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ABSTRACT

The aim of the research was to determine the reclamation effectiveness of the use of EM against the background
of mineral wool and wool used together with sewage sludge or mineral fertilization with nitrogen, phosphorus,
potassium (NPK) on soils degraded as a result of sulfur extraction. The effectiveness of reclamation was assessed
on the basis of changes in the total organic carbon (TOC) content and the properties of humic compounds. The
obtained results showed that the use of effective microorganisms in relation to mineral wool and wool used in com-
bination with sewage sludge or NPK causes significant changes in the content and quality of soil organic matter.
The observed decrease in the content of TOC, humins and an increase in the share of carbon of labile fractions and
free and loosely bound with silicate-free (R,0,) and calcium (Ca) humus forms indicate, that in the soils in which
effective microorganisms were used, mineralization processes dominated in the transformation of soil organic mat-
ter. The humification process resulted in more durable humic compounds with a higher content of humic acids and
humic acids to fulvic acids ratio (C-HA:C-FA). Supplementing commonly used materials in soil reclamation with
the introduction of effective microorganisms is a promising technology. Further research is necessary to determine
the composition of these biofertilisers and the optimal doses at which they should be used.

Keywords: degraded soils, reclamation, effective microorganisms, C labile fractions, fractional composition of
organic matter.

INTRODUCTION

The satisfaction of society’s needs has led to
the emergence of a peculiar paradox. Mankind,
while striving to satisfy these needs, is in con-
flict with the natural environment, which leads
to multifactorial processes of its transformation
[1]. The cumulative processes of the degrading
human impact on the environment translate into
the emergence of global threats such as depletion
of natural resources, pollution of all elements of
the environment, and global warming [2], which
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create problems in ensuring access to clean water
or sufficient quantities of good quality food [3].
Particular attention is focused on the soil system,
as soils provide a range of services that are essen-
tial to the functioning of ecosystems and the UN
Sustainable Development Goals [4-8]. Numerous
studies and international organisations point to
the need to protect soils and, when they are de-
graded, to take reclamation action [9].

Soil reclamation is a particular challenge in
areas of multifactorial degradation and on devas-
tated soils [10-14]. In order for soil reclamation



Advances in Science and Technology Research Journal 2024, 18(1), 360-369

in devastated areas to be effective, it is neces-
sary not only to introduce a vegetation cover but
also to apply treatments that initiate and intensify
soil-forming processes [15]. A common scenario
in the reclamation of degraded land is the use of
waste with fertilising properties and mineral fer-
tilisers [16-18].

The significant economic and environmental
costs associated with the production and introduc-
tion of artificial fertilisers into the environment have
increased interest in the use of biofertilizers [19,
20]. One concept for the production of biofertiliz-
ers is the use of microorganisms as an active agent
[21-23], as numerous bacterial and fungal species
promote plant growth while protecting plants from
physical, chemical, and biological stresses.

One of the technologies used to improve soil
properties is the use of effective microorganisms
(EM) [23]. EM consists of numerous microor-
ganisms, including photosynthetic bacteria (Rho-
dopseudomonas palustrus, Rhodobacter spae),
lactic bacteria (Lactobacillus casei, Streptococus
lactis), yeasts (Saccharomyces albus, Candida
utilis), actinomycetes (Streptomyces albus, S.
griseus) and moulds (4spergillus oryzae, Mucor
hiemalis) [24-26].

There are reports that the introduction of EM
into the soil has a variety of positive effects, i.e.,
reducing decay processes, accelerating metabo-
lism, increasing humus content, enhancing pho-
tosynthesis, detoxifying pesticide-contaminated
soil, inhibiting plant pathogens, and increasing
the biological quality of plant yields [27]. The
EM formulation has been widely used in Japan
for years and is gaining more and more interest
with each passing year in Western Europe, the
USA, and Brazil. Due to the positive effects ob-
served as a result of its use, attempts are also be-
ing made to apply it in Poland [28-30].

According to a study by Tyburski and Lachacz
[31], the EM preparation showed a favourable ef-
fect on available P content, earthworm colonisa-
tion, soil structure parameters, and maize yield.
Different results were obtained by Jakubs et al.
[32], indicating that with regard to most physi-
cochemical properties, the preparation of the EM
formula did not show significant effects of the
EM preparation.

Studies show that the application of EM
preparations accelerates the mineralisation of soil
organic matter [33]. Clear reductions in soil or-
ganic carbon content have been shown in studies
by Dziamba et al. [34] and Totoczko et al. [35].

Given the wide range of predicted positive re-
sults associated with the application of EM, it seems
highly justified to study the possibility of using EM
in the reclamation of degraded soils. According
to Badura [36], effective microorganisms perform
their task on degraded, disturbed, and poor soils
that lack microorganisms with protective functions.
The EM preparation is intended to biologically ac-
tivate the soil, being a microbial “vaccine”.

In assessing the effects of reclamation, particu-
lar attention is paid to the transformation of soil
organic matter [37, 38]. In the soil, organic matter
with the participation of a numerous and diverse
group of microorganisms, undergoes transforma-
tions and their rate depends on climatic conditions,
soil structure, and the degree of environmental pol-
lution. In rehabilitated soils, the soil environment
is different from that of natural soils, so the trans-
formation of humus compounds may take place in
a different way, and the humus compounds formed
may be characterised by different quality param-
eters [39]. There is no data in the literature on
how the addition of EM affects the direction of the
transformation of humus compounds.

Therefore, research was carried out to deter-
mine the effectiveness of the use of EM against
the background of Grodan mineral wool and
mineral wool used together with sewage sludge
or NPK in the reclamation of areas degraded as
a result of sulfur extraction. The effectiveness of
reclamation was assessed on the basis of changes
in the organic carbon content and the properties
of soil organic matter.

STUDY MATERIAL AND METHODS

The study was conducted on soils degraded
as a result of sulphur extraction by underground
smelting. The field experiment was carried out in
two stages. The properties of the soil and materials
used in the experiment and the first stage of recla-
mation including technical reclamation measures
such as the dismantling of technical infrastructure
and landscaping (levelling the surface) were de-
scribed in detail in earlier works [40]. Subsequent-
ly, 100 Mg-ha™! of lime tailings was introduced into
the soil to neutralise the reaction. Sewage sludge at
a rate of 100 Mg d.m.-ha!, mineral wool at rates
of 200, 400, and 800 m*-ha’!, and NPK (nitrogen,
phosphorus, potassium) fertilisation were applied
as fertilisers to aid reclamation. The experimental
scheme is shown in Table 1 and Figure 1.
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Fig. 1. Plot experiment scheme — stage 2

Table 1. Experimental scheme

Symbol Fertilization variant
T Control | — soil + NPK

T2 Control Il — soil +100 Mg d.m.ha"' sewage sludge

T3 Soil + mineral wool 200 m*ha"'

T4 Soil + mineral wool 400 m*ha"'

T5 Soil + mineral wool 800 m*ha"

T6 Soil + sewage sludge + mineral wool 200 m*ha™!

T7 Soil + sewage sludge + mineral wool 400 m*ha™!

T8 Soil + sewage sludge + mineral wool 800 m*ha™'
T9 Soil + mineral wool 200 m*ha' + NPK

T10
TN

Soil + mineral wool 400 m*ha' + NPK

Soil + mineral wool 800 m*ha' + NPK

The test plants were a mixture of grasses (Fes-
tuca pratensis, Festuca rubra, Lolium perenne,
Lolium multiflorum, Dactylis glomerata, Trifolium
pratense). After 4 years of the experiment, a stage
2 experiment was started. For the stage 2 trials,
each plot was divided into two parts. In one half of
each plot, the experimental scheme was continued,
while in the other half, EM spraying was applied
(Figure 1). The spray used was a solution contain-
ing one part Emfarma Plus EM solution and nine
parts water (ratio 1: 10). A rate of 20 litres of undi-
luted EM mixture was applied per ha. Soil samples
for testing were taken for 3 consecutive years at the
end of the growing season.

Laboratory analyses

Total organic carbon (TOC) was determined
in dry soil samples by combustion using a TOC-
VCSH [41] with an SSM-5000A module. The
modified Kjeldahl method [42] with a Kjeltech
TM 8100 distillation was used to determine the
total nitrogen (TN) content. Labile fractions of
organic matter (CL) was determined using the
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modified Andrzejewski and Myskow method
[43]. CL was extracted from soil with 0.05 mol
NaOH-dm* (1:10w/v) for 1 hour. Fractional
composition of humus in the soil samples was
determined using the modified method of Ko-
nonova-Bielchikova [44]. During extraction,
the following were determined in the individual
fractions: carbon content of the solutions after
decalcification (C, ) — extraction with 0.05 mol
H,SO, -dm™ (1:10 w/v); free and loosely bound
with silicate-free (R,0,) and calcium (Ca) humus
forms — extraction (24 h) of 0.1 mol Na,P,O, +
0.1 mol NaOH-dm™ (1:10w/v) (C__ _ ); carbon
content of humic acids (C—KH) — after precipi-
tation with 6 mol H,SO,-dm™ from an extract of
0.1 molNa,P.O, -dm”+ 0.1 mol NaOH-dm?, fol-
lowed by dissolution with a solution of 0.1 mol
NaOH-dm?; carbon content of fulvic acids (C—
KF) was calculated from the difference: C—KF =
C..aed — CKH. The proportion of non-extract-
able carbon — humins (C—Humins) was calculated
from the difference: C-Humins = TOC - (C____ .
+C,...)- The carbon content of the labile fractions
and the fractional composition were expressed in
g-kg''d.m. of the soil sample and as the percent-
age of each fraction in the TOC pool (%TOC).

The results obtained were statistically pro-
cessed by analysis of variance using the Tukey
test. Statistical calculations were performed using
the StatSoft STATISTICA 10 programme.

RESULTS AND DISCUSSION

Total organic carbon and total nitrogen
content

The organic carbon (humus) content of soils
is one of the criteria for determining the degree
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of their degradation, and it becomes fundamental
when the other properties fall within the ranges
for average soil conditions or are more favourable
than them [45]. At the same time, soil organic car-
bon content is an indicator of soil quality and fer-
tility [46] as it positively influences the overall
soil properties and thus determines the ability of
soils to perform ecosystem functions [47].

The organic carbon (TOC) content of the soil
on which the experiment was conducted varied
greatly and was 2.1 g-kg! in the 0-20 cm layer
and 1.14 g-kg' in the 2040 cm layer [40]. In the
soil of the control object (T1), the TOC content
in the 5th year after reclamation was 12.4 g-kg!
(Table 2). Assessing the effectiveness of reclama-
tion based on organic carbon content, it can be
concluded that the neutralisation of the reaction,
introduction of grasses, and application of sup-
plementary mineral fertilisation was an effective
method of reclamation. The results obtained may
indicate that the improvement of the reaction of
the reclaimed soil (after the application of lim-
ing) reduced the rate of mineralisation of organic
matter. Furthermore, these results confirm that the
application of mineral fertilisation at the optimum
level, under slightly acidic and near-neutral reac-
tion conditions, allows the humus content of the
soil to be maintained or increased [48, 49].

The TOC content of the reclaimed soil was
very favourably affected by the sewage sludge.

In the soil of the reclamation variant (T2), the TOC
content was significantly higher compared to the
soil of the T1 object and amounted to 14.4 g-kg™!.
The favourable effect of the sewage sludge on
the TOC content is related to the introduction of
significant amounts of exogenous organic mat-
ter into the soil [50, 51]. The fertilisation of the
soil with mineral wool only, especially at rates of
400 and 800 m3-ha’!, also had a beneficial effect
on the organic matter balance. In the soil of these
objects, the TOC content was higher compared
to the soil with the addition of sewage sludge.
The beneficial effect of wool on the TOC content
should be linked to the improvement of the physi-
cal properties of the soil, which has a significant
effect on the direction of the transformation of
soil organic matter [52], and to the indirect effect
of wool on the yield of plants whose residues are
a source of organic carbon in the soil [53]. The re-
sults showed a very favourable effect (statistically
confirmed) of Grodan mineral wool applied to-
gether with sewage sludge on the increase in TOC
content. In the soil of these objects, the TOC con-
tent ranged from 21.8 g-kg! (wool at 200 m*-ha'!)
to 13.1 g-kg! (wool at 400 m3-ha™').

The application of effective micro-organisms,
against the background of the reclamation variants
evaluated, had a significant effect on the transfor-
mation of organic matter in the soil, as manifested
by changes in TOC content (Table 2). In the soil

Table 2. Content of TOC, NT and C of labile fractions (CL)

TOC | NT CcL
Fertilization variant g-kg'd.m g-kg'd.m % TOC
0 EM 0 EM 0 EM 0 EM

Control | — soil + NPK 10.5 96 1.20 1.07 3.8 3.3 47.22 | 52.31
Control Il — soil + sewage sludge 14.4 13.0 1.47 1.24 3.9 3.9 27.00 | 34.17
Soil + mineral wool 200 m*ha' 1.4 1.7 2.29 1.35 4.8 5.2 38.82 | 43.20
Soil + mineral wool 400 m*ha' 15.3 10.6 1.27 0.91 44 4.9 39.15 | 45.33
Soil + mineral wool 800 m*ha' 15.8 9.7 1.49 1.08 5.8 6.8 35.92 | 41.16
Soil + sewage sludge + mineral wool 200 m*ha' | 21.8 14.2 2.29 1.35 4.3 6.7 21.95 | 39.15
Soil + sewage sludge + mineral wool 400 m*ha' | 13.1 9.9 1.27 0.91 3.6 5.7 20.27 | 38.06
Soil + sewage sludge + mineral wool 800 m*ha! 14.2 11.3 1.49 1.08 3.0 4.9 20.32 | 33.44
Soil + mineral wool 200 m*ha" + NPK 14.9 12.7 1.57 1.21 4.8 4.8 40.00 | 43.04
Soil + mineral wool 400 m*ha' + NPK 14.0 11.6 1.39 1.1 53 5.0 39.64 | 45.65
Soil + mineral wool 800 m*ha'+ NPK 15.3 13.9 1.54 1.33 5.0 47 39.25 | 45.58
Average 14.61 11.65 1.57 1.15 4.43 5.08 33.59 | 41.92
NIR between:
- fertilization variant 0.4** 0.05** 2.99 14.45**
- series (without EM and with EM) 0.4 0.05™* 0.70 3.39™

Note: NPK — mineral fertilization N (nitrogen), P (phosphorus), K (potassium); TOC — total organic carbon;

TN — total nitrogen; CL — carbon of labile fractions.

363



Advances in Science and Technology Research Journal 2024, 18(1), 360—-369

enriched with the EM mixture, a significant re-
duction in TOC content was found in most sites.
In the soil of the EM — enriched control object,
the TOC content was 9.6 g-kg! and was about 1
g-kg! lower compared to the soil without their ad-
dition. A statistically non-significant higher TOC
content in the EM — enriched soil was only found
in the reclaimed soils with mineral wool at a rate
of 200 m?*-ha’'. The results obtained did not con-
firm the thesis known from the literature about
the beneficial effect of EM inoculation on organic
carbon content [54-56]. Studies by Schenck zu
Schweinsdberg-Mickan and Miiller [57] showed
no effect of EM on TOC content.

In soil remediated with waste, a significant
effect of the applied remediation treatments on
total nitrogen (NT) content was found. In the soil
of the control object fertilised with NPK, the NT
content was 1.20 g-kg' (Table 2). Fertilisation
with sewage sludge at a rate of 100 Mg-ha™' sig-
nificantly increased NT content (to 1.47 g-kg?).
In all fertilisation variants with mineral wool , a
significant increase in total nitrogen content was
found. In soil fertilised with mineral wool (ap-
plied without additives), the NT content ranged
from 1.25 g-kg™!' (at a wool dose of 200 m*-ha™') to
1.75 g'kg! (at a wool dose of 400 m*-ha™!).

The effect of the conditioner (EM mixture)
was revealed by a reduction in total nitrogen con-
tent in the reclaimed soils (Table 2). The observed
reduction in NT content under the influence of
EM was due to the utilisation of nitrogen by the
higher demand of soil microorganisms [58].

Labile organic matter fractions

The reclamation technologies used should be
effective and their effects sustainable [59]. With
regard to soil organic matter, the determination
of organic carbon content is insufficient [60]. Re-
claimed soils have different environmental condi-
tions than natural soils, hence the transformation
of humus compounds may be disturbed and new-
ly formed humus compounds may have different
properties [37].

Labile humic substances are a diverse group
of humus compounds, and their common charac-
teristic is that they exist in the free state or are
weakly associated with the mineral fraction of the
soil. Labile humic substances are a product of the
early stages of humification, the so-called ‘young’
form of humus, or are products of degradation
processes within stable humus forms [62].
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The content of labile organic matter frac-
tions (CL) in the control soil of the experiment
was 42.7% TOC (Table 2), and this content was
typical for light mineral soils [43]. In the soil
fertilised with sewage sludge, the organic matter
fractions in question accounted for 27.0% TOC.
These results are confirmed by earlier studies on
the effect of sewage sludge fertilisation on CL
content in light soil [63]. The proportion of CL
in soil reclaimed with mineral wool and mineral
wool + NPK was similar to their proportion in
the control soil. In soil fertilised with wool at a
rate of 200 m*-ha"! against sludge, CL accounted
for 21.95% TOC and this was significantly low-
er compared to the NPK control. Increasing the
dose of wool applied together with the sludge
had no effect on changes in the proportion of the
fraction described.

The effective microorganisms applied against
the evaluated reclamation variants increased the
share of labile fractions of organic matter (Table 2).
The highest share of labile C fractions, in soil
with EM addition, was found in soil fertilised
with mineral wool (on average about 43% TOC)
and mineral wool applied together with NPK (on
average about 44% TOC). The increase in the pro-
portion of CL in the soil of these sites is a result of
the acceleration of soil organic matter mineralisa-
tion processes under the influence of EM [64]. In
the soil of the wool + sewage sludge variants, the
proportion of C in labile fractions also increased
under the influence of EM (by 16% on average).
In this case, this can be considered a favour-
able effect because, in soils treated with sewage
sludge, the proportion of labile carbon fractions
is generally low, and an increase in the C share of
these fractions indicates that the organic matter
introduced with the sludge becomes involved in
the soil carbon cycle [59].

Fractional composition of organic matter

The content and properties of soil humus
compounds are shaped by typological processes
and are characteristic of individual soil types. The
properties of soil humus are mainly determined
by humic acids [65, 66]. The results of studies
on the influence of anthropogenic factors on the
fractional composition of humus clearly indicate
that the proportion and properties of humus com-
pounds are modified by fertilisation [39, 53, 67].

The proportion of low — molecular — weight
humus compounds attributed to fulvic acid
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affinity (C,_ ) in soils rehabilitated with mineral
wool and sewage sludge varied only slightly (Ta-
ble 3) and gave values from about 5.3% TOC to
6.8% TOC. The effective microorganisms signifi-
cantly reduced the percentage share of described
humus compounds.

In the soil of the control object free and loose-
ly bound with R O, and Ca humus forms, i.e., C__
racte» accounted for an average of 52.70% TOC
(Table 3). The fertilisation of the reclaimed land
with sewage sludge at a rate of 100 Mg d.m.-ha!
reduced the proportion of the described humus
connections to about 37% TOC. The results ob-
tained are confirmed by earlier studies [68]. The
lowest share of free and loosely bound humus
connections with R O, and Ca was found in fer-
tiliser variants with mineral wool and NPK. The
described connections in the soil of these fertil-
iser variants accounted for 30.50 to 31.25% TOC.
In sites where wool was applied without addi-
tives, the content of the described combinations
was between 32.35 and 33.82% TOC. In soil re-
habilitated with mineral wool with sludge addi-
tives, the proportion of humus compounds free
and bound to half — oxides and Ca ranged from
39.02 to 31.45% TOC and decreased with in-
creasing mineral wool dosage.

An evaluation of the effect of effective mi-
croorganisms on the fractional composition
of organic matter showed that EMs applied
against the reclamation variants under evaluation

Table 3. Fractional composition of organic matter

significantly increased the percentage share of
humus fraction extracted by a mixture of 0.1 mol
Na,P,0.:dm” + 0.1 mol NaOH-dm™ (Table 3).
The application of EM in the control soil in-
creased the proportion of this fraction to 67.31%
TOC. In the soil of the other fertilisation vari-
ants, the average range of increase in the percent-
age share of the fraction in question was about
7% 1in the soil with mineral wool, 9% in the soil
+ mineral wool + NPK, and about 10% in the soil
of the wool + sewage sludge variant.

Table 4 shows the content and the percent-
age share of humic acids (C—HA) and fulvic ac-
ids (C-FA) in humus compounds extracted with
a mixture of 0.1 mol Na PO -dm” + 0.1 mol
NaOH-dm?. In the soil of the control object, fer-
tilised with NPK, the content of fulvic acids was
significantly higher than humic acids and the C—
HA:C-FA ratio had a value of 0.44. Such a low
C—HA:C-FA ratio indicates a very poor quality of
humus connections [44].

Soil fertilisation with sewage sludge had a
beneficial effect on the quality of humus com-
pounds. Within the humus connections of free
and loosely bound half-oxygen and Ca, fulvic ac-
ids still predominated over humic acids, but the
value of the C-HA:C—FA ratio increased and was
0.59. In all the fertilisation variants in which Gro-
dan mineral wool was applied, compared to the
control soil + NPK, there was no significant effect
on the values of the C-HA:C—FA ratio.

Cdeca. Cextracted Humins
Fertilization variant g-kg'd.m. % TOC g-kg'd.m. % TOC % TOC
0 EM 0 EM 0 EM 0 EM 0 EM

Control | — soil + NPK 0.6 04 | 6.76 | 577 | 47 | 4.2 | 52.70 | 67.31 | 47.30 | 32.69
Control Il — soil + sewage sludge 1.0 0.7 | 667 | 573 | 54 | 6.0 | 37.50 | 52.08 | 62.50 | 47.92
Soil + mineral wool 200 m*ha' 0.8 0.7 | 6.86 | 550 | 41 | 4.8 | 33.82 | 40.00 | 66.18 | 60.00
Soil + mineral wool 400 m*ha' 0.7 06 | 638 | 583 | 40 | 44 | 3511 | 41.11 | 64.89 | 58.89
Soil + mineral wool 800 m*ha’' 1.1 09 | 643 | 562 | 53 | 6.4 | 32.35 | 38.41 | 67.65 | 61.59
Soil + sewage sludge + mineral wool 200 m*ha™ 1.2 10 | 6.10 | 536 | 7.7 | 84 | 39.02 | 49.30 | 60.98 | 50.70
Soil + sewage sludge + mineral wool 400 m*ha 1.1 08 | 6.00 | 565 | 6.0 | 6.4 | 33.33 | 42.74 | 66.67 | 57.26
Soil + sewage sludge + mineral wool 800 m*ha 1.0 08 | 685 | 574 | 47 | 58 | 31.45 | 39.34 | 68.55 | 60.66
Soil + mineral wool 200 m*ha" + NPK 0.7 0.6 | 6.00 | 571 | 3.7 | 4.1 | 30.50 | 37.50 | 69.50 | 62.50
Soil + mineral wool 400 m*ha' + NPK 0.9 06 | 647 | 571 | 42 | 44 | 31.25 | 40.22 | 68.75 | 59.78
Soil + mineral wool 800 m*ha'+ NPK 0.8 0.6 | 660 | 581 | 40 | 44 | 31.13 | 43.02 | 68.87 | 56.98
Average 0.90 | 0.70 | 6.47 | 5.68 | 4.89 | 539 | 35.29 | 44.64 | 64.71 | 55.36
NIR between:
- fertilization variant 0.22** 0.90 1.26** 9.14**
- series (without EM and with EM) 0.05** 0.21** 0.29** 2.14**

Note: Cdeca. — carbon decalcification; Cextracted — carbon extracted.

365



Advances in Science and Technology Research Journal 2024, 18(1), 360-369

Table 4. The content and the percentage share of humic acids (C—HA), fulvic acids (C—FA) and the C-HA:C—FA ratio

C-HA C-FA
Fertilization variant g-kg” % TOC g-kg™ % TOC CHACFA
0 EM 0 EM 0 EM 0 EM 0 EM
Control | — soil + NPK 144 | 144 | 16.21 | 23.08 | 3.24 | 2.67 | 36.40 | 44.24 | 0.44 | 0.52
Control Il — soil + sewage sludge 2.01 | 240 | 14.00 | 20.83 | 3.38 | 3.60 | 23.50 | 31.25 | 0.59 | 0.67
Soil + mineral wool 200 m*ha"' 124 |1 1.92 | 10.19 | 16.00 | 2.89 | 2.88 | 23.63 | 24.00 | 0.43 | 0.67
Soil + mineral wool 400 m*ha"' 124 |1 182 | 11.06 | 16.89 | 2.71 | 2.61 | 24.05 | 24.22 | 0.46 | 0.70
Soil + mineral wool 800 m*ha' 153 | 249 | 941 | 15.07 | 3.74 | 3.86 | 22.94 | 23.34 | 0.41 | 0.65
Soil + sewage sludge + mineral wool 200 m*ha' | 2.59 | 3.36 | 13.17 | 19.71 | 5.08 | 5.04 | 25.85 | 29.59 | 0.51 | 0.67
Soil + sewage sludge + mineral wool 400 m*ha' | 2.01 | 2.59 | 11.20 | 17.41 | 3.98 | 3.76 | 22.13 | 25.33 | 0.51 | 0.69
Soil + sewage sludge + mineral wool 800 m*ha"' | 1.63 | 2.30 | 10.96 | 15.73 | 3.04 | 3.45 | 20.49 | 23.61 | 0.54 | 0.67
Soil + mineral wool 200 m*ha' + NPK 1.05 | 144 | 880 | 13.04 | 2.60 | 2.70 | 21.70 | 24.46 | 0.40 | 0.53
Soil + mineral wool 400 m*ha' + NPK 1.34 | 1.53 | 10.00 | 13.91 | 2.85 | 2.90 | 21.25 | 26.31 | 0.47 | 0.53
Soil + mineral wool 800 m*ha'+ NPK 124 | 153 | 9.81 | 1498 | 2.71 | 290 | 21.32 | 28.13 | 0.46 | 0.53
Average 157 | 2.07 | 11.35 | 16.97 | 3.29 | 3.31 | 23.93 | 27.68 | 0.47 | 0.62
NIR between:
- fertilization variant 1.27* 2.88** 0.68** 8.14** 0.20
- series (without EM and with EM) 0.19** 0.68** 0.16 1.91** 0.05**

Note: C-HA — carbon of humic acids; C—FA — carbon of fulvic acids; C—HA:C—FA —ratio of carbon of humic acids

to carbon of fulvic acids.

Regardless of the reclamation variant, an in-
crease in the ratio of humic acids to fulvic acids
was found after EM application (Table 4), indi-
cating a positive effect of EM on soil fertility. At
the same time, the greatest increase in this ratio
was recorded in the reclamation variants with
mineral wool. The introduction of EM into the
soil significantly increases the activity of en-
zymes involved in the decomposition of cellu-
lose, which may indicate the mineralisation pro-
cesses of organic matter, and at the same time, it
may be the beginning of the humification process
[29]. The humification process involves polycon-
densation and polymerisation of lower molecular
weight compounds, which result from the miner-
alisation of compounds with complex structures
(cellulose, lignin) [69]. The results obtained,
including the increase in the share of C-HA in
soils with the addition of EM, indicate a signifi-
cant role for EM in activating soil organic matter
transformation processes.

The content and percentage share of humins
(extraction residues) was inversely related to
the previously discussed content of the free and
loosely bound to half — oxygen and Ca fractions.
In the soil of the control object, compounds con-
stituting the extraction residue (humins) account-
ed for 47.30% TOC (Table 3) In the soil fertilised
with sewage sludge, humins accounted for 62.4%
TOC. A further increase in the share of humins
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was found in the soil with the addition of min-
eral wool. The percentage share of humins in soil
+ wool + sludge series ranged from about 64%
TOC to about 68% TOC. Such a favourable ef-
fect of mineral wool on the share of humis should
be linked to an improvement in the water and air
conditions in the soils of these sites, which in turn
had a favourable effect on the direction of organic
matter transformation — increased humification
at the expense of organic matter mineralisation
[65, 70]. Effective microorganisms influenced a
reduction in the percentage share of humins in the
reclaimed soil (Table 3).

CONCLUSIONS

The application of effective microorganisms
(EM), against the background mineral wool and
wool applied together with sewage sludge or NPK,
influenced significant changes in the content and
quality of soil organic matter. Mineralization pro-
cesses prevailed in the transformation of humus
compounds of the soils on which effective micro-
organisms were applied, as indicated by the record-
ed decrease in the content of TOC, humins, and an
increase in the percentage share of labile fractions
and humus compounds free and loosely bound
to R,0, and Ca. More stable humus compounds
were formed during the humification process, as



Advances in Science and Technology Research Journal 2024, 18(1), 360-369

evidenced by the observed increase in the percent-
age share of humic acids and the C-HA:C—FA ra-
tio in the soil on which effective microorganisms
were applied. Supplementing commonly used ma-
terials in soil remediation with the introduction of
effective microorganisms is a promising technol-
ogy. Further research is needed to determine the
composition of these biofertilizers and the optimal
doses at which they should be applied.
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