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A b s t r a c t. The aim of the study was to evaluate the effect of 
different mineral-organic mixtures on changes in soil microbial 
composition and chemical properties. The design of the pot exper-
iment included 6 treatments: soil without fertilization – C, soil 
fertilized with mineral NPK fertilizers – MF, soil with NPK + 3 
or 6% lignite and 3% zeolite-vermiculite composite (MF+CW3%, 
MF+CW6%), soil with NPK + 3 or 6% leonardite and 3% zeolite-
vermiculite composite (MF+CL3%, MF+CL6%). The test plants 
were spring oilseed rape and spring wheat. The highest number 
of microorganisms was observed: for oilseed rape – in the soil 
of the MF+CW3% and MF+CW6% treatments, and for wheat 
– in the soil of the MF+CL3% and MF+CL6% treatments. The 
maximum percentage increase in the number of analysed micro-
organisms, for spring rape and spring wheat, respectively, was: 
bacteria 190% (MF+CW3%) and 1198% (MF+CL3%), mould 
fungi 221% (MF+CW3%) and 1601% (MF+CL3%), Azotobacter 
spp. 248% (MF+CW6%) and 251% (MF+CL3%), actinomycet-
es 116% (MF+CW3%) and 251% (MF+CL3%). The beneficial 
effect of the applied mineral-organic mixtures on soil biological 
activity is closely related to the effect of these materials on soil 
chemical properties, such as pH or electrical conductivity, which 
was confirmed by the calculated correlation coefficients.

Keywords: microorganisms, soil, fertilization, spring 
wheat, spring oilseed rape

INTRODUCTION

Soil microorganisms, their number and biodiversity 
have a significant effect on soil quality in terms of its use 
and fertility. Soil microbes are also indicators of soil quality 
given their participation in many biochemical processes that 
are essential for the environment and also for the ecological 
functions of soil (Mierzwa-Hersztek et al. 2020). Soil ferti-
lization also influences the soil microbiome. The addition of 
external organic matter to the soil results in both qualitative 
and quantitative changes in microbial populations, as well as 
an increase or decrease in their activity (Tian et al., 2016). 
Biological activity is one of the characteristics of soil and 
microorganisms, these include bacteria and mould fungi and 
are one of the soil-forming factors involved in shaping soil 
fertility and providing nutrients to plants, as well as detoxify-
ing harmful chemical compounds (Mierzwa-Hersztek et al., 
2020). Atmospheric nitrogen-fixing bacteria, Azotobacter 
spp. and actinomycetes are considered to be saprophytes, 
they also play an important role in the soil environment. 
Azotobacter spp. are Gram-negative, free-living, aerobic soil 
bacteria (Mirzakhani et al., 2009). One of the most interest-
ing features of these bacteria is that they have a beneficial 
effect on the growth of many plant species due to their abil-
ity to fix atmospheric nitrogen by converting it to ammonia, 
thereby producing plant-growth-promoting substances such 
as gibberellins, auxins and cytokinins (Martinez-Toledo 
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et al., 1989), vitamins and siderophores (Martyniuk and 
Martyniuk, 2003). They are also antagonistic to plant patho-
gens (Kizilkaya, 2009). These unique characteristics make 
Azotobacter spp. one of the most important free-living bacte-
ria that fix atmospheric nitrogen, and their presence influences 
soil fertility and thus contributes to plant growth (Palleroni, 
1984). Actinomycetes belong to the group of Gram-positive 
bacteria. They are commonly found in soil, composts, water 
and bottom sediments, causing the degradation of plant and 
animal residues, as well as barely degradable compounds, 
e.g. chitin, lignin, cellulose, higher fatty acids. Given their 
ability to decompose various chemical compounds, they play 
a key role in the circulation of elements in nature. They also 
participate in the formation of humic compounds in the soil 
(Bereza-Boruta, 2002). Actinomycetes have the ability to 
synthesize many enzymes, e.g. nitrogenase, as well as sub-
stances with an antibiotic activity, e.g. erythromycin. They 
are very numerous in the humus layer of soil. However, 
their presence in the soil environment is closely dependent, 
inter alia, on the chemical, physical, and physicochemical 
properties of the soil (Alvarez et al., 2012). Soil chemical 
properties are vital for microbial populations, this includes 
their enzymatic activity. In the opinion of many authors, 
enzymatic activity is one of the most rapidly manifested and 
also one of the most sensitive indicators of soil changes (Gul 
et al., 2015; Liu et al., 2017; Mierzwa-Hersztek et al., 2019). 
Soil enzymes are measures of the activity of microorganisms 
involved in biochemical processes such as mineralization 
and the synthesis of organic substances, as well as the nutri-
ent cycle (Gul et al., 2015; Tian et al., 2016). Additionally, 
many studies have shown that changes in soil physical and 
chemical properties interact closely with enzymatic activity 
and that quantitative and qualitative changes in microbial 
populations have a significant effect on soil functional integ-
rity (Khadem and Raiesi, 2017; Beheshti et al., 2018). In 
recent years, more and more attention has been paid to the 
restoration of soil organic matter resources through the use of 
mineral-organic fertilizers. Such a solution, on the one hand, 
allows for the provision of plants with the nutrients necessary 
for their proper growth and development, and on the other 
hand, contributes to increasing the organic carbon content in 
the soil. Lignite is one of the organic additives to mineral fer-
tilizers which is gaining more and more attention (Dębska et 
al., 2002; Kwiatkowska et al., 2008). A very important com-
ponent of this feedstock are fatty acids – a source of organic 
matter. Organic matter derived from lignite undergoes slow 
mineralization, due to which organometallic chelates are 
stable and do not release the metals bound by them. Humic 
substances (particularly fulvic and humic acids) formed 
from organic matter supplied to the soil, by forming com-
plexes, immobilize heavy metals much more effectively and 
permanently. Humic acids improve soil chemical properties 
and biologically stimulate plant growth (Mikos-Szymańska 
et al., 2019). Górska et al. (2006) reported the positive 
effect of lignite on the functioning of soil microflora. The 

second organic additive used in the experiment was leonar-
dite – a fossil that is an intermediate form between peat and 
lignite, it is very rich in humic acids (ranging from 50 to 
75%) (Akinremi et al., 2000; Sanli et al., 2013). These acids 
show great potential in improving the biochemical proper-
ties of the soil, as a consequence plant growth and yield are 
enhanced. In addition, leonardite, as a soil additive, increases 
the available nitrogen, phosphorus and potassium in the soil 
(Sanli et al., 2013; Ratanaprommanee et al., 2016).

Inorganic additives are also used in agriculture, either 
natural or synthetic, as tools to maintain crop productiv-
ity, improve soil properties, increase carbon sequestration 
in the soil, and reduce inputs associated with the use of 
mineral fertilizers. Examples of such materials include 
synthetic zeolites or the zeolite-vermiculite composites 
produced from them (Szerement et al., 2021a, b; Jarosz 
et al., 2022). Zeolites are porous materials with a cation 
exchange capacity. Their function is to drive plant growth 
by increasing nutrient availability, soil conditioning, and 
soil moisture-holding capacity, thereby ensuring higher 
yields and better crop quality. Nutrient adsorption capacity 
is important in agricultural soils, especially in those that 
are intensively fertilized with nitrogen, as zeolite can regu-
late NH4

+ availability and, at the same time, nitrification, 
thereby affecting N uptake and loss by crops (Moreno et 
al., 2017; Tzanakakis et al., 2021). Given the alkaline pH 
of the synthetic zeolites, the content of dissolved organic 
matter (DOM) may increase in the soil environment after 
their application. This is important in the context of metal-
DOM complexes that can be degraded. The study of Oste 
et al. (2002) indicated that the DOM content increased sig-
nificantly after the use of synthetic zeolite.

Considering the low content of organic matter in Polish 
soils, it is necessary to search for solutions to restore its 
resources. Taking the above into consideration, a study 
was carried out to evaluate the effectiveness of innovative 
mineral-organic mixtures containing a zeolite-vermiculite 
composite (sorbent function and stabilizing effect on the 
soil structure) and lignite or leonardite (source of OM) on 
changes in the microbiological composition and enzymatic 
activity of the soil. The effects of these mixtures on the soil 
have not been reported in the literature to date. The mixtures 
were applied in combination with mineral fertilizers, assum-
ing that their specific properties would significantly improve 
the effectiveness of the fertilizer components, includ-
ing microelements, and would also allow for a successive 
release of yield-forming components adapted to the chang-
ing needs of the plant during its growth and development, 
thus allowing for it to be fully exploited to its potential.

MATERIALS AND METHODS

The pot experiment was conducted in 2020 in the veg-
etation hall of the Faculty of Agriculture and Economics of 
the University of Agriculture, located in Kraków-Mydlniki. 
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The experiment was established on a soil with a sandy silt 
granulometric composition. The properties of the soil used 
in the experiment are presented in Table 1. The experiments 
were set up in PVC pots containing 8 kg of air-dried soil 
mass. The test plants were Tybalt spring wheat and Menthal 
spring oilseed rape.

For each plant species, the design of the pot experiment 
included 6 treatments carried out in 4 replications: C – soil 
without fertilization, MF – soil with NPK mineral fertilizers, 
soil with NPK + 3 or 6% lignite and 3% zeolite-vermiculite 
composite (NaX-Ver) (MF+CW3%, MF+CW6%), soil with 
NPK + 3 or 6% leonardite and 3% zeolite-vermiculite com-
posite (MF+CL3%, MF+CL6%). The control treatment was 
soil without fertilization (C), and treatments with mineral 
fertilization were fertilized with chemically pure salts (N – 
NH4NO3; P – Ca(H2PO4)2 ‧ H2O; K – KCl) at an NPK ratio of: 
1:0.5:1.25 (MF). The total doses of nutrients introduced into 
the soils of the fertilized treatments before the plants were 
sown are given in Table 2. During plant growth, in the pres-
ence of nitrogen deficiency symptoms, supplementary doses 
of this nutrient in the form of NH4NO3 solution were applied 
(top dressing). The additional nitrogen dose was 0.015 g N 
for spring wheat and 0.02 g N kg–1 D.M. for spring rape.

After applying mineral-organic mixtures and mineral 
salts and mixing them with soil, seeds of spring wheat and 
spring oilseed rape were sown. The plant density for spring 
wheat was 25 plants, while for spring oilseed rape it was 
15 plants. Plant density in the pot was determined so as 
to provide optimal conditions for growth and development, 
including equal access to light, water, and nutrients.

The soil moisture content during plant growth was 
maintained at 40 to 60% of the maximum water capacity of 
the soil (depending on weather conditions and plant devel-
opment stage).

The soil for the analyses was collected 5 months after 
the application of mineral-organic mixtures and mineral 
salts and stored at 4°C for 24 h for microbiological analy-
ses and at 25°C for physicochemical and chemical analyses. 
The following parameters were determined in the air-dried 
and 1 mm sieved initial soil samples: granulometric com-
position – according to PN-R-04032 (The Polish…,1998), 
pH – potentiometrically in a suspension of soil and water 
as well as soil and a 1 mol dm–3 solution of KCl (soil : 
solution = 1: 2.5) and electrical conductivity (EC) – conduc-
tometrically. Total contents of carbon, nitrogen and sulphur 
were determined with a CNS analyser (Vario MAX Cube, 
Elementar) (Elementar Analysensysteme 2013). The total 
contents of phosphorus, potassium, calcium, magnesium 
and sodium were determined after ashing the sample in 
a chamber furnace at 450°C for 12 h and mineralizing its 
residues in a mixture of concentrated nitric and perchloric 
acids (3:2) (v/v). The contents of the investigated elements 
were determined in the obtained solutions by inductively 
coupled plasma optical emission spectrometry (ICP-OES, 
Perkin Elmer Optima 7300 DV) (Oleszczuk et al., 2007). 
The available forms of heavy metals were extracted from 
the soil with a 0.01 M solution of calcium chloride (CaCl2) 
(soil: solution = 1:10) for 2 h (Houba et al., 2000).

In order to evaluate the effect of mineral-organic mixtures 
on the number of selected soil microorganisms, soil samples 
with a natural moisture content were 1 mm sieved. By weigh-
ing 10 g from each soil sample and using the serial dilution 
method developed by Koch (Kopeć et al., 2020; Mierzwa-
Hersztek et al., 2020) with a number of microbiological 
substrates, the following microorganisms were determined: 
total bacteria (Trypticasein Soy Lab Agar, BTL, Poland, 
grown at 37°C for 24 h), mould fungi (Malt Extract Agar, 
BTL, Poland, grown at 28°C for 5 days), actinomycetes 
(Actinomycete Isolation Lab Agar, Biocorp, Poland, grown 
at 28°C for 7 days), and Azotobacter spp. (Ashby`s Mannitol 
Agar (Atlas and Parks, 1997), grown at 28°C for 7 days). 
From an agricultural point of view, changes to the number of 
specific microbial groups are important for assessing fertilizer 
efficiency and they indirectly provide information about soil 
fertility and quality (Wolny-Koładka and Żukowski, 2019). 
The number of colony forming units (CFU) of microorgan-
isms was determined using the dilution culture method, and 
the result was converted into 1 g D.M. of soil.

Ta b l e  1. Selected soil properties prior to the pot experiment

Parameter Value
Granulometric composition (%)
    2-0.05 mm 47
    0.05-0.002 mm 50
    <0.002 mm 3
pHH2O 5.84
pHKCl 5.30
EC (µS cm–1) 149
Ntotal (g kg–1 D.M.) 0.98
Ctotal (g kg–1 D.M.) 10.40
Stotal (g kg–1 D.M.) 0.120
Savailable (mg kg–1 D.M.) 26.65
Pavailable (mg kg–1 D.M.) 138.18
Kavailable (mg kg–1 D.M.) 112.14
Mgavailable (mg kg–1 D.M.) 56.26
Cd CaCl2 (mg kg–1 D.M.) 0.14
Cr CaCl2 (mg kg–1 D.M.) 0.02
Cu CaCl2 (mg kg–1 D.M.) 0.20
Fe CaCl2 (mg kg–1 D.M.) 0.60
Mn CaCl2 (mg kg–1 D.M.) 26.88
Ni CaCl2 (mg kg–1 D.M.) 0.09
Pb CaCl2 (mg kg–1 D.M.) 0.08
Zn CaCl2 (mg kg–1 D.M.) 2.42

Ta b l e  2. N, P and K doses applied to the soil in the form of pro-
totype fertilizers and mineral salts before plant sowing

Plant species N P K
(g kg–1 D.M. soil)

Spring wheat 0.15 0.08 0.20
Spring oilseed rape 0.20 0.10 0.25
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The dehydrogenase activity in the soil was determined 
using Thalmann’s method (1968) based on the estimation 
of the TTC reduction rate to TPF after 24 h incubation of 
the soil samples at 37°C.

Differences between the applied mineral-organic mixtures 
were evaluated using one-way analysis of variance (ANOVA, 
Duncan's test, p≤0.05). The variability within each mixture 
was determined by calculating the standard deviation (± SD). 
The correlation coefficients between the chemical and micro-
bial properties of the soil were calculated using Spearman's 
non-parametric test (Table 3). All statistical analyses were 
performed using Statistica PL 13 software (StatSoft Inc.).

RESULTS AND DISCUSSION

In their study, Aciego Pietri and Brookes (2008) showed 
that changes in soil pH have a pronounced effect on biomass 
and microbial activity in the soil. As reported by various 
authors, the optimal pH values affecting microbial activity are 

between 5.5 and 8.8 (Aciego Pietri and Brookes, 2008; Neina, 
2019). Santoso et al. (2022) used zeolite, manure and their 
combination as soil additions in ramie crop (plant rhizomes 
were planted). Their results revealed that the application of 
zeolite did not significantly affect plant growth, while there 
was an increase in pH value and N-total and C-org contents 
by 6.26, 0.15, and 1.13%, respectively. Rusyn et al. (2020) 
investigated the effect of applying fertilizer capsules with 
zeolite and polyethylene terephthalate on the microbial com-
position and pH of the soil, as well as plant germination. Their 
results indicated an increase in the total number of microor-
ganisms in the soil and a slight decrease in soil pH.

The soil used in the experiment was characterized by 
a slightly acidic pH (pH H2O = 5.84) and relatively high con-
tents of Ctotal (10.40 g kg–1 D.M.) and Ntotal (0.98 g kg–1 D.M.). 
In the spring wheat crop, a significant (p≤0.05) increase in 
soil pH (in H2O) and electrical conductivity was found in all 
treatments with mineral-organic mixture addition, as com-
pared to the control treatment (C) (Table 4). The opposite 
situation was observed for spring oilseed rape: the pH of the 
treatments with the addition of mineral-organic mixtures was 
significantly lower as compared to the control soil. These dif-
ferences can probably be attributed to various mineralization 
rates of mineral-organic mixtures and the diverse release 
rates of alkaline and/or acidic substances. Root secretions of 
both plant species (wheat: the bundle system, rape: the pile 
system) may have an indirect impact on the rate of trans-
formation of compounds in the soil. Root secretions are an 
excellent source of food for microorganisms living in the 
rhizosphere; therefore, an extensive root system can pro-
vide microorganisms with perfect conditions for growth and 
development. That thesis is also confirmed by our results – 
the number of individual groups of microorganisms in the 
treatments with wheat was significantly higher than in the 
soil sampled from rape cultivation. According to Natywa 
et al. (2010), agrotechnical treatments such as fertilization 

Ta b l e  3. Spearman’s correlation coefficients between the select-
ed soil chemical and microbiological properties (n=4)

Parameter Bacteria Mould fungi Actinomycetes Azotobacter spp.
Spring wheat

pH H2O 0.45* 0.49* 0.17 0.15
pH KCl 0.27 0.20 0.07 0.09
EC 0.61** 0.61** 0.47* 0.67***
Ctotal –0.07 –0.07 –0.21 –0.03
Ntotal –0.33 –0.36 –0.33 –0.19
DHA –0.44* –0.33 –0.04 –0.34

Spring oilseed rape
pH H2O –0.60** –0.56** –0.33 –0.67***
pH KCl –0.33 –0.25 0.02 –0.41*
EC –0.11 –0.19 –0.46* –0.14
CTOTAL –0.58* –0.42* –0.49* 0.09
NTOTAL 0.40 0.41* 0.09 –0.78*
DHA –0.85* 0.81* 0.75 –0.39
* p≤0.05; ** p≤0.01; *** p≤0.001 levels.

Ta b l e  4. Selected soil properties after 5 months of the pot experiment

Treatment pH H2O pH KCl
EC

(µS cm–1)
Ctotal Ntotal

(g kg–1 D.M.)
Spring wheat

C 6.41a±0.02 5.62a±0.01 93.1a±2.59 10.4a±1.00 0.99c ±0.05
MF 6.68bc±0.04 5.64a±0.01 160d±4.89 10.7ab±0.87 0.91ab±0.03
MF+CW3% 6.73c±0.10 5.70a±0.04 135b±9.63 10.6ab±0.49 0.96bc±0.06
MF+CW6% 6.58b±0.07 5.61a±0.03 145c±2.72 10.2ab±0.50 0.91ab±0.01
MF+CL3% 6.65b±0.04 5.65a±0.04 162d±2.17 10.2ab±0.48 0.88a±0.05
MF+Cl6% 6.60b±0.05 5.66a±0.07 181e±8.94 11.1bc±0.49 0.94bc±0.05

Spring oilseed rape
C 6.31a±0.04 5.52a±0.02 87.3a±3.35 10.6a±0.05 0.91a±0.01
MF 6.02c±0.02 5.30cd±0.01 124b±5.78 10.0bc±0.05 0.91a±0.01
MF+CW3% 6.06c±0.02 5.40c±0.05 121b±7.33 10.2cd±0.24 0.98bc±0.05
MF+Cw6% 6.02c±0.04 5.28d±0.05 113b±4.22 9.93d±0.11 0.93ab±0.05
MF+CL3% 6.14b±0.03 5.35bc±0.07 138c±4.28 10.2cd±0.01 0.91a±0.01
MF+Cl6% 6.04c±0.04 5.31bc±0.04 122b±2.49 10.3cd±0.13 1.01c±0.08
Each value represents the mean of four replicates ± standard deviation; mean values marked with the same letters in the column do not 
differ significantly according to Duncan’s test at p≤0.05, factor: fertilization.
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(including organic and mineral nitrogen fertilization) have 
a significant impact on the activity of soil microorganisms. 
In addition to pH, the factors influencing the formation of 
soil microbial communities can also include the contents of 
organic matter and individual elements, temperature, as well 
as cultivation and crop protection practices.

For spring wheat, a significant increase in the Ctotal con-
tent was only found in the soil of the MF+CL6% treatment. 
In the case of the spring oilseed rape treatments, a substantial 
decrease in carbon content was discovered in each treat-
ment amended with mineral-organic mixtures. A significant 
increase in nitrogen content for spring oilseed rape was only 
found in treatments MF+CW3% and MF+CL6%. The calcu-
lated values of Spearman’s correlation coefficients indicated 
that electrical conductivity was positively correlated with the 
number of bacteria, fungi, actinomycetes and Azotobacter 
spp. in the spring wheat crop and with Azotobacter spp. in 
the spring oilseed rape crop (Table 3). On the other hand, 
the Ctotal content was negatively correlated with the number 
of bacteria, fungi and actinomycetes in the soil of the spring 
oilseed rape treatments. For spring oilseed rape, the soil 
pH was negatively correlated with the count of 3 groups of 
microorganisms (Table 3). The nitrogen content was posi-
tively correlated with the number of fungi and negatively 
correlated with the number of Azotobacter spp.

The number of soil microorganisms was highly differ-
entiated and changed depending on the type and amount of 
applied fertilization as well as the plant species cultivated; 
however, some close and very interesting relationships were 
noted (Figs 1 and 2). For both spring oilseed rape and spring 
wheat, it was found that the applied mineral NPK fertiliza-
tion and the addition of mineral-organic mixtures containing 
lignite and leonardite increased the number of microorgan-
isms, as compared to the control (soil without fertilization). 
Therefore, it may be concluded that the total number of bac-
teria, moulds, actinomycetes and Azotobacter spp. increased 
in treatments where soil fertilization was applied. Thus, the 
positive effect of the applied materials on selected groups of 
soil microorganisms was proven. Additionally, the obtained 
results clearly indicated that the highest number of micro-
organisms was found in the soils of treatments MF+CW3% 
and MF+CW6% (spring oilseed rape) and also in the soils 
of treatments MF+CL3% and MF+CL6% (spring wheat). 
Therefore, it may be concluded that the profiling of fertili-
zation (using either lignite or leonardite) for a specific plant 
species is absolutely justified. In general, the most numer-
ous group of microorganisms were the total bacteria, the 
number of which increased from 50 000 (soil without fer-
tilization) to 145 000 (CFU g–1 D.M.) (MF+CW3%) in the 
case of spring oilseed rape, and from 132 117 (soil without 
fertilization) to 1 714 333 (CFU g–1 D.M.) (MF+CL3%) in 
the case of spring wheat. The second most abundant group 
were mould fungi, ranging from 38 500 (soil without fertili-
zation) to 123 400 (CFU g–1 D.M.) (MF+CW3%) for spring 
oilseed rape and from 55 167 (soil without fertilization) 
to 938 330 (CFU g–1 D.M.) (MF+CL3%) for spring wheat 
(Figs 1 and 2). The growing number of total bacteria and 
mould fungi indicates favourable soil conditions for these 
microorganisms, the richness in nutrients and the optimal 
pH for them (Malinowski et al., 2019). From studies con-
ducted by Rousk et al. (2009) bacteria grow best at pH 4.0 
to 8.0, and fungi grow best at pH 4.5 to 8.3. Therefore, the 
pH of the studied soils should be considered beneficial for 
both microbial groups. Bacteria grow best at a pH of H2O 
from 6.5 to 7.5, and fungi grow best at a pH of H2O from 4.5 
to 8.3 (Rousk et al., 2009); therefore, the pH of H2O of the 
studied soils (Table 4) should be considered favourable for 
mould fungi and close to optimal for bacteria. The presence 
of Azotobacter spp. in soils is correlated with various soil 
properties (e.g. pH, organic matter content, soil moisture), 
this was also confirmed by the results of our study. The pop-
ulation of these bacteria ranges from negligible, sometimes 
zero, to 104 g–1 soil and depends on the physicochemical 
and microbiological properties (i.e. microbial interactions) 
of the soil (Kizilkaya, 2009). These bacteria are most com-
mon in neutral and slightly alkaline soils, while they are 
absent or only present in very low numbers in acidic soils 
(Martyniuk and Martyniuk, 2003). In our study, the num-
ber of Azotobacter spp. varied for spring oilseed rape from 
297 (soil without fertilization) to 1 033 (CFU g–1 D.M.) 

Fig. 1. Average number (CFU g–1 D.M.) of microorganisms in the 
soil samples – test plant: spring oilseed rape.

Fig. 2. Average number (CFU g–1 D.M.) of microorganisms in the 
soil samples – test plant: spring wheat.
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(MF+CW6%), and for spring wheat from 123 (soil with-
out fertilization) to 432 (CFU g–1 D.M.) (MF+CL3%). On 
the other hand, the number of actinomycetes for spring 
oilseed rape ranged from 14 583 (soil without fertiliza-
tion) to 31 517 (CFU g–1 D.M.) (MF+CW3%), and for 
spring wheat from 20 083 (soil without fertilization) to 
70 500 (CFU g–1 D.M.) (MF+CL3%) (Figs 1 and 2). Thus, 
it may be concluded that fertilization based on mineral 
and organic additions in the form of lignite and leonardite 
combined with a zeolite-vermiculite composite effectively 
increased the number of the studied microbial groups.

Dehydrogenase activity is an indicator of the overall 
microbial oxidative metabolism showing the growth and 
activity of microbial populations (Burns et al., 2013). As 
reported by Wolińska et al. (2016), when determining dehy-
drogenase activity in the soil, more than 90% of the amount 
of dehydrogenase determined is of biological origin; there-
fore, the test is believed to provide reliable information 
concerning the biological properties of soil. Our results 
have shown that the activity of dehydrogenases (DHA) in 
the soils analysed with the use of TTC as a substrate ranged 
from 1.90 to 2.56 μg TPF g–1 h–1 for the samples in rape 
cultivation (Fig. 3). On the other hand, in the wheat cul-
tivation soil, dehydrogenase activity ranged from 2.62 to 
3.72 μg TPF g–1 h–1 (Fig. 4). The highest level of dehydro-
genase activity in rape cultivation was determined in soil 
from the control treatment, while statistically significant 
differences were only observed in MF, MF+CW6% and 

MF+CL6%. The determination of dehydrogenase activ-
ity resulting from wheat cultivation indicated a significant 
decrease in this parameter for treatments amended with fer-
tilizer composites as compared to the control. An increase 
in soil dehydrogenase activity after the application of 5 and 
10 t ha–1 zeolite doses was found in the study by Doni et al. 
(2020). These authors showed an increase in soil dehydro-
genase activity in grapevine cultivation from 8 to 28% for 
zeolite dose of 5 t ha–1 and from 22 to 110% for zeolite dose 
of 10 t ha–1 (Doni et al., 2020). On the other hand, in a study 
by Shivakumar et al. (2019), zeolite application in a dose of 
50 kg ha–1 along with 100 and 125% of the recommended 
doses of fertilizers showed higher dehydrogenase, urease, 
and phosphatase activity as compared to other treatments. 
Natywa et al. (2010) observed a decrease in DHA activity 
with increasing doses of nitrogen. As a result of using high 
doses of nitrogen fertilizers, the qualitative composition of 
biocenoses is modified: there is a recession of Arthrobacter, 
Azotobacter and Streptomyces bacteria, the previous domi-
nants from the group of autochthonous microflora, and the 
dominance of microbiocenoses is superseded by other spe-
cies, i.e. mainly Deuteromycetes fungi.

The results above indicated that the interaction of many 
factors had a great effect on the chemical and microbiologi-
cal properties of the soil. The addition of mineral-organic 
mixtures produces changes in the chemical properties of 
the soil and hence affects its microbial characteristics. 
With reference to the applied organic-mineral mixtures, the 
number of individual groups of microorganisms have a sig-
nificant impact on the assessment of fertilization efficiency.

FUTURE PERSPECTIVES

In order to be able to evaluate the effect of using miner-
al-organic mixtures that contain functionalized and organic 
materials as additives to agricultural soils with particular 
reference to changes in chemical and biological proper-
ties, it is necessary to assess their long-term effects. It is 
also necessary to understand the effect of these fertilizers 
under different climatic and environmental conditions and 
in various plant crops. Long-term research that shows the 
advantages and disadvantages of using fertilizers made 
with the addition of zeolites will be particularly valuable. 
According to the authors, future research should also take 
into account ecotoxicological as well as nitrifying bacte-
ria activity tests, which are considered to be very sensitive 
indicators of soil quality. This will allow for the verifica-
tion of the gradual release of nutrients in the soil, and thus 
facilitate a better understanding of their activity (Eslami 
et al., 2019). From an ecological point of view, it is also 
important to monitor the effects of applying such mixtures 
on the number and activity of soil microbes. Future studies 
should also include the verification of the effect of differ-
ent doses of mineral-organic mixtures on various soil types. 
The obtained results are applicative and may constitute 
a compendium of knowledge for farmers.

Fig. 3. Dehydrogenase activity in soil from spring oilseed rape. 
Each value represents the mean of four replicates. The different 
letters indicate a significant difference at p≤0.05 according to 
Duncan’s ANOVA, factors: treatment × analysis data.

Fig. 4. Dehydrogenase activity in soil from spring wheat. Each 
value represents the mean of four replicates. The different letters 
indicate a significant difference at p≤0.05 according to Duncan’s 
ANOVA, factors: treatment × analysis data.
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CONCLUSIONS

1. Both NPK mineral fertilization and the addition of 
mineral-organic mixtures (zeolite-vermiculite composite, 
lignite, or leonardite) increased the number of microorgan-
isms as compared to the control (soil without fertilization).

2. The type of fertilization applied should take into account 
the plant species grown and its nutritional requirements.

3. Mineral-organic fertilization produces changes to the 
chemical properties of the soil, which in turn significantly 
influences the quantitative and qualitative composition of 
the soil microbiome.

4. Only in the case of leonardite and spring oilseed rape, 
doubling the addition of organic materials (from 3 to 6%) 
increased the number of microorganisms; in other cases, 
such an effect was not observed and the opposite tendency 
was even found.
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