was also analyzed by the 

Table 1 
Total content of macro- and micronutrients in biochar

Component Content

Biochar size (mm) 1-5

Ash (g kg-1) 383

Specific surface area (m2 g-1) 21.7

TOC (g kg-1) 531

Nt (g kg-1) 14

pH 8.8

P (g kg-1) 6.20

K (g kg-1) 15

Na (g kg-1) 0.77

Ca (g kg-1) 57

Mg (g kg-1) 3.9

Mn (mg kg-1) 150

Cu (mg kg-1) 25

Ni (mg kg-1) 7

Zn (mg kg-1) 110
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molybdeanum-blue method, whereas the remaining elements were deter-
mined by AAS (Perkin Elmer AA 2100).

Three subsamples of leaves, stalks, seeds and roots were collected from 
each plot and mixed into the one representative treatment sample. The sam-
ples were dried at 65°C, milled into powder using an IKA A11 laboratory 
mill and finally analyzed. The following properties were determined: the 
content of total nitrogen (Nt) with the Kjeldahl method (distillation unit Velp 
UDK 127) and total content of P, K, Ca, Mg, Cu, Mn, Ni and Zn after the 
digestion of ashed samples in aqua regia. The content of P in solutions was 
determined by using the molybdenum-blue method (Raileigh UV-1800) and 
the remaining elements were submitted to microwave plasma atomic emis-
sion spectrometry (Agilent 4100 MP-AES).

The statistical evaluation of the data was performed by using the software 
Statgraphics Centurion XV.I (Statpoint Technologies, Inc., USA). The treat-
ment differences in the soil properties, in the content of nutrients in soil and 
in the individual parts of corn (one-way ANOVA) were considered significant 
at P values <0.05 by the LSD test. The relationship between the content  
of nutrients in the soil and in individual parts of corn was determined using 
a correlation matrix.

RESULTS AND DISCUSSION

The soil pH and content of macro- and micronutrients in the soil
Biochar pH and also its mineral composition are important regarding  

its effect on soil pH. As presented in the study of Ruysschaert et al. (2016), 
biochar is usually alkaline and therefore it has a capacity to neutralize acid 
soils and thus it is expected to increase the soil pH. The results from  
the quoted study support our findings (Figure 1). In our case, biochar pH 
was 8.8 and on average it contained 57 g kg-1 of Ca, 3.9 g kg-1 of Mg,  
15 g kg-1 of K and 0.77 g kg-1 of Na. Soil pH was weakly acidic (5.7) and only 
the application of 20 t ha-1 of biochar significantly increased soil pH in H2O 
and in KCl by 0.36 and 0.45 unit, respectively. Optimal soil pH is in a range 
from weak acid to neutral because the best uptake of nutrients from the soil 
into the plants is secured in this range (Fecenko, Ložek 2000, Vaněk et al. 
2013). Nurhidayati, Mariati (2014) reported that a large increase in soil alka-
linity can reduce the availability of some plant nutrients such as Ca, Mg, P 
and micronutrients, resulting in reduced plant yields. In our study, the  
applied biochar increased soil pH (Table 2), but the pH of the soil has  
remained weakly acidic, which means that soil conditions have been optimal 
for the soil nutrient uptake by plants. Generally, some nutrients are present 
in the ash fraction of biochar and could be available for plants, as well.  
The content of total N in the soil ranged from 1.21 to 1.31 g kg-1 and it was 
the lowest at B10 treatment and slightly higher at B0 and B20 treatments. 
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Differences between treatments were not influenced by the biochar applica-
tion. As it was mentioned above, the biochar used in this study had relatively 
good nutrient supply (Table 1). The content of total P in the soil was  
0.41 g kg-1 and after the application of 20 t ha-1 of biochar its content signifi-
cantly (P < 0.05) increased to the value 0.50 g kg-1. It was surprising that 
this effect was not reflected by a higher concentration of P in its available 
form. The content of P and also of other nutrients is influenced by the minera- 
logical characteristics and clay content (Casson et al. 2006), soil organic  
matter, soil pH and exchangeable and soluble Al, Fe and Ca (Xu et al. 2014). 
We expected that the biochar application to weakly acidic soil will increase 
the total P and thus the concentration of available P would be increased as 
well. P fixation in acid soil could be inhibited because organic amendments 
have high affinity to Al and Fe. On the other hand, increasing an application 
dose of high pH biochar may increase soil alkalinity and precipitate P ions 
with Ca as calcium phosphate (Nelson et al. 2011). The effects of biochar on 
the availability of P were found to be inconsistent (Sandeep et al. 2013). Each 
biochar and soil type combination requires further characterization in order 
to better predict the nutrients’ retention and release. The applied biochar 
contained also 15 g kg-1 of K, which means that with the application of  
10 and 20 t ha-1 of biochar there was also applied K in amounts of 150 and 
300 kg ha-1, respectively. We observed an increase in total K in the soil after 

Fig. 1. Statistical evaluation of soil pH. 
Different letters (a, b) between columns in the same colour indicate that treatment means are 

significantly different at P≤0.05 according to LSD multiple-range test

Table 2 
Content of total and available macronutrients in soils 

D
os

es
  

(t 
ha

-1
) 

Nt
(g kg-1)

P (g kg-1) K (g kg-1) Ca (g kg-1) Mg (g kg-1)

total available total available total available total available

B0 1.23±0.12a 0.41±0.10a 0.18±0.05a 7.96±1.10a 0.35±0.06a 3.29±0.18a 3.03±0.74a 3.02±1.61a 0.31±0.07a

B10 1.21±0.11a 0.47±0.02ab 0.17±0.07a 8.07±1.05a 0.33±0.04a 3.42±0.27a 3.15±0.62a 3.15±1.61a 0.33±0.09a

B20 1.31±0.11a 0.50±0.06b 0.23±0.07a 8.25±0.87a 0.41±0.06b 3.75±0.16b 3.51±0.70a 3.15±1.65a 0.35±0.08a
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its application but this effect was not statistically significant. On the other 
hand, our results showed a significant effect of biochar on available K in the 
case of B20 treatment, where the concentration of available K significantly 
increased by 17% in B20 treatments compared to control (B0) treatments. 
Ruysschaert et al. (2016) also found some statistical effects of potassium 
availability due to biochar amendment in the North Sea region and across 
Europe. Purakayastha et al. (2015) also recorded positive effects of biochar 
application to soil, which increased available nutrients, including potassium. 
The improved nutrient status is in line with the amount of biochar applied 
(Laird et al. 2010). As in the case of P, the same effects were observed  
for calcium, which means that the application of the higher dose of biochar 
(20 t ha-1) had significant (P < 0.05) influence on the increase of total Ca  
supply. No significant effect due to biochar amendment was observed in the 
case of available Ca (Table 2). This can be explained by the dissolution of 
carbonates and oxides and successive leaching of base cations (Joseph et al. 
2010) during the studied period of biochar application. The effectiveness of 
biochar amendment decreases with time after its application (Šimanský et al. 
2018a) and this regularity is observed in our study when we compare the 
previously published results after one-year biochar application (Šimanský et al. 
2018) with the current ones (as average of years 2015 and 2017). All data in 
2017 were lower compared to the data in 2015. The content of both total and 
available Mg was unchanged in treatments with biochar. We determined a 
lower content of total Cu in B20 (13.6±1.69 g kg–1) and B10 (14.6±0.11 g kg-1) 
than in B0 (15.0±0.52 g kg-1). No such effect was observed for the total Mn, 
Ni and Zn. The content of available Zn and Cu in all treatments corresponds 
to a high content, and that of available Mn is very high (Ložek 2010) mainly 
in the B20 treatment. The higher dose of biochar significantly (P < 0.05)  
increased the content of available Mn, Ni and Zn in the soil. These effects 
have not been found in B10 treatments compared to B0 treatments (Table 3). 

The content of macro- and micronutrients in corn organs
The content of macro- and micronutrients in the different corn organs is 

shown in Table 4. Generally, the highest content of N and P was determined 
in corn grain. The highest content of K, Mn, Cu and Zn was determined in 
corn roots and the highest content of Ca, Mg and Ni was observed in leaves. 

Table 3
Content of total and available micronutrients in soils

Doses  
(t ha-1) 

Cu (mg kg-1) Mn (mg kg-1) Ni (mg kg-1) Zn (mg kg-1)

total available total available total available total available

B0 15.0±0.52b 5.67±0.40a 949±193a 214±42.2a 28.9±0.94a 4.68±0.22a 50.0±4.25a 5.75±1.08a

B10 14.6±0.11ab 5.58±0.31a 971±206a 242±39.2a 28.4±0.61a 4.97±0.29a 50.0±3.75a 6.50±1.48ab

B20 13.6±1.69a 5.85±0.49a 976±228a 309±39.5b 28.2±0.77a 5.47±0.37b 51.1±4.30a 7.57±0.92b
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The biochar amendment did not change the content of macro- and micronu-
trients in the corn parts except the Ca and Mn content. Several authors 
(Marschner 1995, Fecenko, Ložek 2000, Vaněk et al. 2013) stated that the 
uptake of Ca from soil into plants is in antagonism with the uptake of K.  
In our case, the biochar was a significant source of Ca, which was confirmed 
with its higher total content after its application to the soil, although its 
available form was not significantly changed. The applied biochar (at the 
dose of 20 t ha-1) increased available K in the soil (Table 2). The high K content 

Table 4 
Content of macro- and micronutrients in corn organs

Nutrient Treatments
Corn organs

roots stalks leaves seeds

N (g kg-1)
B0 5.48±1.48a 5.01±1.00a 6.12±1.12a 14.8±1.77a

B10 5.41±1.58a 5.31±1.14a 6.35±1.53a 14.0±1.15a

B20 5.38±0.66a 4.84±1.87a 5.68±1.58a 13.1±1.62a

P (g kg-1)
B0 0.75±0.44a 0.99±0.44a 1.01±0.64a 2.69±0.84a

B10 1.05±0.57a 1.05±0.47a 1.18±0.94a 2.55±0.82a

B20 1.10±0.56a 1.11±0.63a 0.87±0.63a 2.54±0.86a

K (g kg-1)
B0 6.33±3.28a 17.6±2.50a 4.71±1.72a 3.68±0.58a

B10 8.44±3.56a 15.5±2.18a 5.14±2.19a 3.62±0.46a

B20 6.66±2.23a 16.9±3.04a 4.05±1.88a 3.78±0.43a

Ca (g kg-1)
B0 8.52±2.27a 2.00±0.26a 9.97±1.16ab 1.13±1.08b

B10 8.12±1.46a 2.52±0.61a 12.0±2.34b 0.21±0.07a

B20 9.65±2.39a 2.50±0.38a 9.25±1.12a 0.19±0.08a

Mg (g kg-1)
B0 1.88±0.27a 1.02±0.18a 2.57±0.52a 1.14±0.19a

B10 1.90±0.27a 1.20±0.28a 3.02±0.79a 1.11±0.16a

B20 1.71±0.36a 1.28±0.20a 2.68±0.38a 1.10±0.17a

Mn (mg kg-1)
B0 240±88.4a 10.7±1.30a 114±30.4a 6.07±2.45a

B10 257±68.4a 10.4±3.33a 118±21.2a 5.57±2.69a

B20 223±109a 10.6±4.53a 99±17.1a 6.03±2.02a

Cu (mg kg-1)
B0 15.1±3.99a 3.80±0.80a 7.17±2.94a 2.87±0.59a

B10 14.4±4.26a 4.08±0.92a 7.00±1.05a 2.57±0.42a

B20 11.5±3.45a 3.17±1.11a 6.18±2.44a 2.77±0.39a

Ni (mg kg-1)
B0 16.8±5.56a 7.93±0.13a 12.5±4.12a 1.53±0.09a

B10 19.2±6.07a 5.77±2.48a 11.7±3.48a 0.95±0.23a

B20 18.2±3.22a 4.83±1.85a 11.2±2.15a 0.85±0.29a

Zn (mg kg-1)
B0 43.3±16.1a 23.7±6.64a 27.9±10.5a 25.3±2.82a

B10 43.9±8.51a 19.9±5.93a 26.4±11.8a 23.9±1.28a

B20 40.6±5.62a 21.9±7.94a 24.3±10.4a 23.7±1.84a
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in the biochar contributed to the higher K consumption, adversely influen- 
cing Ca and Mg nutrition of the corn. This was shown by deficient levels  
of Ca and Mg in the corn stalks and seeds, which were considerably lower 
than the critical levels of 5 and 1.5 g kg-1 for Ca and Mg, respectively  
(Reuter, Robinson 1997). The biochar amendment significantly decreased the 
Ca concentration in corn seeds and a more intensive effect was found in  
the case of the higher biochar dose. This B20 treatment had a significant 
effect on the increase of the Ca concentration in corn leaves. Our study 
showed that the higher available Mn content in the soil did not translate 
into higher Mn uptake by the corn plants as indicated by no significant 
changes in the concentration of Mn in corn organs. The same results have 
been published by Butnan et al. (2015). Porter et al. (2004) stated that the 
critical toxic level of Mn concentrations in plant organs is 200 mg kg-1 and 
biochar could be an effective tool to achieve a significant reduction of this 
element below the toxic level. In our case, the content of Mn in corn organs 
were deeply below the mentioned level (Table 4). The highest content of Mn 
was determined in roots > leaves > stalks > seeds but once again we did not 
find any significant differences in corn organs in the Mn content due to the 
biochar application. The study of Marschner (1995) stated that as one of  
the possible mechanisms responsible for a low Mn concentration in corn  
despite the increased soil Mn could be related to biochar-derived tannin  
derivatives, such as gallic and tannic acids, which are known to inhibit the 
activity of H+-ATPase, an enzyme required for active uptake of Mn. 

Correlations between macro- and micronutrients in the soil  
and their content in corn organs

Correlation coefficients between the content of macro- and micronutrients 
in the soil and corn organs are summarized in Table 5. The content of total 
P negatively correlated with the P content in the corn seeds. At the same 
time, we determined a significant correlation between available P in the soil 
and the P content in seeds (r = -0.564, P ≤ 0.05) as well as in leaves 
(r = -0.484, P ≤ 0.05) of corn. The highest content of P is usually observed in 
seeds of plants (Vaněk et al. 2013), which agrees with our results (Table 4). 
In the case of P, according to our knowledge, the negative correlation could 
be connected with an increase of both the total and available P in the soil 
due to biochar amendment. The uptake of P takes place against a concentra-
tion gradient, which means that the soil solution is less concentrated to the 
P content than the cytoplasmic solution in the plant to the P content.  
The increase of P in the soil resulted in a decrease in the P content in the 
seeds and leaves in the case of available P. The higher content of the total  
K in the soil resulted in a higher content of K in leaves and seeds of corn. 
This points to the luxury uptake of K from the soil to the corn. There is anta- 
gonism between the uptake of K and Ca (Zlámalová et al. 2015), which was 
also confirmed in our study. The content of total Ca was increased after bio-
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char application at the dose of 20 t ha-1 (Table 2), although its available form 
was not changed. The higher content of available Ca in the soil resulted in 
higher content of Ca in corn roots. The content of Mg (both total and avail-
able form) was unchanged by biochar application. On the other hand,  
we found that the higher the content of total Mg in the soil, the higher the 
increase in the content of Mg in seeds and leaves of corn. And again, we 
found that the higher content of available Mg is in the soil, the higher the 
increase of Mg in stalks, leaves and seeds of corn. A negative correlation 

Table 5
Correlation coefficients between content of macro- and micronutrients  

in the soil and corn organs

Nutrients
Content of macro- and micronutrient in corn organs

roots stalks leaves seeds
N

Nt n.s. n.s. n.s. n.s.
P

Pt n.s. n.s. n.s. -0.543*
Pav n.s. n.s. -0.484* -0.564*

K
Kt n.s. n.s. 0.561* 0.905***
Kav n.s. n.s. n.s. n.s.

Ca
Cat n.s. n.s. n.s. n.s.
Caav 0.581* n.s. n.s. n.s.

Mg
Mgt -0.679** n.s. 0.482* 0.949***
Mgav -0.627** 0.474* 0.545* 0.806***

Cu
Cut n.s. n.s. n.s. n.s.
Cuav n.s. n.s. n.s. n.s.

Mn
Mnt n.s. 0.829*** n.s. 0.874***
Mnav n.s. n.s. n.s. n.s.

Ni
Nit n.s. n.s. n.s. n.s.
Niav n.s. n.s. n.s. n.s.

Zn
Znt 0.756*** n.s. -0.670** n.s.
Znav -0.506* n.s. 0.503* n.s.
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between both forms of Mg in the soil and Mg in the roots of corn was deter-
mined (Table 5). An optimal content of Mn in the plant tissues ranges from 
15 to 200 mg kg-1 (Fecenko, Ložek 2000, Kováčik 2014). The highest content 
of Mn was determined in corn roots (Table 4) and its available content  
depended on biochar application doses (Table 3). The higher content of total 
Mn in the soil increased the content of Mn in the stalks and in corn seeds. 
There was a positive correlation observed between total Zn in the soil and Zn 
in the corn roots. On the other hand, a negative correlation was determined 
between available Zn in the soil and Zn in corn roots. The negative correla-
tion in the case of available Zn might be explained by the intensive uptake 
of Ca from the soil to the plant as well as by the positive relationships  
between available Ca in the soil and the content of Ca in corn roots  
(Table 5). The uptake of Zn from the soil to the plant is weakened due to 
more intensive uptake of Ca, Mg and sometimes P (Vaněk et al. 2013).

CONCLUSION

Our results showed that biochar amendment at a dose of 20 t ha-1 had 
significant effects on the increase of soil pH, total content of P, Ca and avail-
able K, Mn, Ni and Zn, as well as on the decrease of the no increase of macro- 
and micronutrients was found in the individual corn organs. Even the corn 
seeds in both biochar treatments showed a significantly lower Ca content. 

Biochar might be used for improvement of soil reaction, especially in 
acidic soils, as well as improvement of nutrient regimes in the soils. It is very 
important to know the demand of plants for nutrients and to apply nutrients 
so as to obtain sufficient production of healthy crops. It is extremenly impor- 
tant to pay special attention to the content of macro- and micronutrients  
in biochar, as their concentrations may be unbalanced. Based on the results, 
we suggest applying biochar to soil together with other nutrients. The doses 
of other nutrients added to the soil should respond to demands of individual 
plants, although the nutrients released from the biochar in subsequent years 
should also be taken into account. How much of the nutrients is released 
from biochar in subsequent years after its application to the soil is a ques-
tion that needs to be carefully addressed in future research.

REFERENCES
butnan s., deenik J.l., toomsan b., antal m.J., vityakon p. 2015. Biochar characteristics  

and application rates affecting corn growth and properties of soils contrasting in texture and 
mineralogy. Geoderma, 237-238: 105-116. 

casson J.p., bennett d.r., nolan s.c., olson b.m., ontkean g.r. 2006. Degree of phosphorus 
saturation thresholds in manure-amended soils of Alberta. J. Environ. Qual., 35: 2212-2221.

evangelou m.w.h., brem a., ugolini F., abiven s., schulin r. 2014. Soil application of biochar 
produced from biomass grown on trace element contamined land. J. Environ. Manage.,  
146: 100-106. 



536

Fecenko J., Ložek o. 2000. Nutrition and fertilization of field crops. SUA, Nitra, pp. 442. (in Slovak)
horák J., kondrlová e., igaz d., Šimanský v., Felber r., lukac m., balashov e.v., buchkina 

n.p., rizhiya e.y., Jankowski m. 2017. Biochar and biochar with N-fertilizer affect soil N2O 
emission in Haplic Luvisol. Biologia, 72(9): 995-1001. 

huang m., yang l., Qin h., Jiang l., zou y. 2013. Quantifying the effect of biochar amendment 
on soil quality and crop productivity in Chinese rice paddies. Field Crops Res., 154: 172-177. 

chintala r., owen r, kumar s., schumacher t.e., malo d. 2014. Biochar impacts on denitrifi-
cation under different soil water contents. World Cong Soil Sci., 6: 157-157. 

Jones d.l., rousk J., edwards-Jones g., deluca t.h., murphy d.v. 2012. Biochar-mediated 
changes in soil quality and plant growth in a three year field trial. Soil Biol. Biochem.,  
45: 113-124. 

Joseph s.d., camps a.m., lin y., munroe p., chia c.h., hook J., zwieten l.v., kimber s., cowie a., 
singh b.p., lehmann J., Foidl n., smernik r.J., amonette J.e. 2010. An investigation into 
the reactions of biochar in soil. Soil Res., 48: 501-515. 

kammann c., linsel s., gössling, J., koyro h.w. 2011. Influence of biochar on drought tolerance 
of Chenopodium quinoa willd and on soil–plant relations. Plant Soil, 345: 195-210. 

keluweit m., nico p.s., Johmon n.g., kleber m. 2010. Dynamic molecular structure of plant 
biomass dried black carbon (biochar). Environ. Sci. Technol., 44: 1247-1253. 

Kováčik P. 2014. Principles and methods of plant nutrition. SUA, Nitra, pp. 278. (in Slovak)
lahori a.h., guo z., zhang z., li r., mahar a., awasthi m.k., shen F., sial t.a., kumbhar F., 

wang p., Jiang s. 2017. Use of biochar as an amendment for remediation of heavy me-
tal-contaminated soils: prospects and challenges. Pedosphere, 27(6): 991-1014. 

laird d.a, Fleming p., davis d.d., horton r., wang b., karlen d.l. 2010. Impact of biochar 
amendments on the quality of a typical Midwestern agricultural soil. Geoderma, 158: 443-449. 

lehmann J., rillig m.c., thies J., masiell c.a., hockaday w.c., crowley d. 2011. Biochar effects 
on soil biota, a review. Soil Biol. Biochem., 43: 1812-1836. 

lima J.r.s., silva w.m., medeiros e.v., duda g.p., corrêa m.m., Filho a.p.m., clermont- 
-dauphin c., antonino a.c.d., hammecker c. 2018. Effect of biochar on physicochemical 
properties of a sandy soil and maize growth in a greenhouse experiment. Geoderma, 319: 14-23.

Ložek o. 2010. Effectiveness of Duslofertom Extra 14-10-20-7S fertilization in the cultivation of grape 
vines. Agrochémia, 50(1): 17-23.

marschner H. 1995. Mineral Nutrition of Higher Plants. Academic Press, London, pp. 425.
nelson n.o., agudelo s.c., yuan w., gan J. 2011. Nitrogen and phosphorus availability in biochar- 

-amended soils. Soil Sci., 176: 202-218. 
novak J.m., lima i., Xing b., gaskin J.w., steiner c., das k.c., ahmedna m., rehrah d.,  

watts d.w., busscher w.J., schomberg h. 2009. Characterization of designer biochar  
produced at different temperatures and their effects on a loamy sand. Ann. Environ. Sci.,  
3: 195-206. 

nurhidayati n., mariati m. 2014. Utilization of maize cob biochar and rice husk charcoal as soil 
amendment for improving acid soil fertility and productivity. J. Degrade. Min. Lands Ma-
nage., 2(1): 223-230. 

obia a., mulder J., martinsen v., cornelissen g., børresen t. 2016. In situ effects of biochar 
on aggregation, water retention and porosity in light-textured tropical soils. Soil Till. Res., 
155: 35-44. 

oLeszczuk P., Jośko i., Futa B., Pasieczna-Patkowska s., Pałys e., kraska P. 2014. Effect of pes-
ticides on microorganisms, enzymatic activity and plant in biochar-amended soil. Geoderma, 
214-215: 10-18. 

porter g., locke J.b., hue n.v., strand d. 2004. Manganese solubility and phytotoxicity affec-
ted by soil moisture/O2 levels and green manure additions. Commun. Soil Sci. Plant Anal., 
35: 99-116. 



537

purakayastha t.J., kumari s., pathak h. 2015. Characterisation, stability, and microbial effects 
of four biochars produced from crop residues. Geoderma, 239-240: 293-303.

reuter d.J., robinson J.b. 1997. Plant analysis: An Interpretation Manual. Inkata Press, Mel-
bourne, pp. 386.

ruysschaert g., nelissen v., postma r., bruun e., o´toole a., hammond J., rödger J.m., 
hylander l., kihlberg t., zwart k., hauggaard-nielsen h., shackley s. 2016. Field appli-
cation of pure biochar in the North Sea region and across Europe, In: Biochar in European 
soils and agriculture. shackley s., ruysschaert g., zwart k., glaser b. (Eds.). Routledge, 
London, New Your, pp. 99-135.

sandeep k., ebhin m.r., lal r. 2013. Biochar preparation from Parthenium hysterophorus and 
its potential use in soil application. Ecol. Eng., 55: 67-72. 

Šimanský v., horák J., igaz d., Jonczak J., markiewicz m., Felber r., rizhiya e.y., lukac m. 
2016. How dose of biochar and biochar with nitrogen can improve the parameters of soil  
organic matter and soil structure? Biologia, 71: 989-995. 

Šimanský v., horák J., igaz d., balashov e., Jonczak J. 2018a. Biochar and biochar with N fer-
tilizer as a potential tool for improving soil sorption of nutrients. Journal of Soils and Sedi-
ments, 18(4): 1432-1440. 

Šimanský v., Jonczak J., parzych a., horák J. 2018. Contents and bioaccumulation of nutrients 
from soil to corn organs after application of different biochar doses. Carpath. J. Earth Env. 
Sci., 13(1): 315-324.

tammeorg p., bastos a.c., JeFFery s., rees F., kern J., graber e.r., ventura m., kibblewhite m., 
amaro a., budai a., cordovil c.m.ds., domene X., gardi c., gasco g., horak J., kammann c., 
kondrlova e., laird d., loureiro s., martins m.a.s., panzacchi p., prasad m., prodana m., 
puga a.p., ruysschaert g., sas-paszt l., silva F.c., teiXeira w.g., tonon g., vedove g.d., 
zavalloni c., glaser b., verheiJen F.a. G. 2017. Biochars in soils: Towards the required  
level of scientific understanding. J. Environ. Eng. Landsc., 25(2): 192-207.

van zwieten l., kimber s., morris s., chan k.y., downie a., rust J., Joseph s., cowie a. 2010. 
Effects of biochar from slow pyrolysis of papermill waste on agronomic performance and soil 
fertility. Plant Soil, 327: 235-246. 

vaněk v., Ložek o., BaLík J., PavLíková D., tLustoš P. 2013. Nutrition of field and garden crops. 
Profi Press SK, Nitra, pp. 184. (in Slovak)

vitková J., kondrlová e., rodný m., Šurda p., horák J. 2017. Analysis of soil water content and 
crop yield after biochar application in field conditions. Plant Soil Environ., 63(12): 569-573. 

wang s., zhao X., Xing g., yang l. 2013. Large-scale biochar production from crop residues:  
a new idea and the biogas-energy pyrolysis. Bioresources, 8: 8-11. 

Xu g., sun J., shao h., chang s.X. 2014. Biochar had effects on phosphorus sorption and desor-
ption in three soils with differing acidity. Ecol. Eng., 62: 54-60. 

yuan J.h., Xu r.k., wang n., li J.y. 2011. Amendment of acid soils with crop residues and bio-
chars. Pedosphere, 21: 302-308. 

zlámalová t., elbl J., Baroň M., BěLíková H., LaMPíř L., hluŠek J., loŠák t. 2015. Using foliar 
applications of magnesium and potassium to improve yields and some qualitative parame-
ters of vine grapes (Vitis vinifera L.). Plant Soil Environ., 61(10): 451-457. 


