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Abstract: The current (at the end of the first quarter of the 21 century) ideas about the microbial
community (MC), structure and concepts reflecting and summarizing progress in the knowledge
of the MC are considered. The ideas about the microbial community are discussed from the point
of view of modern knowledge of the role and functions of microbial communities in the
emergence and maintenance of a product that is traditionally called a rather short and succinct
term — soil, but which, in essence, is a product of interactions of various biological communities
and substances which is infinitely multi-valued and differently conceptual, and is an ecosystem,
a soil ecosystem (SE). It justifies the need to develop a new concept for the knowledge of this
product — soil health (SH), as an integration of modern knowledge of MCs and their functions.
Methods for determining the parameters of soil health are briefly described.
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Introduction

In the first quarter of the 21st century, population microbiology, microbial ecology and soil
sciences have amassed experimental and theoretical experience, which calls for careful
consideration in search of obvious and hidden mutual relationships to further the knowledge of
nature. This particularly refers to the knowledge of the structure of the microbial community
(MC). The general progress in the knowledge of MCs and their functions, along with the
consideration of facts and consequences with respect to the ability of microorganisms in MCs,
has stimulated the acquisition of knowledge about the role of the MC and its abilities in the most
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complex terrestrial ecosystem — the soil ecosystem (SE). This has resulted in a new category of
the SE — soil health. To gain further knowledge of the SE, a simple and easy-to-use fundamental
approach is exactly what is needed. All of this requires researchers and users to employ
dynamism, judiciousness and temporally integrative actions.

The objective of this communication is to generalize knowledge of the structure of the
microbial community and the influence of this knowledge on other fields of microbial ecology,
such as the microbial community of the soil ecosystem, with respect to the emergence of the new
category of the soil ecosystem (soil) — soil health.

1. The origin of the concept of the microbial community (MC)

Research into the properties, abilities and specific nature of microorganisms is
taking place only at the microbial population level i.e. using a multitude of identical
single-celled organisms that are invisible to the naked eye, with only the ultrastructure
of an individual cell recognizable on the selected organism. In nature, microorganisms
live in the form of a multitude of different populations. It is quite logical to expect
influences among populations, as well as their interactions, manifested through different
processes, either noticeable or unnoticeable ones. These interactions have already been
termed as competition, antagonism, neutralism, cooperation, synergism, syntrophy etc.
It is absolutely logical to expect populations to undergo changes in terms of quantity
and/or quality, over time and space. To express this multitude of different populations
existing in place and time, the term “community” is used. As a term, “community” also
encompasses “the multitude of the multitude” of communities. Obviously, it is precisely
this meaning that has paved the way for the establishment of this term in the science of
biology i.e. a multitude of different types of single-celled organisms/populations that are
invisible to the naked eye, which is designated as a microbial community.

The notion about the microbial community (MC) is the key to the ecology of
microorganisms. The structural elements of the MC and the manner of their
representation determine the choice of research strategies and tactics, and the
application of the knowledge acquired. The term “microbial community” has synonyms
that strive to explain the content of the essence. These include the terms: association,
consortium, microbiota and, even, microbial complex (3Bsarunues, 1987; 3Bsarunues et
al., 1999; Jlo6poBoibckasi, 2002; Korenesues, 2019; Dukic et al., 2019). Also, there
are, undoubtedly, other terms, proposed in earlier history, which were coined to express
and reflect the multitude of different populations existing in the living world. For
instance, the term “consortium” deals with the concept of socium, which denotes a
social sphere of the human community. To separate the social community from living
communities — living matter, the term “cenosis” was devised and further specialized as
phytocenosis, microbial cenosis, biocenosis, biogeocenosis etc.
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1.1. Characterization of the MC structure

The term “community”, which is generally accepted by the scientific community,
will be used from this point onwards. The development of notions about the microbial
community and the types of structure of a community and communities — trophic,
functional, spatial, taxonomic etc. — has gone hand in hand with achievements with
regard to the methods used to investigate and gain knowledge of, first of all, the trophic
biological diversity of microorganisms. To acquire knowledge of the MC, a whole range
of biological and physicochemical methods are actually used. Since this review centers
upon the microbial community, i.e. bacterial and micromycetal ones, let us turn our
attention to the following definition of the microbial community. “A microbial
community should be considered as a whole made up of taxonomically different but
functionally interrelated populations of microorganisms existing for some time in a
certain place.” The components of the MC can be either strongly interrelated, even
physically, making the MC highly specialized, or poorly interrelated, when the MC has
a low level of specialization (Semenov, 1991; Cemenos, 2005, 2010, 2011). To what
end is it necessary to have an idea about the MC structure, as well as about each
particular MC and in each ecotype of interest for both researchers and practioners
(although this is ultimately unreachable)? The more objective and accurate the concept
of the MC structure, the greater its interpretative and prognostic properties (functions),
and the greater the probability of finding an adequate solution in ecological and
industrial biotechnology. It is important to emphasize that the abovementioned
definition of the MC entails potential changes in the MC over time and space,
suggesting its dynamic nature. Along with dynamism, it is important to know its
functional compostition, the diversity of its components and their numbers in the MC.
The taxonomic composition is of third-rate importance, as it is a dominant process at the
microlevel. This is confirmed by the very important set of methods used in microbial
ecology — biogeochemical methods. In these methods, microorganisms (communities!)
performing certain processes are judged by the products of these processes using
physicochemical methods, which are visible at the macro level. For example, the strong
odor of hydrogen sulfide indicates that intensive sulphite reduction is taking place.

1.2. The evolution of knowledge about the MC structure, and trophic
groupings within the MC

At the very end of the 20th century and in the first quarter of the 21st century, in the
context of, basically, the absolute domination of molecular biological methods for
microbial identification, gaining knowledge about the key i.e. trophic structure of the
microbial communities existing in geochemically “moderate” ecological niches received
decreased attention. Neverteheless, interest in exploring trophic interactions in
anaerobic MCs, particularly in niches of anthropogenic origin was maintained
(3aBap3un, bonu-Ocmornosckas, 1981; Hoxesuukosa, 1987, 1991; 3aBapsun, 1990a;
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Zumstein et al., 2000; Hofman-Bang et al., 2003), as well as in natural niches — under
extreme conditions (3asapsun et al., 1993, 1999; 3asapsun, 2004). In addition, today,
instead of focusing on physiological and biochemical aspects of the MC, research is
oriented towards taxonomic aspects and the molecular biological composition of MC
components (Kirk et al., 2004; Hug, 2018). However, understanding and management
of MCs require knowledge about the number, functions and activities of organisms, and
not just about electrophoretic DNA bands with further important conclusions about MC
potentials and scarce current results. To gain an in-depth knowledge of the MC and
ensure its successful utilization, it is vital to know the physiological composition of the
MC first, and then, finally, its taxonomic i.e. molecular biological composition (Hug,
2018).

The knowledge of the MC is formally divided into several periods. Inter alia: The
quantification i.e. perception of the large number of microorganisms. Gaining
knowledge about the many faces of the functional ability, evolutionary agility, as
expressed by Beijerinck’s idea that “everything is everywhere, but the environment
selects”. This was supported by progress in physicochemical research methods
(microscopy, chromatography, electrochemistry, electrophoresis etc.). Gaining
knowledge of the fact that microorganisms can be found not only in environments rich
in organic matter, primarily in natural environments, but also in ecotopes and econiches
that are very poor in organic matter, and even in inorganic environments.

To facilitate the understanding and perception of the infinite depth of the MC
structure, “models” of the MC structure are used. Without delving into the chronology
of ideas about the microbial community structure, we shall mention only the historically
most important examples of ideas and notions about the microbial community structure
through trophic groupings.

Every organism has its limits of existence, and its properties and peculiar features
are maintained within specific physiological characteristics and constants. As the terms
“oligotrophic bacteria’ (OB) and “copiotrophic bacteria” (CB) will be used from this
point onwards, it is appropriate to remind about the definitions of these groups
(Semenov, 1991). OB are organisms that are evolutionary adapted to live in
environments characterized by low organic substrate concentrations and low energy
flows. They have highly effective systems for the absorption (uptake) of organic and
inorganic nutrients that occur at nano- and even picomolar concentrations in these
niches. At the same, oligotrophs, within the range characteristic of each particular
organism, may develop in environments, either natural or experimental ones, which are
quite rich in organic nutrients. However, only extremely poor, yet qualitatively
complete, environments are suitable for the isolation and characterization of oligotrophs
because it is only under such conditions that the competitive advantage of their
oligotrophy can be exhibited (Cemenos, 2005; Semenov, 1991). Copiotrophic bacteria
have opposite properties, as defined by Poindexter (1981) (cit. after Semenov, 1991).
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Table 1. Examples of trophic groupings within the microbial community structure

(Cememnos, 2005)

Groups

Distinctive features

Author of the
concept

Two groups: autotrophs
and zymogens

Growth rate and substrate structure

Bunorpanckui, 1952

14 groups, including
hydrolytic and dispersed
microorganisms
(dissipotrophs)

Growth rate, exohydrolase producing
ability, substrate type and substrate
concentration

3aBapauH, 1970; 1976;
1995.

Heterotrophs are divided
into copiotrophs and
oligotrophs

Substrate concentration, substrate type
and growth kinetics

Poindexter, 1981.

4 groups: autotrophs,
zymogens, oligotrophs
and lithotrophs

Growth rate, substrate type and substrate
concentration

Munryctun, 1982.

r-K continuum

Growth rate and substrate concentration

Gerson, Chet, 1981.

3 groups: oligotrophs,
stenoheterotrophs and

Substrate concentration

Horowitz et al., 1983.

microorganisms are
divided into 3 groups:
hydrolytics, “patients”
and oligotrophs

euryheterotrophs

3 groups: copiotrophs, Substrate type, substrate concentration, I'y3es, MBanos, 1986
hydrolytics and hydrolase producing ability

oligotrophs

“Autochthonous” Exoenzyme producing ability, substrate Gordienko, 1990.

structure and growth rate

A comparative analysis of some kinetic characteristics of CB and OB growth, such

as similarity between microbial transport systems in terms of substrate (Ks — for growth
kinetics and Km — for substrate transport kinetics), maintenance energy — m and marked
presence or absence of “narrow (regulatory) sites” in microbial metabolism, enables the
trophic (physiological) grouping of microorganisms. The “narrow site”, the limiting
segment in the metabolism of oligotrophs, is obviously filled with the respiration chain
(Semenov, 1991).

The exploitation of the kinetic growth characteristics for the distinction between OB
and CB, with the concentration and types of substrates considered, has led to the
conclusion that the total diversity of heterotrophic microorganisms can be presented in
the form of a continuum, in which microorganisms having extremely high
characteristics are grouped on one end, and those with low characteristics on the other.

As established long ago, the dominant majority of microorganisms have moderate and
mutually close characteristics (Creiinuep et al., 1979; 3aBap3un, 19906; Hug, 2018). The
division of the entirety of microbial diversity into copiotrophs and oligotrophs does not
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reflect the entire essence of the world of microorganisms, and even the consideration of the
notion of the r-K continuum does not solve the problem. The solution to the problem
regarding the rough categorical nature of the structural division is proposed by the MC
scheme, which is based on notions about the norm of reaction. As explained by general
genetics, the norm of reaction reflects the morphophysiological variation of an organism,
while the genotype remains unchanged. In the proposed scheme, microorganisms are
divided into three unequal groups, and the MC is presented in vector form, using a
symmetrical/assymetrical structure, which reflects the continuum of forms, populations and
communities (Figure 1) (Semenov, 1991). The two extreme groups are represented by
organisms having narrow reaction norms relative to the concentration and type of substrates
used, on the one hand, and limits of variation in physiological characteristics (K, m and
Vi), on the other. These groups, according to their properties, belong to real copiotrophs
and real oligotrophs. The third group with a broad norm of reaction includes the majority of
known heterotrophic microorganisms, and is positioned between the groups with a narrow
norm of reaction (Hug, 2018). Since the MC exists in both time and space, it is more
appropriate to represent its structure as a three-dimensional scheme, for the calculation of
spatial/temporal characteristics and trophic groupings (Figure 2).

The present dynamic concept does not reject previous notions (Table 1); it includes
or develops them. The proposed concept of the trophic structure of the MC contains
explanatory and prognostic characteristics.

The concept explains, for example, why microbial growth is lower on very rich or very
poor organic media than on “diluted” ones. This is because “diluted” media serve not only
for the growth of microorganisms having broad reaction norms but also for the growth of
part of microorganisms with narrow reaction norms. The concept explains why bacteria
isolated as oligotrophs are often taxonomically classified as typically copiotrophic taxa, for
example Pseudomonas, Spirillum and even Escherichia and Bacillus (Fry, 1990). It is these
very genera that include bacteria with broad norms of reaction. The proposed scheme of the
MC structure suggests that the number of real oligotrophs and copiotrophs is not high
(minority), and that the bulk of microorganisms is represented by organisms with moderate
characteristics. Industrially important microorganisms should be sought primarily among
microorganisms with broad reaction norms, while those with narrow reaction norms will
prevail in ecological niches having extreme characteristics.

The proposed MC model has been elaborated using the properties and characteristics of
heterotrophic microorganisms (chemo-organo-heterotrophs). There is the question of the
position of autotrophic microorganisms in this MC model, whose existence is indifferent to
the concentration of organic carbon, and the concentration of this source of carbon (CO,),
which they need, is not under their control. However, the position for the existence of this
MC component can be quite realistically set in the proposed symmetrical/assymetrical
structure or even in the whole autotrophic (chemo-litho-autotrophic) community.
Noteworthy, autotrophic sites, according to the content of Corg, are oligotrophic or even
extremely oligotrophic habitats; part of autotrophs are capable of mixotrophy, and
competition and selection among autotrophs are also realistic, as they are among
heterotrophs.
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Limiting substrate (carbon etc.) concentration vector

Low concentration High concentration

Microorganisms with broad norms
of reaction
(majority of microorganisms)

Microorganisms with narrow  Microorganisms with narrow
norms of reaction norms of reaction

(Real oligotrophs) Real copiotrophs

Figure 1. Microbial groupings in the microbial community scheme.
Symmetrical/assymetrical structure with different, partially overlapping trophic groups

A

Spatial vector. A norrowly
or poorly interconnected MC

Microorganisms
with broad
norms reaction

IVAGH i i MO with narow
norms of reaction S
L _ — norms of reaction
N : —
(Low) Organic carbor (High)
concentration vector

\ Temporal vector. Length of existence of
different communities

Figure 2. A schematic three-dimensional representation of the
microbial community structure

1.3. General postulates in the knowledge of the MC,;
laws and concepts related to the MC

To date, there have been a considerable number of generalized postulates regarding
the knowledge of the functions and properties of the MC, which can be designated as
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laws, according to their importance, but they are currently commonly termed
“concepts”. Concepts in biology, microbiology and microbial ecology have the same
role and importance as those attributed to legal laws in a social community. The more
accurate and concrete the laws (concepts) and the more accurately they are adhered to
by users, the greater the user insurance against failure of biotechnological ecology. The
more accurate (precise) the proposed MC structure, the deeper its predictive
(prognostic) traits (functions), which is indeed the fundamental goal of gaining
knowledge of a community.

Let us discuss the well-known and recognized laws and concepts, without
mentioning the time of their first occurrence, and only those related to the MC, similarly
to the species concept, for example, which does not belong only to microbial ecology. It
is important to point out, finally, that the first concept to emerge is the one dealt with in
this review paper — the concept of the microbial community (3aBap3un, 1970; Semenov,
1991).

The best-known and most important biological laws and concepts are: (1) the
exponential growth ability of all populations (and the community); (2) self-limitations
(limitation or inhibition) of their growth; (3) fluctuating life dynamics of populations
(due to limitation or inhibition). These three laws (concepts) are objective for all living
organisms, and therefore for microorganisms as well. Typuun (2002) realistically
compared their importance to the first three physical laws of dynamics. It is obvious that
the three laws should be enhanced by the observation about limitations to adaptation
due to the reaction range of the organism relative to environmental conditions.

The recognition of another concept is underway: the concept about the MC as not
only a basic functional unit of the ecosystem, but also as its evolutionary unit
(3aBap3un, 1990a), with microbial evolutionary development taking place both inside
the community and through the community. The concept of microbial evolution both
inside the community and through the community, along with the concept of symbiosis
and succession, directs theoreticians and practitioners to a systemic approach to
achieving results. Using stable microbial communities is the pathway to the
management of natural microbiological processes.

The concept of the importance of processes in an ecosystem and their dependence
on the number and activities of microorganisms involved in them (the only process of
importance and prominence is the one performed by a multitude of active
microorganisms — 3asap3un, 1989) has a deeper sense. This concept is consistent with
the philosophical law of the transition of quantitative processes into qualitative ones.
Discovering several cells of a saprotrophic microorganism in a habitat is not indicative
of the importance of the process, which is potentially important if performed by a
multitude of such microorganisms. The phenomenon actively exploited in the literature
under the name “quorum sensing” is only a manifestation of the already formulated
concept.

Comprehensiveness is provided by the concept of the food chain and the food
pyramid. This concept is complemented by the concept of interactions between large
and small organisms, according to which large organisms exploit and even directly
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consume smaller ones, while the smallest ones often parasite on large ones. This
concept is, obviously, applicable not only in microbial ecology but also in general
ecology and all branches of biology. The concept is further expanded by the concept of
symbiosis i.e. coexistence of organisms.

The law closely connected with the previous ones as their continuation is the law of
succession. According to this law, if environmental disturbance or change is severe,
coexistence is disturbed (degraded), leading to the succession of organisms (species).
This is often the case in treatment plants or other unit operations based on the
exploitation of natural and, to a greater degree, artificially fabricated MCs.

Apart from these general ecology concepts, there is a well-known range of specific,
pedomicrobial concepts. It seems that Zvjagincev was the first to deal with some of
them (3esrunues, 1987; 3earunnes et al., 1999). The concept of the microbial pool and
its surplus in the soil compared to the availability of nutrient resources. According to the
concept, the vital body of microbial biota exceeds the amount of available nutrients, due
to which microorganisms are largely devoid of food and starving, and are hence in the
physiological survival state (dormant state, anabiotic state and even viable —
noncultivable). This concept is of particular importance when introducing
microorganisms into a natural ecosystem to achieve pragmatic goals.

The concept of functional interchangeability, functional parallelism among
microorganisms or functional doubling. As generally known, one and the same
function, for example, cellulose degradation, can be performed by bacteria,
actinomycetes and fungi, i.e. procaryotes and eucaryotes. The parallelism of functions
and doubling of functions are diverse, and play a role not only in global processes such
as cellulolysis, fermentation or oxidation, but also in local ones. The suppression and, to
a greater degree, elimination of a functional group cause an increase in the numbers and
activities of the functional double, which is often completely undesirable.

The concept of microzonality of the soil as the living environment for
microorganisms, along with the concept of the surplus of the microbial pool in the soil,
reminds that, for example, the introducee will be vital if present in microzones, on the
one hand, and if the substrate is available in the microzones, on the other.

The concept of the r-K continuum in microbial ecology expresses the continuity and
discreteness of properties and diversity of organisms. The concept of oligotrophy
explains the importance and meaning of the origin and survival of oligotrophic
ecosystems as the mechanism for the creation and maintenance of healthy ecosystems
(and, of course, the soil).

The concept of the regulation of activities of a natural MC shows that changes in the
activities of the MC in nature result not so much from changes in the activities of the
dominant components of the MC as from changes in the community composition —
through succession (Cemenog, 2005).

The concept of disturbing influences and fluctuating development of microbial
populations (MPs) and the MC is the continuation and development of the (third)
population law of general ecology. However, the cause of the fluctuating dynamics in
general ecology is, traditionally, the relationship between the predator and the prey,
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while in microbial ecology — it is the interaction between the substrate and the
consumer, which causes the succession of growth stages and death of MPs and the MC.
The role of predation (“eating”) in the fluctuating development of MPs and the MC is
tertiary. The fluctuating dynamics of MPs and the MC is driven by internal and external
disturbing influences that are continuously occurring in nature. The fluctuating
dynamics of MPs and the MC takes place in both time and space. The concept of
disturbing influences and fluctuating dynamics of the MC is the basis for the elaboration
of methods for the determination of health parameters for the soil, compost and other
solid substrates (Cemenos, 2005; Van Bruggen, Semenov et al., 2006; Cemenos, Bau
Bpyrren et al., 2009, 20116).

The concept of disturbing influences and fluctuating development of MPs and the
MC is connected with the concept of the cycle of microorganisms or the microbial cycle
(Cemenos, 2005; Semenov et al., 2010). The cycle of microorganisms or microbial
cycle refers to continuous shifts (transitions) of specific cells, MPs and the MC through
major natural environments, such as the soil or water, plants, animals, excrement and/or
excreta from animals and plants and, again, the soil or water. The microbial cycle
concept complements the notions about the MC structure, and reflects MC adaptability,
succession, ability to adapt, selection of the best adapted organisms, and links the
disturbing influences and the fluctuating development of MPs and the MC. The
microbial cycle, as a shift of MPs and the MC along the food chain coupled with the
cycle and “network™ formation, is a natural source and a permanently acting mechanism
of the disturbing influences on the MC. Practically, the concept of the microbial cycle
means stating reasons for the need to examine traditional epidemiological notions about
reservoirs, sources, habitats and vectors i.e. transmitters of infectious agents.

In this way, the dynamic, vector-like, symmetrical/asymmetrical structure of the
MC containing different trophic groups, which reflects the continuum of forms,
populations and communities with the established set of laws and concepts, creates an
objective basis for the understanding and exploitation of MC function mechanisms, both
in natural and anthropogenic ecosystems. Such knowledge of the MC ensures that it is
reasonable not only to expect results from planned processes but also to identify
potential risks of unpredicted (unprognosed) phenomena.

2. Soil ecosystem

Soil is studied by different sciences, which often use the same or similar methods to
achieve different goals and tasks. Hence the different definitions of “soil” as a
traditional term. Defining the term “soil” is still dominated by the
evolutionary/phylogenetic approach which mostly uses physicochemical conceptions
and global standards. Modern knowledge requires that soil be studied as a multi-valued
ecosystem coupled with its biological diversity and globally important and already
noticeable anthropogenic influences (Semenov, Semenova, 2018). It should be
emphasized that there is still no clear and meticulous definition of soil.
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2.1. The origin and formation of soil

In scientific considerations of the pedogenetic process, the descriptions provided by
Dokuchaev, Kostichev, Vernadsky, Aristovska, Kovda, Dobrovolsky and other scientists
are usually referred to. The importance of Earth’s parent rock erosion is confirmed, and the
settlement of the planet’s crystalline rock surfaces by chemolithotrophic (anaerobic?)
bacteria is mentioned. “They speak about the microorganisms that affected sedimentary
rocks through chemical and physical degradation and transformation into the organo-
mineral substrate suitable for settlement by higher plants and the accompanying fauna,
leading to the formation of original primitive soils (ToopoBonbckwuii et al., 2011). Such
reconstructions cannot contain important details of the process, those which are still without
answers. Therefore, these reconstructions remained in the sphere of phantasy. For example,
it is estimated that life on Planet Earth dates back 3.8 billion years ago. Life — it is a self-
developing cyclic system (“the eternal originator”), entailing death as well. Accordingly,
one can also speak of the accumulation of dead organic matter. At the very least, part of this
matter, in a relatively short period of time, must transfer the strength of autohydrolysis and
external influences into the matter which makes up, at least, part of that same organic matter
in contemporary soils. However, it should be emphasized that there is still no clear and
generally accepted definition of soil.

The official issue of TOCT 27593-88 Soils. Terms and definitions (2008) (URL
http://docs.entd.ru/document/1200007341) provides the following definition of soil: soil
is “an original, natural/historic organomineral body that originated on earth’s surface as
the result of long-term effects of biotic, abiotic and anthropogenic factors, which
consists of solid mineral and organic particles, water and air, and which has specific
genetic and morphological properties, which create suitable conditions for plant growth
and development”. Even a superficial analysis of this definition shows the presence of
substantial contradictions. Of course, soil as a system, an ecosystem, had originated
billions of years before anthropogenic factors occurred i.e. man (Homo sapiens?) first
appeared two million years ago, at the most. The definition uses the term “body”, which
creates conditions for plant growth and development. This indicates that the “body” was
the first to emerge, the body which created conditions for plant growth and
development. Who created the organic part of this “body”? Certainly, the reconstruction
of events regarding the origin of soil, dating back to billion years ago, is bound to
produce many questions.

The previous chapter discusses the microbial community in terms of the basic
integrating characteristic within the MC structure — trophics. Trophics is nutrition,
consumption. Bacteria (procaryotes) and fungi (eucaryotes) are organotrophs. It is only
starting from some single-celled protozoa that holozoic nutrition appears. For
osmotrophic nutrition, solid or liquid polymerous matter must undergo hydrolysis
(destruction). Microorganisms with hydrolytic abilities (hydrolytic enzymes,
exoenzymes) have come to be called hydrolytics. All microorganisms, bacteria in
particular, do not have hydrolytic properties; actually, the minority of them exhibit these
properties. However, most fungi have hydrolytic properties.
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During a mass die-off of bacteria, over a short period of time, under suitable
conditions, non-hydrolyzed organic matter remains and does not perish without a trace.
Modern knowledge argues that there is no matter on Earth which is not subjected to the
effect of the hydrolytic and synthetic activity of microorganisms, but the depth and rate
of change due to this effect are quite different. Nevertheless, even after microorganisms
acquired the ability to hydrolyze dead organic polymers, and later on living ones as well
(“pathogenesis™), all the same, synthetic processes have remained dominant and some,
particularly heteropolymers (lignin, keratin, chitin, wax, and kerogens in particular) are
still difficult to decompose. This results in the accumulation of organic matter and the
formation of matter called “humus” (Cemenos, Koryt, 2015). In soil science, several
thousand scientific papers and many books are published worldwide annually; however,
this review article does not aim to survey this whole multitude of publications, but to
summarize the current state of modern knowledge, primarily microbiological
understanding, of the soil ecosystem (soil).

2.2. Modern definition of soil

Modern understanding and, hence, definition of soil must emphasize its biological
origin and the biodynamic essence of the soil concept. Only with this interpretation can soil
health as a soil characteristic be understandable and valid. A holistic approach is proposed —
one that addresses soil as a product of long-term assimilatory and dissimilatory activities of
microorganisms and plants in the dominating mineral/organic matter. Modern SE (soil) is a
natural organo-mineral product formed and maintained under local climate conditions,
involving continuous microbe-plant interactions in the quantitatively dominating inorganic
matter. The product contains living organisms (biota), their remains and metabolites, and
biophilous elements. This product is the site of biological and physicochemical processes —
biochemical cycling of elements and cycling of microorganisms. It has substantial buffering
properties with respect to stress; it supplies nutrients to plants and the living world in the
soil; and is a source of biological diversity and a gathering place for living organisms. It is
this very SE biological component that performs the function of environmental formation
and maintenance. Therefore, it is normal i.e. sustainable for an autonomous SE to use, quite
legitimately, biological and ecological characteristics such as soil health and, maybe, soil
pathology. Among the many characteristic abilities of the soil biological component, special
emphasis should be placed on its self-reproducibility, self-supply and dynamism (Cemenog,
Cemenoga, 2018).

As already pointed out, the microbial community, as an active integral part of the
soil, has the capacity to hydrolyze part of organic polymers into simple ingredients, on
the one hand, and subject them to transformation into a form difficult to assimilate or to
an inert form, on the other, leading to the formation and accumulation of the organic
component of the SE. It is obvious that higher organisms can survive without
microorganisms only for a short evolutionary time, whereas microorganisms,
particularly prokaryotes, can survive indefinitely without higher organisms. In this way,
the origin and formation of soil, the accumulation and maintenance are incessant,
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dynamic, but uneven, differently oriented biological processes without which the
formation of the product called soil is impossible. This is confirmed by the existence of
the parent material, but not of the soil, on neighboring planets, which are devoid of life
(O’Neill et al., 1986; Barrios, 2007; Semenov, Semenova, 2018).

3. Soil ecosystem (soil) health — a new property of the soil ecosystem

The new category and characteristic of the soil ecosystem (SE) — soil health — has
arisen among members of the scientific and social community in response to the change
in both ecosphere composition and the quality of production, primarily plant production,
and, indirectly, livestock production. The traditional characteristics of the soil such as
soil quality and fertility were considered insufficient by the scientific community. The
situation was particularly harsh at the time farmers converted to organic farming, when
SE biological characteristics and evaluation parameters prevailed over traditional
physicochemical categories. This resulted in the need to introduce a new category — soil
health (Doran et al., 1996; Van Bruggen, Semenov, 2000; Puki¢ et al., 2011). Over a
relatively short historical period, goals and tasks needed to solve this scientific and
technical problem were defined, and methods for the primary parametric
characterization of soil health (SH) were proposed (Cemernos et al., 2011a, 2011b).
Since there was no difference between the first definitions of SH and the definitions of
soil quality, we proposed a comprehensive definition of soil health (PBuki¢ et al., 2007,
buki¢ et al., 2011; Cemenos et al., 2011b; Cemenos, Coxonos, 2016; Semenov,
Semenova, 2018).

Accordingly, soil health is a biological category that reflects the dynamic state of
the biotic component in the organo-mineral complex of the soil; this biological category
is characterized by appropriate activities related to biological processes (synthesis and
hydrolysis) in a particular naturally occurring climate zone, their ability to overcome
disturbing impacts (biotic and abiotic stress agents), and a closed cycle of biophilous
elements (self-sufficiency) and microorganisms. Another characteristic of a healthy soil
in agrocenoses is that its quality is harmonized with standardized indicators and that its
fertility is adequate (for the naturally occurring climate zone) (Cemenos et al., 2011b;
Semenov, Semenova, 2018). Such a definition of soil health, which is applicable to any
soil (except abnormal ones), does not contradict the essence of traditional
characteristics; rather, it integrates their essence, as indicators of the dynamics of the
biotic component activity are correlated both with the physicochemical indicators of the
soil and with the current level of soil fertility.

3.1. Soil ecosystem health and methods for parameter determination

To overcome difficulties in the elaboration of soil health determination methods, the
concept of “disturbing influences” (DI) and the fluctuating dynamics of MP and MC
development was helpful (Cemenos et al., 2011a,b). After the fluctuating dynamics of
the MC is obtained, a quantitative parameter is calculated. To this end, values for peak
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widths (periods) at their half-maximum (amplitude) in highest peaks are compared in
control (healthy) soil vs. tested soil, after the addition of NV (glucose) (Cemenos et al.,
2011a,b; Semenov, Semenova, 2018; URL: http://bankpatentov.ru/node/62779).
Importantly, this method and further ones must satisfy the four principles: (1)
comparing the tested soil with the “healthy” (conditionally etalon or conventionally
healthy) soil of one and the same genesis and from the same region; (2) using only fresh
soil samples — principle of nativeness; (3) applying the same stress agent to all samples
compared; (4) conducting dynamic observations and determinations.

As glucose is the stress agent used, this method is termed “the heterotrophic
parameter of soil health” (Cemenos et al, 2011; Cemenos, Cokouos, 2016). On a daily
basis, over five days, the dynamics of the velocity (V) of CO" evolution from the soil is
measured and parameters are calculated (Cemenos et al., 2011b).

Conclusion

Microorganisms can be objectively classified into trophic groups based on
physiological indicators such as: a) values for the substrate constants — Ks and/or Km;
b) value of the energy consumed for maintenance — m; c) existence and position of
“narrow sites” in the microbial metabolism. The integrity to the trophic structure of the
microbial community is continuously provided by the distinctive characteristics and the
norms of reaction of community components, expressed in the concentrations and
chemical complexity of substrates, on the one hand, and in the limits of variation in the
physiological and biochemical constants, on the other. This is precisely why
microbiologists are of the opinion that modern soil should be taken as a biological
system. It is precisely the biological component that creates and enables the functions of
this complex system; therefore, it is appropriate to use biological characteristics such as
soil health and soil “pathology”, soil immunity and soil therapy. The new characteristic
of the SE - health — contains undoubtedly essential and substantial, but still
systemically unintegrated characteristics such as soil quality and soil fertility. The
theoretical elaboration and practical embodiment of the soil health concept have made
important scientific progress in soil ecology today.
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Rezime

U radu se razmatraju savremene (na kraju prve Cetvrtine 21. veka) predstave o
mikrobnoj zajednici (MZ), strukturi i konceptima koje znace napredak u pogledu
spoznavanja MZ. Razmatraju se misSljenja sa aspekta savremenih saznanja o ulozi i
funkcijama mikrobnih zajednica u postanku i odrzanju proizvoda, koji se tradicionalno
naziva zemljiste, ali koji je, u sustini, proizvod integracije razlicitih bioloskih zajednica
1 supstanci, proizvod koji je beskrajno viSeznacan i pojmovno razli¢it i predstavlja, sam
po sebi, zemljisni ekosistem (ZE). Obrazlaze se potreba razvoja nove koncepcije za
upoznavanje tog proizvoda — zdravlje zemljista (ZZ), kao integracije savremenih znanja
0 MZ i njihovim funkcijama. Ukratko se navode i metode odredivanja parametara
zdravlja zemljista.

Kljuéne rec€i: mikrobna zajednica, zemljiSte, zemljisni ekosistem, zdravlje zemljista.



