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Abstract

The number, activity and diversity of microorganisms define the level of biogenicity and indicate the
quality and health of the soil. The abundance and structure of microbial communities vary in different types of
soils, so in order to preserve and protect natural and agroecological systems, in addition to physical-chemical
analyses, monitoring of dynamics of microbiological activity in agricultural and non-agricultural soil is also
necessary. Each type of soil has its own characteristic micro biocenosis, and different methods of soil use can
have a positive or negative impact on microbiological activity, which directly affects the fertility of the soil. Soil
bacteria are very important in biogeochemical cycles, and biological nitrogen fixation plays an important role
in nitrogen cycling by transferring atmospheric dinitrogen into the soil. It is performed by symbiotic and
asymbiotic nitrogen-fixing microorganisms, called nitrogen fixators. Amonificators are bacteria that play a very
important role in soil ecosystem, as well as nitrogen fixators. This group of bacteria participates in the processes
of protein decomposition and transformation. The aim of the paper is to indicate, based on the presence of
nitrogen fixators and amonificators in soil under ashes, the biogenicity of this soil at four different localities:
pure ashes, soil under ashes covered with herbaceous vegetation, soil under ashes covered with wood vegetation
and agricultural soil, and to give advice on future activities regarding recultivation of these types of soil under
ashes. The results of the research showed that microorganisms are mostly represented in different numbers in
the tested soils, which indicates variations on the soil biogenicity and quality.
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Introduction

Microorganisms are one of the most important chain in the biological phase of soil and terrestrial
ecosystems, most physical, chemical and biological processes in the soil (80-90%) are going on due to
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microorganisms (Dennis ez 4/., 2010; Andelkovi¢ ez al., 2011). Microorganisms are found in huge quantities in
the soil, however, their exact number has not yet been precisely determined (Jarak and Hajnal, 2006). The latest
research, using epifluorescent microscopy, has experimentally proved that one gram of soil can contain up to
10 billion different types of microorganisms (Van elsas Dirk ez 4., 2007). Among soil microorganisms, bacteria,
actinomycetes and fungi are the most numerous (Chen ez 4/, 2003; Islam and Wright, 2005; Lupwayi, 2010).

The distribution and activity of microorganisms are influenced by the physical-chemical characteristics
of the soil properties, climatic conditions, agrotechnical measures, plant species, the presence of heavy metals
and pollutants, and biotic interactions between the microbial populations (Sivojiene ez a/., 2021). In order to
get high yields and ecologically acceptable food it is necessary to provide optimal conditions for the functioning
of microbiological processes.

The presence and abundance of different genera and species of microorganisms and their activity
represent one of the indicators of general microbiological activity and biogenicity of the soil (Roljevi¢ Nikoli¢
et al.,2022). Reduced abundance, diversity and enzyme activity of microorganisms may indicate changes in the
physical-chemical properties of the soil, the negative impact of pollutants and soil degradation (Jarak ez 4L,
2005). Agricultural soil in urban and rural zones is at greater risk of pollution, due to the frequency of industrial
plants, highways, landfills, groundwater, etc. (Tintor e# 4., 2008; Marinkovi¢ e al., 2010; Marinkovié ez al.,
2015).

Microorganisms with their life activities, such as mineralization of organic matter, which is their basic
role in nature, enable life for today's biocenoses. Organic matter represents the main substrate and energy source
for microorganisms (Xu ez al., 2013), as well as the limiting factor for the abundance and diversity of the
microbial population (FlieRbach ez 4/., 2007). All functions of microorganisms are related to the exchange of
matter and energy - metabolism, formation and action of ferments, i.e. enzymes as bioactivators or biocatalysts
of biochemical reactions.

Microorganisms play a key role in the mineralization of organic compounds to inorganic, in mobilizing
hard soluble inorganic compounds in the soil, creating humus aggregates and transforming biogenic elements
from one form into another, thus providing the necessary nutritious to plants. For these reasons, soil is now
considered a biological reactor.

The tolerance of microorganisms to pesticides and heavy metals allows certain genera and species to be
used in soil bioremediation. One of the most dangerous soil pollutants are heavy metals. They significantly
affect the number, composition of species and life activity of soil microorganisms, inhibit the processes of
mineralization and synthesis of various substances in the soil, suppress the quantity of air in the soil, have a
micro biostatic effect and also can produce a mutagenic effect (Roane and Pepper, 2000). The main reasons
why heavy metals are considered one of the main pollutants of soil are their enormous impact on the ecological
balance (Sastre ez al., 2002), as well as their relatively strong connection to soil particles and poor mobility that
prevents their removal (Sieghardt ez 4/., 2005).

Although it is common to diagnose contaminated soils by chemical analysis (Bojovic et al., 2019;
Popovic et al., 2011; 2016; 2020a; 2020b; Jovanovi¢-Todorovié ez al., 2020; Kolari¢ et al., 2021; Ljubiié et al.,
2021; Laki¢ e al., 2020), the abundance and activities of certain groups and types of microorganisms can also
serve as good indicators of soil quality and health (Milosevi¢ ez al., 2007). Therefore, in order to preserve and
protect natural and agroecological systems, in addition to physical-chemical analyses, the dynamics of
abundance and microbiological activity in agricultural and non-agricultural soils are monitored.

Soil bacteria are very important in biogeochemical cycles and have been used for crop production for
decades. Biological nitrogen fixation plays an important role in nitrogen cycling by transferring atmospheric
dinitrogen to the soil. It is performed by symbiotic and asymbiotic nitrogen fixing microorganisms, called
nitrogen fixators. Nitrogen fixation is the process of biological binding of nitrogen by microorganisms thus
enriching soil with nitrogen compounds (Bashan, 1998). In addition, microorganisms release some of the
nutrients that are found in organic matter (N, C, P, S). Nitrogen fixators present a specific group of organisms
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in the soil that have the ability to reduce elemental nitrogen from the atmosphere by transforming it into
ammonia and then into organic form. Species from the genus Azorobacter are one of the most important free,
acrobic nitrogen fixators, and their abundance is adversely influenced by the physical and chemical properties
of the soil (Milogevi¢, 2008). The representation of this group of nitrogen fixators is a good indicator of soil
fertility, while the absence of this bacteria may indicate primarily an unfavorable reaction of the soil solution
(acidic or strongly alkaline), lack of nutrients or soil degradation.

Free nitrogen fixators live in the soil, thizosphere or on the surface of the roots of plants, without causing
changes in plants. The root—soil interface, or rhizosphere, is the point of greatest activity within the soil
biogeocenosis (Bertin ez a/., 2003). In numerous interactions in the soil-plant system, microorganisms are one
of the most important factors. Abundance and microbiological activity in the rhizosphere depends on the
amount and composition of root secretions, habitus and age of the roots (Dobbelaere ez /., 2003). Plants and
microbes have been coevolving for several millennia, conferring fitness advantages that expand the plant's own
genetic potential. These beneficial associations allow the plants to cope with abiotic stresses such as nutrient
deficiency across a wide range of soils and growing conditions (Pantigoso ez 4l., 2022).

Microorganisms colonizing plant surfaces and internal tissues provide a number of life-support
functions for their host (Cordovez e a/, 2019). Free-living soil bacteria beneficial to plant growth, usually
referred to as plant growth promoting rhizobacteria, are capable of promoting plant growth by colonizing the
plant root. This rhizobacteria are also termed plant health promoting rhizobacteria or nodule promoting
rhizobacteria (Cvijanovic e a/., 2012). They are associated with the rhizosphere, which is an important soil
ecological environment for plant—microbe interactions. Symbiotic nitrogen fixing bacteria include the
cyanobacteria of the genera Rhizobium, Bradyrhizobium, Azorbizobium, Allorhizobium, Sinorhizobium and
Mesorhizobium. These bacteria are most common associated with plants from family Fabaceae (Jarak and Colo,
2007). Free-living nitrogen fixing bacteria or associative nitrogen fixers, for example bacteria belonging to the
genera Azotobacter, Azospirillum, Enterobacter, Klebsiella and Pseudomonas, have been shown to attach to the
root and efficiently colonize root surfaces (Hayat ez 4/, 2010).

Amonificators include a large group of bacteria, fungi and actinomycetes that transform proteins and
other organic nitrogen compounds, releasing ammonia. Amonificators are the most represented group of
microorganisms in the soil (Rasuli¢ ez 4/, 2021). Amonificators are very important in soil ecosystem, as well as
nitrogen fixators. These groups of bacteria participate in the processes of protein decomposition and
transformation, and converting it into the organic ammonia form, using very small quantities of mineral
nitrogen content from soil (Rasuli¢ ez 4/, 2021). Their abundance is an indicator of the content of organic
nitrogen compounds. Based on the abundance and activity of the amonificators, it can be determined whether
this nitrogen is accessible to plants or is bound in the cells of microorganisms.

The aim of the paper is to estimate, based on the presence of nitrogen fixators and amonificators in soil
under ashes, the biogenicity of this soil at four different localities and provide guideline on future activities
regarding recultivation of these types of soil under ashes.

Materials and Methods

Research in the field for agrochemical analyses of soil under ashes and agricultural soil, and its
microbiological activity were performed during May and June in 2022, in the region of Branicevo district,
munipicality of Kostolac.

Soil samples were taken from four localities: pure ashes, soil under ashes covered with herbaceous
vegetation, soil under ashes covered with wood vegetation and agricultural soil, in the first layer of soil by depth
of 0-30 cm. From each locality the samples were taken in three different micro localities, in three repetitions.
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The coordinates of every investigated locality were taken, and are presented in Table 1 and locality in Figures

4-6.

Table 1. Sample origin

il h,
No. Locality So jzp ¢ Date of sampling GPS coordinates
40,74102°N
L Ashes 21,18406°E
5 Soils under ashes covered with 44,73621°N
’ herbaceous vegetation 0-30 M 2022 21,16878°E
3 Soil under ashes covered with wood ) ay, June 44,73684°N
’ vegetation 21,16887°E
. . 44,72390°N
4, Agricultural soil 2121083

Agrochemical soil analyses were carried out in the laboratory of the Agricultural, Expert and Advisory
Service of Pozarevac, according to the following methods: determination of pH value (potentiometric) -
method SRPS ISO 10390: 2007; determination of carbonate content (volumetric) - method SRPS ISO
10693:2005; determination of humus content by the Kotzmann method (volumetric) - VDM 01;
determination of easily accessible potassium by AL method according to EngerRichm (flamephotometric) -
VDM 02 and determination of easily accessible phosphorus by AL method according to EngerRichm
(spectophotometrically) - VDM 03 (Table 2).

Microbiological studies included basic microbiological properties and the presence of bacteria which
perform processes of nitrogen fixation and ammonification in the soil. The abundance of these tested groups
of microorganisms was determined indirectly by the method of dilution, on the appropriate nutrient substrates.

On the agarized soil extract, the total number of microorganisms was determined, and the number of
amonificators was morphologically determined on mesopepton agar (MPA plates) (Pochon and Tardieux,
1962). Seeding was carried out with 0.5 ml of suspension of dilution 10 in an empty petri box after which it
is poured with 20 ml of molten MPA substrate. Incubation lasts for 3 days at a temperature of 28 °C. After
incubation, the number of colonies was counted and the number of amonificators per 1 g of absolutely dry land
was determined (Figure 1a).

The number of nitrogen fixators was determined by the method of agar plates on Fyodor's substrate
(Sari¢, 1989). In the empty Petri box, 0.5 ml of suspension of the soil of grading to 10, and poured with 20 ml
of molten Fyodor’s substrate. After incubation of 5 days at 28 °C, the grown colonies were morphologically
determined, counted and the number is converted to 1 g of absolutely dry soil (Figure 1b).

After drying 1 g of soil from each locality: pure ashes, soil under ashes covered with herbaceous
vegetation, soil under ashes covered with wood vegetation and agricultural soil, to absolutely dry measure the
result was 0,933 g (Picture 1). According to this result and this equation

a*b-c
H =

where H = the number of bacteria in 1 g of absolutely dry soil, a = average number of colonies grown on
seeded Petri boxes, b = mass of soil taken for analysis, ¢ = dilution by which the seeding was carried out and d
= mass of absolutely dry land from which seeding was carried out, the total number of nitrogen fixators and
amonificators was counted.
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Figure 1. Process of drying soil in the laboratory,
Fyodor's substrate, after incubation (b.)

Results and Discussion

The presence of certain systematic groups of bacteria indicates the flow and intensity of microbiological
processes in the soil. In the tested soil samples, the abundance and activity of microorganisms depended on the
locality and the method of soil use.

According to the obtained results, all tested samples showed an alkaline pH reaction. The values varied
from strongly alkaline for pure ashes, to medium alkaline for soil under ashes covered with herbaceous
vegetation, soil under ashes covered with wood vegetation and agricultural soil.

The process of soil humification is the decomposition of organic matter and the synthesis of humus
(Stokié et al., 2022). Based on the results in Table 2, it can be concluded that the tested soils are mostly well
supplied with humus.

The tested samples of soil differed in the procentage of humus, from pure ashes which is medium humus
soil, to the strongly humus soil which are soil under ashes covered with herbaceous vegetation, soil under ashes
covered with wood vegetation and agricultural soil As for pure ashes, where humus essentially represents
unburned organic matter of coal, we can only conditionally call it humus. Humus in the soil is not only an
important source of nutrients for higher plants, but also a food source for soil microorganisms (Bjeli¢ ez 4/,
2014).

The results for CaCOs show that the soil of the Branicevo district is generally carbonate-free or weakly
carbonated, which is a consequence of the absence of CaCOj in the parent substrate (Miti¢ ez al., 2021), which
is also shown in our results.

Regarding the procentage of nitrogen based on humus content, all the tested samples are well supplied
with nitrogen content.

The agrochemical analyses of determination of easy-access potassium in the soil, showed that each type
of tested soils are well supplied with potassium, so this indicates that the presence of KO is very high.
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The analyses of determination of easily accessible phosphorus in the soil, showed that all of the tested
soils are weakly supplied with phosphorus.

Table 2. Basic agrochemical analyses of soil

_— pH in pHin | CaCO; | Humus N KO | Pi0s
P H,0 KCl (%) (%) (%) (mg 100 g)

Pure ashes 8.84 8.29 0.47 3.18 0.159 19.68 8.17
Soil under ashes covered with 8.20 7.54 191 441 0.220 2376 | 7.45
wood vegetation
Soil under ashes covered with 8.26 744 1.90 429 0214 | 3432 | 1150
herbaceous vegetation
Agricultural soil 7.20 6.26 0.10 433 0.216 31.44 18.68

Species of the genus Azofobacter are one of the most important free, acrobic nitrogen fixators, and their
presence or abundance is in the soil ecosystem or rhizosphere is affected by physical and chemical characteristics
of soil. In addition to oxygen, soil moisture can be a limiting factor for the growth and activity of associative
nitrogen fixing microorganisms. Species of genus Azotobacter reacts vigorously by changing the number to the
adverse effects of environmental factors. Bacteria from the genera Bacillus and Azotobacter can also synthesize
organic acids and phosphatases to the inaccessible phosphorus which will be translated into plants (Cherr ez
al., 2006; Wilhelm et 4l., 2007).

The presence of nitrogen fixators is an indicator of soil fertility, while their absence may indicate certain
degradation processes in the soil. The presence of nitrogen fixators was observed in all tested localities, and the
number of these species differed within micro localities (Table 3, Figure 2).

Table 3. Total abundance of nitrogen fixators

Number of microorganisms
Parameter (CFU/g! of absolutely dry land)
Number of nitrogen fixators sp. x 10
Depth, 0-30 cm Micro locality no. 1. Micro locality no. 2. Micro locality no. 3.

Ashes 4.3 5.4 46.1
3.2 2.1 37.5

Average value 3.75 3.75 41.8
Soil under ashes covered with 25.7 no grown colonies 11,3
herbaceous vegetation 23.6 1.03 26.7
Average value 24.65 1.03 19.00
Soil under ashes covered with 56.4 80.9 24.5
wood vegetation no grown colonies 79.9 322
Average value 56.40 80.40 28.35
, , 2.1 477 795
Agriculeural soil no grown colonies 60.4 45.5
Average value 2.10 54.05 62.50




Sekuli¢ T ez al. (2023). Not Bot Horti Agrobo 51(1):13115

90
80
70
60
50
40
30
20
10

1

@ Micro locality no. 1.

2

@ Micro locality no. 2.

3

@ Micro locality no. 3.

4

Figure 2. Average value of abundance of nitrogen fixators in each micro locality on: 1. Pure ashes; 2. Soils
under ashes covered with herbaceous vegetation; 3. Soil under ashes covered with wood vegetation; 4.

Agricultural soil

The abundance and activity of the amonificators, is a good indicator for accessibility of nitrogen to
plants or it shows it is bounded in the cells of microorganisms. Mineralization of organic compounds produces
ammonium ions (NH4") which are very important for plant nutrition and amino autotrophic microorganisms,
as well as for the process of humification (Cvijanovi¢, 2002).

In the process of ammonification, a very heterogencous group of microorganisms participates, from
aerobic to anacrobic, sporogenic to asporogenous, acidosensitive to acidoresistant fungi, bacteria and
actinomycetes (Ditch ez al., 2007).

In all the tested samples of soil under ashes, an average high abundance of amonificators was detected
(Table 4, Figure 3). Given that the soils under ashes covered with herbaceous and wood vegetation is a
microlocality where fertilization is carried out due to the symbiotic relations with this bacteria and roots of
higher plants species, this result was expected.

Table 4. Total abundance of amonificators

Number of microorganisms
Parameter (CFU/g! of absolutely dry land)
Number of amonificators sp. x 10
Depth 0-30 cm Micro locality no. 1. Micro locality no. 2. Micro locality no. 3.
79.3 1.07 18.2

Ashes 375 1.07 no grown colonies
Average value 58.4 1.07 18.20

Soils under ashes covered 10.7 3.1 25.7

with herbaceous vegetation 36.0 57.6 57.6
Average value 23.35 30.35 41.65

Soil under ashes covered no grown colonies 43.4 58.6

with wood vegetation 18.1 30.1 26.6
Average value 18.10 36.75 42.60

. . 4.2 37.1 24,4

Agricultural soil 7 04 2.2
Average value 25.9 48.8 23.3
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Figure 3. Average value of abundance of amonificators in each micro locality on: 1. Pure ashes; 2. Soils
under ashes covered with herbaceous vegetation; 3. Soil under ashes covered with wood vegetation; 4.
Agricultural soil.

The results by Li ez al. (2019) suggested that soil N availability and rhizodeposition strongly modified
the microbial communities of nitrogen fixing bacteria. Thus, dissemination of certain groups of
microorganisms assimilating mineral forms of nitrogen in the soil indicates the active course of processes of
mineralization of organic substances (Alicksiciev and Patyka, 2016).

The results of our research showed the high abundance of colonies of bacteria of nitrogen fixators and
in soil under pure ashes only in the third micro location (41.8 x 10°) (Figure 4a).

Also, the high abundance of amonificators was detected in pure ashes in the first micro location (58.4 x
10¢) and on third (18.20 x 10). This is a possible consequence of the strong intensity of the local south-eastern
wind “Kosava”, which is constantly present and dominant type of wind in this area. This has caused the colonies
of microorganisms to be scattered over longer distances. “Kosava” is the wind characteristic for the Branicevo
district, whose intensity increases in open surfaces such as ashes.

The results also showed the high abundance of colonies of bacteria of nitrogen fixators and
amonificators in soil under ashes covered with wood vegetation. On the first micro location the average value
of nitrogen fixators was 56.40 x 10°, and on the second 80.40 x 10”. On the second micro location the average
value of amonificators was 36.75x 107, and on the third 42.60 x 10°.

(a)

Figure 4. (a) Pure ashes; (b) Soil under ashes covered with wood vegetation
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The wood plants vegetation is self- sprouting and mostly represented by the species of acacia (Robinia,
Fabaceae) and poplar (Populus, Salinaceae), which is shown in Figure 4b.

The number of nitrogen fixing bacteria in the rhizosphere changes under the influence of species and
varieties of plants. This indicates that the symbiotic nitrogen fixing bacteria have associated in rhizosphere with
the roots of plants, mainly from species of family Fabaceae. Symbiotic bacteria from genus Mesorhizobium and
Sinorhizobium are characteristic nitrogen fixing bacteria associated with species form genus Robinia (Wei et
al., 2009). Furthermore, because of the capability of these bacteria to uptake and fix the N from air (dinitrogen
N3), the presence of N in this soil is high.

The results also showed average abundance of colonies of bacteria of nitrogen fixators and amonificators
in soil under ashes covered with herbaceous vegetation. The highest abundance of nitrogen fixators was in the
first and third micro location (24.65 x 107%; 19.00 x 10?). On the other hand, the abundance of amonificators
was higher than the nitrogen fixators. On the first, second and third micro location the numbers were: 23.35 x
10°%,30.35 x 10 and 41.65 x 10°%. The herbaceous vegetation in this location is also self- sprouting, and mainly
represented by family Poaceae and Cyperaceae, but also species from genera Ranunculus, Chenopodium,
Amaranthus and Trifolium can be spoted (Figure 5). The large presence of amonificators in the soil under ashes
covered herbaceous vegetation is an indicator of the abundance of reserves of nitrogen organic matter, which
remains on the surface and in the soil after the end of vegetation period. Since the dominant grass vegetation is
from the family of Poaceae, large amounts of organic matter are cyclically renewed every year.

Lug \ 1A TR

Figure 5. Soils under ashes covered with herbaceous vegetation

The use of microorganisms and the exploitation of beneficial plant—microbe interactions offer
promising and environmentally friendly strategies for conventional and organic agriculture worldwide (Berg,
2009). Our results showed the highest abundance of colonies of bacteria of nitrogen fixators and amonificators
in agricultural soil under species of corn Zea mays (Figure 6). On the second micro location the average value
of species of nitrogen fixators was 54.05 x 10, and on the third 62.50 x 10°. On the second micro location the
average value of amonificators was 48.75 x 10°°. Maize, as an agricultural crop, with its roots can significantly
affects the composition and number of microorganisms not only in the rhizosphere, but also in the surrounding
land. The corn plant stimulates the development of a large number of microorganisms: amonificators,
proteolytic bacteria, cellulolytic bacteria, fungi and species from genus Azorobacter (Mrkovacki ez al., 2012).
However, the representation of these microorganisms in the rhizosphere is different, which depends on
numerous ecological factors.
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Figure 6. Agricultural soil

For the development and activity of the genus of nitrogen fixing bacteria, and also amonificators, the
presence of organic matter in the soil greatly affects its abundance. This result was expected, due to intensive
application of fertilizers, so the soil is rich in nitrogen, which is also shown in agrochemical analysis. The
population of microorganisms that inhabit the soil rhizosphere affects the environment and the state of health
of the crop and yield (Welbaum ez al., 2004, De Vita ez al., 2007a). Rhizobium can directly promote both plant
growth and plant health, and modulating root architecture and growth via the release of plant phytohormones
(Sun and Shahrajabian, 2022).

Microorganisms allow the movement of the processes of humification and dehumidification, thus
occupying a central place in the circulation and biogeochemical cycles of the necessary macro and micro
nutrients. According to the detailed analysis of all overall obtained results, the following conclusions were
drawn: The distribution, diversity and activity of microorganisms are influenced by the physical-chemical
characteristics of the soil type, climatic conditions, agrotechnical measures, plant species that inhabit soil, the
presence of heavy metals and other organic pollutants, as well as the relationship between the microbial
population.

Microbial communities are most often applied to improve the supply of plants nitrogen and phosphorus
and mineralize organic matter, and as a result, there is an increase in the amount of affordable assimilatives of
plants. Microorganisms affect the degree of supply plants by phosphorus through mineralization of organic
phosphorus compounds, by immobilizing affordable phosphorus, as well as the dissolution of insoluble mineral
forms of phosphorus. Microbial phosphorus biomass is a small, but very labile reservoir potentially affordable
for plant root assimilation. Based on the present findings it can be concluded that, all tested soil samples
showed weak supply of phosphorus content. In order to increase microbial activity through mineralization of
organic phosphorus compounds, the use of fertilizers should be applied. Rhizobacteria also help in
solubilization of mineral phosphates and other nutrients, enhance resistance to stress, stabilize soil aggregates,
and improve soil structure and organic matter content. They retain more soil organic N, and other nutrients
in the plant—soil system, thus reducing the need for fertilizer N and P and enhancing release of the nutrients.
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Conclusions

According to the results obtained in this paper, the number, activity and diversity of individual groups
microorganisms define the level of biogenicity and indicate the quality and health of the soil.

o Variations in the number of tested groups of microorganisms: nitrogen fixators and amonificators in all
four localities indicate a different state of the soil: the processes of mineralization and humification do not
take place on pure ashes, but are represented on the soil under ashes covered with herbaceous and wood
vegetation. Future activities for further improvement of this soil should be planned, such as recultivation,
or certain methods of phytoremediation, eco-friendly and sustainable technology, and nowadays it
represents commercial and sustainable phyto management;

o Plant-bacterial interactions in the rhizosphere are the determinants of plant health and soil fertility. Plant
growth promoting rhizobacteria have the potential to contribute to sustainable plant growth promotion.

0 The number and diversity of microorganisms in agricultural soil, in this study under corn field, depends
on the physical-chemical characteristics: the climate factors, methods of tillage and cultivation, hybrids,
the root scavengers etc. The number of selected group of bacteria differed in this type of soil, but on average
the number of both amonificators and nitrogen fixators was high. Binding atmospheric nitrogen (N>) in
the process of biological fixation of nitrogen is the most important component in the nitrogen cycle in
nature with a special significance for agriculture, so high abundance of these microorganisms in the fourth
locality of this research is of great significance for biogenicity of this type of soil.

0 Large reserves of organic phosphorus in the soil are not available for the plants, so the role of
microorganisms in its decomposition is irreplaceable.

o Measures on improvement of agriculture efficiency and recovery of fertility of soil under ashes should
necessarily be connected with microorganisms activity.
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