
RJCES Vol 4 [5] October 2016                     92 | P a g e      © 2016 AELS, INDIA 

el 
 
 
 
 
 

RREEVVIIEEWW  AARRTTIICCLLEE  
 

The Role of Ecological Niches in Cultivated Lands Functioning 
 

Ivan S. Belyuchenko 
Kuban State Agrarian University 

350044, Kalinin Street 13, Krasnodar, Russian Federation 
 

ABSTRACT 
The concept of an ecological niche of living organisms consists of the group of factors including the development of 
species and forms, sources of resources used, spatial localization, and period of their existence. This paper presented 
consolidated information about ecological niches and microbiocenosis in cultivated lands functioning. Besides, complex 
composts formed with their help improve the conditions of supply of plants and animals, increase the buffer capacity of 
soils.So, all of these properties should be investigated in the course of complex monitoring, without the persistence and 
success of which the complex stability of the entire cultivated land system cannot be objectively evaluated by the 
functional stability of the soil. 
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INTRODUCTION 
In any community, living organisms exist in populations with specific types of ecological sustainability to 
abiotic factors, including a set of ties with the populations of other species. The interaction provides their 
participation in joint functions regulating the impact on bio-inert system and on morphological 
characteristics: color and shape of leaves, kind of flowers, fruits, and crown. The existence of a taxon in 
the cultivated land is determined by sustainability of its structure and ties, and marks the borders of their 
ecological niches [1, 3]. 
The concept of an ecological niche of living organisms consists of the group of factors including the 
development of species and forms, sources of resources used, spatial localization, and period of their 
existence. Species occupy a certain ecological niche in the community, the variations of which according 
to the resources used become more complex in the course of succession. The difference in consumption of 
certain nitrogen forms by the plants can be mentioned as an instance. By the consumption of this element 
in cultivated lands, plants are divided into groups having symbiotic ties with nitrogen-fixing prokaryotes, 
and the ones that do not have such a symbiosis occupy other ecological niches. Species of plants vary in 
accordance with the ability to maintain associative nitrogen fixation in phyllosphere and rhizosphere. 
Mineral compounds—ammonium and nitrates—as well as low-molecular organic compounds generated 
during the mineralization of organic matter serve as a nitrogen source for plants. For instance, Festuca 
pretense and Dactylisglomerate when sown together consume nitrogen compounds in different ways: 
cocksfoot more actively used ammonium and nitrate forms of nitrogen and fescue used mainly nitrate 
ones [2, 4, 7, 8]. 
The ecological niche in microbiocenosis characterizes the “occupation” of species or a set of the factors 
the species require. Each species performs a certain function conditioned by its properties and needs: 1) 
in food resources, 2) in movement, 3) by reproduction methods, 4) by biochemical capabilities, 5) by 
structural peculiarities, 6) by the limit of resistance to environmental conditions, etc. The ability of a 
certain specie (population) to perform a specific function in cultivated lands is estimated by the cluster of 
its features. Usually limits of distribution of species are relatively narrower than a possible niche at 
optimal conditions; real niches are smaller than potential ones [6, 18, 19]. 
The ability to perform the functions inherent to a species (population) is often associated with a number 
of specific features. For instance, in the farding bag of ruminants, cellulose is disintegrated by bacteria 
performing this process in anaerobic conditions at energy delivery during fermentation; they tolerate the 
temperatures within the stomach (high), presence of fatty acids, enzymes, ammonia, and other gases 
removing -H2, CH4 as a result of fermentation. In general, species must be able to complete a variety of 
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additional tasks in order to perform functions in cultivated lands [10, 11, 15]. 
The total of favorable conditions for the existence of an organism unit, contributing to the existence and 
reproduction of their own kind is called the fundamental niche and is a hypothetical form, in which the 
organism does not compete with other organisms (including carnivores), and the living conditions are 
optimal. The real range of an organism’s existence is smaller than the fundamental niche and is called the 
realized niche, where various factors of optimism limitation for an organism unit are taken into account 
(competition, carnivorism, etc.). The fundamental niche is called potential, and the realized one—actual. 
The reduction in interspecies competition expands the space of ecological niches [19, 20, 22]. 
Numerous rock accumulations were generated in the course of various natural disasters for the duration 
of the Earth formation at separate stages of its development: first mineral, and then organic ones, 
distinguishing by various nature and certain properties and transforming into different compounds. 
Waste formed in nature was and is the basis for the formation of various landscape systems with the 
formation of new ecological niches for the development of living organisms — plants, animals, 
microorganisms [9]. 
Modern productions should not only take care about the quality of manufactured products, but also strive 
for the systematic management of wastes produced by them. Industrial wastes processing of the chemical 
and other industries that use a huge amount of raw materials, significantly exceeding their main products 
by weight, is of particular importance. For instance, the phosphorus-processing industry produces up to 
3.5 tons of waste for 1 ton of products that are not ecologically friendly either. A slightly less ratio is 
typical for the potassium production [13, 15, 17]. 
Since the 1990s, many scholars have paid attention to the industrial wastes as recyclable materials. Many 
industrial wastes, including metallurgy, chemical industry and so on, in themselves, as well as their 
components, can be used effectively. These and other properties of wastes allow using them for 
agricultural production: to build silo pits, collection gutters to drain liquid fertilizers, livestock feeders, 
etc. [18, 21]. 
Wastes of all industries, including household, are heterogeneous dispersed formations, consisting of two 
or more phases with a developed surface. Disperse waste systems, including true solutions (ionic, 
molecular and ionic, and molecular), are classified into fine colloidal (sols, gels) and coarsely dispersed 
systems (particles larger than 100 nm) and suspensions (emulsions, suspensions, aerosols). According to 
the equilibrium and stability, dispersed waste systems are divided into lyophilic and lyophobic: the 
former are thermodynamically equitable and superfine, formed on the basis of wastes in the manufacture 
of products of natural raw materials, and the latter are thermodynamically equitable and have greater 
free surface energy [22, 23]. 
When the lyophilic and lyophobic wastes are mixed, their coagulation occurs on the basis of 
approximation of particles preserving their original shapes and sizes and joining into dense aggregates. 
Non-stabilized and unstable lyophobic wastes continuously change their size-consist in the direction of 
strengthening the particles up to a full decomposition of the microphase. Stabilized lyophilic systems 
retain the dispersity for a long period [24, 25].  
Hydrophobic coagulations of wastes are characterized by the decomposition of a rather complicated 
disperse system into gaseous, liquid, and solid phases. Colloidal particles in a solution are structured and 
form various aggregates filling the entire volume of the solution and forming aggregate options of a 
complex compost, which include organic solutions and aqueous solutions of acid salts. Of course, the 
study of active chemical reactions with disturbed equilibrium indicating the hetero- or homogeneity of 
their systems is very important [12, 14]. 

 
COMMUNITIES OF LIVING ORGANISMS. 
The structure of cultivated lands is estimated by the number of environmental features and determined 
by the heterogeneity of the biotope and its abiotic environment, capable of accommodating the maximum 
number of ecological niches that can accept living organisms differing by biology, while increasing the 
biodiversity of taxa. An increase in the composition of living organisms in cultivated lands is associated 
with a reduction in the volume of ecological niches and with an increase in the environmental 
specializations of individual taxa. Biodiversity is manifested in the increase in number of species of living 
organisms that make up cultivated lands; a reduction in the volume of ecological niches restricts the 
number of species populations. In favorable conditions, there are numerous species, but each of them is 
represented by a relatively small number of individuals; in adverse conditions this ratio is reversed [16, 
23, 24]. 
Ecological niches in cultivated lands characterize the position of living organisms in the entire system and 
complex of its biotic ties and requirements to abiotic environmental factors. The ecological niche of any 
taxon in cultivated lands depends not only on the abiotic conditions of the environment, but also on its 
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biotic ties. The specificity of a niche is determined by the ecological ability of living organisms to 
implement it in particular conditions. 
Niches emerging in a cultivated land system can be conditionally divided into three groups: by the 
nutrient status, by the use of space, and by the duration of their existence. Both contraction or expansion 
of an ecological niche are characterized, and reverse processes influence on its expansion. The 
contraction or expansion of a niche in cultivated lands is greatly affected by competitive relationships, as 
well as carnivores. The rule of competitive exclusion manifests itself even between ecologically similar 
plant species, not getting along in the same ecological niche. The competition weakens when the 
requirements for environmental conditions become different, when there are lifestyle changes, 
delimitation of the specificity of ecological niches of living organisms, and only in this version they can 
exist for a long time within the same cultivated lands [25, 26]. 
An improvement of living conditions and increase in the population of a taxon in cultivated lands reduces 
the number of individuals of another species with similar environmental properties. An important 
mechanism for sustainability of cultivated land systems is the separation of ecological niches with similar 
ecology of species living together with a partial overlap of their properties. The weakening of interspecies 
competition reduces the expansion of the ecological niche of individual taxa. The multiplicity of ecological 
niches is determined by the various use of environment conditions: differences in the placement of 
individual organisms in the air and soil, in the rhythms of seasonal development, in the duration of the 
growing period, in the timing of flowering and fruiting, the relationships with the elements of abiotic 
environment and other living organisms in the system [17]. 
For instance, in a mixed forest, trees of the first tier (oak, maple, linden, ash) belong to the same vital form 
and the canopy of their crowns is in the same horizon in similar conditions. When used for planting forest 
strips, these breeds occupy different ecological niches: they differ by the degrees of shade tolerance, 
timing of flowering, fruiting, methods of pollination, spread of fruit, composition of consorts, individuals 
lifetime, etc. It is known that oak and ash are anemophilous plants and saturate the environment with 
pollen at different times; maple and linden are entomophilous and good honey plants, they bloom at 
different times; oak’s feature is zoochory and other breeds’ feature is anemochory. They place their roots 
at a different depth. Leaf litter of basic breeds is in the fall, and the oak preserves loose forest floor even 
for the following year in the spring. The compared breeds are involved in the development and 
transformation of the environment and energy transformation in the community in different ways, which 
indicates the diversity of the ecological niche formation in a cultivated land system by every species [25, 
26]. 
Over age, living organisms more intensively convert the environment, which expanding the scope of 
organisms consorts with their transition to the generative phase, changes the phytogenic field’s size and 
intensity. The role of aging (senile) plants in the formation of the environment reduces; they lose some 
consorts and acquire other destructors related to them. In some taxa, overlapping of ecological niches is 
observed, and it increases with resource constraints. Given that living organisms use vital resources 
individually and selectively, their stability in phytocoenosis is weakened due to changes in competition 
intensity. The abundance of ecological niches in the cultivated lands is determined by the following 
factors — environmental conditions provided by the biotope (the more diverse a biotope is, the larger 
number of living organisms can develop ecological niches appropriate for them), as well as another 
source of diversity of the ecological niches, i.e. by the taxa, which are also resource creating a resource for 
other species [27, 28]. 
The new species appearing in a cultivated land increases the number of ecological niches available in it 
not only by its own position among the others, but also by providing resources for parasites, carnivores, 
and other cohabitants. The ecological niche should be determined taking into account the full range of 
physical, chemical, and biotic environment variables, to which a specific taxon must adapt and under the 
influence of which the population of species lives and renews indefinitely. The main interactions are 
considered carnivorism and competition; the latter is linked to the ecological niche theory through the 
concept of overlap. The more abundant the resource is, the more possibilities of its sharing by species, 
which leads to competitive relationship between them. Every living organism not always takes clearly 
delineated diffuse space that is different from the spaces occupied by other species, but may overlap with 
them. Dimensions of niches and their habitats within cultivated land systems vary both in environmental 
and in evolutionary time scales. This is especially true of perennial weeds, as well as fungi, bacteria, and 
actinomycetes, and forest strips along the boundaries of individual fields [29, 30]. 

 
COMPLEX COMPOST AND EXPANSION OF ECOLOGICAL NICHES. 
By complex compost, we mean a new direction in practical ecology and agriculture, which determines the 
artificial creation of complex mixtures of various household, industrial, and agricultural production waste, 
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as well as natural materials for the enrichment of soil, water, and air with organic and mineral disperse 
and colloidal systems in order to improve their physical, chemical, biological, and ecological functions. 
The development of dry land by living organisms, especially plants, due to the decomposition of its 
organic matter and the emission of gases (CO2, N2, NH3) contributed to the formation of a new regime of 
the atmosphere with a large share of nitrogen, carbon, and oxygen therein, and generation of new forms 
of air and heat exchange in the biosphere [19]. 
As complex compost maturates, various waste substances actively contact under certain conditions and 
chemical reactions take place between them, forming new compounds. A mechanical mixture forms in the 
absence of visible interaction, which is then transformed through strengthening linkages to a chemical 
one. In this situation, aqueous solutions of a certain temperature are important. Physical (diffusion, 
volatility of composition) and chemical (volatility of compounds) properties manifest in the solution, and 
hydration properties contribute to the emergence of various forms of bound water [29]. 
Dispersive colloidal waste systems in complex compost form different combinations of the dispersion 
medium and dispersion phase. The specifics of the composition and properties of various waste is caused 
by the small size and large surface area of colloidal particles. When linking 10 or more types of waste and 
their occasional stirring, the complex compost is dominated by gels, which are a loose deposit. Sols in 
complex composts also play an important role, as their basis consists of microbiocenoses—bacteria, fungi, 
and unicellular algae. 
When applied to soil, complex compost enriches it with calcium ions, the lack of which (especially in the 
form acceptable by plants) can be traced in all soils. Calcium, being an absorbing cation of complex 
compost, structures soil and is considered to be an important component of the soil-absorbing complex, 
which accounts for up to 60-70% of the cation exchange capacity. Due to the high saturation with the 
exchange calcium, complex compost has a good agronomic structure, physical and biological properties, 
which improves soil fertility. The saturation of complex compost with calcium cations supports this 
element in the soil for a long time (5–6 years). Adding complex compost to the topsoil forms fairly stable 
ecological niches that enhance the habitat of microorganisms and other taxa and improve the 
development of cultivated plants [24, 25]. 
A good example of improvement of cultivated plants is adding the complex compost into the topsoil, 
which greatly expands the ecological niches by 20–25% in the farming rotation of cultivated lands and 
manifests itself in the increase of the basal tillering of winter wheat. The expansion of ecological niches of 
cultivated plants in the topsoil affects the extension of the growing period of maize compared to the 
mineral version, increasing the productivity of its grain up to 3 t/ha, strengthening its basal area and the 
best formation of adventitious and lateral roots. Adding complex compost improves the productivity of 
sugar beet and other crops. The expansion of ecological niches due to application of complex compost 
contributes to a more economical use of the nutritional substances of topsoil. The improvement of the 
dispersion-colloidal soil status when applying complex compost has a significant impact on improving the 
agronomic properties of the soil and the expansion of its ecological niches, which requires serious study 
of relationships of cultivated plants, soil, and with the conditions of the entire cultivated lands. The 
diversity of ecological niches in a cultivated land system is determined by the extensive use of topsoil 
conditions by cultivated plants, placement of their individual organs in the soil and air, rhythms of 
seasonal development, duration of the growing season, peculiarities of fruiting, and relationship with 
elements of the abiotic environment [26, 29, 30]. 
Different crops in cultivated lands consume and convert energy in different ways after complex compost 
application. Each cultivated plant species develops its own ecological niche, changing it in the process of 
development, and more actively transforms the conditions of the environment through topsoil: by 
regulating the emission of gaseous substances in the aerial sphere, strengthening the impact of water and 
gaseous emissions in the most active layer 5–0–5 cm under the soil surface; and the aging cultivated 
plants and weeds reduce the stress of the phytogenic field, their environment-forming role, as well as 
production processes. The abundance of ecological niches is strongly influenced by environmental 
conditions significantly altered by the application of complex compost, as well as by the cultivated species 
itself, which is a resource for other organisms, including various types of consorts [22, 26]. 
Ecological niches determine the functional participation of a species as a part of agricultural systems in 
view of its physical space and place in the system of their ties. Ecological niches of cultivated plants in the 
farming rotation depend on their role in the transformation of energy and reaction to the physical, 
chemical, and biological environment, and are to which extent it is limited by other living organisms and 
habitat conditions. In our trials, complex compost strengthened and expanded the ecological niche of any 
crop (winter wheat, maize, sugar beet), which found a clear confirmation in the development of various 
organisms of primarily basal areas [21]. 
The reaction of certain crops to the expansion of the ecological niche through changing of extending 
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capabilities of the cultivated land was reflected in the strengthening of winter wheat tillering, growth of 
the basal area of maize, improving the formation of root crops of sugar beet. This is well supported by 
specific examples. When reducing the wheat seeding rate by 40 kg/ha, its yield in the option with complex 
compost did not decrease, but on the contrary, increased by 5 kg/ha and above, compared to the mineral 
option. Reducing the dose of nitrogen fertilizers by 35 kg/ha did not reduce the yield of winter wheat, 
because complex compost expanded the ecological niche of the topsoil, had a positive impact on the 
productivity of the crop, on its water and air balance by changing the relationship with soil, water, and air 
microorganisms [21]. 
The application of complex compost expands ecological niches in the topsoil. In particular, it improves the 
supply of maize plants with micro- and macro-elements, as well as moisture, which greatly increased the 
development of plants, enhanced the efficiency of the leaf apparatus and root system, as well as expanded 
the overall ecological niches in cultivated lands. When complex compost was applied, crops increased the 
competitiveness and significantly increased the number of populations of living organisms. The prime 
cost of complex compost with account of the selection of certain waste, differing by quality and quantity 
of substances will be very insignificant, since the raw material for its production is wastes and it does not 
cost anything. The costs of its production, transportation, distribution, and storage are included in the 
cost of production and is paid to the factory by its consumers [10, 12]. 

 
CONCLUSION 
Complex composts and new ecological niches formed with their help improve the conditions of supply of 
plants and animals, increase the buffer capacity of soils with respect to pollutants due to their high 
colloidal and electrostatic properties, organic substances and fine clay complexes, ion-exchangeable, 
oxidation-reduction, acid-base and sorption properties. The buffer capacity of soils in relation to the 
pollutants is defined by chemical properties of pollutants themselves taking into account their mobility, 
ability to be included in the ion exchange and secure in soil colloids during chemisorbtion, ability to 
complex formation and retrogradation. All of these properties should be investigated in the course of 
complex monitoring, without the persistence and success of which the complex stability of the entire 
cultivated land system cannot be objectively evaluated, including the stability of herbaceous plant 
communities in the farming rotation, forest strips, as well as their basis—the functional stability of the 
soil. 
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