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ABSTRACT

This study compares and discusses two farming systems that differ in content - organic and conventional (intensive) systems. In this
regard, a modern definition of soil content is proposed, with the “soil ecosystem” concept used as the modern alternative to the traditional
representation of what the soil is. Some features of the functioning of soil ecosystems in the two different farming systems, conventional
and organic, are examined. The inner essence and the external performance of these two alternative land-use systems are revealed. The
importance of the development of organic agriculture is emphasized by the documents of international organizations (IFOAM). The tasks
that need to be addressed during the transition to a knowledge-intensive system of production of environmentally friendly agricultural
products under organic farming conditions are briefly listed. The focus is on those aspects that are important in the transition from
intensive to organic farming. The need to introduce a new characteristic of soil ecosystems - soil health - is discussed. A modern definition
of “soil health” is given. The positive impact of organic farming and its technologies on soil health is discussed. The list of actions for the
continuous maintenance and reproduction of soil health is presented. Much attention is paid to soil health maintenance, remediation and
rehabilitation. The problems of protecting plants and crops from harmful organisms in organic farming are discussed. The phenomenon
“oligotrophication of agro ecosystems” as an unconventional way of healing and maintaining the health of soil ecosystems is considered
and discussed. The thesis about the necessity to consider soil quality and fertility as components of the new characteristic - “soil health” -
is proposed.

Keywords: soil, soil ecosystem, intensive agriculture, organic agriculture, soil health, diagnosis, therapy.

H3BO/J|

Y oBoM pagy ce ymopebyjy v pasmaTpajy [Ba pasJMYMTa CHUCTeMa IOJbONPHUBpEJie — OPTaHCKM M KOHBEHLHOHAJHHU (MHTEH3UBHH)
cucteMd. C TUM y Be3H, Npeasaxke ce MOojAepHa AeHUHUIMjA 3eMJ/bUILTA, IPHU YeMY Ce KOHLENT ,3eM/bUIIHU eKOCUCTEM” KOPUCTH Kao
Mo/iepHa aJITepHaTHBa TPaAUIIMOHAJIHOM NpPeJICTaB/bakby OHOTA IITO je 3eMJbUINTE. CIUTYjy ce HeKke KapaKTepUCTHKe GYHKIMOHHCaba
3eMJ/BULIHUX €KOCHCTeMa y AiBa pas3/IMYMTa CUCTeMa MOoJbONMpHUBpeje - KOHBEHIMOHAJHOM M opraHckoM. OTKpHBajy ce yHyTpalliba
CYIITHHA U cro/ballltbe NepopMaHce OBa /JiBa aJTepHAaTHUBHA cucTeMa Kopuuhewa 3emsbuuiTa. KoMKy je 3Hayaj pa3Boja opraHcke
MoJbONPUBPeE/ie MOKA3yjy U J0KYMeHTH MehyHapoHux opranu3anuja (IFOAM). YkpaTko cy HaBeZieHU 33/1allH Koje je MTOTpeGHO pelnTH
MU TpeJiacKy Ha CUCTeM NMPOU3BOAME eKOJIOUKH NPHUXBAT/bUBUX MOJbONPUBPEAHHUX NPOU3BO/JA Y YCIOBHMA OpraHCKe MOJbONpPUBpeEe.
@Dokyc je HAa OHUM acreKTUMa KOjU Cy BOXXHH y IpeJslacKy ca MHTEeH3MBHE Ha OpraHCKy NnoJbonpuBpejy. Pazmarpa ce notpe6a yBohemwa
HOBe KapaKTepHUCTHKe 3eMJ/bULIHUX eKOCHCTeMa - 3/paB/ba 3eMJbHINTA - MOTeHLHpajyhu HOBY MoJepHY JebHUHHULMjYy y KOjoj oBa
KapaKTepH3allija 3ay3MMa 3HauajHO MecTo. PasmaTpa ce nNo3uTHBaH yTHIaj OpraHcKe MOJ/bONMPUBPe/ie U leHUX TEXHOJIOTHja Ha 3/JpaBJbe
3eMJ/bMIITA, y3 NpPHUKa3 JIMCTA Mepa 3a HeroBo KOHTHHYUPAHO OAp)KaBake W PenpoAyKLHjy. Besnka maxmwa ce NMok/ama OYyBakby
3/paB/ba 3eMJ/bUIITA, HEIOBOj peMeJHjalliju U pexaOGMIUTALUju U Mpo6JeMH 3allTUTe GU/baka M yceBa Of IUTETHHUX OpraHusama y
opraHckoj nosbonpuBpeau. Paamarpa ce u JUCKyTyje peHOMeH ,0aurotTpodukanyje arpoekocucreMa” Kao HEKOHBEHLMOHANAH HAYMH
Jleyerba U O/lp>KaBaba 3/ipaB/ba 3eMJbUIITHOT €KOCHCTEMA T'Jle KBAJUTET U IJIOAHOCT 3eMJbUILTA 3ay3MMa 3Ha4ajHO MeCTO.

K/byyHe pedu: 3eMJbHUINTE, 3eMJ/bUIIHM €KOCHCTEM, MHTEH3MBHA NOJbONPHUBPEJA, OpPraHCKa IO0J/bONPHUBPEJA, 3[paB/be 3eMJbHULITA,
JAMjarHosa, Tepanuja.

1. Introduction (SE) to obtain a high-quality, environmentally friendly
harvest, an acceptable volume, without the use of

In everyday terms, organic farming (synonymous genetically modified organisms (GMOs), synthetic
concepts - alternative, sustainable, environmentally mineral fertilizers and pesticides, excluding some
friendly, biodynamic, etc.) is the use of a soil ecosystem ameliorants (Schjgnning et al, 2002 ). According to its
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"ideology"”, organic farming (OF) is, on the one hand,
individual farming, the sphere of activity of an
individual producer. At the same time, OF imposes
special requirements on such agro ecosystems,
minimum scale, location and relationship with
neighboring agrosystems, etc. For example, it is
impossible to produce an "organic" product in the
vicinity of the production of traditional "conventional”
products (Glinushkin et al., 2016).

Historically, organic farming as a crop production
system is undoubtedly primary. Before the era of
awareness and mass production of chemical
(inorganic) fertilizers, agriculture was, of course,
ubiquitous “organic”. However, in the twentieth
century, “convention agriculture” became primary -
“common”, “traditional agriculture”, in the Russian
language literature - intensive, industrial agriculture. It
is characterized, firstly, by the massive use of mineral
fertilizers - traditional NPK, as well as (if necessary!) Si,
B, Mg, Zn, V, Mo, etc. Secondly, IA is based on the
widespread use of pesticides, the negative
environmental and hygienic effects of which are well
known. Finally, in dozens of countries in the framework
of intensive farming today, genetically modified plants
that are resistant to harmful arthropods and/or to
indiscriminate herbicides (glyphosate, etc.) are widely
used.

Let us note some generalized results of long-term
observations and experiments on the consequences of
convention agriculture. It has been reliably shown that
intensive farming leads to a reduction in soil organic
matter in a soil ecosystem (SE), and in extreme
situations - even to its complete loss. Due to a decrease
or even loss of organic matter, as well as due to the
biocide action of some pesticides, soil geobionts -for
example, ammonifiers and nitrogen fixers - are
deprived of a vital nutrient substrate. In this case, the
cycle of biophilic elements of the soil ecosystem is
interrupted, like the cycle of microorganisms. Intensive
(convention) farming in general leads not only to
changes, but also to a reduction in biological diversity,
intensification of greenhouse gas emissions (CO2, CHa,
N20) from the soil. Since convention farming is often
accompanied by long-term monoculture cultivation, the
expansion of phytopathogens, phytophages and weeds
occurs, which often takes on the character of epidemics
and invasions (Van Bruggen and Semenov, 2015;
Velickovi¢ et al., 2016; Dukié et al., 2020).

2. Requirements and conditions for farming
in the transition to organic farming

It is a mistake to believe that simply abandoning
the use of synthetic agrochemicals and GMOs will allow
you to immediately switch to organic farming. Far from
it. First, the land user must be convinced of the need to
constantly follow the principles of OF and be prepared
for a number of costs associated with its technologies.

Secondly, a certain transitional period will be
required, during which "organic products" (crops
produced using organic farming technologies, following
more stringent environmental and hygienic standards)
will meet the required quality.

Thirdly, the land wuser will need versatile
knowledge about the bioecological foundations of the
complex of processes occurring in the soil ecosystem
(operated according to the OF system). New knowledge
will also be needed to optimize the nutritional regime
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of cultivated crops, to master new technologies for the
prevention and containment of the development of
harmful organisms (Van Bruggen et al., 2006).

In addition to the need to fulfill the listed
requirements for the long-term maintenance of the
productivity of organic agroecosystems (AES), it is
necessary to have practical decisions on the self-
provision of such systems with nutrients for the
functioning of wuseful biota, on the "control" of
phytopathogens and phytophages of subsurface and
above-soil ones in such AES, control of weed and
harmful plants, and methods of treatment of "organic"”
nuclear power plants. The issues of "therapy" for such
soil ecosystems remain the most difficult to resolve
(Spiridonov et al,, 2019).

3. The environmental benefits of organic
farming

The importance of organic farming is elevated to
the international level. The International Organization
for Organic Agriculture (IFOAM) has defined OF as a
production system that ensures the health of soils,
ecosystems and humans based on natural, locally
adapted, environmentally balanced processes and safe
sources of soil organic matter enrichment. OF ensures
the harmonization of the circulation of substances and
energy, supports biodiversity, optimization of the
competitiveness of cultivated plants against weeds,
diseases and pests, with a complete rejection of the use
of pesticides and GMOs (Organic regulations. URL:
http://www.ifoam-eu.org/en/what-we-do/organic-
regulations).

In the process of organic farming, the
concentration of organic matter in the soil is initially
restored, and subsequently it even increases
(Franzluebbers et al., 1995). In such soil, the amount of
readily available forms of nitrogen decreases, but its
total content increases. Taxonomic and functional soil
biodiversity increases (Garbeva et al., 2004; Madder et
al,, 2002), the proportion of microbial biomass and its
activity increase, primarily the number of nitrogen-
fixing bacteria and mycorrhizal fungi (Drury et al,
1991). The mechanical structure of the soil, its
aggregate composition, water retention capacity and
cation exchange capacity change and improve. All this,
in turn, contributes to the development of soil
mesofauna (Ferris and Tuomisto, 2015). In general, the
soil in agroecosystems with OF is most consistent with
healthy soil (Semenov and Sokolov, 2016; Semenov et
al,, 2011; Sokolov et al., 2015).

Historically, in the transition from intensive to
organic farming, several ecological and technological
stages can be noted (Buyer, Kaufman, 1996). The most
noticeable step is the emergence and spread of "low
input" agricultural technology, which involves the
reduction, limited use of, first of all, mineral fertilizers,
and even the "reasonable" use of organic fertilizers
(Clark, 1999). Of course, these "limited" levels of
mineral fertilizers in absolute terms are different for
different countries and climatic zones. However, it was
from this very beginning that the ideology of the
“sustainable development of agriculture” was
implemented, during the implementation of which
there was a gradual transition to the wuse of
predominantly organic fertilizers in combination with
the mobilization of natural, self-sustained soil fertility
(Sustainable Development Strategy, 2002).
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To maintain effective soil fertility and quality, it is
allowed to apply manure, composts and various
organic fertilizers, if such fertilizers are produced on
farms that have switched to the OF system. The sale of
products of the corresponding true organic farming
system is possible only after the end of the transition
period, which lasts at least 5-6 years, subject to strict
observance of the requirements and rules of IFOAM
and certification. In the OF system, problems and tasks
that arise have to be solved taking into account the
limitations and obligations of "organic production”. The
main condition of OF is to maintain the level of soil
fertility by applying only organic fertilizers (composts,
other natural substrates) and plant residues, such as
specially grown green manure crops and post-harvest
organic crop residues.

4. Protection of plants and crops from pests
in organic farming

In organic farming, to protect plants and crops
from pests (phytophages and phytopathogens), a
system of protection that meets the IFOAM
requirements and does not harm other types of
phytoecosystems is proposed. It is proposed to use:
only resistant varieties of agricultural crops, long crop
rotation with the obligatory inclusion of legumes,
mixed (poly-species) crops, mechanical cultivations
and agro-care of crops, the introduction of beneficial
indigenous microorganisms and arthropods, induction
of the suppressive potential of the soil by increasing
biodiversity (genetic and functional), the use of
composts and combined biological products based on

suppressive, hyperparasitic and entomopathogenic
bioagents (Janvier et al., 2007).

In operational protection against harmful
organisms, only biological, physical and cultural

methods are permissible. Weeds are eliminated using
main and catch crops in the rotation, competitive crops,
"cover" crops for row spacing and mechanical control.
It has been shown that if winter rye is sown on the
same field for 2 years in a row, many species of
perennial and juvenile weeds are displaced from the
agrocenosis (Van Bruggen and Finckh, 2015;
Spiridonov et al,, 2019). Agroplants are protected from
phytophages with a variety of biological products,
entomophages, and plant insecticides (Sokolov and
Litvishko, 1993; Sokolov et al., 1994). Special traps
with attractants, light, color and glue traps are used,
both for depleting pest populations and for monitoring
them. Promising wide-range field ventilator and
vacuum agricultural techniques are used to collect and
destroy adults of harmful insects (Tamm et al., 2015).
To protect plants from pathogens, prophylactic
"phytoimmunity inducers" are used, and biological
products with microbial suppressors and viruses are
used for operational containment.

The most important thing in organic farming is to
ensure the health of the soil (soil ecosystem) with its
many components, such as fertility, quality, etc. Health
of soil (sol ecosystem) is a biological category reflecting
the state of the dynamics of biotic component activity
in the organic-mineral soil complex. This biological
category is characterized by an adequate activity of
biotic processes (synthesis and hydrolysis), which is
consistent with the natural and climatic zone,
resistance to disturbing impacts (biotic and abiotic
stress factors), and completeness of cycles of biophilic
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elements and microbial cycles. The quality of healthy
soils in agrocoenoses is consistent with standard
values; their fertility is adequate for the relevant
natural and climatic zone (Semenov and Van Bruggen,
2011; Semenov et al,, 2011; Semenov and DPuki¢, 2017,
2020; Semenov and Sokolov, 2016; Semenov and
Semenova, 2018). The simplest and most effective way
to maintain soil health in organic farming is to follow
all recommendations for ensuring soil fertility. These
guidelines are fairly simple but effective. It is not
recommended to leave the soil fallow (that is, without
plants); it is necessary to use only gentle mechanical,
mainly surface tillage. Indispensable conditions for
maintaining soil health in organic farming are crop
rotations, sowing of symbiotrophic crops, which ensure
the development of nitrogen-fixing microorganisms,
and suppressor crops, which suppress the development
of root rot and other soil diseases. It is promising to use
mixed, multi-species and poly-varietal crops, "mosaic of
varieties" (differing in resistance to phytopathogens
and phytophages). Water extracts from plants,
composts and "suppressive soils" can also be applied.
Selected natural microbial communities (MS) obtained
from soils with stable suppressive properties are
effective for use. For the selection of MCs with
suppressive properties, a continuous flow-through
design has already been developed, which ensures the
production of MC suppressors as applied to specific
phytopathogens (Semenov et al., 2001).

5. Oligotrophication of agroecosystem as the
method of soil health improvement and
maintenance

Oligotrophication of soil ecosystems, as a
theoretical and experimental concept, is undergoing
the stage of comprehension. The idea of
oligotrophication of soil ecosystems has evolved from
two concepts in microbial ecology, the concept of
oligotrophic microorganisms and the soil health
concept (Doran et al.,, 1996; Doran and Zeiss, 2000; Van
Bruggen and Semenov, 2000; O'Neill et al, 1986;
Semenov, 1991). The proposed scientific and practical
technology of soil oligotrophication as a model for the
formation of  healthy and stress-resistant
agroecosystems will help to ensure minimal risks of
phyto- and enteropathogen circulation and a significant
reduction in greenhouse gas emissions.

Let us note the main provisions of this theoretical
and experimental concept in comparison with the
characteristics inherent in eutrophic ecosystems. In
contrast to eutrophic aquatic ecosystems, eutrophic
soil ecosystems should include soils containing a large,
even excessive amount of biophilic elements in readily
available forms. In an oligotrophic soil ecosystem, the
concentrations of readily available forms of biophilic
elements (C, N, P, K, etc.) are low, while their total
content as well as the diversity and abundance of biota
are relatively high as a result of K-selection. Changes in
the number of microorganisms and concentrations of
their metabolites after disturbing effects on the
oligotrophic soil ecosystem remain moderate (Semenov
and Bubnov, 2013).

Eutrophic soils, as a rule, are rich in biophilic
elements, but are characterized by a "narrow" ratio of
their total values to their available contents and may
have a high number of microorganisms. Eutrophic soils
are inferior to oligotrophic soils in biodiversity.
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Eutrophic soils react to stress in an explosive manner
due to the low buffering capacity of the microbial
community selected as r-selection in such soil
ecosystems. In this regard, oligotrophic soil ecosystems
can be considered as more stable and healthy
ecosystems. In oligotrophic soil systems, the
functioning cycles of biophilic elements are
"conditionally closed" and are more balanced in terms
of their efficiency. As already noted, oligotrophic
systems have not only a high level of biodiversity, but
also a higher abundance of saprotrophic symbiotic

microorganisms. Saprotrophs, dominating  in
oligotrophic  ecosystems,  contribute to the
displacement of phyto- and enteropathogenic

microorganisms due to their abundance and diversity,
since all microzones of SE are densely occupied, and the
concentration of readily available substances in these
econiches is low. The advantages of oligotrophic
agroecosystems also lie in the fact that, due to low
concentrations of readily available elements, they do
not pollute adjacent soil and aquatic ecosystems with
nitrates, phosphates, pesticides, and the atmosphere
with greenhouse gases. Fertilizers in oligotrophic SE
will be used with increased efficiency (Puki¢ et al,
2020). Taking into account the listed provisions and
properties, oligotrophic agroecosystems are generally
more environmentally friendly and economically
profitable due to the reduction in irreplaceable energy
costs during their operation (Semenov et al., 2011). The
considered method can (and should!) be used to
maintain and improve any SE.

To translate the listed advantages of oligotrophic
and oligotrophic soil ecosystems into practice, of
course, further research is needed to clarify the
interaction of such ecosystems with phyto-agro-
ecosystems, the effect of oligotrophication on
indicators of the quality of agricultural soils, their
fertility, suppressive activity of SE, etc.

6. Conclusions

At the present stage of societal development,
organic farming has turned into a special, science-
intensive  technological system of farming,
environmentally friendly in relation to the general soil
ecosystem. At the same time, the organic farming
system is socially and environmentally responsible not
only for the production of normatively safe crop
products, but also for the disposal of waste, i.e. there is
a cyclization of processes, production, consumption
and disposal of consumer products with a return to the
ecosystem. The traditional characteristics of a soil
ecosystem - soil quality and soil fertility - must be
replenished with a new category - soil health, and
given the level of the most important, general soil
characteristic. It is proposed to consider soil quality
and fertility as components of soil health. It is quite
obvious that soil quality concept is mainly a
physicochemical characteristic of a soil ecosystem, and
fertility is its consumer component. Soil health is a
scientific, integral characteristic that combines the
biological and ecological properties of this unique
natural product - soil. The soil health category
emphasizes the biological essence of soil origin as an
irreplaceable, unique natural ecosystem. Only in
healthy SE and organic farming can such natural
phenomena as symbiosis, commensalism, cooperation,
syntrophy and, of course, competition be realized.
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Organic farming really corresponds to the concept and
meaning of sustainable development of agriculture,
agricultural production and environmental protection.
It relies on self-sufficiency and cyclization of
substances, on minimizing the consumption of
irreplaceable energy sources. In organic farming,
protection against harmful organisms is based
primarily on preventive and biological methods, on
competition, biocontrol, gentle mechanical treatments,
and not on the total extermination of harmful species.
Organic farming, as it were, constantly supports
"perpetual motion", that is, the eternal movement of
substances and their reproduction. The technological
elements of OF are used in pesticide-free technologies
for the production of high-quality elite seeds of
cultivated plants, especially valuable crops (in
recreational and water protection zones), raw
materials for the production of medical products, baby
food and medicines.
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