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Abstract: The influence of biochar on the microflora in reclaimed soils from the area of the Medet mine, part of
Asarel-Medet metallurgical plant, under the conditions of a 6 month incubation experiment, was evaluated. Four
levels of biochar addition were studied 1%, 5%, 10% and 20%. Biochar positively affected the ammonifying
microorganisms and mineral nitrogen-utilizing bacteria. On at the sixth month there was a significant increase
in the amount of microorganisms associated with the processes of mineralization and ammonification.
Actinomycetes have a greater distribution on the 3" month along a 6 month period, but they exceeded the
amounts of the control variants. Biochar favors the development of microscopic fungi and during both stages of
the study they show a significant increase. The high percentage of biochar in the variants T4 and T7 suppresses

the abondance of cellulose-decomposing microorganisms.
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INTRODUCTION

Microorganisms play an indispensable role
in soil, helping the natural processes to be main-
tained. Microbiological processes are influenced
by a number of factors, one of which is the con-
tent of chemical elements in soil. Increased levels
of heavy metals, as a result of mining activities,
reduce the microbial population and biodiversity.
However, some soil microorganisms show toler-
ance and utilize heavy metals in their systems,
and as such they are used for bioremediation of
contaminated soils. Microscopic fungi and ac-
tinomycetes were found to be most resistant to
heavy metals. This shows that it is possible to
use microbiological methods to assess the degree
of soil contamination with different metals and
compounds (Maliszewska et al., 1985; Abdu et
al., 2017; Chu, 2017; Inobeme, 2021).

Biochar stimulates the activity of various ag-
riculturally important soil microorganisms and

can significantly influence the microbiological
properties of soils. The presence and distribu-
tion of pore sizes in biochar provide a suitable
habitat for many microorganisms by protecting
them from predation and desiccation and by pro-
viding many of their diverse carbon, energy and
mineral nutrient needs. With the interest in us-
ing biochar to promote soil fertility, much scien-
tific research is being conducted to better under-
standing how it affects the physical and chemi-
cal properties of soils and their suitability as a
habitat for microbiota. Because soil organisms
provide myriad of ecosystem services, under-
standing how biochar addition to soil can affect
soil ecology is critical to ensuring that soil qual-
ity and soil subsystem integrity are maintained
(Thies & Rillig, 2009)

Cu contamination can negatively affect the
presence of soil microorganisms (Wilke et al.,
2005, Vazquez-Blanco et al., 2020), but in our

91



Pacmenuesvonu nayxu, 2025, 62 (4)

Bulgarian Journal of Crop Science, 2025, 62 (4)

previous study (Atanassova et al., 2023) no clear
relationships between Cu content and microflora
were established in five out of eight analysed sites
ranging from Cu 128-423 mg/kg, that exceeded
the maximum permissible loads for Cu contents,
as regulated by the National legislation.

The aim of the present research is to determine
the influence of biochar on the microflora in soils
of disturbed terrains from mining activity with
subsequent reclamation in Asarel-Medet area.

MATERIAL AND METHODS

Based on the initial research, three out of a to-
tal of eight sites were selected and an incubation
experiment was carried out. The selected soils
were from T1, T4 — “Large southern embank-
ment” and T7 from the Tailings of the “Medet
mine”, to which biochar was added at different
percentages. Detailed information on soils gen-
esis and properties is provided in Atanassova et
al. (2023). For a period of six months, the dynam-
ics of a number of chemical elements was tracked

and analyzed. Water extracts were used to de-
termine the concentration of Ca, Mg and Cr, as
described by Katoh et al. (2012) and results are
presented in Table 1. These elements were of
major importance for the dynamics of the micro-
organisms analyzed in this study. Four levels of
biochar (BC) addition were studied 1%, 5%, 10%
and 20%.

The incubation experiments were carried out
in a climatic chamber with a phytotron system
(KK 350 FIT DS—POL-EKO, 2022) (Stoykova et
al., 2024).

Soils have acid pH (T1 pH 4.6; T4 pH 4.9; T7
pH 4.7) and low organic C content (T1 OC 1%; T4
OC 1.4%; T7 0.9).

Biochar was found to enhance microbial ac-
tivity and improve soil properties in a long-term
cultivated Fluvisol deficient of organic carbon
(Petkova et al., 2018; Atanassova et al., 2022a,
b; Benkova et al., 2022). This type of BC pro-
duced at comparatively low temperature is more
suitable for removing polar organic and inor-
ganic pollutants (Qiu et al. 2022), because it con-
tains higher fraction of polar functional groups,

Table 1. Soluble concentrations of the metal cations Ca, Mg and Cr at various additions of biochar after three

and six months of incubation.

Variants Ca, ppb Me, ppb CT, ppb
Month III Month VI Month III Month VI Month III Month VI

T1 Control 917,71 1751,82 89,79 203,28 0,57 2,02
T1 1% BC 1841,29 2292,50 250,72 258,59 1,21 2,17
T1 5% BC 740,13 699,08 98,28 92,91 2,87 1,68
T1 10% BC 167,19 327,51 7,47 49,54 1,38 3,94
T120% BC 2609,85 507,01 324,76 70,91 3,48 2,17
T4 Control 574,73 899,29 208,59 344,51 3,70 5,34
T4 1% BC 657,59 763,60 233,65 276,02 0,90 1,98
T4 5% BC 468,29 245,10 172,22 90,70 1,90 1,63
T4 10% BC 123,78 100,72 6,15 34,42 1,63 1,81
T4 20% BC 163,10 42,78 6,54 20,75 1,85 1,91
T7 Control 1674,20 3478,60 582,39 959,32 1,64 1,16
T7 1% BC 1679,78 3237,82 571,87 876,03 0,68 1,73
T7 5% BC 1856,85 1509.00 590,61 408,58 4,50 1,78
T7 10% BC 2623,88 2825,08 819,55 731,65 3,85 4,41
T7 20% BC 5567,14 3243,77 1538,66 767,94 1,61 4,25
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through which metal cations (including OH spe-
cies and other complexes) are held by specific and
non-specific (electrostatic) adsorption processes
(Li et al., 2022).

To analyze the microflora, two samples were
taken on the third and sixth month of the incuba-
tion experiment. The amount of the main groups
of soil microorganisms was determined by the
method of ten-fold dilutions by sowing soil sus-
pensions on selective agar nutrient media (Grude-
va et al., 2006). The following physiological and
taxonomic groups of soil microorganisms were
determined: ammonifying microorganisms, on
meat-peptone agar (MPA), microscopic fungi -
on acidified Chapek’s medium, actinomycetes
and mineral nitrogen-utilizing bacteria - starch-
ammonia agar (SAA) and cellulose-decomposing
microorganisms on Hutchinson’s medium. Data
were statistically processed by ANOVA (LSD
test at p <0.05).

RESULTS AND DISCUSSION

On the third month of incubation following
biochar addition into the soil, a decrease in am-
monifying microorganisms was reported, com-
pared to the control variants (Table 2). On the
sixth month, the ammonifying microorganisms
were generally significantly increased, both in re-
lation to their distribution on the third month and
in relation to the controls. This shows that bio-
char positively affects this group of soil microor-
ganisms, but a period of time is required for their
adaptation and activation. From the obtained re-
sults, it can be seen that, of all the studied vari-
ants, the ammonifying microorganisms de-
creased on the sixth month compared to the third
month only for the variants T4 10% BC (10.2 10°
CFU g! soil and T4 20% BC (14.0 10° CFU g
soil). On the third month, 13.4 —20.8 10° CFU g’
soil were reported, respectively. This may be due

Table 2. Main groups of soil microorganisms — month III of biochar application

. Ammonifying Mineral nitrogen- . Microscopic Cellulose-

Variants microorganisms  |utilizing bacteria Actinomycetes fungi gfi(é?g:)gg;g}%ms
10¢ CFU/g soil 10° CFU/g soil

T1 Control 20,1¢ 19,0 ¢ 0,8* 10 7°
T1 1% BC 7,6 9,0 6,6"° 36° 26"
T15% BC 19,8° 12,0° 1,6 * 30° 40 ¢
T110% BC 7,6 4,6* 24° 42 ¢ 42 ¢
T120% BC 10,0 50° 2,2 7814 43 ¢
LSD P<0,05 44,35 22,62 7,39 4,65 9,70
T4 Control 19,2°¢ 23,4 0,4° 28 ® 30°*
T4 1% BC 4,2 18,8 = 30¢ 54° 60 ¢
T4 5% BC 11,6 ° 12,8 3,00 68 © 38 e
T4 10% BC 134" 21,2 b 2,8 b 56° 49 ¢
T4 20% BC 20,8 ¢ 22,0 1,6 = 46" 18*
LSD P<0,05 16,87 38,09 6,16 6,69 8,92
T7 Control 22,2 12,4 * 2,0 20" 39°®
T7 1% BC 14,6 "* 21,0 = 32¢ 28 e 46°
T7 5% BC 144" 214° 2,2 122 47°
T7 10% BC 11,6 12,6 * 2,2% 46 ¢ 29
T720% BC 19,2° 17,0 = 4,6 * 32¢ 29
LSD P<0,05 50,70 43,88 15,65 3,63 10,75
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to the low content of calcium and magnesium, at
T4 10% BC (Ca - 100.72 ppb, Mg - 34.42 ppb)
and T4 20% BC (Ca - 42.78 ppb, Mg - 20.75 ppb),
on the sixth month. In the remaining three vari-
ants of T4, the amount of these chemical elements
is Ca 245.1 + 899.29 ppb and Mg 90.7 + 344.51
ppb. It can be determined that calcium and mag-
nesium have a favorable effect on the course of
ammonifying bacteria.

Mineral nitrogen-utilizing bacteria, in the
variants of T1 and T4, decrease after the appli-
cation of biochar to the soil. On the sixth month,
a recovery of their development was reported,
except for the variant T4 20% BC (Table 3). In
this variant, mineral nitrogen-utilizing bacte-
ria were lower in number (17.0 10° CFU g soil)
compared to the control (22.2 10° CFU g' soil)
and their quantity on the third month (22.0 10°
CFU g soil). It is possible that the high amount
of biochar inhibits the development of these mi-

croorganisms in the T4 soil conditions. In the T7
variants, the positive influence of biochar can be
observed already on the third month. Mineral ni-
trogen-utilizing bacteria have a greater presence
compared to the control (12.4 10° CFU g soil),
which is more pronounced in variants T7 1% BC
(21.0 10° CFU g' soil) and T7 5% BC (21.4 10¢
CFU g soil). In the variants T7 10% BC (12.6
10 CFU g soil) and T7 20% BC (17.0 10° CFU
g soil) mineral nitrogen-utilizing bacteria have
a lower distribution, but on the sixth month their
number significantly increases, 37.1 10° CFU g
soil and 49.6 10° CFU g soil, respectively.

The positive influence of biochar on the dis-
tribution of actinomycetes was established. On
the third month of the experiment, an increase in
actinomycetes was recorded, in all variants, com-
pared to the controls. On the sixth month in some
of the variants, the actinomycetes decreased com-
pared to the third month, but remained in greater

Table 3. Main groups of soil microorganisms — month VI, of biochar application

. Ammonifying Mineral nitrogen- . Microscopic Cellulose-

Variants microorganisms |utilizing bacteria Actinomycetes fungi gfif:?gg;g;?igms
10% CFU/g soil 103 CFU/g soil

T1 Control 19,6° 17,1* 0,6 * 40 46
T1 1% BC 8,0 23,4 bc 0,6 * 44+ 56 b
T1 5% BC 58,0 ¢ 24,4 4 0,8" 72¢ 64°¢
T1 10% BC 9,0 * 19,6 14°¢ 64" 64 ¢
T120% BC 33,0 30,0 ¢ 0,6 * 62" 42
LSD P<0,05 21,22 62,08 0,46 3,81 15,09
T4 Control 32,21 22,2° 1,6 68 3P 71°
T4 1% BC 25,0¢ 35,6« 38¢ 70 ab 89°
T4 5% BC 34,8¢ 3591 2,0 66 ° 66 *
T4 10% BC 10,2° 30,1 % 3,2 be 78 ° 73°
T4 20% BC 14,0 17,0 * 1,8 90 © 68 °
LSD P<0,05 8,19 64,30 7,62 5,79 13,49
T7 Control 23,8* 16,2 ® 2,4° 40 31°
T7 1% BC 55,0¢ 18,7* 32 58 P 18*
T7 5% BC 57,0 ¢ 38,9 b 24° 66 " 43¢
T7 10% BC 37,8° 37,1 52¢® 72 be 36"
T720% BC 56,0 ¢ 49,6 3,6* 74 ¢ 16
LSD P<0,05 34,40 46,90 14,92 8,23 5,45
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quantities than the control variants. According
to Xu et al. (2020), the mechanism of the effect
of biochar on soil microbial populations remains
unclear. The authors reported that the prevalence
of actinomycetes decreased with biochar applica-
tion to the soil. A number of other studies (Per-
fanova et al., 2020, Abdulrahman et al., 2016; Yu-
nyan et al., 2017; Sun et al., 2013, etc.) found that
biochar significantly increased soil actinomycete
populations.

The results obtained for the distribution of the
microscopic fungi showed a large increase dur-
ing both stages of the study. Microscopic fungi
increased, both relative to the control variants,
and on the sixth month compared to the third, ex-
cept for variants - T7 5% BC (month III), T1 20%
BC and T4 5% BC (month VI). The decrease in
the number of microscopic fungi in the T1 20%
BC variant, on the sixth month, compared to the
third month, we attribute to the chromium con-
tent of the soil. On the third month, the content of
chromium was reported to be 3.48 ppb and 78 10°
CFU g soil microscopic fungi, while on the sixth
month their amount was Cr 2.17 ppb and 62 10°
CFU g soil, respectively. The trend is similar in
the control variants, on the third month Cr is 0.57
ppb / microscopic fungi - 10 10* CFU g soil and
on the sixth month Cr is 2.02 ppb / microscopic
fungi - 40 10° CFU g soil. In the initial stages
of individual sites from Asarel-Medet area, it was
also found that microscopic fungi have a good
development at higher amounts of chromium in
soil (Perfanova et al., 2024).

Biochar provides a favorable habitat and food
source for microscopic fungi, which creates mi-
croorganism-biochar-soil associations that im-
prove soil properties (Prakongkep et al., 2021).

After the addition of biochar, on the third
month in the variants of T1, the cellulose de-
composing microorganisms enhance relative to
the increase in the percentage of biochar. On the
sixth month, the trend is maintained, except for
the variant T1 20% BC, where the number of
cellulose-decomposing microorganisms slightly
decreases compared to the control. During both
periods of the study, a lower prevalence of cellu-
lose-decomposing microorganisms was observed

in the variants T4 20% BC and T7 20% BC. A
longer period of time is probably required for this
group of microorganisms to adapt to the high
percentage of biochar under the T4 and T7 soil
conditions.

CONCLUSIONS

After the introduction of biochar into the re-
claimed soils, microbiological processes take
place with different intensity, depending on the
percentage content of BC and the period of study.
Biochar has a positive effect on ammonifying mi-
croorganisms and mineral nitrogen-utilizing bac-
teria, but a period of time is required for their ad-
aptation and activation. On the sixth month after
the introduction of biochar into the soil, the am-
monification and mineralization processes are ac-
tively taking place. Actinomycetes have a greater
distribution on the third month along a 6 month
period, compared to the sixth, but they remain
in larger quantities compared to the control vari-
ants. Biochar favors the development of micro-
scopic fungi and during both stages of the study
they show a large increase. The high percentage
of biochar in variants T4 and T7 suppresses the
activity of cellulose-decomposing microorgan-
isms.
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