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Abstract. The main purpose of the article is to substantiate the restrictive 
content of a sustainable development concept and to show how it is 
implemented in the theoretical foundations of the agriculture. Today, the 
initial restrictive content of the concept has changed beyond recognition in 
a continued large-scale consumption of natural resources. Consequently, 
the very concept of sustainability requires clarification. It is necessary to 
look for its signs in natural ecosystems, where the main indicator is life 
itself, maintained by the biosphere in a state of stable dynamic equilibrium. 
Introducing monoculture, people deliberately impoverish biodiversity in 
agroecosystems, by transforming natural into agro-landscapes. Adaptive 
technologies could be the means to achieve a stable balance.  In that case, 
the mechanisms of matter-energy metabolism in agroecosystems will be 
closer to the biosphere. The article lays out a set of measures through 
which the use of nature can be closer to general scientific ideas of 
sustainability. 

1 Introduction 
Since the Rio Conference in 1992, a lot has changed in the perception of the sustainable 
development concept. The concept of sustainable development has been, and still is, subject 
to criticism, including the question of what is to be sustained in sustainable development. It 
has been argued that there is no such thing as a sustainable use of a non-renewable 
resource, since any positive rate of exploitation will eventually lead to the exhaustion of 
earth's finite stock. First, the number of environmental disasters continues to grow, 
indicating the areas of nature management [1]. Secondly, the direct consequence of 
predatory nature management is a gradual loss of biodiversity, which according to many 
scientists, poses an insurmountable threat to the entire biosphere [2]. Third, at the second 
and third summits (Johannesburg and Rio + 20), the emphasis of the concept shifted from 
the restrictive content, understood by all after Rio 1992, towards the improvement of 
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human development [3]. This can be achieved only through further increased consumption 
of planetary natural resources. Even the later concept of the humankind's ecological 
footprint [4], indicating the true price of resource consumption, has not changed the 
situation. The global environmental problems continue to escalate. Thus, the very concept 
of sustainable development questions the correctness of its theoretical foundations. It is 
unfortunate that some countries of the world (including Ukraine) rushed to fulfil provisions 
of this concept, both at the level of the scientific community and state institutions [5]. 

While mineral resources are more important for developed countries, the problem of 
self-feeding remains the most pressing for less developed countries [6]. Given that the 
majority of the world's population lives in the third world countries, the question of 
agroecosystems' depletion is very acute. 

Considering the fact that agroecosystems are still able to feed people due to annual 
recovery of biomass, natural fertility of land is becoming invaluable capital. Let us say 
more – this is the resource, that first comes to mind in the definition of a sustainable 
development: "Sustainable – is a development in which natural resources are sufficient not 
only for today, but also for future generations" [7]. 

A derivative, but rather a parallel (along with the loss of soil fertility) manifestation of 
the agroecosystem's functioning is the loss of bio- and landscape diversity [8]. Thus, the 
desire to make the most profit involves large fields (for the ease of using agricultural 
machinery), which initially kills the high diversity inherent in natural landscapes. At the 
ecosystem level, it destroys the natural habitats of plants and animals, leading to the 
extinction of about one species per day on the planet [9]. 

High relevance of our study follows from the extremely important role of agriculture as 
an industry closest to the biosphere. Therefore, it can be most quickly adapted to its 
material and energy mechanisms. It is possible to achieve the principles of sustainable 
development only by adhering to the biosphere laws in nature management. 

2 Methods 
The paper uses a technique, assessing the complexity of the landscape diversity, applying 
both the general theory of systems and the theory of landscape science. It proposes to assess 
quantitatively the positional location of landscapes by determining the complexity, entropy, 
territory organization degree [10]. The final point in assessing landscape mosaic is 
calculation of the ratio of variegation and homogeneity to the area indicators. 

Development of cartographic materials is done with the help of GIS in the desktop 
geographic information system ArcGIS 10.1. 

3 Results 
Keeping in mind that the path to sustainability of nature management is in agriculture, the 
following main features of agroecosystems [10] deserve attention: 

- the desire for monoculture, which significantly reduces the biodiversity of natural 
ecosystems in the area. Attempts to "resist" pests and weeds are mainly associated with 
intensive introduction of chemicals. Since the late twentieth century -with genetic 
engineering;  

- an ecological pyramid, with the man on top, has drastically changed in agroecosystems 
[10]; 

- consumption of ecological, geographical and energy resources of the biosphere as the 
most important feature of agroecosystems cannot contribute to sustainable development. 
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According to authoritative estimates, the planet's biosphere is capable of feeding 
between 500 million and 1 billion people without harming itself [9]. 

Measurements, carried out in undisturbed natural ecosystems [11], show that large 
vertebrates (including humans with all domesticated animals) account for less than 1% of 
the energy, circulating in the biota. In reality, the human population has already exceeded 
this 1% threshold ten times [12]. There are two most powerful sources of natural 
ecosystems destruction - burning fossil fuels and agricultural activities. In the early 2000s, 
the second source was almost equal to the first [13]. These figures clearly show the gap in 
the notion of "sustainability" of modern nature management, forcing us to analyze its 
natural-scientific foundations.  

In view of the above, the authors set themselves the following tasks: 
- to explore physical and biological foundations of a "sustainability" concept; 
- to prove that it is possible to achieve "sustainability" primarily in agriculture – the 

industry, closest to the biosphere material and energy mechanisms; 
- to study the mechanisms of landscape and biodiversity loss in agrolandscapes of 

Kharkiv region; 
- to suggest ways of agriculture adaptation to biosphere mechanisms of nature use, 

corresponding to the main principles of sustainable development. 
The main hypothesis of our study is assumption of the potential nature management on 

the principles of sustainable development. 
The object of the research is agroecosystems as forms of ecological human existence 

and those, formed on the site of natural landscapes.  
The subject of the study is the mechanisms of agroecosystems' functioning, ensuring 

restoration of landscape and biodiversity. 
The meaning of the term "sustainability" in relation to biota and ecosystems is most 

thoroughly studied in the works of V. Gorshkov [14]. According to him, living organisms 
regulate the state of the environment by "compensation" (similar to the principle of Le 
Chatelier in chemical environments and physical states). Such regulation ensures a 
sufficiently high level of ecological valence of all species, and creates a certain "reserve" of 
ecological plasticity in them. According to V. Gorshkov's calculations [14], it is the "burial" 
of organic carbon in the soil and further in the sedimentary rocks that maintains a constant 
proportion of oxygen and carbon dioxide in the biosphere. 

Since the beginning of the industrial revolution, man has been actively using fossil 
hydrocarbon compounds (natural gas, coal, oil), wasting the strategic stock of the 
biosphere, created by it during the geological time. Today, the total anthropogenic share of 
biosphere products consumption is 10% (instead of 1% in the pre-industrial era). According 
to V. Gorshkov [14], the desire to maximize the productivity of man-made bioresources 
endangers the the environment. We can deduce the main axiom of sustainable development 
from the above - sustainability of nature use is possible in such a state of biota and the 
surrounding environment, in which perturbations are below the threshold of the principle of 
Le Chatelier. 

Thus, sustainability of the biosphere depends on the number and density of species 
correlation in wildlife. This helps us to better understand the meaning of the term 
"biodiversity" [10]. Ever since the first reports to the Club of Rome, there have been calls 
about such an inner meaning in the concept of "Sustainable development" [15]. This 
problem has finally become a fact of public awareness, increasingly confirmed today [6].  

The concepts of growth and development mean to develop, improve and grow, expand. 
But unlike human economy, the formation and evolution of natural ecosystems is 
characterized by the phenomenon of development without growth. Any ecosystem in the 
process of evolution has long been developing only qualitatively, but does not grow wide 
due to the boundaries of the biosphere.  
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The main stimulus for the development of biota is its constant "dialogue" with the 
external environment and "search" for the most effective mechanisms for its regulation and 
stabilization.  

Biological diversity is a unique feature of wildlife, which ensures the structural and 
functional organization of ecosystems, maintaining their stability over time and resistance 
to environmental changes. 

The problem of biodiversity is most acute in agriculture because of the attempts to 
increase yields through monoculture. Attempts to "diversify" the species composition of 
agrophytocenoses by introducing 9-12-field crop rotations have been offset by the desire to 
make more profit. Thus, the number of fields in the modern "scientifically sound" crop 
rotation reaches five. This is in theory [16]. But in reality, most producers leave only three 
fields in the "crop rotation" - one under the grain, two others - under the technical (mostly 
row) crops. 

As for ecosystems, V.V. Dokuchaev [17] was the last who cared about the observance 
of proportions in agrolandscapes, corresponding to natural ones. Genetic diversity is the 
key to the survival of the biosphere under changing environmental conditions, as it provides 
a high adaptive potential of organisms. The higher the genetic heterogeneity, the greater the 
variability of physiological and ethological reactions of the organism is. Genetic diversity is 
the basis for natural selection due to which the body has more chances to survive. 

The species level of biodiversity is based on the fact that the richest species of 
communities are more stable through the implementation of various types and forms of 
biotic relationships – topical, foric, factory, trophic. Therefore, the removal of at least one 
species from the ecological system can lead to its destabilization, disruption of homeostasis 
and, as a consequence, death. 

In the world agricultural practice, reduction of species diversity is directly derived from 
simplification of agrolandscapes spatial structure , as the latter provides ecotopes to all 
species in ecosystems. For comparison, Fig. 1 shows the spatial structure of natural and 
agroecosystems. 

We studied the forest-steppe part of Kharkiv region to establish the level of landscape 
diversity at the experimental landfill [11].  

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. On the left – a map of high spatial discreteness of natural ecosystems; on the right – a space 
image of the correct contours of crop rotation fields in agroecosystems.  

Fig. 2 shows that 67.3% of the landfill area are agrolandscapes, rural settlements – 
9.9%, urban landscapes – 5% and only 2.5% – are protected, 13.8% – forestry and 1.6% – 
water management landscapes, which partially retain the features of landscape and 
biodiversity. 
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Fig. 2. Landscape differentiation of Kharkiv landfill territory. 

We propose to use the mosaic coefficient to describe the landscape diversity. The 
territory in it is completely mosaic when there is an equal probability distribution of a large 
number of varieties and their uniform distribution in the territory [18]. 

By "large number" we mean " a number of features that the complexity of this area is 
equal to one. The calculations showed that for the agricultural firm "Korobochkine" (Fig. 3) 
the mosaic coefficient was 0.28, for Chuguiv district – 0.34, i.e. there is a significant 
deviation from one, indicating a low landscape diversity of the territory.  

 
Fig. 3. Landscapes of the agricultural firm "Korobochkino". 

At the beginning of the twentieth century, the great reformer P.A. Stolypin insisted that 
only small and medium-sized peasant farms could not only produce marketable agricultural 
products, but also take good care of the land, inherited from father to son [19]. 

Agriculture can negatively affect the environment by the following: 
- fundamental changes in the structure and spatial organization of natural landscapes, 

"entailing" the rest of the ecologically negative impacts due to the greatest "conservatism" 
of the lithogenic basis (geological structure + relief). If changed once, it will be almost 
impossible to restore;  
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- reduced agrophytocenoses resistance due to the use of monoculture and fundamental 
changes of natural ecosystems, leading to simplification of species structure (loss of 
biodiversity); 

- reduction of natural soil fertility due to the loss of humus and the need to use higher 
doses of NPK. 

4 Discussion 
The closest to the level of "sustainability" are the systems and methods of agriculture that 
return people to dialogue with the biosphere [6]. Modern "no-till" technology allows future 
generations to have a sufficiently fertile soil and to prevent CO2 emissions [20]. Many areas 
in the forest-steppe and steppe zone of Ukraine are prone to water and wind erosion. The 
plants, left in the field, absorb all the energy of the rain, let the water into the soil and save 
it from evaporation. A unique agroecosystem is formed on the principles of polyculture, 
inter-row and mixed sowing. Precision farming is implemented in two modes – "off-line" 
and "on-line". The first involves preliminary preparation of the task map. To do this, we 
collect the required data on the field from soil analyses. Then the task card is transferred to 
the on-board computer of the tractor, equipped with the GPS receiver, and special 
equipment carries out the set operation.  

The second mode ("on-line") involves determining the agricultural needs of plants in a 
particular area of the field, using special sensors (which determine nitrogen content in the 
leaves, littering of crops, assess biomass) directly during the operation. The on-board 
computer receives data from the sensor, compares them with the stored agricultural needs 
and sends a signal to the controller, which opens the nozzles at the right time [10]. 

Organic crop production is a form of management, involving minimum use of synthetic 
agrochemicals. Instead, they use biological methods: introduction of natural enemies and 
specific pathogens, crop rotations, based on the development cycle of the pest, appropriate 
tillage. 

Biodynamics is a modern effective technology that involves not only soil fertilizing, but 
also feeding the countless inhabitants, living in it. The principle of biocompatibility of 
plants, producing different substances, is important. Therefore, mixed crops and polyculture 
are very relevant. "Wilding" one of the remote areas of the farm can become a habitat for 
hedgehogs, birds and other natural enemies of pests, preventing their spread, typical for 
intensive agriculture.  

Vermitechnology is breeding of compost worms (and artificially bred hybrids - 
California, "digger", Dendrobеana) whose food source are plant residues. They contribute 
to the accumulation of organic matter, forming biohumus (vermicompost) - an 
environmentally friendly organic fertilizer. Biohumus is 4–8 times superior to manure and 
compost in terms of humus content. 

Practical use of these ecologically tolerant methods is possible, provided a return to 
small and medium-sized farms. This is very important on the eve of the land market 
introduction. Under these conditions, the peasant family, as the owner of this land, will be 
interested not only in obtaining the maximum yields, but also in maintaining maximum soil 
fertility (inherited by children). Moreover, the landscape and biodiversity, supporting the 
natural fertility of soils, will be not only a condition of human management, but also its 
main result in the agrosphere. Afterward, it will be possible to talk about the 
implementation of sustainable development ideas in nature management. 

Landscape is the initial level on the complex path of anthropogenic transformation of 
material and energy flows of the biosphere. It would be logical to consider the depth of 
natural landscapes transformation into anthropogenic (agrolandscapes) as one of the most 
effective indicators of sustainable development.  
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5 Conclusions 
The main results of the study include: 

1. Theoretical substantiation of the restrictive content of a sustainable development 
concept, in particular: 

- The "stability" of the biosphere depends on the number and density of correlation of 
species in the wild. That is why the desire for biodiversity, even in artificially created 
agroecosystems, should be considered as the main condition for sustainable development; 

- According to the research results of landscape and biodiversity reduction mechanisms 
(a case of agrolandscapes of Kharkiv region), we propose to include the loss degree of 
natural landscapes diversity (in the form of the corresponding coefficient) in the list of main 
indicators of sustainable development; 

2. Practical introduction of the authors' approaches to modern resource-intensive 
agriculture in order to bring it closer to biosphere mechanisms, in particular: 

- The path to sustainability of all nature management is in agriculture as it provides the 
simplest, but most essential and everyday human needs. We can compare our species with 
others in the biosphere on ecological grounds, and, therefore, approximate nature use to 
biosphere mechanisms. 

- The effective systems and technological methods of agriculture, closest to the level of 
"sustainability", are those that return people to dialogue with the biosphere, namely, "no-
till" -technology, precision farming, and various areas of environmental conversion. 
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