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Abstract
The aim of study was to investigate the effect of wood biochar in combination with nitrogen 

fertilizer on soil properties and maize biomass. The experiment was conducted at the Tsalapitsa 
field (Plovdiv, Bulgaria) on Fluvisol. A randomised block design was established – three rates 
(0, 5 and 10 t∙ha-1) of biochar and two rates (130 and 260 kg∙ha-1) of N fertiliser (ammonium ni-
trate). Each treatment was in four replications. Biochar was obtained by pyrolysis (400 ºC) of oak 
bark. The plant samples (leaves, stems, cobs) were taken in three phases of maize growth. The 
soil samples were taken during growing period and after maize harvesting. The results showed 
that treatments with biochar in the presence of N fertilizer significantly increased yields in maize 
growth (р ≤ 0.05) compared to the variants with fertilizer only. Greater positive effect of biochar 
application was observed in the combination of low-rate biochar (5 t∙ha-1) and low rate of fertilizer 
(130 kg∙ha-1) on crop biomass in different growing stages compared to controls and the variant 
with high N and low biochar rates (increases were +24 % and +44 %, respectively). Slight increas-
es in pH, organic carbon and cation exchange capacity in the variants with both rates of biochar 
and low level of mineral fertilization were observed in the Fluvisol. When N fertilizer was applied 
at high rate, soil pH decreased (0.5–0.7 units) and exchangeable Al (1 cmol∙kg-1) appeared due to 
the fertilizer acidifying effect. The pH in these variants is not a limiting factor for maize production.

Key words: cation exchange capacity, N fertiliser, oak peels, pH, rich carbon amendment.

tion), result in disturbing arable lands. 
They have a significant effect on the en-
vironment, which is a precondition for a 
number of environmental risks, such as 
soil acidification, surface and ground wa-

Introduction

The increasing anthropogenic impacts, 
such as incorrect agricultural practices 
(including unbalanced nitrogen fertiliza-
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ter pollution, etc. A successful method for 
solving the above-mentioned problems 
is the use of biochar (BC) as soil organic 
amendment because of its physical and 
chemical characteristics (pH, high poros-
ity, large surface area). Biochar is a final 
product of biomass burning at the ab-
sence of oxygen in the pyrolysis process.

A number of experiments have studied 
the maize growth responses to biochar, as 
a soil improver without additional organic 
or inorganic fertilization. In most of them, 
the application of biochar increased the 
yield of maize compared to the control 
(Islami et al. 2011, Sukartono et al. 2011, 
Cornelissen et al. 2013). Recently, some 
studies have noted its effect on soil fertility 
when combined with fertilizers by studying 
the chemical changes in soil, and effects 
on plants (Schulz et al. 2013, Glaser et 
al. 2015, Oladele et al. 2019, Akolgo et 
al. 2020). Another effect is improvement 
of soil physicochemical properties, includ-
ing increasing soil pH, CEC and organic 
carbon (Paz-Ferreiro et al. 2014, Gao et 
al. 2016, Hussian et al. 2016). Biochar po-
tential for increasing soil pH of acidic soils 
is demonstrated in many studies (Novak 
et al. 2014, Xu et al. 2014). Biochar appli-
cation depends on soil type, biochar feed-
stock, biochar pyrolysis temperature, soil 
properties, plant species and the environ-
mental and experimental conditions (Sohi 
et al. 2010, Al-Wabel et al. 2018, Muham-
mad et al. 2018). The application of bio-
char in fertile, alkaline soils in temperate 
climatic region is not so efficient (Karer et 
al. 2013, Jeffery et al. 2017), as adverse 
effect on yield were observed even at 
high biochar application rates. In a study 
involving the use of organic wood char-
coal in the production of corn and grass 
in Wales, soil pH rose by 0.32 over two 
years (Jones et al. 2012), while electrical 
conductivity, soil moisture, total N, soluble 

C, soluble N, available P, exchangeable 
Na and Ca were not significantly affected 
by biochar compared to controls. Kloss 
et al. (2012) compared biochar produced 
from three raw materials pyrolyzed at dif-
ferent temperatures and found that thе 
two wood-based biochars have lower 
concentrations of soluble elements, which 
are not suitable for use as soil fertilizer. 
Woody charcoal contains less degrada-
ble C than other biochars (Lehmann et al. 
2006, Nelissen et al. 2015).

In our study we used locally produced 
wood biochar from oak (Quercus spр.) 
peels, which has the potential to improve 
soil properties, increase soil nutrient 
availability and crop biomass in a slight-
ly acidic, loam sandy Fluvisol. The aim of 
the study was to investigate the effect of 
wood biochar in combination with nitrogen 
fertilizer on soil properties and maize bi-
omass.

Materials and Methods

An experiment was conducted at the ex-
perimental field of Institute of Soil Science, 
Agrotechnology and Plant Protection ‘Ni-
kola Poushkarov’ in the village of Tsalapit-
sa, Plovdiv region (42°10.8’ N, 24°32.5’ 
E) and climatic region of Eastern Central 
Bulgaria with suitable conditions for maize 
growing. The soil type is Alluvial-mead-
ow soil (Fluvisol), which is slightly acidic, 
with light texture, low content of total N 
(0.072  %) and organic carbon (0.70  %). 
Oak woodchip biochar, produced through 
pyrolysis at 400 °C, was selected for this 
field study (Table 1).

A randomised block design was es-
tablished with three levels of вiochar (0, 
5 and 10  t∙ha-1) and 2 levels of N (am-
monium nitrate) fertiliser (130 and 260 N 
kg∙ha-1). Each biochar level was tested 
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against each N level. Each treatment was 
in four replications. Maize hybrid 9903-
X299 (according to FAO 430) was used 
with a plant density 85,000  plants∙ha-1. 
The area of the experimental plot of one 
variant was 25.2 m2. The treatments were 
the following:

- Variant B1 – К1N130 – control without 
BC and 130 kg∙ha-1 nitrogen fertilization;

- Variant B2 – В5N130 – with 5 t∙ha-1 BC 
and 130 kg∙ha-1 nitrogen fertilization;

- Variant B3 – В10N130 – with 10 t∙ha-1 

BC and 130 kg∙ha-1 nitrogen fertilization;
- Variant B4 – K2N260 – control without 

BC and 260 kg∙ha-1 nitrogen fertilization;
- Variant B5 – В5N260 – with 5 t∙ha-1 BC 

and 260 kg∙ha-1 nitrogen fertilization;
- Variant B6 – В10N260 – with 10 t∙ha-1 

BC and 260 kg∙ha-1 nitrogen fertilization.
Phosphorus fertilization (300  kg∙ha-1) 

was done in autumn as triple superphos-
phate, and potassium fertilization was not 
applied due to the good soil supply. The 
biochar and nitrogen fertilizer were spread 
on the topsoil and were incorporated into 
the soil (to a depth about 0.20 сm) with 
a cultivator before maize sowing. Soil 
samples were taken during maize devel-
opment (in phenophase ‘10–12th leaf‘– 
about 45 days after the biochar and ni-
trogen fertilizer application) and after har-
vesting. Plant samples were taken from all 
variants of the experiment in dynamics (in 
three replications) in the following pheno-
phases: ‘10–12th leaf‘; ‘Тasseling‘, ‘Milky-
wax ripeness‘, the absolutely dry biomass 
was determined. After drying the plant bi-

omass to an air-dry weight, the plant sam-
ples were weighed, and the plant produc-
tion was estimated.

The physicochemical soil properties 
were determined by the method of Ganev 
and Arsova (1980). Soil organic matter 
content and composition were obtained by 
a modified method of Turin (oxidation with 
dichromate and H2SO4 in a thermostat 
at 120  °C, 45  min., Ag2SO4 catalyst and 
back titration with (H4)2SO4.FeSO4.6H2O 
and Kononova-Belchikova method (Kon-
onova 1966, Filcheva and Tsadilas 2002). 
Mineral nitrogen by the method of Kjeldahl 
(Methods of Soil Analysis 1982) and avail-
able P and K following the methods of 
(Ivanov 1984) were assessed.

Results and Discussion

Physicochemical characteristics

According to the physicochemical analy-
sis of Alluvial-meadow soil in the experi-
mental field Tsalapitsa, it can be classified 
as slightly acidic (pH = 6.1). The level of 
colloidal reactivity in the source soil ac-
cording to the cation exchange capacity 
(CEC = 16.7 cmol∙kg-1) is defined as low. 
At a degree of base saturation of 78 %, the 
content of basic cations is about 68 % Ca 
and 11 % Mg in the source soil (Table 2). 
Monmorillonite - ilite minerals predomi-
nate (CECsa = 11.8 cmol∙kg-1 about 71 % 
CEC), according to the size of the strongly 
acidic positions in the soil (Ganev 1990).

Table 1. Basic characteristics of the Fluvisol and biochar.

Soil and 
biochar pH H20  min N, 

mg∙kg-1
P2O5 K2O CEC exch. 

Ca
exch. 

Mg OC, 
%mg∙100g-1 cmol∙kg-1

Fluvisol 6.1 20.2 17.1 22.4 16.7 11.5 1.8 0.70
BC 9.7 72.0 43.4 499.6 10.3 7.5 2.8 49.0
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Table 2. Soil physicochemical characteristics by variants during development and after 
harvesting of maize.

Variants рH CEC CECSА CECА
exch. 
Н8.2

exch. 
Al Ca Mg BS,  

%
cmol∙kg-1

Fluvisol 6.13 16.7 11.8 4.9 3.7 0 11.5 1.8 78.03
In the stage ‘10–12th leaf’

B1 (K1N130) 5.80 17.1 13.8 3.3 3.5 0.2 11.8 1.8 79.53
B2 (B5N130) 5.30 16.8 14.2 2.6 3.5 0.9 11.2 1.9 79.17
B3 (B10N130) 5.70 17.0 14.4 2.6 2.8 0.2 12.2 1.8 83.53
B4 (K2N260) 4.90 17.0 13.3 3.7 4.8 1.0 10.3 1.7 71.77
B5 (B5N260) 5.20 16.8 14.1 2.7 3.6 0.9 11.2 1.8 78.57
B6 (B10N260) 6.70 17.2 14.7 2.5 1.6 0.0 14.0 1.8 90.70

After harvesting
B1 (K1N130) 6.15 18.0 14.5 3.5 2.3 0.0 14.3 1.70 87.2
B2 (B5N130) 6.15 18.3 14.7 3.6 2.3 0.0 14.5 1.70 87.4
B3 (B10N130) 6.15 18.3 14.7 3.6 2.2 0.0 14.6 1.70 85.0
B4 (K2N260) 5.50 17.2 14.2 3.0 3.2 0.4 12.0 1.80 81.4
B5 (B5N260) 5.70 17.9 15.1 0.8 3.0 0.3 13.5 1.70 83.2
B6 (B10N260) 5.70 17.7 14.9 2.8 3.1 0.3 13.0 1.70 82.5

Note: CECSA – capacity value of strongly acidic ionexchanger of soil colloids; CECA – capacity 
value of weakly acidic ionexchanger; exch. Н8.2 – total acidity, exch. Al – exchangeable acidity.

Similar results were also obtained by 
Mukhina et al. (2019), where they used bi-
ochar of woody origin at a rate of 5 t∙ha-1 
in combination with 90 kg∙ha-1 N fertilizer 
on Spodosol. Biochar can adsorb nitro-
gen from the applied fertilizer and reduce 
the acidity at the beginning of the exper-
iments, but over time nitrogen is slowly 
released from BC, which can lead to a 
decrease in soil pH. The combination of 
biochar with nitrogen fertilizer leads to an 
increase in pH after the end of the experi-
ment, but both doses (BC) are insufficient 
to neutralize the soil acidity caused by the 
high dose of fertilizer. Karer et al. (2013) 
observed a similar decrease in pH when 
applying a high rate of 72 t∙ha-1 BC and a 
nitrogen fertilizer dose of 150 kg∙ha-1 after 
a first year of a sunflower experiment on 
a Chernozem soil. After maize cultivation, 
an increase in the exchange capacity is 
observed in the variants, compared to 

Data about pH values of the Alluvi-
al-meadow soil during the phase ‘10–12th 
leaf’ of maize development (45 days af-
ter the nitrogen fertilizer and biochar ap-
plication) and these after corn harvest 
are shown in Table 2. The application 
of nitrogen fertilizer only at a lower rate 
(N130) causes a slight acidification (up to 
5.8  pH), which at the end of the experi-
ment increases to 6.2  pH. The higher N 
rate (260 kg∙ha-1) acidifies soil to ~4.9 pH, 
but after corn harvesting this value rises 
to 5.5. Application of the low dose of N 
130  kg∙ha-1 in combination with the two 
rates of biochar mitigates soil acidifica-
tion and at the end of the field experiment 
the value of pH is 6.2. A consequence of 
a combination of a high dose of nitrogen 
with a high dose of biochar was a short-
term increase of this index (pH 6.7), but 
at the end of the experiment a decrease 
within 1.0 unit was observed.
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the CEC during the maize development, 
when the values did not change or slight-
ly increased. The values after harvesting 
are higher (CEC 18.0–18.3  cmol∙kg-1) in 
the variants with a low rate of nitrogen 
fertilizer. During the experiment in almost 
all the variants, low exchange acidity be-
tween 0.2 and 1.0  cmol∙kg-1 (Table 2) is 
observed due to the acidifying effect of the 
nitrogen fertilizer.

After corn harvesting, the application of 
the low dose of nitrogen only, as well as in 
combination with biochar, is relatively ef-
fective and the exchange acidity is not ob-
served (exch. Al = 0 cmol∙kg-1). The total 
acidity tends to decrease and fluctuates 
between 1.6–4.8 cmol∙kg-1. Lower values 
of total acidity are maintained in the soil 
during the experiment, except for variant 
B4 (K2N260) (exch. H8.2 4.8 cmol∙kg-1). In 
this variant, the amount of Ca is also the 
lowest (10  cmol∙kg-1). There is a certain 
tendency for Ca increase in the variants 
after maize harvesting, especially at the 
low nitrogen rate in combination with the 
two doses of biochar, which is reflected in 
the higher values of base saturation. The 
Mg content does not show significant dif-
ferences in CEC either in variants or dur-
ing sampling.

Alluvial-meadow soils 
are defined as the most vul-
nerable to nitrogen loading, 
which causes a change in 
the acid-base balance and 
leads to pollution of shallow 
groundwater with nitrates. 
Therefore, the application 
of nitrogen fertilizer in com-
bination with biochar is ef-
fective because it improves 
the physicochemical status 
of the soil (increase in pH, 
basic cations, absence of 
exchange aluminum and in-

crease in cation exchange capacity) com-
pared to the use of nitrogen fertilizers only.

Agrochemical characteristics  
of Alluvial-meadow soil before  
and after the field experiments

It is well known that the processes of per-
manent acidification are most pronounced 
in carbonate-free soils with low sorption 
capacity, relatively low organic matter 
content and leaching water regime, as 
is the case with the Alluvial-meadow soil 
from the area of the experimental field in 
the village of Tsalapitsa, Plovdiv region. 
The content of mineral nitrogen is low 
(20.2 mg∙kg-1), the soil is low in P (P2O5 
17.1 mg∙100g-1) and has moderate K con-
tent (K2O 22.4 mg∙100g-1) (Table 1).

Mineral nitrogen content

The samples taken for agrochemical anal-
ysis during maize cultivation (in stage 
’10–12th leaf‘) show that the differences 
in the mineral nitrogen content in all vari-
ants depend on the fertilization doses and 
the combination with the two doses of bio-
char (Fig. 1). More significant differenc-

Fig. 1. Content of mineral nitrogen in Alluvial-meadow  
soil by variants in maize cultivation.
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es are observed in the combination with 
the higher rate of biochar – variants B3 
(B10N130) and B6 (B10N260), where the 
values reach 42–47 mg∙kg-1. In the other 
variants, the nitrogen content decreas-
es in the ranges of 15 and 17  mg∙kg-1.  
Only in the variant B1, with a low dose of 
N (130 kg∙ha-1), the content remains in the 
range of 23 mg∙kg-1, as in the control soil.

The results for the content of mineral 
nitrogen after maize harvesting (Fig. 1) 
show that within the experiment N de-
creases in the range between 11.0 and 
14.4  mg∙kg-1, but the variant differences 
are not kept, even some alignment is ob-
served. An exception is variant B2, where 
the value of N is 20 mg∙kg-1. The results 
for the content of mineral nitrogen in the 
Alluvial-meadow soil in maize cultivation 
show that the application of high doses of 
BC improves the content of mineral nitro-
gen in the soil in the initial phase of maize 
development (45 days after application) 
in combination with nitrogen fertilizer. In-
tensive growth processes follow, in which 

a large part of the nitrogen content in the 
soil is consumed. The content of miner-
al nitrogen in the range between 10 and 
15 mg∙kg-1 for this soil can be considered 
as background, which shows that the 
crop has created a good precondition for 
the experiment conducting in the second  
year.

Content of mobile phosphorus and 
potassium

Data about the amount of mobile phos-
phorus during the experiment (Fig. 2) 
show almost double reduction compared 
to the control soil and equalization of 
the values between 7.78–9.4  mg∙100g-1. 
Data about the phosphorus content after 
maize harvesting show that it increases to 
14 mg∙100g-1 and values are higher com-
pared to those during maize cultivation. 
Exceptions are the variants B3 and B6, 
where the content of mobile phosphorus 
remains low, but this is probably because 
of the low available phosphorus content in 

Fig. 2. Mobile phosphorus and potassium in Alluvial-meadow soil by variants  
in maize cultivation.
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BC (Table 1). The decrease in pH, which 
was observed with increasing rates of 
N fertilizer at biochar – nitrogen amend-
ed variants, could also contribute to the 
lower values of available phosphorous in 
soil, due to fixation with sesquioxides in 
soil. The data obtained for the content of 
mobile potassium during the experiment 
(phase 10–12th leaf of maize) do not show 
high variability compared to the control 
soil. Only in the variants B1 (K1N130), B2 
(B5N130) and B6 (B10N260) is observed 
slight increase to 27, 26 and 29 mg∙100g-1, 
respectively. The content of mobile potas-
sium after corn harvesting varies between 
17–20  mg∙100g-1 and reaches equal or 

lower values compared to the control soil.

Changes in the content and 
composition of organic matter

Total organic carbon is an important indi-
cator of soil organic matter, which is widely 
used in estimating the total amount of or-
ganic compounds in soils. Due to its pre-
dominant aromatic structure, biochar is a 
relatively stable form of C (Purakayastha 
et al. 2015).

The composition of the organic matter 
of BC is dominated by humic and fulvic 
acids (Table 3), which determines the ful-
vic-humate type of humus (Ch/Cf = 1.12).

Table 3. Content and composition of the organic matter of the source soil, 45 days after 
nitrogen and biochar application (phase ‘10–12th leaf’) and after maize harvesting.

Variants
TOC Humus OC, %

Ch/Cf
OC in HA fraction, %

% Total HA FA Free and 
bound to R2O3

Bound 
to Ca

Initial soil 0.68 1.17
0.18 0.10 0.08

1.0 0 100 
23.62 13.55 10.08

Biochar 49.07 0.53
2.77

0.28
1.47

0.25
1.3 1.12 0.13

46.43*
0.15

53.57
In phase ‘10–12th leaf’

В1 (K1N130) 0.66 1.14
0.17 0.08 0.09

0.89 0 100
25.76 12.12 13.64

В2 (B5N130) 0.71 1.22
0.19 0.13 0.06

2.17 0 100
26.76 18.31 8.45

В3 (B10N130) 0.73 1.26
0.19 0.12 0.07

1.71 0 100
26.03 16.43 9.59

В4 (K2N260) 0.66 1.14
0.19 0.1 0.09

1.11 0 100
28.79 15.15 13.64

В5 (B5N260) 0.71 1.22
0.2 0.12 0.08

1.5 0 100
28.16 16.9 11.26

В6 (B10N260) 0.80 1.38
0.53 0.27 0.26

1.03 0 100
66.25 33.75 32.5

After maize harvesting

В1 (K1N130) 0.75 1.29
0.17 0.17

0 - 0 100
22.67 22.67

В2 (B5N130) 0.73 1.26
0.17 0.14 0.03

4.66 0 100
23.61 19.44 4.17

В3 (B10N130) 0.73 1.26
0.18 0.14 0.04

3.5 0 100
24.66 19.18 5.48
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Some of the humic acids (46  %) are 
represented by ‘free’ and bound with R2O3 
forms, and most (53  %) are associated 
with Ca. Only a small fraction of biochar 
can be mineralized for a short time after 
application in soil, especially if it is pro-
duced at lower pyrolysis temperatures 
(Mukome and Parikh 2015). According to 
the classification of Orlov (Orlov 1985), 
the studied soil is characterized by a low 
content of humus (1.17 %) of humate-ful-
vic type (Ch/Cf = 1), low content of humic 
acids, 100  % bound with Ca and weak 
degree of humification (13.5  % of total 
carbon). For those soils that are low in 
organic carbon, it is beneficial to apply or-
ganic materials or composts, to increase 
the content of organic matter and their fer-
tility. In the variants with nitrogen fertilizer 
only, during maize development (through 
45 days) there is a slight decrease in the 
amount of total C. In the combination of 
nitrogen with biochar there is a slight in-
crease in carbon, and this change is the 
highest (0.8  %) in the variant with high 
dose BC and nitrogen B6 (B10N260). In 
this variant, the type of humus changes 
from humate-fulvic to fulvic-humate type 
(Ch/Cf  >  1) compared to the variants 
without biochar. The humic acids present 
are 100 % bound to the alkaline earth el-

ements. After maize harvesting, the con-
tent of organic C in the low-dose nitrogen 
variants in combination with BC does not 
change, and in the high-dose nitrogen 
combination there is a slight decrease. 
The application of N to the soil reduces 
the carbon content of organic matter due 
to a decrease in the C:N ratio (Yan et al. 
2007) and probably mobilization of DOC 
due to increased microbial activity. But in 
all the cases the type of humus changes 
from fulvic-humate to humate compared 
to the variants during the experiment. The 
application of nitrogen in combination with 
biochar does not lead to significant chang-
es in the total carbon content, but gener-
ally improves the humus condition of soil 
after corn harvesting: in all variants the 
type of humus changes to fulvic-humate 
or humate, increase in humic acids and a 
decrease in fulvic acids (increase in the 
Ch/Cf ratio).

The increase in the values of these 
indicators is associated with the improve-
ment of the hydro-physical and physico-
chemical soil properties and there is no 
risk of mobilization of organic matter. The 
most favorable humus condition in terms 
of soil is the variant with low content of BC 
and nitrogen B2 (B5N130). The addition of 
BC to the soil generally favors the process 

Variants
TOC Humus OC, %

Ch/Cf
OC in HA fraction, %

% Total HA FA Free and 
bound to R2O3

Bound 
to Ca

В4 (K2N260) 0.77 1.32
0.18 0.14 0.04

3.5 0 100
23.38 18.18 5.2

В5 (B5N260) 0.66 1.14
0.16 0.16

0 - 0 100
24.24 24.24

В6 (B10N260) 0.70 1.20
0.15 0.15

0 - 0 100
21.43 21.43

Note: TOC – total organic carbon; OC – organic carbon, exstracted with 0.1 M Na4P2O7 + 0.1 M 
NaOH; HA – humic acids, FA – fulvic acids; underlined numbers are % of the soil sample, numbers 
below them are % of the TOC, and number with * is % of the total content of HA; Ch/Cf is ratio of 
humic acids to fulvic acids; R2O3 is cations of the third degree of oxidation.
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of humic acids formation. Similar results 
were obtained by Juriga et al. (2018). 
The higher rate of BC (20 t∙ha-1) used by 
them has a stronger effect on the C con-
tent in soil than the lower rate (10 t∙ha-1). 
The amount of C in soil also increases 
when using the combination of BC with  
240 kg N∙ha-1.

Dry biomass

Regarding the accumulated dry biomass 
(Fig. 3) in all six variants of the experiment 
its value is highest in the phase ‘Milky-wax 
ripeness‘, as the main amount is formed 
by the cobs. In variant B5 the high rate 
of fertilization (N260) and the low rate of 
biochar (BC5) were applied. In all studied 
phases this variant belongs to the same 
homogeneous group with B6 and there 
are no significant differences between 
them. In the variant B2 (B5N130) it can 
be seen that in all the three phases the 
dry biomass (respectively 2592, 8438 and 
17,768  kg∙ha-1) is quite high and proven 

to be equal to that of B5 (2585, 9723 and 
18,914 kg∙ha-1). There are no statistically 
significant differences between the bio-
mass of B2 and B6 in ‘10–12th leaf‘ phase, 
which can be explained by the fact that 
the variant B2 has the best ratio between 
nitrogen fertilizer and biochar. The lowest 
quantity of absolutely dry biomass is re-
ported in the variants without biochar B1, 
However, in the third phase, the biomass 
of the non-biochar variants is higher than 
those of variant B3 (B10N130). These re-
sults show that, except the applied higher 
nitrogen norms in combination with BC, 
the combinations of low doses biochar in 
variant B2 (B5N130) also affects the for-
mation of higher biomass.

Statistical analysis was performed us-
ing ANOVA multi-factor analysis of vari-
ance, in order to assess the effect of ni-
trogen fertilizer and biochar on the dry bi-
omass accumulation by phases of maize 
development (Fig. 4). The results show 
that both factors (biochar and N fertilizer) 
have a significant effect on the biomass 

Fig. 3. Total maize biomass in stages of development.
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accumulation during different stages of 
maize growth. During ‘Milky-wax ripe-
ness‘, fertilization factor (B:N) contributes 
most to the variability of dry biomass – 
23 %. The factor biochar (A:BC) has a sig-
nificant effect in ‘10–12th leaf’ (37 %) and 
‘Tasseling’ (48 %). Combination of biochar 
and N fertilizer contributed over 27.4  % 
in ‘Milky-wax ripeness’. In the ‘Tasseling’ 
stage the contribution of both factors on 
the variation of biomass is statistically in-
significant (2.1 %).

In all the studied phases and all test-
ed variants with biochar, the obtained bi-
omass has higher values compared to the 
control (except for variant B3 in the last 
phase). In the variants with nitrogen ferti-
lizer rate of 130 kg∙ha-1 (B2, B3) the plants 
biomass from the variant B2 is higher. 
There are no significant differences be-
tween B2 and B5. This proves that biochar 
and N fertilizer, applied together have a 
beneficial effect on the accumulation of to-
tal biomass in maize. As optimal in this re-

spect can be mentioned variant B2, which 
has a lower rate of nitrogen fertilizer and 
yet the biomass is only 114 kg less, com-
pared to the variant with higher nitrogen 
rate and the same amount of biochar (B5) 
(Fig. 3). The reason for this is the ability of 
biochar to retain nutrients (in particular ni-
trogen) in the root zone, preventing it from 
leaching.

Conclusions

The results showed that treatments with 
biochar in the presence of N fertilizer 
significantly increased biomass in maize 
(р ≤ 0.05) compared to the variants with 
fertilizer addition only. Greater positive ef-
fect of biochar application was observed 
in the combination of low-rate BC (5 t∙ha-1) 
and low-rate fertilizer (130 kg∙ha-1) on crop 
biomass in different growing stages com-
pared to the controls and the variant with 
high N and low BC rates (increases were 

Fig. 4. Component contribution of biochar, N fertilizer, and biochar in combination  
with nitrogen fertilizer to maize biomass.  
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+24  % and +44  %, respectively). Slight 
increases in pH, organic carbon and cat-
ion exchange capacity in the variants with 
both rates of biochar and low level of min-
eral fertilization were observed in the Flu-
visol. The application of wood biochar in 
combination with low nitrogen fertilizer is 
more effective, because it improves the 
physicochemical status of soil (increases 
pH, basic cations and increase of cation 
exchange capacity) compared to the use 
of a nitrogen fertilizers only.
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