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Summary

In every country of the world agriculture always faces complex problems: how to
significantly increase production of agricultural products to supply the population with
sufficient food, and industry with sufficient raw materials, and how to satisfy the
permanently growing demand. The acuteness of this task has always been linked with
the demographic factor and the need to guarantee the population with a high living
standard free of starvation and poverty. In fact, the twentieth century has witnessed an
extraordinary phenomenon, the increase of the global human population from two to six
billion people.
Solutions of these problems have involved historical, national, socio-political and socioeconomic conditions, and a high degree of scientific and technical achievement.
By the middle of the twentieth century, extensive methods of agricultural production
had virtually been exhausted. Progress in science and technology was required to
facilitate intensification of agriculture.
At the same time, intensification of agricultural production and its technogenic feature,
having provided significant growth of food production in Western Europe and the
United States, could not solve all the world’s food problems. Hundreds of millions of
starving people still remain in many countries of Asia, Africa, and Latin America, but
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these states are not able to use the European-American model of intensification because
of lack of energy (power) resources.
Humanity, when developing the technology for agricultural production and processing,
and solving the global food problem, came constantly into conflict with nature, and thus
intensified the global ecological crisis. During the period of extensive agriculture,
increased production was based on plowing up the steppes and the destruction of forests
and natural landscapes. In the course of agricultural intensification, millions of hectares
of fertile and improved land was lost as a result of the increasing scale of inappropriate
management, erosion, flooding, salinization, contamination with nitrates, phosphates,
pesticides, and pollution of the environment with industrial effluent that disturbs
ecological balance in agri-ecosystems and the biosphere as a whole.
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By the end of the twentieth century, humanity had recognized the limits of the natureresource potential and could objectively estimate its capacity to sustain a growing level
of consumption for the permanently increasing population. Orientation onto
predominantly technogenic intensification of agriculture has exhausted itself. A change
of criteria and indicators was required.
This resulted in the creation of the theory of transition to sustainable development. The
ecological aspects of this model are a complex of measures aimed at conservation of the
environment and the rational use of natural resources, above all, of land and water. That
is why in the new century humankind must search for new concepts and strategies of
food production that could allow the best use of new nature-protecting technologies,
providing ecological balance in a process of interaction between the rural commodity
producers and nature, as well as the agreement of ecological and economic interests in
the agri-industrial complex.
1. Introduction

Development of agriculture and food production must be in dialectic unity with the
surrounding natural environment.

Agriculture has a pronounced effect on ecological balance over a greater part of the land
surface of our planet. The limits of natural land-resource potential for purposes of
agricultural production create a need to expand and to develop steppe and forest areas; a
process that disturbs the natural balance, aggravates degradation processes, and reduces
fertility of soils. These ideas of technological agricultural-ecological “improvement” of
lands only lead to the destruction of land resources and pollution of the atmosphere,
water resources, and forest territories. Water erosion and soil deflation proceed, and
land desertification becomes more intensive. Food production decreases, and its quality
and the nutritional content are worsened. This requires a qualitatively new approach to
the “know-how” of production of food and raw materials, and increase of the ecological
quality of food.
The food production industry must use nature-saving technologies that can promote the
implementation of a permanent sustainable management and control of natural
resources, and the elimination of inefficient production models and consumption of
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foodstuffs. In this connection, optimization of agrochemical application, introduction of
landscape agriculture, systems of adaptive plant growing, and ecologically pure
technologies for food processing become the basis for production of ecologically pure
products.
There are also ecological problems in industrial cattle breeding and in the use of its
wastes. Some kinds of artificial and natural forages contaminated by heavy metals
become carcinogenic and have an adverse effect on ecological quality of livestock
production.
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Food production from both the oceans and freshwater resources, including that from
aquaculture, is adversely affected by pollution of fish and other seafood by heavy metals,
organochlorine compounds, and other toxic elements. Parasitism, which is a widespread
phenomenon among species of freshwater and marine fauna, can be exacerbated. To
avoid such problems, strong control of the production quality, and regulation of
anthropogenic inputs and the catches of fish and shellfish are required.
The problem of protecting human health against off-standard and poor quality
agricultural methods is stipulated within the technologies of production, which should
require reduced volumes of mineral fertilizers, chemical compounds, and so on. To
protect the population against poor quality of animal food there must be stronger control
of the pathogenic agents of zoonoses, which, in addition to people, can also strike a
broad variety of susceptible animals. Permanent control of food product quality is
necessary to prevent diseases and possibly food poisoning.
2. Natural Resources and Features of Agricultural Production

In the socio-economic aspect, agriculture is the most important life support area of
material production, supplying the population with foodstuffs, and industry with raw
materials.
Every form of agricultural production uses the basic natural resources: solar energy,
internal heat of the Earth, land, water and mineral resources along with plants and
animals, that is, the major components of the environment.
The most important element of agriculture is the land. It is a space for realization of a
productive process as well as the object and instrument of agriculture work. In his
fundamental work Capital, Karl Marx wrote:
the Earth (from the economic point of view it also includes water), originally providing
man with food, and ready means of life support; it exists without any assistance from
the human side as a general object of human labor.
Agriculture and food production use about 4.69 billion ha of land, which is about 35
percent of the land total area on the Earth (13.401 billion ha). Arable land occupies 1.48
billion ha, i.e. 11.04 percent of the total area of the land.
According to calculations of R. Lal, to provide the human population with a balanced
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diet, including plant and animal products, on average, not less than 0.5 ha of arable land
is needed per capita. However in 1990, on average, only 0.27 ha of arable land was
available for each of the 5.5 billion of the Earth’s inhabitants. This value is permanently
declining, as growth of the human population is greater than the increase in the area of
agricultural land. By 1999, this area had decreased to 0.23 ha, while the population had
grown to 6 billion inhabitants.
Provision of arable land is rather irregular in different countries of the world. A
comparative value of that is the area of arable land per capita in different countries, a
parameter largely dependent on the density of human settlements. Thus, the area of
arable land per capita in different countries is as follows:
Australia
Kazakhstan
Russia
Argentina
United States
Canada
Poland
Brazil
France
Angola
Italy
India, and Armenia
Germany and China
Israel
Japan

2.66 ha
2.40
0.80
0.70
0.68
0.58
0.36
0.33
0.31
0.26
0.14
0.17 ha each
0.07 each
0.06
0.03 ha.
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However, most land that is potentially good for agriculture is unsuitable, being too hilly,
boggy, dry, or cold to permit a reasonable crop yield. According to some forecasts, in
the twenty-first century the increase of cultivated lands might be up to 500 million ha,
but it will mostly be unproductive land. Development of these lands for agricultural use
requires large investments in complex and expensive amelioration, including irrigation,
drainage, liming, dealkalization, desalinization, uprooting, and stumping out, stone
removal, and heating. This kind of work is required not only for millions of hectares of
arable land, but also for hay-making and pasture-land. Therefore, conservation and
rational use of lands previously developed for agriculture, and increase of its fertility, is
an important national task of each country.
A vital natural resource of any agricultural production is water. Agriculture takes two
thirds of all the freshwater used in the world. Despite the abundance of water on Earth,
freshwater makes up only 2.5 percent of the planet’s water resources. Extraction and
consumption of the water necessary for plant growth proceeds mainly from soil by
means of the root system. During the growing period, plant roots pump from the soil
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into the atmosphere thousands of tons of water from each hectare. Thus, a hectare
planted with corn consumes 3,200 tons of water. To grow 1 kg of a dry wheat grain, it is
necessary to use 750 kg of water. At present, 16 percent of developed lands in the world
are artificially irrigated and they produce yields several times greater than those from
dry farming systems.
Water is one of basic elements of nature, without which development of the organic
world, including plants, animals, and humans, is impossible. Where there is water, there
is life and civilizations develop.
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Chemically pure water is not present in living organisms or soils used for agriculture; it
always contains dissolved salts. The Earth’s freshwater resources are strictly limited,
especially for agricultural needs. Therefore, mankind faces a vitally important problem,
that is, preservation of these resources, prevention of contamination of water resources,
including groundwater, and use of optimal methods for supplying agricultural crops
with water.
For the foreseeable future, wild plants will be indispensable in agriculture. They are
vital to every living animal on the Earth, directly or indirectly, including our own
species. Plants require natural ecosystems including the following principal components:
soil cover, environmental conditions created and controlled by other plants and animals,
and micro-organisms. The human society will modify natural ecosystems. New
technology will modify soil-ecological systems to increase the yield of forages and
foodstuffs. However, the natural resources will remain the primary source, as cultivated
plants constitute a very minor proportion of the 500,000 known plant species. Therefore,
the use of natural meadows, pastures, and hay-making in agricultural production should
be improved. It is important that the natural grasses have high potentials even under
conditions of the heat deficit and short growing season. Use of these possibilities in
agriculture allows more efficient development of cattle breeding.
In future, the interrelations of forestry and agriculture will be strengthened. At the
global scale, the forest exerts an integrated protective influence on the environment and
supplies vital services through water, soil, fauna, air, and limiting the effect of direct
solar radiation. As the forest is a renewable resource, scientists consider it will be
necessary to substitute fossil fuels by fuel wood, as oil is likely to be practically
exhausted before the end of the first half of the twenty-first century.
Integrated management of forests will result in development of agricultural landscapes
where fields are protected by trees, and there are also possibilities of protection and
rational use of water resources for agricultural purposes. In addition to agricultural
production, forests will yield various natural products: fruits and berries, fungi and
herbs, along with hunting of wild animals and limited livestock production.
The environmental threats to agriculture include atmospheric pollution from industrial
wastes, acid rains, and radioactive contamination of soil, water, and vegetation. At the
same time, agriculture, especially large cattle breeding complexes, pollutes the air space,
surface and subsurface water, and soil.
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The specific characteristics of agriculture include:
Agriculture is a vital life-supporting industry producing complex and essential
biological materials, without which humankind cannot survive.

•

Unlike industrial enterprises, agriculture takes place on vast areas over the
biological-geographical domain, so, it is dependent on natural-climatic and seasonal
weather conditions.

•

Agriculture involves biological production through plants, animals, and microorganisms.

•

Agriculture utilizes solar energy harnessed by plants and converted into chemical
energy.

•

Agriculture uses both individual and collective labor to divert biological production
for use by individuals and society.
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•

•

Agriculture combines both ecological and economic interests.

Although agriculture uses natural resources (land, water, plants and animals, natural fuel,
and energy resources), it is essentially different from the processes involved in natural
ecosystems. Anthropogenic influence on agriculture is constantly increasing, with both
positive and negative consequences for the environment. Therefore, the ecological and
economic efficiency of agriculture completely depends on natural conditions and
processes and sustainable management.
-
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