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Foreword
Safeguarding soils to preserve life on Earth
Recent scientific knowledge has shown that soil provides numerous functions whose
importance is vital in different spheres: the atmosphere, biosphere, hydrosphere and
lithosphere.
Soil permits the production of biomass, the foundation of life. Plant biomass in
particular feeds animals and humans (roots, stems, leaves, flowers, fruits, seeds); it
provides renewable energy, building materials, and raw materials for industries and
crafts (wood, stems, leaves). Soil harbors biological diversity, from microscopic to
macroscopic, both plant and animal, much of which remains undiscovered. Soil
contributes to the balanced functioning and stability of food chains and of the water
cycle. Thanks to its physical properties (porosity and permeability), its chemical
properties (adsorption, exchange) and to its biological properties (transformations,
catabolism, metabolism), soil plays an important role in the replenishment of
underground aquifers and in the regulation of hydrological systems. It also absorbs and
transforms atmospheric pollutants and those released by human activities. Soil stocks
atmospheric carbon dioxide, a greenhouse gas, in the form of organic matter. It is the
physical foundation of human infrastructures (housing, industries, transportation
networks, waste dumps, and leisure and recreation facilities). It is a raw material which
human societies use in their construction and craft activities and it contains mineral
reserves. Soil even carries out a cultural function since it contains numerous
archaeological treasures and is the record of human evolution. All this shows how
important soil is for life on Earth.
When inventing agriculture, human societies started by exploiting the productive
function of soil. As long as soils were producing, human societies multiplied and their
demand for food increased. When the capacity of soil to produce no longer met the
demand for food, solutions had to be found to avoid the disappearance of societies and
the generation of conflict. This led to innovations. Examples of these are the adoption
of ways of life and agriculture that respect the rhythms of renewal of soil fertility
(nomad herds, fallow land), or which maintain it (organic manure of plant and then
animal origin); the implementation of techniques to improve the productivity of soil
(irrigation); and correcting certain defects i.e. liming of acid soils, or adapting crops to
constraints (salinity).
With industrial and urban development, and the demographic expansion which
followed, other functions were demanded, leading to a concentration of soil's
productive function, due to competition for space on increasingly reduced land surfaces.
This process continues today. Scientific and technological advances then brought new
solutions to increase production: mechanization, mineral fertilizers, pesticides, crop
selection, drainage, etc. But although agricultural intensification has not attained the
results anticipated, it has generated globally negative effects on soils and on the
environment.
All over the modem world, in both rich and poor countries, there are all too many
examples of soils that have been seriously modified and damaged due to their misuse.
Phenomena of erosion, surface compaction, salinization due to irrigation, organic
matter impoverishment, pollution and so forth are increasingly frequent and affect
V

forever wider land surfaces. In addition, the development of towns and shantytowns,
industrial and commercial complexes, tourist areas, along with the spread of transport
networks, the proliferation of airports, the construction of hydroelectric dams and the
intensified exploitation of surface mineral resources, take each year tens of thousands of
hectares of land, and thus soil cover, away from its biological, nutritional, exchange and
filtering functions.
This poor management of soils, either willful or out of ignorance, which deteriorates
the basic function of soils and can completely destroy them, seriously undermines
environmental quality and biodiversity. It deregulates water cycles and purity. In many
human societies, this leads to social and economic difficulties (food insecurity and
shortages, debts, high costs associated with rehabilitating degraded and polluted soils,
and fertilizers, etc.). The result is increased poverty, famine, malnutrition, migrations,
and conflicts over access to land, to drinking water, and to a healthy environment,
leading ultimately to political unrest. The rights of future generations are neglected.
The world population is currently close to six billion. According to estimates, it will be
about 10 billion before the end of the 21^' century; however, the Earth's resources, in
particular productive land, are limited. If the current relationships between societies and
between human beings do not change, it is obvious that the demands made on soils will
not decrease, even if the current obsession with productivity starts to decline and a new
type of agriculture, less greedy for yields, returns to areas up to now considered as
marginal, and even if biotechnology works miracles. On the contrary, they will be
greater and potentially rich soils will be coveted still more.
Therefore it is necessary, without delay, to re-examine the attitude of human societies
towards their soils and to re-examine the management of this fundamental, rare and not
easily renewable natural resource.

An International Soil Campaign
In 1993, the Platform for a responsible and united world, the fruit of collective
consideration on the challenges of the 21^' century, initiated by the Charles Leopold
Mayer Foundation for the Progress of Humankind, underlined the need for a major
action campaign on soils.
The Soil Campaign was launched in 1996 and is part of a wider collective movement
known as the alliance for a responsible, plural and united world whose aim is to
respond to the challenges of the 21^' century.
The Soil Campaign aims to preserve soil resources worldwide by developing
awareness and knowledge of soil for all citizens. Good soil management and
sustainable land use are the way to soil preservation. By relying on several basic
principles of care, moderation and safeguarding, it is possible to optimize the various
functions of soil, maintain them, enrich them and avoid irreversible modifications.
However, this can only happen if a genuine change occurs in the attitude of human
beings to soil. In order for this change to take place, it will be necessary for each
citizen to understand what soil is and why it is necessary to preserve it.
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To achieve this goal, the Campaign is committed to three priorities:
1- Changing mentalities: creating a new way of looking at soil
The idea is to do whatever is necessary to increase collective awareness of the
existence of soils and their vital importance for the future of humankind. It is an
educational approach intended for everyone, aimed at building a new perception of
soils
2-Raising the "status" of soil
In parallel with the first, long-term, objective, decision-makers should have their
attention drawn to the consequences of bad soil management and be brought to
reconsider the status of soil by raising it to the rank of a hard-to-renew natural
resource, the use of which should be subject to certain rules and explicit specifications.
To this end, the Campaign proposes to think about the ways and means of leading the
world's governments to better manage their soil resources in a sustainable way and the
international community and international agencies to adopt a responsible attitude to
soil.
3- Building the foundations of international collaboration against soil degradation
We realize that the struggle against soil deterioration is less likely to succeed without
solidarity from the intemational community, which alone can help to decrease the
pressure on land with declining fertility and where degradation and erosion are
increasing.
It is becoming increasingly clear that if coherent and rational land use policies are
implemented, it is possible to stop or reduce the deterioration of soils and the
environment; on the other hand, under current conditions, many countries are
economically unable to bear the cost of rehabilitating degraded soils. This is why we
think that it is absolutely necessary to mobilize intemational solidarity around this
question. This conviction has led us to think of a method of formulating, within the
framework of the alliance for a responsible, plural and united world, a strategy of
world solidarity against soil degradation.

The Conference of Prague on soils in CEECs-NIS-CACs-M
This event comes within the scope of the activities of the Soil Campaign ; mainly in the
scope of the third priority of the Campaign. Indeed, the current condition of soils in
Central and Eastern European Countries (CEECs), in Newly Independent States (NIS),
in Central Asian Countries (CACs) and in Mongolia, such as has been reported in
scientific literature and in different publications and reports, in particular the "Dobris
assessment" (1995) and "Environment in Europe: the Second Assessment" (1998), is
very worrying to say the least.
Soil degradation in these countries, even though varying in seriousness fi"om one
country to another, remains significant and requires attention. The forms of degradation
are numerous and certain areas are seriously affected.
Soil issues do not interest the governments in these countries, which are, in most cases,
financially incapable of facing up to soil degradation phenomena. The policies currently
VII

pursued in some of these countries, such as government disengagement and the change
of the legal status of land, accentuate soil and environmental degradation.
These countries have a large number of soil scientists who know their soils well.
Unfortunately, their working conditions are poor and they do not take part, for
institutional reasons, in consideration on a worldwide or even European scale. In brief,
the situation is that many of these countries have become huge fields that suffer from
rapid soil and environmental degradation. Their soil scientists are unable to react and
their rural populations are growing poorer along with their soils and environment. What
is more, their governments remain passive.
The conference was practical, pragmatic and concrete. It gathered various stakeholders
(scientists, policy makers, representatives of NGOs and of local authorities, journalists
and other persons interested in soil issues ...) from 25 countries : Albania, Armenia,
Azerbaïdjan, Belorussia, Bulgaria, Bosnia and Herzegovina, Croatia, Czech Republic,
Estonia, Georgia, Germany, Hungary, Kazakhstan, Latvia, Lithuania, FYR of
Macedonia, Moldavia, Mongolia, Poland, Romania, Russia, Tadjikistan, Ukraine,
Uzbekistan and Yugoslavia.
In a very open, constructive and positive way, the participants have addressed the soils
situation in this big region and have suggested the most efficient and tangible ways of
combating the soil and environmental degradation affecting their countries. They
proposed the means necessary to attain this goal and they highlighted what is awaited
from local, regional and international cooperation and solidarity.
This publication reports on the conference of Prague. It contains 5 sections.
-

The section 1 presents the main outcomes of the conference;

-

The section 2 contains the synthesis documents presented and discussed during the
conference. These documents were prepared, by the organizers, from all the country
reports sent to them before the meeting;

-

The section 3 presents the daily reports and conclusion of the conference;

-

The section 4 presents all the country papers prepared for the conference;

-

The section 5 contains the list of the participants.
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Section 1: Main Outcomes
of the Conference of
Prague
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CONCLUSIONS AND RECOMMENDATIONS
Rabah LAHMAR, Mireille DOSSO, Alain RUELLAN and Luca MONTANARELLA

From 26 to 29 August 2000, was held at the Research Institute of Crop Production in Prague, Czech
Republic, a conference on :

" Soils
in Central and Eastern European Countries (CEEC),
in the New Independent States (NIS),
in Central Asian Countries (CAC)
and in Mongolia (M).
Current situation and future prospects."
This Conference was organized by the Soil Campaign of the Alliance for a Responsible, Plural and
United World, with the support of the Charles Leopold Mayer Foundation, the European Commission
(European Soil Bureau and TACIS Programme), the Czech University of Agriculture and the Research
Institute of Crop Production of the Czech Republic.
The participants in the Conference (about 60 people) were:
• delegations from 25 countries out of the 29 countries considered (Albania, Armenia, Azerbaijan,
Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, Estonia, Georgia,
Germany, Hungary, Kazakhstan, Latvia, Lithuania, FYR of Macedonia, Moldavia, Mongolia,
Poland, Romania, Russia, Tajikistan, Ukraine, Uzbekistan, Yugoslavia);
• The General Secretary of the International Union of Soil Science;
• The Secretary of the European Soil Bureau;
• Participants from western countries (Australia, Canada)
• The 3 facilitators of the Soil Campaign.
The official languages of the Conference were English and Russian, with simultaneous translation.
The main originality of the Conference was the diversity of participants' responsibilities : scientists
(in various fields : soils, environment, agronomy, economy, law, anthropology), political leaders
(government members, parliament members , senior civil servants, heads of administrations), members
of the civil society (NGO, journalists, managers). Even though scientists were more numerous than
others in the Conference, discussions were, as wished by the organizers, mainly political in nature :
(political, social and economic; local, regional and global) causes and solutions of soil deterioration and
its consequences were addressed, in view of better managing soil resources.
The Conference drew from texts sent by the participants to the Soil Campaign, on its demand, at the
beginning of 2000. On the basis of theses contributions (distributed to all participants at their arrival), the
facilitators of the Soil Campaign prepared 3 reports, opening the debates of the Conference itself:
1 - Review of the current state of the soils in the CEEC-NIS-CAC-M : degradations (and
improvements) of soils, what they are, what is known about them, their causes and
consequences. This first report was the subject of discussions on the first day of the Conference,
(Saturday 26 August).
2 - Review of the current policies, regulations, actions implemented (whether of scientific,
technical, educational, economic, social, or legal nature), in every country, to compensate,
foresee and prevent soil deterioration. Respective roles of actors : Governments, Parliaments,
NGOs, soil users; local, regional, international ones. Ongoing collaborations and partnerships.
This second report was the subject of the debates of the second day of the Conference, on
Sunday 27 August.
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3 - Future prospects: what are the urgent needs; the priorities for regional and
international solidarity. This third report was the subject of discussions of the third part of the
Conference, on Monday 28, and Tuesday morning 29, August.

From this Conference, very fruitful in discussions and concrete proposals, we learnt the following main
conclusions and recommendations :
A - All participants recognized the quality of the approach adopted for this conference:
diversity of participants and summary reports prepared by the organizers. The participants
recommended that similar meetings, associating scientists and politicians, governmental and
non-governmental entities, take place in every country and at the regional level. They also
recommended to spread the results of the Conference. The dialogue has started: it will continue
within the networks that are going to be built.
B - All participants agreed that soils deterioration is mainly the result of local and global
economic systems: poverty and productivism (either linked to a liberal economy or to a
planned economy) are the two main reasons for soil deterioration. As a result, one doesn't
prevent soil deterioration through merely technical approaches: it is primordial to refine this
argument and to publicise it; international solidarity must act in this sense. The problems raised,
in turn, by the constitution of big collective properties and later by the splitting up of these
properties, are significant ones.
C - Participants highlighted that regulation, about the protection and management of soil
resources and of their functions, is for sure indispensable, but provided that it is rooted in
popular awareness and demand. Existing regulations are not effective on the field (neither
implemented nor respected). Every country must therefore pursue its legislative efforts
(development and implementation), while an international framework is necessary (Convention
on Soils): international solidarity must contribute to this.
D - Education and communication, about soils, are therefore indispensable. It is necessary
to make soil, its functions, and the necessity of its good management, a popular, attractive
and preoccupying issue. Education to soil must be developed from early age. Here again,
international collaborations and partnerships are indispensable.
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PROPOSAL FOR A GLOBAL SOIL CONVENTION
Dr. Ian HANNAM, Sustainable Land and Coastal Management Division, Department of Land and
Water
Conservation,
10
Valentine
Avenue,
Parramatta,
NSW.
2160.
Australia.
ihannam@dlwc.nsw.gov.au.
Member of the lUCN Commission on Environmental Law (CEL); member of the sustainable soil
working group of the International Union of Soil Sciences; Vice-President (Australia) World Association
of Soil and Water Conservation.

BACKGROUND
By the mid-1970's, many environmental strategies and conventions had began to emerge from a variety of
global conservation forums which specifically discussed the state of the human and physical environment.
The Stockholm Conference on the Human Environment of 1972, the World Commission on Environment
and Development 1987, the United Nations Conference on Environment and Development 1992; and the
Commission on Sustainable Development 1993 draw attention to soil and land degradation (lUCN 1980,
lUCN 1991). A response to the rapidly changing political and social aspects of the world and the
expansion in environmental problems has been the accelerated development of international and
domestic environmental law. Environmental law is recognised as one of the most effective tools to
translate global environmental goals and principles into action (lUCN 1995, UNEP 1996). Global
conventions, treaties and protocols are assuming increased importance as international relations grow in
their political, economic, and social complexity and sensitivity and as the world's interdependence is
intensified. Global rules have been negotiated for international trade, the protection of human rights,
protecting biodiversity, controlling desertification, and protecting the world's cultural and natural
heritage. With the growing attention to environmental issues, many countries have signed international
environmental treaties.
Around 200 multilateral instruments have been established since the early 1920's but none of these
instruments contain sufficient rules or guidelines to adequately manage the problems associated with the
decline in the environmental quality of the world's soils (see Eswaran et al forthcoming), nor do they
adequately recognise the link between this decline with the expansion of ecologically unsustainable land
uses. The soil conservation discipline has been a prominent part of the management of the environment
since early last century when legislation was introduced to control and mitigate soil erosion and protect
land from the effects of over-grazing and excessive clearing of vegetation. In six decades, there has been
substantial progress in the development of soil conservation technology to control dryland salinity, soil
acidification, soil structure decline, water and wind erosion, weed invasion, effects of feral animals and
physical impacts from urban expansion on agricultural lands (particularly in the arid, Mediterranean and
temperate ecoregions), and to control the loss of biodiversity. Many conservation initiatives has been
employed to manage soil degradation problems (Sanders et al. 1999). Globally, there has been reasonable
progress with national and state strategic policy but there has been few attempts to develop adequate
environmental law to manage soil and land degradation (Hannam forthcoming).
AGENDA 21
The Rio Declaration on Environment and Development was generated by the United Nations Conference
on Environment and Development (UNCED) in 1992 in Rio de Janeiro (UN 1992a). It reaffirmed the
Stockholm Declaration the Human Environment of 1972, and established the goal of a new and equitable
global partnership: through the creation of new levels of cooperation among States, key sectors of
society, individuals; and to work towards international agreements to protect the integrity of the global
environmental and developmental system. In calling for States to enact effective environmental
legislation. Agenda 21 (UN 1992b) is an impetus for the preparation of a global instrument for soil. It
discusses international environmental law processes to assist in the global management of land
degradation; outiines the essential environmental management requirements which can be integrated
within policies and practices to develop and implement enforceable and effective laws and regulations;
and states that United Nations agencies have a key role to play in the implementation of Agenda 21. It
also sets out the mandate of various agreements of the United Nations system and gives special attention
to the delicate balance between environmental law and developmental concerns and the review and
development of international environmental law.
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Commission on Sustainable Development
The Commission on Sustainable Development (CSD) facilitates, monitors and evaluates the
implementation of the UNCED commitments to the integration of the environmental management
objectives embodied in the Rio Declaration of 1992. The CSD is also charged with monitoring
international environment negotiations and considering how to deal with new and emerging issues. It has
identified land resources, desertification, forests and biodiversity as major sectoral issues. The success of
the CSD in addressing land degradation depends on the ability of governments to coordinate their
sustainable land management activities through the United Nations system, treaty bodies and other global
and regional institutions. The introduction of a global legal instrument for sustainable soil will enhance
the role and responsibility of the CSD.
The lUCN (The World Conservation Union) Commission on Environmental Law
The lUCN (World Conservation Union) has taken up the pursuit for a global environmental instrument
for soil. In April 2000 the Steering Committee of the lUCN's Commission on Environmental Law
endorsed the proposal to investigate the feasibility of a global convention for soil. The investigation will
be undertaken by the CEL's "sustainable soil" working group, which will take into account the capability
and suitability of existing conventions to provide adequately for the ecologically sustainable use of soils.
The proposal for a "Convention on Sustainable use of Soils" which was developed after a conference at
the Tutzing Academy in Germany, 'Time for Soil Culture - Temporal Perspectives on Sustainable Use
of Soils" in April 1997 (Held et al 1998) will be reviewed by the CEL. The principal Objective of this
proposal is the sustainable use of soils by all States, through Articles, which embody the principle
ecological functions of soil for the maintenance of human life. The sustainable soil convention initiative
of the CEL is major project under its for 2000-2004 quadrennial program.
EXISTING INTERNATIONAL SOIL GUIDELINES
The 'World Soil Charter (FAO 1982) and the World Soils Policy (UNEP 1982b) were prepared two decades
ago to encourage international cooperation in the rational use of soil resources. These strategies are not legal
environmental instruments but they have been influential in raising the profile of soil conservation as a major
international environmental management issue as well as providing straightforward guideline material for
individual nations to adopt in the preparation of domestic laws and policies. The UNEP Environmental
Guidelines for the Formulation of National Soil Policies (Olembo 1983) reflects the concerns of the World
Soil Charter and World Soils Policy, and sets out a procedure for preparing national policy with a sustainable
land use theme. While these strategies were far-reaching in their objectives, and most of their principles still
apply, they now should be supplemented by instruments, strategies, and policies which are developed under
the current universal environmental objective of sustainable land management (Hannam and Boer
forthcoming).
ENVIRONMENTAL CONVENTIONS AND SUSTAINABLE SOIL
A number of existing conventions in some way consider the environmental welfare of soil, but seem
insufficient to deal with the specific ecological and legal needs for soil. The introduction of a specific
instrument for soil can enhance the capabilities in the existing instruments while at the same time
providing the much needed environmental law provisions and guidelines to properly manage the soil
environment.
Convention on Climate Change
The Framework Convention on Climate Change 1992 (FCCC) recognises the role and importance of
terrestrial ecosystems as a sink and reservoir of its potential greenhouse gases and is concerned that
human activities have been substantially increasing the atmospheric concentrations of greenhouse gases.
Two of the principal sources of greenhouse gases are changes in land use cover and land use. Soil is a
major reservoir of the earth's carbon and land degradation problems exacerbate the emission of gases
from terrestrial and aquatic ecosystems to the atmosphere. The Kyoto Protocol (Kyoto 1997) promotes
sustainable development and calls for each Party to implement policies and measures to protect and
enhance sinks and reservoirs of greenhouses gases.
Convention on Biological Diversity
The object of the Convention on Biological Diversity 1992 (CBD) is to: conserve biological diversity,
encourage the sustainable use of its components, and the fair and equitable sharing of the benefits arising
out of the utilisation of genetic resources, including by appropriate access to genetic resources and by
appropriate transfer of relevant technologies (Swanson 1997). Fundamental to the CBD is the concern
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that biological diversity is being significantly reduced by human activities, including soil and land
degradation (Miller and Lanou 1995).
Convention to Combat Desertification
The Convention to Combat Desertification (UNEP 1994) (CCD) acknowledges that arid, semi-arid and
dry sub-humid areas together account for a significant proportion of the earth's land area and is the
habitat and source of livelihood for a large segment of its population. The objective of the CCD is to
prevent and or reduce land degradation, rehabilitate partly degraded land and reclaim desertified land. A
major limitation of this instrument is that it geographically excludes large parts of the earth with severe
land degradation (see Arnalds and Archer 1999).
AN INTERNATIONAL ENVIRONMENTAL LAW INSTRUMENT FOR SOIL
The introduction of a specific international instrument for soil could translate the international
environmental concerns for soil into legal obligations, and provide a juridical basis for action by nations
and the international community. The Commission on Environmental Law of the lUCN (the World
Conservation Union) endorsed a proposal to investigate the feasibility of an international instrument for the
sustainable use of soils in April 2(XX3. Options for an instrument include, a sustainable soils convention, a
protocol to the Convention on Biological Diversity, or possibly a protocol to the Convention to Combat
Desertification (Freeman 1999). The instrument can provide the legal framework to support the objective
to control soil and land degradation, preserve soils for humankind, and consolidate into a single
fi-amework the vast body of widely accepted but disparate principles of 'soft law' associated with soil
conservation (Held et al. 1999, El-Swaify et al. 1999). It would also outline a common basis upon which
future law making efforts might be developed (UNEP 1996). In particular, a consolidated international
environmental law instrument for soil should:
•
•

Contain the fundamental principles on soil conservation for all States to adopt.
Consolidate the objectives and key elements of a number of existing international policies and
guidelines for soil conservation that can be readily adapted to the reform of soil conservation law and
policy.
• Be a guideline on the legal, biological and policy requirements for the ecologically sustainable
management of soil, within an 'ecosystem logic' framework.
• Outline the linkages between soil conservation and other key environmental instruments at an
international level. This will be a useful guide for States in their endeavour for consistency in the
management of soil conservation issues.
• Enhance the capacity of, and provide guidance for national and State governments' in their
environmental law and policy reform programs for the conservation of the natural environment.
• Promote the effective implementation of international legal instruments in the field of the
environment generally, based on an "ecosystem logic" of integrated natural resource management
decision making.
• Raise public awareness, and provide additional ecological guidelines for soil, in national
environmental education, information and public participation programs, and in the development of
national laws and policies for the environment (eg, see Glowka et al 1998).
A global instrument and national action for soil
As an agreed set of international soil conservation principles, a soil instrument would be an important
basis and international linkage for respective States in their international cooperative and advisory work,
particularly where developed nations are called upon to assist developing nations. Implementation of the
soil instrument would fulfil an important role at the global level by enhancing the objectives of existing
environmental instruments (ie, CCD, BDC, FCCC) and therefore provide a sound basis for the integrated
resource management responsibilities of respective nations. The control and management of soil and land
degradation at a national level requires the development of a wide range of programs, policies,
educational initiatives, and national and local law. An integrated approach is essential, where
governments at each level, private sector interests, indigenous and local communities, and non
governmental organisations work together in a cooperative effort to develop and implement land
management strategies through policy, administrative and legislative means (Boer 1995, El-Swaify 1999,
Hannam forthcoming). The lUCN Commission on Environmental Law can recommend an appropriate
international legal instrument (convention, framework convention, protocol) and the necessary
supportive technical guidelines.
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A strategy
A key component of a global instrument for soil should be the directions it gives to assist nations prepare
national ecologically sustainable strategies for the protection of soil. A convention would contain the
basic principles to formulate the strategy, but it is also essential that guidelines be prepared to emphasise
the process of reviewing laws and institutions and the policy and legislative profiles (eg. see Glowka et
al. 1998). Such a process would involve:
•

An adequate understanding of current soil and land degradation, and in particular its severity and
distribution, to enable a clear vision of the benefits of a national soil protection land management
strategy.
• Assembling existing policy, strategic material and legislation, which have specific or indirect
references to soil and land degradation management (eg. environmental planning and natural resource
legislation).
• Reviewing appropriate international instruments and strategic material, identifying relevant
instruments that may be accommodated within the particular national political, cultural and physical
circumstances.
• Providing for a capacity-building process, including environmental education for the community as
well as specific technical training for those involved in the development and implementation of the
strategy.
• Identifying and evaluating legal and institutional measures applicable to long term soil protection.
• Preparing specific soil legislation and implementation procedures.
A global convention for soil, and the guidelines for implementation, should outline how a nation can
develop soil and land degradation management policies and strategies tailored to its own needs. The
development of successful national legislation and policies requires a strong commitment by national
government institutions with the support of the land users. Existing, often fragmented legislation should
be reviewed for applicability and then considered with new laws to create an effective and integrated
system that enables conservation to be carried out with the necessary blend of incentives and
disincentives (Hannam forthcoming).
CONCLUSION
A combined effort is needed to reverse the current extent and severity of soil and land degradation (ElSwaify 1999). The development of domestic environmental law is an essential part of this process but it
tends to be overshadowed by economic growth motives and the need to produce food for expanding
population levels of many developing countries. The introduction of an international environmental law
instrument will be a substantial, but ecologically important step forward for the progress of humankind.
Specifically, it will directly benefit those nations who wish to undertake environmental law and policy
reform but in consideration of a broader national environmental management strategy.
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Soils in CEECs-NIS-CACs-M: Current State
Alain RUELLAN
List of the papers used for this synthesis
ALBANIA

"Status of soil degradation in Albania",
by P.Zdruli, S.Lushaj

ARMENIA

"A problem of sustainable management of soil resources in
Armenia".
by K.Danielyan

AZERBAIJAN

"Degradation of soils in Azerbaijan. Influence of increasing
anthropogen affect",
by M.Babayev

BELARUS

"Soils of the Republic of Belarus and their ecological state",
by N.I.Smeyan

BOSNIAHERZEGOVINA

"Soil damages in Bosnia and Herzegovina and the actual
problems of its protection",
by H.Resulovic
"Protection policy of agricultural land in Bosnia and
Herzegovina during the transition",
by H.Custovic, A.Nikolic

BULGARIA

"Soil degradation in Bulgaria".
by D.Stoichev, R.Dilkova, M.Kercheva

CROATIA

"Soil degradation and soil protection in Croatia",
by F.Basic, I.Kjsic, M.Mesic, V.Bicanic, R.Tadic

CZECHREPUBLIC

"Soils in the Czech Republic: exploitation, evaluation and
degradation".
by J.Kozach, L.Borovka, J.Nemecek

ESTONIA

"Soils and soil survey in Estonia: current state and future
perspectives".
by R.Kölli, I.Kask

GEORGIA

"Soil problems in Georgia",
by F.Urushadze, D.R.Kirvalidze

GERMANY

No data.

HUNGARY

"Soil degradation processes in Hungary: assessment, risk
analysis, forecast and prevention",
by G.Varallyay

KAZAKHSTAN

"The strategy of soil conservation farming in the Northern
Kazakhstan".
by A.K.Kurishbayev
"Development of land degradation in Northern Kazakhstan",
by M.Golberg
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KYRGYZSTAN

"Organisation of anti-erosion measures on the territory of
Kyrgyzstan".
by J.A.Akimaliev

LATVIA

"Soil degradation in Latvia: current status and actualities",
by A.Karklins
"Soil erosion and activities of non-governmental organisations
to restrict it in Latvia",
by L.Drozdovska

LITHUANIA

"Soil degradation in Lithuania",
by V.V.Buivydaite

FYR MACEDONIA "Soil degradation, current attitudes tow^ard it, prospects as
regards concrete actions projects in the Republic of
Macedonia".
by I.Blinkov, P.Petrovski, T.Mitkova
MOLDOVA

"Ways for improving soil cover condition",
by V.Ciubotaru
"Evaluation of degradation process, elaboration of methods of
protection and sustainable utilization of soil resources of the
Resources of the Republic of Moldova",
by M.Rapcea, V.Cerbari
"State of soil cover in the Republic of Moldova. Situation
between crisis and catastrophe",
by E.Bivol

MONGOLIA

No data.

POLAND

No data.

ROMANIA

"Soil degradation in Romania".
by R.Lacatusu, I.Munteanu, M.Dumitru, C.Ciobanu, S.Dumitru,
M.Lungu

RUSSIA

"Degradation status of soils in Russia on the edge of Millenia".
by I.Savin

SLOVAQUIA

No answer.

SLOVENIA

No answer.

TAJIKISTAN

"The current situation of soil degradation in Tajikistan and their
prospects in future".
by S.R.Sanginov, I.S.Aliev, G.Nekushoeva

TURKMENISTAN

No answer.

UZBEKISTAN

"Land degradation issues in Uzbekistan",
by E.Kurbanov

UKRAINE

"State, protection measures and prospects of land use in
Ukraine".
by V.V.Medvedev, V.I.Pugatchev, S.M.Ryzhuk

YUGOSLAVIA

"Soil degradation in Yugoslavia",
by S.Kostadinov

17
Some general purpose

•

In the majority of CEECS-NIS-CACs-M, the soils are well known and the
degradation situation of the soils has been well studied: the existing problems are
known. This situation is not recent: soils have been studied since a long time,
frequently before occidental countries.

•

It is important to underline the big ecological and human diversity of the regions
covered by these countries: climate, geology, relief, vegetation, civilisations.

•

The good scientific works that have been done, about soil properties, soil
distribution, soil genesis, actual soil evolution and degradation, etc... have not
prevent soil degradation, have not prevent to use the soils in wrong ways: policy
adopted by the politicians and by the technicians has deliberately forgotten the risk
of soil degradation.

•

In all these countries, soil remains the main capital for the present and for the
future: soil is the main resource and soil degradation is a disaster for the future
development of each country. Soil degradation is also a disaster for the evolution of
environmental conditions (quality of water, of air, biological evolution, quality of
food, health ...).

•

Recent political histories of these countries permit to study, to try to understand, the
specific role of each political system, of each economical situation, on soil
degradation: relationship between soil evolution (degradation and improvement),
type of development chosen by the country (planed or liberal), economical situation
of the country.

•

From a scientific and political point of view, one of the big question for the future
is: how the general soil evolution, and how the general ecological evolution, are
going to be modified by what is done today on the soils by human societies. Global
change of the soils has to be studied not only from the "degradation" point of view
but also from the soil evolution, soil transformation, point of view.

•

What is missing is a good overview about the positive effect of human activity on
soil quality.

•

Actually, in some countries, lands are no more cultivated: because of degradation,
but also because of economical evolution; some of these lands are good soils.

Type of Soil Degradation
This order is not function of the importance of each degradation; it is something
like a logical order.
1. Loss of organic matter and of biological activity: it is the first degradation when
human societies begin to use the soil for agriculmre purpose. Frequently, these
degradations are very old.
2. Physical degradation: decrease of structure stability, destruction of the
aggregates, compaction (loss of porosity, plough pan, sealing and crusting of soil
surface), lowering of soil surface (consequence of peat drainage)
3. Soil erosion and sedimentation: water erosion, wind erosion, landslide.
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4. Waterlogging, hydromorphy but also excessive desiccation (aridification).
5. Salinization and alkalisation.
6. Acidification.
7. Loss of chemical fertility: N, P, K.
8. Pollution (of soil, water and air): nitrate, sulphate, phosphates (water
eutrophication), pesticides and organic contaminants, heavy metals, oil,
radionuclides, bacteria, virus
9. Disappearance of the soil: by surface mining and quarries, urbanisation,
industrialisation, road, airport, playgrounds, reservoirs... gully erosion.

Soil degradation can also be defined by the modification of their functions:
production, ecological, global-biospheric.
One of the problems is to separate induced human soil degradation from natural bad
quality of some soils. Acid or saline soils, for example, can be natural: we have not to
include them into soil degradation by human activities.
Type of Soil Improvement
•
•
•
•
•
•

Diminution of natural soil erosion
Diminution of natural hydromorphy
Diminution of natural salinity
Diminution of natural acidity
Diminution of natural clay impoverishment
Increase of natural chemical fertility: organic matter, N, P, K, Ca

Causes of Soil Degradation
Agriculture
•
•
•
•
•
•

deforestation and removal of natural vegetation (frequently since a long time)
heavy mechanisation
too much fertilisers
too much pesticides
lack of fertilisers and amendments (mineral and organic)
no diversification of soil use and management in function of the soil type: fields
too big; use of cultural techniques unsuitable to the diversity of soil, climate,
sociology, economy.
• inadequate irrigation
• inadequate drainage
• overgrazing
• uncontrolled use of waste
• no continuity about soil management: protection against erosion, drainage ...
(no indication about rotation).

The planned agricultural policy has conducted to physical degradation of soils and to
pollution of soil, water, air; but with the use of fertilisers, pesticides, irrigation,
drainage ... the agriculture production has increased.
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With the recent changes to liberal economy, with privatisation of the lands, prices of
agricultural products decrease. As a consequence: the use of fertilisers, amendments
and pesticides decreases; the maintenance of irrigation and drainage systems is not so
good; the fight against erosion decreases; some lands are no more used. At the same
time, chemical fertility, pollution, and production decrease. As a consequence, the
effects of previous soil degradation appear.
Industry and mine, quarries, deforestation for wood use
Urbanisation
Transport
Sociology, Economy, Policy
War, military camps and installations, mines
KnovFledge by soil users, by engineers, economists, politicians...

Consequence of Soil Degradation
10. Soil productivity (for agriculture, pasture, forest)
11. Water pollution
12. Air pollution
13. Food pollution
14. Health : human, animals, plants
15. Ecosystem functioning
16. Landscape evolution: some soils are no more cultivated

Items to be discussed
•

The state of knowledge about soil degradation:
types of degradation
level of degradation
geography of degradation
origin of degradation; history of the relationships between soils and societies

•

The historical and actual causes of soil degradation:
technical causes
sociological causes
economical causes
political causes
cultural causes

•

Soil evolution in function of human activities, at different scales (local, regional,
global); consequence for the future of human activities.

21

Summary of the degradations indicated in the papers received
Countries

/

Degradations

Albania
Armenia
Azerbaijan
Belarus
Bosnia and Herzegovina
Bulgaria
Croatia
Czech Republic
Estonia
Georgia
Hungary
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Macedonia
Moldova
Romania
Russia
Tajikistan
Ukraine
Uzbekistan
Yugoslavia
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1 = Loss of organic matter and of biological activity • 2 = Physical degradation • 3 = Erosion and sedimentation • 4 = Excess of water or excessive desiccation
5 = Salinization and alkalisation • 6 = Acidification • 7 = Loss of chemical fertility • 8 = Pollution * 9- Disappearance of the soil
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Soils in CEECs-NIS-CACs-M: Current policies of fight against soil degradation
Mireille DOSSO
After the description of the state of the soil cover, which was the first day program, and a first
thinking about the causes of this picture, we are now mainly looking towards the actors,
towards the societies which are living on the soil, and - directly or not - from the soil.
Twenty-six countries presented papers for this meeting : what are their current attitudes
towards soil degradation ? this is the question for this second day meeting. In spite of the
huge diversity of these countries, are there common trends? What are the difficulties? What
are the initiatives? ...
Trying to answer these questions may help us to better see the future and will introduce the
last discussion day about prospects for concrete action programs.

I - Soil and Society
« The soil cover o f any country depends much on the structure of its economy » (Elena Bivol.
MOLDOVA)
We are never taught this during Soil Science cursus, and a fortiori during other studies,
whatever they are ! But reading all these 26 contributions from Central European Countries,
New Independent States and Central Asian Countries, teaches us, very clearly, that the state
of soil cover of any country is not exclusively a question of soil.
The state of the soil cover of any country is the mirror of the organization of its society:
political, economical, social and cultural organization.
It is not enough to have good soils so to have a flourishing agriculture, a flourishing economy,
a sustainable development. Ideally it should be that way, since soil is the fundamental base for
a sustainable development (Figure n°l). But experience shows that it is not the case. Why ?
Reading the 26 contributions gives us some first answers.

Figure n°l: Sustaining the soils: The core of sustainable development (from EGER H., FLEISCHHAUER E., HEBEL A.
and SOMBROEK W.G. - 1996 - Taking Action for Sustainable Land-Use: Results from 9th ISCO Conference in Bonn,
Germany, in Ambio Vol.25 n°8, Dec 1996, pp:480-483. Royal Swedish Academy of Sciences ) .

^a
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II - The general common context
In spite of a very large diversity of conditions (physical geography, human geography,
history, etc.), the 26 countries have a common context, linked to their recent history (this last
20* century).
1) A transition period

sinGÓ''-''-''-'^''-''-'"'-^

40 - 70 years

|;- J^Q ; y ^ g | | | | | | g | |

1990
Central planned economy

Market economy model

The soil cover undergoes and registers the consequences of this transition period which is
particularly expressed and visible in the use and the management of the soil cover by
agriculture.
2) Use of soils by agriculture : returning to family farming
Large domains previously managed by State are divided. And now agricultural land is mainly
owned by small farmers. The roots of the agricultural development are becoming those of
family farms.
This is fundamental; this kind of evolution needs many adjustments, adaptations, from
different orders (political, economic, scientific, technical, educational and social).
3) Agricultural activity:
towards a more intensive, ecological (and sustainable) agriculture
Generally all arable soils have been used. There are no more soil provisions, no more virgin
soils. So one has to optimise the management of its soil resources, that is to pay attention to
the equilibrium between cultivated, forested and grassland areas on one side; and to protect
the arable soils from other non agricultural uses.
Because of the soil degradation, the arable soils lessen and one is obliged to intensify : that is
to produce more with less arable soil. As the financial means are disappearing, the ecological
way is necessary.
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4) The soils degradation via agriculture
Even if the relative importance of agriculture in the economy of the countries are different, it
is always this activity which requires the larger land areas where the soil is directly worked at
; and for this, it should be paid more attention from the different governments.
5) The soils degradation via industry, urbanization and other uses
- These degraded areas are of less extent but the degradations may happen to be irreversible
(chemical, nuclear pollution);
- Building (for dwelling), if the arable land is not protected, tends to make the best soils
disappear (mainly in exceptional war periods, due to displacing of populations).

i n - Main consequences of this specific context
1) The problem of the soil degradation is a problem of development
The attitude of any country towards soil protection is dependant on its choices for
development. This attitude is expressed in the different activities domains:
- political and administrative;
- scientific and technical;
- NGO;
- educational.
In this transition period, it is obvious that for the State, the previous mechanisms of
functioning are checking the changes. So, there is a wide range of attitudes towards soil
degradation depending on the interference between the recent past, and the actual history.
Though awareness of the importance of soil could be present, its protection is not always a
priority.
2) Soil = everyone's concern
Family farms as basic support of agriculture suppose new:
- educational needs;
- agriculture politics;
- legislative frames;
- scientific researches;
This is the ideal time to coordinate the efforts of every citizen - because every citizen is
concerned directly or not by the soil - : « the improvement of soil condition in any country is
possible only with joint efforts of all stake-holders and all concerned parties ». (E. Bivol MOLDOVA).
3) NGO role
In this transition period, full of innovations, the NGO are a driving force for the society
evolution. They can be as the connection between the public and the government. In Bulgaria
they act as «partners of government institutions in the process of creating environmental
legislation and sustainable development of the country» (R. Dikova, D. Stoichev, M.
Kercheva - BULGARIA).
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4) Changing the soil status gives their real place to farmers
Working for an ecological (and sustainable) agriculture gives back to the soil its main role as
a fundamental natural resource.
With this understanding, it is possible to direct the agricultural politics tovi'ards the agriculture
promotion, with the aim to give a real income to farmers.
5) This new orientation for agriculture needs competencies
• It means the necessity to develop :
- education in Soil (for all kind of publics);
- training in agricultural sciences, particularly with field studies with new approaches such as
farming system approach taking into account agroecological, historical, social, economical
conditions of farming at different scales;
- exchanges of experiences (farming practices leading to suppress soil degradations, etc.),
whether success stories or failures;
- scientific research programs;
- participation in existing network (regional, international ones);
• To practice ecological agriculture implies to catch a good understanding of what are the
local constraints, the field realities. In this context the study of previous traditional farming
practices could be of high value : traditional ways of farming often represent a corpus of
answers to local physical constraints.
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IV - Current attitudes towards soil degradation: some illustrations and
some general trends
1) Approaches on the policy and institutional level
• Examples (Table n°l and Table n°2)
• Comments
The few contrasted examples chosen to illustrate approaches on the policy and institutional
level let us guess that it is not so easy to get a soil protection at the governmental level = if the
society agrees for it, the government may take other choices or priority (economic priorities);
if the government is ready for it, it may lack sufficient means to have its politic really
implemented. So, even if the soils are exceptionally good ones, they may disappear and the
society with them. In such a context, it is clear that links with exterior are vital.
• Legislation for soil protection
Table n°3 is an attempt to list the countries which have a legislation for soil protection, and to
know if this legislation is effective. The results are clear : States have not yet the ability to
protect their soils.
(8/26 = 31% give no data on the subject)
3/26 = 1 1 % have no legislation
15/26 = 58% have a legislation ; but this legislation is said to be ineffective ; or there is no
comment on its efficiency, mainly because the legislation is on progress, or because it has to
be improved.
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Country

General attitude towards soil
degradation

Approaches on the policy and institutional
level

notes

Estonia

Much more attention is paid to
conservation of water and air resources
in comparison with soil resources

- Not yet special law for the arrangement of soil
cover protection
- Special institutions (in Ministry of Agriculture
and Environment) with the task to take care of
soil resources are absent

- in ancient Estonian culture,
much attention has been paid to
the protection of soils. Estonian
have lived and tilled the soils in
this land approximately 5000
years.

Comments

there is potentiality for the civil society to become aware of the importance of soil protection, and next to induce the necessary
changes for government.

Macedonia

- Industry = dominant sector.
- 60% of the population live in urban
areas

Comments

The awareness of soil importance is raising because of soil degradation problems development

- There is no governmental organization
specialized in soil degradation
- Anti-erosion measures and activities
- no cadastre of degraded soil, no exact data on
area degraded by industrial and hazardous
waste,...

- urban expansion has frequently
taken place on high quality
agricultural land

Table n°l - Current attitudes towards soil degradation : approaches on the policy and institutional level
(For each country, texts in the Table are quotations extracted from the corresponding papers ; comments are personal. This is valid for every Table)
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Country

notes

General attitude tovcards soil degradation

Approaches on the policy and institutional level

Latvia

Land resources inventory and assessment as
well as its conservation is considered an
important factor for natural resources
management planning of economy and
environmental issues.

Code of Good Agricultural Practice for Latvia
(1999) summarizes and highlights practical items
important for conservation in the context of other
activities that would decrease the negative influence
of agriculture on the environment. This development
is a part of the harmonization of the Latvian
legislation with EU legislation

Comments

Awareness about natural resources, and importance of the European context are positive factors towards environmental protection, and this
could help soil protection for this transition period

Lithuania

Soils are main national natural resources

Comments

All the different component of society seem to be working together in a same dynamic, with international link : soils would survive !

Moldova

Agricultural country :
- surface of agricultural land : 75% of the
territory
- Soil = mainly (80%) chernozems, pertain to
the country's primary natural resources.

Comments

This is a very astonishing situation ; which shows the gap which may exist between science and politics. Recent past is weighting hard; civil
society has an important role to play.

NES (National Environmental Protection Strategy)
is developed with the aid of the World Bank, taking
into account the role of environmental education and
NGO in raising awareness of environmental issues
facing Lithuania

- Lack of a state program and strategy in soil
protection
- Land Code (1991) excellent, but lack of proper
supervision of its implementation
- No open competition for implementation of
programs for soil protection
- the state has not found the right strategy to promote
sustainable development in the rural sector

- From 1965 to 1990 Moldova =
experimental plot for Soviet Union,
utilizing technologies which are not
suitable for Moldova's conditions
- Optimum equilibrium between
different categories of land was
violated, the big surfaces of fertile
soils being involved as much as
possible in agriculture

Table n°2 - Current attitudes towards soil degradation : approaches on the policy and institutional level
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Countries
ALBANIA

1) Legislation on Soil Protection

2) Effective implementation

no data

ARMENIA

Yes - to be improved

AZERBAIJAN
Yes

BELARUS
BOSNIA-HERZEGOVINA

Yes - to be improved

No

BULGARIA

Yes - to be improved

No

CROATIA

Yes - to be improved

No

CZECH REPUBLIC
ESTONIA
GEORGIA
GERMANY
HUNGARY
KAZAKHSTAN
KYRGHYSTAN
LATVIA

Yes

LITHUANIA

Yes - on progress

MACEDONIA

Yes- to be improved

MOLDOVA
MONGOLIA
POLAND

B

Yes

No

Yes

No

ROMANIA

Yes

RUSSIA

Yes

TAJIKISTAN

No

UZBEKISTAN

Yes - on progress

UKRAINE

Yes - on progress

YUGOSLAVIA

Yes

Table 3 - List of countries l)-with a legislation for soil protection 2)-with an
implemented and effective legislation

No
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2) Approaches on scientific and technical level
2-1- DIFFERENT IMPLIED SCIENCES AND THEIR ACTIVITIES
Soil Science activities
• organizing the monitoring of soil pollution : this is a huge task ; and necessary
means are very often lacking (institutional or financial or technical ...or
methodological)
• On going classical mapping activities are re-oriented towards :
- soil degradation monitoring
- potential land degradation risk
So, activities such as : GIS techniques, Remote Sensing, Digitizing classical existing
maps. Soil data base development.. are developing.
The problem encountered is that all data are not yet geo-referenced nor standardized ;
but the final aim for every country would be to have a Soil Information System so to
have an actual overview of the status of the soil cover.
The example of Bosnia and Herzegovina will show how classical mapping activities
can be of service for this exceptional period :
« There is a law (the Agricultural law) which says that fertile layer must be removed so
it can be used on less fertile soil ...[...] Recently there is a tendency that the fertile
layers are separately cut out, and deployed in special locations. Soils maps and the
map of soil sustainability in large scale (1/10 000 and larger) were worked out for this
purpose. »
Ecology / Environmental scientific activities
Studies for impact of urban and industrial wastes on environment are generally missing.
Soil Science / Agronomy / Economy ...joined activities
Management of Soil Fertility is a very crucial problem ; and scientific are looking for
models to propose for this new type of family farming agriculture : Agriculture
intensification has to be thought in a new manner, and for that new approaches have to
be used.
Scientific have now to explore alternative ways, and can no more aim at repairing soil
destruction only. The management of soil fertility has to be really adapted to the local
constraints (diversity of the natural, agronomic, social, economical conditions).
That means:
- new research programs, may be disciplinary and interdisciplinary ones ;
- applied research conducted with farmers for farmers ;
- technical research so to find adapted mechanization for the scale of small farms

31

2-2 FUNCTIONING FOR SCIENTIFIC ACTIVITIES
For the functioning of scientific activities, attention has to be paid on state funded
research institutions. For MOLDOVA they « perform almost no research at all due to
the lack of funds and inability of adaptation to work by projects and by participation in
international contests for funds. Many of the representatives of such institutions [...]
are still operating with old Soviet time models and theories ».
2-3 DEVELOPING THE LEVEL OF LINKS WITH OUTSIDE COUNTRIES
Two types of missing links are underlined : regional and international.
For example :
- developing the engagement in sustainable agriculture in Central and Eastern Europe
network
- some countries have gathered huge amount of information conceming the genesis,
properties and changes of soil during their long-term usage in agriculture ; they suggest
this could be used as a base for international projects.
2-4 KNOWLEDGE TRANSFER
The worry about how to transfer knowledge to land users, and more generally to end
users, is expressed very often. So it seems there is a gap between scientific people and
the rest of society (politic people ?, land users, end users). This indicate the importance
taken - or to take - during this transition period, for Education domain, with the help of
NGO.
3) Approaches on Education and NGO levels
Some countries have no NGO working in the field of soil protection.
For NGO which are dedicated to this domain,
- they are acknowledge partners of the governmental institutions for solving the
problems of the environmental protection
- or not.
When NGO are involved in environmental protection, it seems that they are (or are to
be) very implicated in education and training in soil protection since these kind of
activities are « big problems ».
The difficulty is the following :
on one part, there are new numerous farmers, who know practically nothing about land
and have non adequate appreciation of soils as natural resources ; and moreover the
main part of the population is generally very poor, so soil destruction is far of being its
first worry ;
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and on the other part,
- the research institutes have no practice in training farmers and other land users
- there is no tradition in governmental implementation of a network for Agricultural
Extension Service ; or no tradition for agricultural extension service at all;
- quite often, teaching delivered is not adapted to the reality of the country. In
MOLDOVA for example, it is said that the given knowledge is «only general
information derived from old training programs adopted formerly for the whole of the
Soviet Unions, which makes people useless as resource persons for training of the
general village population in environmental protection, sustainable agriculture,
modem farming practices, management of a farm, etc ... » (V. Ciubotaru MOLDOVA).
- and the space devoted to soil degradation in newspapers articles and radio, TV
programs is not sufficient, and not on the real problems of the country.
« That is why training should be a mandatory component during the first several years
of transition to private farming » (E. Bivol - MOLDOVA).
And that is why the necessary role of NGO in this educational domain is clear, for
farmers, and more generally for all the population (the role of women associations in
agricultural activity has been pointed out as useful for spreading the ideas of
sustainable development): it helps to fill the gap between research and land users since
the state has not yet found the right strategy to promote sustainable development in the
rural sector.
To illustrate an effective way of acting , we give here the example of the NGO Bios,
Moldova : which practiced a training «close to the land users, mainly through
practical demonstration and involving farmers who adapted sustainable agriculture
practices on their plots and achieved good results. » And the result was « the change
of mentality of the village population », which « is a very significant achievement
which while being intangible and not immediately visible, lays a good basis for future
work and is a necessary preliminary condition of any work for transition to
sustainability in agriculture ».

Conclusion
Soil destruction has two faces
- one rather dramatic, because of all its consequences, and its perspectives if nothing is
done or changed;
- and the other one, more positive, which is to force the development of solidarity at
every level
. in the country, between civil society and institutional organizations,
. and outside the country at different scales, regional, continental, international.
And the meaning of this work, is to preserve, above all, a balance between Soil
formation and degradation processes: this is the deep root of sustainability.
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Soils in CEECs-NIS-CACs-M: Future prospects

Rabah LAHMAR

This lecture tries to synthesize the answers given to the 3"" topic of the Conference
specifications: "prospects as regards concrete action programs". The questions were :
1- What does the country expect from regional and international solidarity to solve
problems of soil deterioration ?
2- For the country, what are the priority actions to be carried out against soil
degradation, and for the rehabilitation of degraded soils?
First, I would like to stress that this topic has been directly tackled in the papers
received from twelve countries*. Many comments related to the subject have been
made in the papers received from the other countries.
The synthesis is structured as follows :
^ What are these priorities;
•^ What is expected from regional and international solidarity;
^

Conclusion.

PRIORITY ACTIONS
The list of the priority actions is long but, fortunately, all what have been said may be
gathered in what we may call GREAT URGENT NEEDS.
There are seven GREET URGENT NEEDS. They will be presented without hierarchy
in importance. Following each one are compiled the original expressions or similar
where language arrangements have been introduced.

1 ' GREAT URGENT NEED: STRATEGY FOR SOIL PROTECTION AND
IMPLEMENTATION OF PROGRAMS
This necessity is general for all the countries. The link between the soil preservation
and the development of the whole society is clearly made. The agricultural,
environmental and market implication are stressed.
"Soil degradation is not an unavoidable consequence of efficient agricultural
production and social development!" (VARALLYAY).
> Actions for transition to sustainable development, including improvement of economic, social
condition and the state of the environment should be developed and implemented;

'Albania; Armenia; Bosnia and Herzegovina; Bulgaria; Croatia; Estonia; Lithuania;
FYR Macedonia; Moldavia; Romania; Tajikistan; Yugoslavia.
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> Development of politics that would insure sustainable development of the society, protection of
natural resources and prevention of the soil degradation and pollution;
> Development of strategic plans and the implementation of programs of development and
management of land and natural resources;
> Establishing a legislation framework for production and trade of agriculture products is necessary;
> Implementation of pilot projects of the National Environmental Action Plan;
> Improving agricultural management practices;
> Integrate the agrarian policy in the framework of national policy of protection of environment and
soil resources formulated on the basis of modern ecological principles;
> Need for intensifying the whole process by institutional linking measures and activities;
> Orientation of agriculture towards "ecologically" conscious production, and so by stimulus
scientific research and professional services support;
> Promote policy integration;
> Solving of food safety and fuel problems on the base of stable development programs;
> The national strategy and policy for soil conservation should be developed.

2"' GREAT URGENT NEED: LEGISLATION ON SOIL AND REGULATION
There is a general agreement on the need of legislative skills and the implementation of
diverse regulations aiming to the preservation of soils. Concurrence between soil
functions have to be avoided; soil ecological function have to be protected. "The most
fertile lands of Albania are being lost to roads, highways, and construction; other
countries have experienced such errors also in the past" according to ZRULI and
LUSHAJ.
It falls to the whole society to preserve soils. "We need a soil revolution which exceeds
this framework and enter in sphere of deeper political, social and ownership relations"
after RESULOVIC. He adds" Governments had to assert inter-generation long term
soil protection".
Attitude of legislative, policy and decision makers towards soil issues is different from
one country to another. All the countries are not at the same level in legislation on soils.
Some have performed laws very constraining even though very few western countries
have specific legislation on soils.
"Under legislation of the Republic of Belarus, any person or entity that does not ensure
preservation of soil and land resources or deliberately deteriorates the soil is liable
administratively and criminally" according to KUTSKO.
In Kyrgyzstan, "the application of anti-erosive measures is obligatory for all land users
irrespective of the property form on land according" to AKIMALIEV.
Few has been said on the participation of soil scientists and representatives of the civilsociety in lawmaking. According to BIALOUSZ, "the law on protection of soils in
Poland is a result in wide range of scientific and educational efforts". DILKOVA
mentions that "NGOs have obtained some legislative changes on environment issues in
Bulgaria". According to DROZDOVA, in Latvia, "NGOs are joining in lawmaking".
According to GEOGESCU, "NGOs contribute lightly on soil issues in Romania".
The soil degradation is a global problem. "Effort should be made at the international
level to formulate principles of soil protection" (FILIP).
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> Application of the principle of responsibility to the land owners and public administrative bodies to
protect, improve and use of the soil;
> Care should be taken to avoid the use of fertile agricultural soils for other purposes like settlements,
industrial facilities, etc;
> Development of regulations for the collection, transportation, and storage and disposal of solid,
industrial and hazardous wastes, including medical and radioactive wastes;
> Establishment and enforcement of regulations for the urbanization and preservation of municipal land
and ensure that the privatized land is utilized in a sustainable way;
> Establishment of regulations regarding use of livestock farms and treatment and disposal of animal
waste;
> Establishment of a strict control over the use of land;
> Incentive legislative support;
> Regulation of indiscriminate dumping of municipal waste and improvement of regulations regarding
the disposal of industrial wastes;
^ The mechanism for implementation of laws on soil conservation should be developed.

3" GREAT URGENT NEED: ADMINISTRATIVE LAND MANAGEMENT
There is a need shared by many countries for the improvement of the land management
from the administrative point of view.
> Establishing inter-ministry bodies in charge of land use and management;
> Establishing land administration system (land registry);
> Establishment of a monitoring service and land cadastre;
> Establishment of an unique system of administration, control, settiement and land resource
protection at the republic, district and commune levels;
^ Performing land register (cadastre) of degraded soil.

4* GREAT URGENT NEED: SOIL RESEARCH, SURVEY, MONITORING
AND ASSESSMENT
It appears from the papers that the nowadays general trend in the European Countries is
to practice more applicable research focused mainly on environmental issues, using the
new technological means based on GIS. BASIC, BICANIC and TADIC confirm that
"only small number of scientists and experts are engaged in sustainable agriculture in
Central and Eastern Europe network".
In the Central Asian Countries, agriculture seems remaining an important
preoccupation of the research works but, according to SANGINOV, NEKUSHOEVA
and ALIEV, "there is no financial means to attract young experts".
"New technologies and information systems can be helpful in the effort of preserving
soils" (KOZAK et al.). But, as it was already reported, soils of this region are among
the most known soils of the world and this fact have not prevent their degradation.
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After DANIELYAN '''The gap between knowledge and possibility of implementation
which was characteristic of the soviet time keeps increasing at present. The problem
apparently do not concern only Armenia and needs to be considered seriously."
> Building reliable, operating and updated skills for helping decision making using GIS technology;
> Contributing to national efforts for monitoring environment;
> Control of water and wind erosion;
> Identifying and monitoring of the types and intensity of damages as well as organizing of reliable
and contemporary information soil system;
> Improvement of monitoring of soil quality and soil fertility and control stubble-burning;
> Local monitoring of soil cover of different regions which depends on intensity of researches;
> Maintaining soil survey work;
> Monitoring of soil cover of some regions on technical pollution;
> Monitoring and research in agro-systems;
> Permanent control of soil contamination by diverse contaminants (chemicals, heavy metals, radio
nuclides, etc.);
> Reduce redundancy and improve quality in monitoring and information;
> Setting up a National body which would be responsible for surveying, documenting
researching the agricultural land and all soils;

and

> Statement and beginning scientific research work on agricultural agrolandscape farming system, on
soil desertification and on the ecological crisis of Aral sea basin;
> The basic purpose of the research work is national resources protection and soil protection in
particular.

5* GREAT URGENT NEED: CONSOLIDATION OF KNOWLEDGE AND
BUILDING OF EXPERTISE CAPACITY
In numerous countries, soil scientists have expressed a huge need to remain in contact
with regional and international community. They need to remain informed on the
development of soil sciences, to improve their knowledge, to handle and master the
new skills, and to acquire an expertise capacity in solving soil degradation problems.
After SANGINOV, NEKUSHOEVA and ALIEV, in Tajikistan, ''the educational level
of experts, including scientists who are engaged in problems of desertification, mostly
does not agree modem skills of English language and computer, and new generation
speaks Russian poorly".
NGOs are sensitive to this situation. According to BIVOL, "most of the technical schools
and even universities preparing specialists for the countryside (agronomists, engineers,
vets, etc.) do not give them the knowledge needed for specific conditions of Moldova,
but only general information derived from old training programs adopted formerly for
the whole of the Soviet Union, which makes these people almost useless as resource
persons for training of the general village population in environmental protection,
sustainable agriculture, modem farming practices, management of a f arm, etc."
> All the projects for the research and implementation in all spheres including soil conservation ones
should be funded exclusively on competitive basis;
> Application of new research ideas and transfer of suitable soil conservation;
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> Collect and analysis of all earlier scientific works on degraded soil (salted, sandy, stony, eroding,
frozen and others) and their generalization in a light of new complex tasks and decisions;
>

Consultations on solving of questions, effective help in preparation of experts and, expansion of
scientific-research work are needed;

>

Developing guidelines;

>

Establishment of scientific reference bases for soil protection and ensuring balance between land
use sustainability and social needs;

>

Exchange of information among scientists;

>

International collaboration for the development of national soil science. Regional cooperation in the
field of scientific research and education;

>

Open competition for the implementation of programs;

> Organization of interstate exchange of specialists;
>

Overview of the soil conservation actions recommended for use in the country and in the region as
regards to their suitability to specific conditions;

> Participation in international projects and advice with soil scientists mastering the GIS and it's
implementation;
>

Technical support.

6" GREAT URGENT NEED: EXTENSION, EDUCATION, STRENGTHENING
THE ROLE OF THE CIVIL SOCIETY
Much have been said by different categories of participant on the negative attitudes of
national and international institutions, of media, of soil scientists, of policy makers, of
NGOs etc. towards soils (GULAN, ZDRULI and LUSHAJ, MUSAT, HAKL,
LACATUSU, BIVOL..). But, I must say that this simation is not specific to the region.
What is important to highlight is that it seems that attitudes are changing in this region.
In fact, it appears clearly that in addition to the usually extension that generally targets
specific people like farmers, some soil scientists, policy makers and NGOs have
stressed the need of the education of the whole society to raise the awareness to soil
issues. (STOICHEV and DILKOVA; BLINKOV, PRETOVSKI and MITKOVA;
CIUBOTARU; GEOGESCU; MUSAT; BIVIOL; HAKL; DROZDOVSKA.). Soil
scientists and policy makers recognize the role of the civil society (NGOs and Private
Voluntary Organizations,..), which is emerging in the region, in raising people
awareness to soil issues and call for strengthening and supporting it's activities
(BLINKOV, PETROVSKI; and MITKOVA; SANGINOV, NEKUSHOEVA and
ALIEV; CUSTOVIC; FILIP).
"The educational way of raising awareness have to be encouraged in future"
(GEOGESCU).
> Creation of free consulting centers for farmers;
>

Development and implementation of the programs for education, training and awareness building
activities for all categories of the population should be performed;

> Educating farmers;
> Education campaigns;
>
>

Elaboration of European guide for preventing and restricting soil degradation based on sustainable
land use;
Making data free access to agriculturists, planners, policy makers etc. and the EU;
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> Organization of demonstrational areas in all nature-agriculture zones for soil protection from
degradation; organization of seminars and conferences on preventing and protection of soil cover
from degradation; organization of soil protection programs via mass media; publishing of nature
protection magazines, booklets and newspapers; Rehabilitation of experimental fields; teaching
foreign languages for farmers;
> Promote public awareness;
>

Provide support to NGOs in information dissemination;

>

Train farmers in integrated approaches to pest management (IPM).

7* GREAT URGENT NEED: A STAKEHOLDER APPROACH IN FACING
SOIL DETERIORATION
It appears from papers, and it has been clearly stated in some, that the key solution for
preserving soils is to join the efforts of all actors of the society, at different levels in a
stakeholder approach. And, this is true everywhere.
"Only concerted efforts can solve soil issues in Georgia" (URUDSHADZE &
KIRVALIDZE). "The improvement of soil condition in any country, including
Moldova, is possible only with joint efforts of all stakeholders and all concerned
parties." (BIVOL).
The cooperation between soil scientists, policy makers and the civil-society
representatives as it was reported in the example of Poland, for performing the law on
protection of soil (BIALOUSZ); or of Latvia, for the elaboration of the Code of Good
Agricultural Practices (KARLKINS), is valuable for preserving soil and sustaining the
society.
> Reducing the gap between scientists, managers of agriculture, farmers, and policy makers, and the
supply of necessary information to assist decision makers;
> In environmental policy, not only law makers and scientists but also non governmental
organizations should contribute an important deal;
^ Strengthening the cooperation and collaboration between governmental agencies, research
institutions, NGOs, private companies and rural population in soil conservation practices should be
promoted.

EXPECTATIONS FROM REGIONAL AND INTERNATIONAL SOLIDARITY
Cooperation, technical and financial support are awaited from international and
regional solidarity. The main of expectations expressed are listed hereafter. They
mainly aim to improve knowledge and education, to build an expertise capacity in
solving soil issues, to face soil degradation. To succeed in the latter, an international
coordination is suggested.
> Regional cooperation in the field of scientific research and education:
•

Arrangement of workshops and seminars for soil scientists, environmental
specialists and graduate students on actual problems of soil protection;

•

Establishing of joint projects in the scientific researches and in extension
services.
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International cooperation:
Assessment of the present status of the soil anthropogenic degradation in all
European countries according to the available data;
Cooperation on soil protection programs;
Development of effective strategy and program for soil protection in all
European countries;
Effective help in preparation of experts and their training;
Elaborating of European guide for preventing and restricting the soil
degradation based on sustainable land use;
Exchange of information on fundamental soil science and knowledge about
local experiences of soil protection, of elimination of soil deterioration
causes and of sustainable land use;
Harmonization of the methodology for assessment of soil anthropogenic
degradation;
Initiation of European projects with participation of countries from Central
and Eastern Europe for solving the main problem of soil rehabilitation;
Introduction of the importance of regional soil science problems as joint
tasks of mankind;
Involvement of foreign experts in local programs;
Support for expansion of scientific-research works, for educational programs
(training; workshops; courses) and for modem equipment and for
implementation of local programs;
International coordination to solve the problem of soil deterioration.

CONCLUSION
My opinion is that an unbalance seems existing between the 7 GREAT URGENT
NEEDS and the expectations as they were expressed. In fact. All the expectations
correspond totally or partly to only 3 GREAT URGENT NEEDS: the 4* ; the 5" and
the 6*. In other words this means a need for : Science, Technology, Extension and
Education in its classical meaning. These expectations are of course legitimate and
understandable but they are insufficient to solve soil issues in the region. The 4 others
GREAT URGENT NEEDS are also important, may be the most ones, to face soil
degradation, specially the 7*.
One must learn from the errors of Western Countries - European Countries included- in
managing their soils. In fact, in Western Countries: science and technology are very
developed, economies are healthy, NGOs are very active in environmental field, even
though soils are degraded! In these countries. The reason is that people awareness to
soil is very light if not completely absent and there is no real space of negotiation
between: the policy; the science and knowledge; and the civil society on natural
resources issues. Thus, an educational approach aiming a general awareness to the
importance of soil and to the current soil issues just as a stakeholder approach are
necessary to the improvement of the soil and of the society states. Let us remind that
one of the most messages of the 16'" World Congress of Soil Science (1998) was that
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the soil science must start to take interest in the society. One of the original outcomes
of this conference would be concrete proposals tacking into account these remarks.
For today, after an overview of the 7 GREAT URGENT NEEDS and of the
expectations, it seems necessary to discuss the following items:
•^ what priority action(s) is (are) reasonably feasible in the short, medium and long
term?
•^ What strategy for their achievement?
•^ Within which framework?
^ With which actors?
•^ With which means?
^ How to coordinate the efforts?
All the discussions may feed the further session.
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Section 3: Daily Reports and
Conclusions of the Conference
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Report of the first day
(Saturday, August 26 2000)
Current state of the soils in the CEEC-NIS-CAC-M : soils degradations (and
improvements), what they are, what is known about them, their causes and
consequences.
Alain RUELLAN

•

Surprise about and interest in the methodology adopted for the Conference. At the
beginning, some difficulties for soil scientists and other specialists to overcome their
specifically scientific concerns and techniques.

•

An agreement was found on the review chart of soil degradation. Each country will fill in
and classify the chart concerning soils degradations in its specific context. Radioactive
pollutions must be better identified. In the same way, attention must be paid to degradations
linked to the development of GMOs. Finally, several former Yugoslavian countries have
highlighted the serious damages caused by wars over the past years (mines, bombings,
blockade...).

•

One must consider degradations:
. with regard to the soil itself;
. with regard to the functions of the soil;
. with regard to landscapes and their transformations;
. with regard to every country, and every region.

•

The important is to consider, region by region, country by country, those functions of the
soil which have to be protected in priority. Solutions are to be found at a local level,
according to the natural, sociological and economic conditions.

•

However, economic globalisation is contrary to problems solving, particularly for the
relationships soils ^ " * agriculture. International institutions have a negative role by
opposing all kind of aid to agriculture: the fast deterioration of soils is the direct
consequence of this.

•

The assessment of the current situation of soils deteriorations is not sufficient: it is
necessary to also evaluate risks and vulnerabilities; and to forecast future deterioration
according to development paths and choices. For this, it is necessary to introduce processes
in the assessment of the present and future situations.

•

Overall, participants agreed on what is soils deterioration : the urgency now is not to know
more about soils degradations but to focus on struggles against causes and against
processes of deterioration.

•

The role of planned economy in the evolution of soils was not really discussed. However,
recent devastations caused by liberal economy were often highlighted. Generally, economic
choices are considered as the main responsible factor for soil deterioration.

•

There is a deterioration of the relationship between soils and cultures. Human societies
increasingly live "on soil" and no more "with soil". There are in particular problems for
refugees who don't have any more roots with regard to soil.
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Report of the 2"*^ day
(Sunday, August 27 2000 )
Review of the current policies, regulations, actions implemented (whether of
scientific, technical, educational, economic, social, or legal nature), in every
country, to compensate, foresee and prevent soil deterioration. Respective roles of
actors: Governments, Parliaments, NGOs, soil users; local, regional, international
ones. Ongoing collaborations and partnerships
Mireille DOSSO

Current actions were not discussed much : we rather projected ourselves in the future.
The debate concerning the role of the economy was not taken up, neither the issue of soilssocieties relationships. But these issues were underlying all discussions of that day.
•

The discussion concerning the return to family farming was sidelined, in particular because
no one sees really clearly what is family farming in these countries. People often associate
in their mind family farming and liberal economy.

•

The two main topics of the day were:
. Existence and implementation of laws and regulations;
. Education and Communication.

Laws and regulations
•

Negative spontaneous reaction on the summary picture established by Mireille Dosso out of
the documents received from the participants. Then, the participants progressively came to
admit that the reality is indeed as described by Mireille Dosso.

•

The reality is that:
+ There is, in nearly all countries, a multitude of laws and regulation, based on
scientific and technical data, but which rarely focus specifically on soils. Texts
concerning soils are lost amongst texts concerning the environment, space planning,
land management, and these texts are drawn up by various Ministries and Institutions
which are competing.
+ These texts are not implemented.

•

Among proposals done that day, the following points can be highlighted:
+ Laws and regulations concerning soils will only be implemented if they arise out of a
popular awareness and demand, supported by the political world. The proposed
solutions must be economically acceptable, country by country, according to ongoing
evolutions
+ For this, indicator policies, simple to understand, supported by communication
strategies, must be designed. And it is not up to the sole scientists to elaborate
relevant indicators appropriate: it is fundamental to have partnerships between science
and society.
+ All this won't happen without popular education: to design laws and to implement
them, it is first of all necessary to promote Education.
+ All this is not specific to countries involved in this Conference: in Western Europe,
there are only two countries that have specific soils regulation. Thus, what
international collaborations and solidarities should be developed to build, country by
country, region by region, specific soils policies and laws? In this field, the dynamics
created (with the participation of the Soil Campaign) by the Tutzing Protestant
Academy (proposal of an international Convention on Soils: Martin Held participated
in the Conference) and the setting up by the Environmental Law Commission (CEL)
of the lUCN (World Conservation Union) of a "Sustainable Soils Working Group "
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(Ian Hannam, official representative, participated in the Conference), must be pursued
and supported.
Education
•

Only very few examples of ongoing educational actions.

•

Importance to develop Education from early age.

•

Education must be accompanied by communication dynamics, in particular through the
press which should feel more involved in soils issues (several journalists attended the
Conference). In this way, soils will become everybody's business similarly to water, air ,
forests, etc. We need to find the means to develop the soils lobby.

•

At the academic level, it is necessary to develop teaching concerning relations between
soils and societies.

•

The role of NGOs needs to be clarified and developed. There are only very few NGOs
which focus specifically on soils.

General assessment after two days of discussion
•

Enough scientific and technical data exist to compensate and prevent (which is less
expensive) soils deteriorations These data are being used.

•

A legal framework, albeit insufficient, exists. But this framework is not implemented.

•

International financial means exist and are being used.

•

All conditions therefore seem to be there for a better management of soils resources. And
yet, deteriorations continue. Why?

•

Answers can be found:
in models of development, imposed without popular participation: planned economy
formerly imposed by the USSR, and liberal economy now imposed by the capitalist
world;
in education and communication, insufficient to provoke the necessary popular
mobilization.
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Report of the S"^*^ day and 4"" half-day
(Monday 28 and Tuesday 29 August 2000)

Future prospects : What actions should be undertaken to fight against soils
deterioration and to implement the rehabilitation of degraded soils? What should
be expected from regional and international solidarity about the soil degradation
issue ?
Rabah LAHMAR

The list (non hierarchised) of the most urgent needs, proposed was complemented and
validated:
. addition of " the communication " to the 6"^ Need;
. addition of a 8* great urgent need: a better understanding of the elements
causing soil deterioration, especially national and international economic causes.
Thus, these needs are:
1. STRATEGY FOR SOIL PROTECTION AND EFFECTIVE PROGRAMS
IMPLEMENTATION;
2. LEGISLATION ON SOILS AND REGULATION;
3. ADMINISTRATIVE LAND MANAGEMENT;
4. SOIL RESEARCH, SURVEY, MONITORING AND ASSESSMENT;
5. CONSOLIDATION OF KNOWLEDGE AND EXPERTISE CAPACITY
BUILDING;
6. EXTENSION, EDUCATION, COMMUNICATION, STRENGTHENING THE
ROLE OF THE CIVIL SOCIETY;
7. STAKEHOLDER " APPROACH " IN FACING SOIL DEGRADATION;
8. INTERNATIONAL COOPERATION TO CARRY OUT STUDIES ON THE
NATIONAL AND INTERNATIONAL ECONOMIC CAUSES OF SOIL
DETERIORATION.
Ideas complementary to those raised during the previous discussions were introduced, in
particular:
- Soils preservation is difficult to achieve within an underdeveloped society. Priority must
be given to the improvement of human conditions.
- The objectives of the Soil Campaign should be pursued in each country as well as
research programs and soils preservation specific actions.
- Soils preservation and rehabilitation of degraded soils must be both pursued. Soil
preservation programs should be economically efficient for the states and respectful of
society and environment. It is not about replacing or duplicating what already exists but
about reinforcing it.
- Soils are not enough taken into account in countries' environmental strategies. It would
be useful to favour regional strategies rather than national ones. These regional strategies
should precede the set up of international strategies.
- Knowledge sharing and exchange rather than transfer of know how. Models developed in
the western countries cannot be used directly. Solutions must be developed at a local
level.

47
- A comprehensive soils legislation including all aspects of soil use is highly necessary.
- Law homogenisation is needed.
Discussion concerning the initiative of the Tutzing group "Proposal for an International
Soils Convention".
During this session, further information was given on appendix V of the United Nations
Convention to Combat Desertification -UNCCD. Once approved by the Conference of Parties
(COP), appendix V will allow to extend the UNCCD to all the countries attending the Prague
Conference.
The approval of the appendix V is expected at the time of the next Conference of the Parties
(C0P4) which will take place at Bonn, Germany, in December 2000.
The wish to make known the results of the Conference of Prague to the C0P4 was ewpressed.
Discussion on expected forms of active solidarity, co-operation networks and action
priorities.
The session was introduced by Rabah Lahmar who recalled the conference goals. He
formulated the wish to see the dialogue initiated by the Conference continuing between the
protagonists. He also called for the development of active partnership around the soils issues.
It resulted that:
•

As far as international co-operation and solidarity are concerned :
- The International Soil Science Union will continue to bring its support, in the
scientific and political fields.
- The European Soil Bureau (ESB) already collaborates at the institutional level on
several Needs. It would further like to collaborate on all Needs (because of the soil
issue, but also out of the European Union determination to come closer to all countries
involved in the Conference). It especially highlighted the importance of Need 7.
The ESB considers that this Conference succeeded in improving communication
between the various groups and in strengthening contacts. It observes that there is a
better understanding of the real problems and hopes that working methods are going to
change after this meeting.
- The Soil Campaign feels especially involved in Needs 2 (legislation), 6 (education and
communication: educational strategies and communication strategies; publishing case
studies associating soils and societies; broadcasting television programs to emphasize
how beautiful, nice, useful and essential soils are), 7 (approach of fight against soils
deterioration) and 8 (causes).
The Soil Campaign can support the dynamics resulting from this Conference and
suggests to make its forum available to make exchanges easier between participants in
the Conference.
- The initiatives of the Tutzing group and of the lUCN pursue their dynamics, while
wishing to get closer to all countries attending the Conference.
- The German Government has set up aid programs and it can, for example, facilitate
meetings dynamics.

•

The future collaboration and partnership dynamics are to be built within every country and
group of countries involved : the goal is a twofold SOS = " Save Our Soils " in order to "
Sustain Our Societies " and vice versa.
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•

Meetings associating scientists and governmental and non-govemmental representatives,
must be multiplied at national and regional levels. It is time to stop the "top-down" strategy
in order to better use existing skills and means.
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Section 4: Country Reports prepared
for the Conference
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STATUS OF SOIL DEGRADATION IN ALBANIA
Dr. Pandi ZDRULI, Mediterranean Agronomic Institute of Ban, Italy, pandi@iamb.it
Prof. Dr. Sherif LUSHAJ, Soil Science Institute, Tirana, Albania.

INTRODUCTION
The Republic of Albania is located in the Balkan Peninsula, between 39° 38' and 42° 39' N latitude, and 19° 16'
and 21° 40' E longitude. The north and north-eastern part of the country borders the Republic of Yugoslavia
and Formerly Yugoslav Republic of Macedonia, in the south with Greece, and in the west with the Adriatic and
Ionian Seas. Total surface area of the country is 28,748 square km, and of this area, only 16.2 % is less than 100
m above sea level. It is a very mountainous country, with many varied landscapes including bare rock.
Agriculture is well distributed within the country, but is most intensive in the western coastal lowland. Albania
has a total agricultural land area of about 700,000 hectares. Because of the differences in climate, natural
vegetation, elevation, slope, and parent rocks, soils are highly diverse (Zdruli 1997).
ASSESSMENT OF LAND RESOURCE STRESSES AND SOIL DEGRADATION
The path to democracy and market economy for Albania has had many setback as well as political and socioeconomic shocks. Developing a democracy from a turbulent past is a difficult and slow process. However,
significant progress has been made and many changes are visible throughout the nation. The private sector is
blossoming and there is vibrant economic activity. Compared to 1989, total agricultural production has
increased mainly because of the livestock share and it appears that this trend will continue. The international
community has encouraged the efforts to move towards democracy and free market reforms by supporting
several development projects.
Now that the immediate needs of the country to ensure sustainable development are understood, the fime has
come to develop strategies and policies that address both production and environmental implications. Because
of the lack of developed industries and infrastructure to implement the needed programs, a major thrust of future
activities will be to fully utilise two resources - people and land - in the efforts towards sustainable
development. To integrate these and prepare for the challenges of the future, concomitant with privatisation,
there needs to be a better integration between the socio-economic and biophysical factors of production. This
requires strengthening research, delivery systems and the creation of a sense of land ethic and stewardship so
that the land user can participate in the sustainable development process. Economic progress in the absence of
environmental integrity is a formula for further discord resulting from some or all of the following:
•

a continued and increasing reliance on imported agricultural products;

•

little or no earnings from agricultural exports;

•

a continued and accelerated degradation of land resources;

•

an increasing air and water quality problem;

•

reduced environmental quality with negative effects on bio-diversity;

•

a permanent threat to food security; and

•

an increasing gap between the rich and the poor.

To avoid these negative impacts there is an urgent need to develop strategic plans and implement a program of
development and management of the land and natural resources by all the national structures. Soil and water
and air quality is already becoming a major issue and the time to act is now. Degradation of the natural resource
base and pressures on land will increase as the society develops and the competing demands of the land, such as
set aside land for protecting bio-diversity, national parks, and for recreational purpose increases.
DESCRIPTION OF LAND STRESSES
There is general concern recently that the natural resources in Albania are under stress and subject to
mismanagement. Degradation of the natural resource base has increased and the consequences are affecting the
sustainable development of the country. Since 1994 the Environmental Status Report of the National
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Committee for Environmental Protection emphasised that the damage in the natural resources of the country
have led to a critical condition.
Degradation of natural resources deals with two interlocking complex systems: the natural system and the
human-induced system. The interaction between the two systems determines the success or failure of resource
management programmes. Land degradation is increasingly threatening the quality of natural resources with
direct impacts on sustainability of agriculture and eventually, the quality of life (UNDP, 1995). The degradation
processes may be considered as:
1.

Human-induced, including: chemical pollution, salinization, nutrient mining of agricultural land,
deforestation, over-grazing, and accelerated soil erosion.

2.

Natural processes or conditions, including acidification, flooding, stony and shallows soils, and areas of low
temperatures and poor accessibility.

The processes that are natural have a much lesser extent than the human-induced, which result from
mismanagement and require both mitigating technology and also a societal commitment through stewardship
and awareness. It is estimated that about 85 percent of the country's territory is under human-induced
degradation stresses. Table 1 shows their relation with the Major Land Resource Areas (MLRA) of the country.
The MLRA concept was developed in the USA during the early 1990s. The same methodology and concept was
used to prepare the MLRA map of Albania (Map 1) as it was described in detail by Zdruli et al (1997). Map 2
shows the spatial distribution of all the land resource stresses nation-wide.
Only 25 percent of the total land area of Albania is arable, the rest is mountainous with few opportunities for
farming. Hill and mountain ranges, averaging 700-m elevation, extend north to south and a large part of this area
is not suitable for cultivation and is characterised mainly by pastures and woodlands.
Soil erosion, deforestation, over-grazing and urbanisation are perhaps the most serious environmental problems
in Albania today. Estimates for soil erosion show values from 32 tons per hectare up to 185 tons per hectare
(The World Bank, 1993), however final scientific data are yet to be published. These values far exceed the
accepted tolerable levels in North America, which are about 10 tons per hectare. There are several factors
contributing to accelerated soil erosion, which include natural (irregular rainfall pattern, shallow soils, high
slopes, fragility of soil material) and human factors such as abandonment of sloping land, deforestation,
overgrazing and misuse. Other forms of degradation are the landslides, found in many areas throughout
Albania, greatly reducing not only the sustainability of agriculture but also the long term security of rural
housing.
Eroded areas are spread all over the country, but most typically they occur in the north-eastern part of Albania,
where the degradation of natural resources is more intense (Zdruli et al., 1998). The estimated area where
erosion is the most constraining factor for sustainable development is about 350,000 ha.
Albania's deforestation had started more than five hundred years ago, when most of the oak forests of the
country's southern part were cut to build the merchant ships of old Venice, and later because of the burning of
wood for fuel, and the expansion of villages onto hillsides. The country's high dependency on fuel wood for
heating—amounting to almost 100 percent of household energy in mountainous areas and to a certain extend in
the cities— contributes to the over-exploitation of forests. The deforestation problem will particularly be
intractable, unless some mechanism is found to increase alternative affordable heating and cooking supplies.
As the construction industry is growing rapidly, the need for timber is increasing, therefore the exploitation of
forests has becoming more intense. Illegal cutting has also drastically increased, especially over the last five
years.
Government sources point out that legislation to protect forest is in place, but enforcing these laws has been
difficult. Only a mere of those who use illegal cutting are wiUing to pay the fines imposed by the Forestry
Police Service.
FAO has made an assessment of forest change between 1988 and 1993 for over 10 percent of the total country's
forest cover in two representative areas and found that the area covered by forests had decreased by an average
of 15 percent over this five year period. (Albania Forestry Project, The World Bank, 1996). Forest fires (Puke,
Kukës, etc.) are becoming more frequent and are increasing the damage. Extensive damage is caused to forests
by wood-cutting for lime burning for commercial purposes, which is becoming a real business in some areas.
The land reform that followed the chaos of 1991 left iht pasture-lands under state ownership, therefore the
damages were far greater than on private lands. As late as the first part of 1999, some 70,(X)0 ha, previously
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registered as arable land, have yet to be distributed to private farmers and there is visual evidence that this land
is subject to overgrazing, soil erosion, and other forms of misuse.
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Map 2: LAND RESOURCE STRESSES
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Table 1. Major Land Resource Areas of Albania and their related factors affecting the sustainability of
agricultural development and the quality of the environment.
1

MAJOR LAND RESOURCES AREAS OF ALBANIA
V
VI
n in IV
vn VIII IX

I
Stress Factors
2
I
1
5
2
0
Urbanisation
5
3
I
4
4
1
1
Waste disposal
2
0
2
3
1
*>
Nutrient mining
1
1
0
3
3
2
2
2
2
2
Heavy-metals
3
1
2
0
2
1
0
',J
1 Flooding frequency
4
0
5
3
0
0
0
1
3
Salinity build-up
3
3
0
0
0
0
0
0
4
4
4
4
i Soil erosion
1
1
2
1
2
2
2
4
4
Land conversion
3
2
4
0
1
Deforestation
1
1
2
1
5
4
1
5
5
2
2
4
Overgrazing
3
4
2
4
3
2
4
4
4
Acidification
0
0
0
1
3
0
Factors were ranked with respect to their extent of hazard as: 0- none, 1- very low, 2- low, 3- medium, 4high, 5- extremely high. All estimates are made empirically, from field information collected while
travelling throughout the country.

1
X 1
1
1
0
5
0
0
5
4
5
4

5 1

Recent data show an increasing number of livestock herds, which compete for food, therefore it is expected that
the pressure on Albania's pasture-lands will increase. At the moment, overgrazing seems to be the most
important factor affecting land degradation as far as the area covered is concerned. Fires on natural pastures,
such as those in the southern part of the country (Viorë, Sarandë, Gjirokastër), are causing considerable damages
not only to pastures themselves, but also to forest, fruit trees, olives groves and bio-diversity.
In the mid 1970s, the government began a program of converting pasture-lands, once used for summer grazing,
into cropland production. This resulted in a rapid decrease of their natural fertility and accelerated soil erosion.
Currently, those lands are no longer used for crops or for grazing. Both forest and pasture-lands make up to 50
percent of the Albania's natural resources, representing an extremely large area with high potentials for the
development of the country, if managed properly.
About half of Albania's agricultural land is located on sloping areas that are mostly shallow with a depth of less
than 50 cm. As mentioned above, they are prone to several degradation processes including inappropriate land
management practices. Soil erosion problems are serious in a number of areas, as improper terracing has failed
to compensate for soil loss on the steep slopes. Extremely stony areas have a very low soil volume limiting their
use for most agricultural purposes.
Saline sous of Albania are located on the Western lowland coastal plain and are under the influence of
Mediterranean climate, which accelerates evaporation in summer and causes salts to concentrate on the surface.
The reverse phenomenon occurs in winter, when, because of heavy rainfalls, salts are leached down into deeper
layers.
Saline zones typically occupy flat areas, often below sea level where saline conditions may also occur within the
swamp and marsh soils. The origin of salinity is related to geological processes, seepage, and re-salinization
from salty ground waters. The first two are mainly natural and hard to control, but the third is a growing
potential risk. Since 1972, Bajraktari and Xinxo noted that the fields of the bread basket of Albania, called
Myzeqe (coastal area) may be effected by the presence of salty groundwater unless appropriate measures are
taken through drainage and pumping stations implemented into these areas.
Recently there is evidence of increasing salinization in many other areas of the coastal plains (Lezhë, Vlore),
etc, and the trend is continuing. The areas represented at Map 2 within this context, at the moment are not
necessary salty, but they have high potentials to become saline if good management and maintenance of
drainage canals and pumping stations is ignored. Another form of salinity is represented by the excess of
magnesium cations, as found typically in the smonitsa soils. They make up about 10,000 ha, mainly located in
the north and south-eastern parts of the country.
Flooding is increasingly becoming a problem especially in the north-western part of Albania. In 1996, the area
of Lezha was flooded four times through September. The same happened continuously in the coming years.
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The same scenario is realistic for the lower part of Shkodra, Maliqi area in Korgë, Vurg in Sarandë, among other
areas. Total estimated area under the threat of flooding is more than 40,000 ha of land.
There is a chain reaction from overgrazing, deforestation and erosion culminating in flooding, which is also
accelerated by the poor maintenance of drainage canals and pumping stations. In some areas, flooding is
influenced also by the natural process of peat mineralization, which results in soil subsidence or lowering of the
soil's surface. Water-logging is reducing yields in those areas and the reverse phenomena of swamp and marsh
formation is becoming evident.
Side effect of erosion and flooding is also the siltation of the reservoirs. Until 1990, there were more than 650
reservoirs spread all over the country used for irrigation and the larger ones used both for power production and
irrigation. At the existing rates of erosion and denudation of the sloping lands within the catchment area, life
expectancy of the reservoirs will be greatly shortened.
Acid soils are mainly located in the north-eastern part of Albania and to a limited extent in the south-east.
Acidity plays an important role in reducing crop yields. During the old regime, investments were made by
subsidizing lime use by collective farms. Today this program is discontinued because of lack of funding and
population migration. Since acidification is a natural process influenced by the parent materials and the climate
of the area, there is concern that the acid soils will expand, even in those lands that were considered ameliorated
a few years ago. The estimated area of acid soils is about 60,000 ha, but that may reach values as high as 90,000
ha, according to some surveys of the Soil Science Institute of Tirana.
Albania has a relatively short history in fertiliser use and very long tradition in agriculture that dates back more
than 2,000 years. Soils have been exploited systematically and have received little inputs from other sources,
other than some manure. Even during peak years, the country had used fertilisers less than almost any other
nation in Eastern Europe. Nevertheless, in the early 1990s the agricultural sector experienced a drastic fertiliser
shortage. A lack of hard currency caused fertiliser supplies to drop by 80 percent. Still the rates of fertiliser use
are far below the needs, mainly because of low purchasing capacity. It is believed that most of the best
agricultural lands in the country today are under nutrient mining conditions with decreasing soil fertility.
Datafromthe Soil Science Institute (Qilimi, 1996) show that soil fertility is decreasing mainly in organic matter
content, nitrogen, and potassium compared to 20 years ago, resulting in lowering the fertility status of the soils.
These negative effects have been reduced lately by the increase area of alfalfa cultivation, however, good land
management techniques are needed, since the process is affecting the best agricultural areas of the country.
Overall affected area is about 200,000 ha located in the flat zones.
Site-specific stresses
Certain areas within the country are affected by several kinds of typical stresses. They can be summarized as
follows:
•
•
•
•
•

Urbanisation of high quality farmland;
Point-source contamination from mining activities, factory wastes and effluents;
Uncontrolled and random disposal of urban waste on agricultural land;
Heavy metal contamination from natural and human activities;
Loss of bio-diversity.

There are no available data on the surface areas effected by each of the site-specific elements. Some estimates
(UNDP 1995) for the urbanisation of the surrounding areas of Tirana show that the land lost to unplanned
construction is one and a half times larger for the same number of inhabitants, than if the home-construction
would have been planned.
Agriculture land contaminated by the oil and gas industry, factory wastes and effluents is roughly 50,000 ha.
Air and water pollution by the processing of copper ore is one of the greatest risks for public health and the
quality of the environment in general in the north-eastern regions. In some areas in the north, within a radius of
three kilometres, the natural vegetation has been destroyed and crop production is greatly reduced. Air quality is
especially poor in big cities (i.e. Tirana) because of the construction industry and increased traffic. Table 2
gives complete estimation for the extend of each of the stresses and their percentages towards total area of the
country.
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Table 2. Land Resource Stresses of Albania. Surface area in km^ and in percent.
LAND RESOURCE STRESSES
Human induced
Chemical pollution
Salinization
Nutrient mining
Deforestation
Over-grazing
Accelerated erosion
Natural processes and conditions
Acidification
Flooding
Extremely stony or shallow
Low temperatures/poor accessibility
Water
TOTAL

Area

%

165
654
2,936
5,005
12,201
3,585

0.6
2.3
10.2
17.4
42.4
12.5

624
461
1,614
1,182
320
28,747

2.0
1.6
5.6
4.1
1.1
100

CONCLUSION
Sustainable agricultural development in Albania is still at its infancy. There is obviously a much greater need
for promoting agriculture and providing the much-needed income to the farmers. The country relies heavily on
exports for almost everything, when conditions are suitable for domestic production. A national strategy is
however missing for the future development of agriculture.
There is also the risk, that emphasising national development at the expense of the sustainable use of land
resources will lead to different forms of land degradation. The major threat to Albania's land resources remains
at present the urbanisation. As the country builds its infrastructure and develops its industries the most fertile
lands are being lost to roads, highways, and construction. Other countries have experienced such errors also in
the past, however, it seems that agriculture has lost its battle on urbanisation.
Sloping lands are being overgrazed, misused, or abandoned, letting soil erosion free to degrade at an
unprecedented pace. If these effects will continue to dominate in the country, the cultivated land area available
for crop production will almost decrease by 50 percent. This could be one of the most threateningrisksto future
development of agriculture in Albania, since the possibilities of increasing the cultivated land are over.
The authors of this paper in more than one occasion have emphasised these risks and have to tried to make
aware both local and international institutions operating in the country. They regretfully recognise that the
impacts of their efforts have been quite minimal.
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A PROBLEM OF SUSTAINABLE MANAGEMENT
OF SOIL RESOURCES IN ARMENU
Dr. Karine Danielyan, Yerevan State University. Department of economical and social Geography. 1
Alek Manukyan. 375025 Yerevan, Armenia. victo@aua.am
THE CHARACTERISTICS OF THE SITUATION
The territory of the Republic of Armenia is distinguished by a complicated relief The territories at
heights of up to 1400m are the most favorable ones for living conditions ( Table 1).
Economical activities are concentrated mainly within the first two areas, i.e. covering approximately
60% of the territory of the country. The situation becomes complicated due to the fact that only 29% of
the territory of the country has a decline less that 3 degrees.
14 types and 27 sub-types of soils are distinguished on the territory of the republic, out of which mainly
mountain chernozem, mountain chestnut and brown meadowy soils are used.
Table 1. Distribution of used soils
Lands
Agricultural lands (arable lands,
perennial crops, pastures, hayfields,
etc.)
Other lands (Forest massifs, roads,
buildings. Water surfaces, etc.)

Territories, thousand ha
1400

%
47

1574
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At present, around 50% of used lands is exposed to erosion in the result of intensive,fi-omenvironmental
point of view irrational use of agricultural lands.
Only within the last 30 years 140 thousand ha of arable lands and 300 thousand ha of pastures and
hayfields have been excluded from agricultural turnover in the result of erosion, mudflows and
landslides. While in 1958 in Armenia 0,33 ha of pasture fell per head, within the last years that indicator
decreased to 0,13 ha.
Table 2. The degree of land erodedness
Areas of land use

Mountain
and
steppe meadows
Forests
Steppes
Dry steppes
Half-deserts
Total

Territories, thousand
ha

Degree of erodedness
Absent

Low

629

12,6

67,4

High
erodedness
20

712
797
242
236
2616

43,2
60,5
13
19
19

28
28
41
59
52

29
12
46
22
28

Out of 113,5 thousand ha of eroded lands, which are subject to revegetation, only 3,9 thousand ha have
been restored.
Disturbed lands have made up 800 areas with total territory of 8,3 thousand ha. The main reason is the
open mining.
Processes of swamping, which areft-aughtwith reoccurrence of malaria (increase of the sickness rate has
already been observed: from 33 in 1997 up to 662 by September of 1998), take place in Ararat valley in
the result of irrational watering and disturbances at operation of the drainage system.
Significant territories are occupied with unsystematic dumps of consumption and industrial wastes.
The tenitories of some cities and their suburbs are considerably polluted by the following materials:
Yerevan (Fe, Ca, Ni, Zn, Mn, Pb), Hrazdan and Ararat (Zn, Cu, Sn, Mn, Fe), Alaverdi (Cu, Mo, Pb, Ni,
Mn, Fe, Zn, As, Cd), Vanadzor (Cr, Cu, Hg, Fe, Va, Zn). A high content of lead has been discovered in
the area of large transport mains (from 100 up to 300 mg/kg).
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The level of land pollution by pesticides is also considerable. In 1980-1990 at average around 9kg of
pesticides had been used per 1 ha of agricultural lands, but within the subsequent years in the conditions
of economical crisis the implementation of pesticides decreased.
Increased sickness rate of the population, especially with cancer, diseases of the cardiovascular system
and heritable diseases, has been observed in the regions, which are most polluted by heavy metals and
pesticides.
A territory of 29000 ha is a natural salt-marsh, out of which 6000 ha are desalinated and used in
agriculture. At the same time, a process of secondary salinization of used soils is observed. It can be
asserted that around 17000 ha of initially non-saline soils are under the threat of anthropogenic
salinization.
Taking into consideration the fact that the republic does not occupy large territories, the abovementioned problem of soil degradation is of a national value.
For the problem of soil pollution and degradation the significant role plays
the problem of waste management.
No effective system of waste management has been established in Armenia. The most complete data on
solid industrial and consumption wastes dates back to 1987, when waste inventory was carried out in the
country. According to this data, altogether 24,4 mln. tons of wastes were formed in RA, including: at
mining metallurgy — 21,9 mln. tons, at food industry enterprises — up to 100 thousand tons. The main
suppliers of industrial wastes were the mining metallurgy industry (98,6% of rock went to the dumps)
and the stone mining industry (60% turned into wastes). Scrap metal made up 273 thousand tons, solid
consumption wastes — 1,57 mln. tons, toxic wastes, which were subject to neutralization and special
burial, — 18-25 thousand tons.
Solely 3% of wastes were used in the capacity of secondary raw material. The highest percentage of use
(around 100%) is characteristic of food, chemical (around 70%) and engineering (56%) industry, the low
percentage — of mining metallurgical (1,4%) and tanning industries (14%).
The amount of industrial wastes has abruptly decreased since 1992-1993 (unfortunately, exactfiguresdo
not exist), the volume of communal wastes has been reduced by approximately 25%.
Solid consumption wastes are poorly involved into the economical turnover (paper, textile fabrics, plastic
and food wastes are partially differentiated and used). On the territory of the republic there are no
contemporary polygons on recycling and burial of wastes, no matter industrial or communal wastes.
Industrial wastes were either stored on the territory of enterprises, or transferred to the dumps of solid
consumption wastes or formed unorganized dumps all over the territory of the country, especially at
waysides, ravines, etc. Communal wastes are buried at suburban dumps (which does not exclude the
existence of unorganized dumps). The city of Yerevan disposes of a relatively organized polygon of 60
ha, out of which 20 ha have been already closed down (10 ha are used for biogas production), the
remaining 40 ha may support the city within the coming 35-40 years. A filtrate of the dump was
discovered in 1990 leaking out of the polygon and freely flowing all along the city. Temporary measures
on prevention of similar phenomena have been undertaken, nevertheless it is not possible to guarantee
further complete safety, since the drainage system has not been initially installed. It is necessary to
improve the existing polygon and to establish a new one in the north of the city in order to prevent the
transportation of wastes through the whole territory. The problem regarding the formation of a waste
management system becomes prior again in the conditions of restoration of industrial activities.
A special industrial plant on recycling and a polygon of temporary burial of low and average-active
radioactive wastes (capacity — 15 thousand cubic m., around 15% is used) function on the territory of
Armenian Nuclear Power Station. Construction of a special storage for long-term storing of used fuel
assemblies has been started up with assistance of "Farmatom" company, since RA has stopped exporting
used nuclear fuel into the Russian Federation (the fuel supplier). It has been stored recently in a cooling
pond, the possibilities of which are on the verge of exhaustion. The problem of a burial ground for final
burial of radioactive wastes remains unsolved.
It may be assumed that this is the most important and at least a regional problem. The situation has been
complicated by the danger of radioactive contamination of Ararat artesian basin, which feeds a
significant part of the region.
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THE SOME ISSUES OF INSTITUTIONALIZATION
PROGRAMMERS REALIZATION

AND

ENVIRONMENTAL

The main necessary conditions for environmentally balanced development are obviously the following
ones:
1. Sufficient economical and technical-technological potential;
2. Sufficient scientific-technical potential and provision with information on world
experience;
3. Corresponding mentality of the population.
In the pre-crisis period, Armenia was merely approaching the line, after which the economical potential
can afford significant investments into environmental activities, especially in the sphere of industrial
production. Attempts of a systematic approach started to be undertaken along with separate actions and
measures aimed at environmental protection. In general, around 0,73-1,03% of the gross domestic
product was spent on environmentally oriented activities, which according to official data, corresponded
to absolute values within the limits of 119-156 mln. US dollars. It is clear that such evaluations, which do
not take into consideration the real convertibility of the ruble and dollar at that period of time, are
incorrect. Most probably, the actual figures were close to 35-45 mln. dollars at average. If we take these
values as reference, then it can be considered that the expenses aimed at environmental protection have
been reduced by 4-6 times within the last years, i.e. they have been practically brought merely to the
maintenance of environmental structures.
In the republic, as well as all over the USSR, the scientific-technical potential and informational
provision significantly outstripped the economical possibilities of putting into practice the accumulated
knowledge. In Armenia, in particular, researches of environmental orientation were carried out on
various aspects practically at all Research Institutes and Institutes of Higher Education and accomplished
a rather high level. At present, despite significant losses, the indicated scientific potential has been
maintained to certain extent.
Beginning with 1980, 3 national environmental programs and 5 territorial complex schemes (including
the soil protection and rehabilitation) have been developed in the republic and could become a base for
the transition to sustainable development. However, neither of them has been implemented due to the
lack of financing (at the best only the scientific-research part was carried out, but the obtained results
have not been implemented). Thus, concrete mechanisms on improvement of the environmental situation
have been developed in details. Frequently, up to work projects, the only lacking thing is the investment
and (in some cases) technological assistance. Hopefully, the International Program on Lake Sevan (and
its basin) and the National Environmental Action Plan (NEAP), which have been already completed, will
not suffer the same fate. For comparison: approximately 1,2 billion dollars are necessary for realization
of prior environmental measures in the country, which correspond to the sum spent by Denmark annually
on environmental measures and...to the value of the gross domestic product of RA for 1995. Other, more
capacious programs cost considerably more. In the current conditions it is obvious that RA is incapable
to cope with the set task without assistance. The insolubility of the global task makes the Government,
which is busy with frantic searches for the ways of economical survival in the conditions of the world
market, set these problems aside "for the better times" and not apprehend the problem in general. At the
same time, the assistance rendered by international organizations and developed countries is mainly
technical (intellectual, informational) and notfinancial-investment(aimed at realization of concrete
projects) or technological, which is absolutely inadequate to the situation. Eventually, the number of
unrealized programs keeps growing. Even if small-scale local projectsft'omthese programs are financed,
they are evident anyway and by no means need such enormous maintenance. I.e. the gap between
knowledge and possibility of implementation, which was characteristic of the soviet period, keeps
increasing at present.
Apparently, the mentioned problem is characteristic not only of Armenia and needs to be considered
seriously.
There are several small pilot projects In NEAP in sphere of soil sustainable management. I believe, the
priority action to be carried out against soil degradation and for rehabilitation of degraded soils may be
international support of these pilot projects implementation
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UNITED NATIONS CONVENTION TO COMBAT DESERTIFICATION
IN THE REPUBLIC OF ARMENIA
Prof. Samvel BALOYAN, Ministry of Nature Protection of Republic of Armenia. 35 Moskovyan Street,
375002 Yerevan, Armenia.

Natural and climatic conditions of the Armenian Plateau have been formulated 10-12 thousand years ago
and since 9-6 centuries DC Armenian population inhabiting on today's territory were occupied with
agriculture and cattle-breeding.
Sharply continental climate, aridity, fragmented relief kept population combating to the conservation of
soil resources, constructing irrigational and drainage systems, planning slopes for landslide prevention,
erosion processes and, finally, desertification.
The Republic of Armenia with total area of 2974.3 thousand hectares, introduces the following natural
land zones : semi-desert (236 thousand hectares), dry steppe (242 thousand hectares), steppe (794
thousand hectares), forests (712 thousand hectares ), alpine-pasture (629 thousand hectares). The other
358.3 thousand hectares are being represented by bedrocks and water surface.
By the decision of Supreme Council of the Republic of Armenia in 1991 in the Republic began
privatization of land which mostly finished in 1994.
Moreover, agricultural lands total 46.8%, forests 11.2%, others 42%.
Most part of the whole territory of the Republic in different extent is exposed to be desertificated. At the
same time we need to highlight that 50% of land in Armenia are eroded, about 60% is subject of
landslides, mud flows and other exogenous processes and about 40% of land is performed by the stone
soils. Saline soils totals 30 thousand hectares.
Since 1993 the Ministry of Nature Protection of Armenia had participated in the works of the UN
Interstate Committee on developing Convention to Combat Desertification.
The Republic of Armenia signed Convention on 14 October 1994 in Paris.
The Convention has been ratified by the National Assembly (Parliament) on 2"** of July 1997 and it is in
force since 30 September of 1997.
In compliance with Agenda 21, where one of the main terms is the establishment of the legislative and
legal foundations of the sustainable development, after the gaining independence in 1991 and changing
managerial system of the whole economic mechanisms as well as due to the transition to market
economy, the overall revising of the whole complex of legislative and legal mechanisms has been
required.
In accordance with acting Constitution of Republic of Armenia adopted in 1995, the State secures the
protection, reproduction of environment, rational use of natural resources.
In Armenia all state and sectoral programs are developed from the point of view of environment
protection and rational use of the natural resources.
All these activities somehow connected with the problems of desertification and land degradation, where
the obligation of the Republic towards the Convention to Combat Desertification are taking into account.
Up to now in the Republic there was developed no concrete plan and strategy on desertification
problems, beside the Resolution of the Government on Approval the list of measures directed to
fulfillment of obligations to U N Convention to Combat Desertification. However in the Republic up to
90-es the measures on establishment of drainage and irrigation systems, forest shelter-belts, restoration of
saline and degraded soils, recultivation have been performed, but the complex approach for the solution
of the problems of desertification has been defaulted.
Currently the National Action Program to Combat Desertification in the Republic of Armenia is Being
developed.
After ratification of the Convention the Government by its Resolution N124 dated 02.03.1998 has set up
the following
The Ministry of Nature Protection of the Republic of Armenia is a responsible body for the
obligations of the Republic of Armenia to UN Convention to Combat Desertification
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The Ministry of Nature Protection of the Republic of Armenia jointly with other interested
stakeholders should submit to the Government proposals on measures on implementation of the
obligation to the Convention
The Government of the Republic of Armenia has approved the Resolution # 620 on the list of measures
directed to fulfillment of obligations to the UN Convention to Combat Desertification.
In accordance to this Decision by the Minister's order #193 (from 30.12.1998) there has been established
the Coordination Commission-the National Coordination Body (NCB) on Combat Desertification,
consisting of 28 members, among them 11 women.
The statute on Commission is coordinated with all members of the Coordination Commission and
adopted on 25* March 1999 by the Decision #31 of the Minister of Nature Protection.
The Commission is a consulting and advisory body, which is organizing and coordinating the elaboration
and implementation of programs arising from the country's obligations in the frames of the convention.
The Commission has not budget and has not posses the financial independence.
The following social and economic sectors, dealing with desertification problems and combating against
its consequences are represented in the commission : nature protection, agriculture, urban development,
social security, economy, finance, justice, science, education, hydrometeorology, geology. Beside, in the
Commission's activity are involved the representatives of the Ministry of Spatial Planning, the
Committee of Emergency, the Ministry of Forcing Affairs, etc.
The Commission's Work Plan for the period 1999-2000 is developed and adopted. This is the scope of
activity :
Regulation of legislative and normative documents
Development of strategic issues in the field of combat desertification
Preparation of international, scientific and technical cooperation issues
Dealing with the organizational problems concerning NAP preparation
Enlargement of the role of non-governmental organizations and involving of broad sector of
public, specially women, youth and students in the development and implementation of combat
desertification activity.
At present the Commission has not available the specialized information network.
Development of NAP will make enable the data base creation and its usage. The existent sectoral data
bases concerning the desertification problems are uncoordinated, not properly systematized and it is
difficult to use them.
Today the data for NAP development are collected and concentrated at the Department of Soil Protection
of the Ministry of Nature Protection.
These data will be assumed as a basis for data bases in the field of combat desertification.
All environmental convention and programs being implemented in the Republic are considered at the
elaboration of NAP to combat desertification in Armenia. A thing like dubbing-in and non concerted
actions could not happen.
NAP is assuming a special urgency in conservation and usage of natural resources in terms of structural
reformation of land relations and introduction of new forms of land property.
The principles of the UN Convention to Combat Desertification are adopted and integrated in the
programs 'The Food Supply in Armenia", "Development of the Water Sector of Armenia",
"Development of Forest Sector of Armenia" and others, where the special chapter on Environmental
Protection containing the issue on environmental limits is also envisaged.
Specified in the framework of NAP the development of the measures to combat desertification for
contiguous territories of Georgia, Azerbaijan, Iran and Turkey will be of great importance in regional
aspect.
The preliminary analysis of the environmental legislation in the framework of NAP showed up the
necessity of changing and additions in the existing legislative and normative-legal document, which
envisage reformation of the landownership/land tenure system, management of the natural resources,
promotion of the responsibility and interest of inhabitants in the land protection.
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The improvement of the legislation on land protection proceeds in the following directions :
toughening of the existing measures of the punishment
stimulation of the implementation of the obligatory measures on protection of land resources by
the use of economic instruments.
The list of legal documents needed to be developed or revised in the frames of NAP is worked out.
In accordance with the Government approval of the Ministry of Nature Protection as body responsible
for the implementation of the Convention (the Government resolution #124 dated 02.03.98) and the
Program on meeting RA obligations run out from the UN Convention to Combat Desertification (the
Government resolution # 620 dated 07.10.98) the Ministry negotiated with different institutions and
international organizations on implementing Convention in republic.
Particularly there has been carried out the negotiations and consultations with UNCCD, UNEP,
UNSO/UNDP, and office of UNDP in Armenia.
UNEP is providing consultations and financial support both in the process of work organization in the
frames of NAP and in the process of its preparation in accordance with Memorandum of Understanding
between Government RoA (Ministry of Nature Protection) and NEP. Partly the organizational issues are
solved by the UNDP office in Armenia.
The nature protection is integrated into policy and plans of Armenia as all the Government and sectoral
programs are developed in accordance to the measures on conservation and rational use of natural
resources.
Institutionally both in republic as a whole and particularly in the Ministry of Nature Protection is
suggested positive sharing of right and duties of republican, regional and local administration, and
between all the organization dealing with land issues.
Based on the necessity of creation educator, formative and scientific bases for combat desertification
there had been developing and have already introduced motions about leading to the of general
education, particularized and scientific preliminary courses of special issues by nature protection
including land protection.
All the mentioned aspects of activity are in direct dependence of exact monitoring data for state of
environment. The special part of NAP concerning informatics and functional frames of activity of
various management structures. The works on cartography and evaluation of land will be the base for the
long term monitoring and will promote purposefully regulate the" human activity on land resources
protection.
The Ministry of Nature Protection and the Ministry of Justice according to the Government # 620
Resolutions (07.10.1998) have to develop and submit the Conception of National Aim Fund for
implementation of the measures on combat desertification. The major purpose of Fund is to provide the
participation of local structures in the realization of programs on combat desertification.
The provisions of Fund will include the terms of different groups participation in the management and
financing of combat desertification.
We hope that difficulties bended with initial stage of works and with technical equipment insufficiency
will have been solved by the assistance of international and republican organizations.
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DEGRADATION OF SOILS IN AZERBAIJAN:
INFLUENCE OF INCREASING ANTROPOGEN AFFECT
Dr. Magerram BABAYEV, Institute of Soil Science and Agrochemistry. P C Box 73. 5 Mamed Arif 370073
Baku, Azerbaidjan. soimon@dcacs.ab.az
Increasing many years antropogen affect, intensive assimilation irrigation promoted degradation of soil cover and
pollution of environment. Productivity of soils is sharply decreased, environment is polluted. The introduction of
scientific-grounded complex system of measures allows : reproduction of soils fertility, productivity increase,
creating of highcultured soils the given qualities.
Azerbaijan Republic is situated in the South-East part of Caucasus. Area is 86.4 they and kv. m. It is situated
over latitude 39-40 and longitude 45-50. From the East for the space of 800 km. Adjoins to the Caspian Sea
shore.
From the North the territory is bordered by watersheds of the main Caucasus mountain range.
The structure of relief is sharply complicated beginning from lowland lower level of ocean of 28 m. and till 5000
m, of mountain apexes. Relief of Republic as factor of soilforming - this is distributer of temperature and
mousture. The peculaity of zone placing of natural, water, plant, soil resources are connected with it. Denudation
and accumulative processes complicate antropogen stress.
Natural resources are used no rationally. From general area ( 8.641566 ha ) of republic in agricultural 4540 581
ha or 52% is used . Irrigation soil is 1.454.258 ha. Arable land occupies 1673 949 ha, irrigated arable land1000.360 ha, perennial plantation - 245 600 ha. Latest 60-70 years land resources in condition of antropogen
influences are strongly changed for the worse. For every population fall about 0.18 ha arable land. Many years
antropogen influence resulted in soil degradation, soil cover and environment pollution.
For rational organization of agriculture, guarding and re-establishment of natural resources it is necessary to
examine them in evolutionary historical order. Analyzing their contemporary conditions, prognyzing their
changes and ways of their removals, managing these processes.
All these processes are demanded to examine them in complex, with calculation many years man' s activity.
The main reasons of soil degradation and soil cover :
- many years intensive using and irrigation ;
- salting;
- erosion process;
- technogen (oil and mountain- deposit pollution ) .
Salted soils in Azerbaijan mainly are spread in Kur - Araksin lowland and Apsheron peninsula. Area is 1.3 mln.
ha . Salt composition : soda, chlorid, sulphate, sulphade - chloride, chloride - sulphate. 500 thous ha salting soils
are meliorated. The length of collector - drainage net 25 km.
For the part of mountain territories comes about 4.21 mln. ha or 60 % from general area in Azerbaijan. Mountain
territories are characterized by considerable amplitude of height and strong crossing of relief. Namely that's why
about 41.8 % of land is subjected ( 3.61 mln. ha ) by erosions of different degree. More spread types of erosion
are wind, water and irrigation.
At present intensive pollution of suburban lands happens by oil , industrial and building wastes. Territoryes is
violated by different channels, kapbep (ajiMop ) -rapid, gallop, (necnaHtiö) sandlot, pipeline and ets. It is formed
typical technogen landscaspe. Area arable- suitable soils is decreased oil polluted soil in Azerbaijan occupies
about 30 000 ha. Mainly they are spreaded in Apsheron peninsula. 13 000 ha soils are bitum strongly polluted
by oil wastes.
Beginning from 70 years it is made inventory of oil polluted soils and their partial recultivation.
Irrigated agriculture in Azerbaijan has nuillenium history. Influence of antropogen affect on soil cover and
environment is many-sided. It is connected with applied agrotechnics level, in the main quality of irrigated
waters.
Many years bringing of organic, mineral and local fertilizers promoted over cultivated fertile soil thickness. The
lastes 60-70 years a new problem is appeared. In connection with carried wide water economic measures in
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irrigated waters is sharply reduced turbidity. Specific gravity of mineral salts is increased, among ions
predominate. It is widely used of kyagrise artesian and underground mineralizing water. Mineralizing of waters is
increased in average 2-3 times (from 0.2-0.3 till 0.8-1.0 h/1). It is increased (pH 8.1-8.4 ). With irrigated waters
in irrigated field enters 3 450 kg / ha salt hydrocorbanate sulphate composition.
In waters of Araks river it is discovered potencial soda.
In connection with aforesaid gradually degredation of irrigated soils, what sharply influenced on soil cover
structure and environment. Proceeding from these considerations it is necessary to intensify attention of the
public. It is demaned new progressive approaches to studying, systematization, calculation, soil resources
evabetion.
The attempt of systematization of republic soils with calculation of international standards was done by us.
On the soils of Azerbaijan republic is divided into great classes A. Naturally- evolution ; B - antropogen reformed and . V. technogen - violated. Immediate subject of present communication is - Antropogen - reformed
soils.
Class of antropogen soils - differs in main direction of forming of profiles and qualities. These soils belong soils,
profile which are subjected by essential antropogen changed in the process of mastering in conditionsbogar and
irrigation. In the direction of soil forming process of antropogen- transformation soils are divided into following
parts.
Accumulative-carbonat: to them belong soils, for a long time, the utilizations under the agricultural plants, in
the condition of arid in which the upper horizons are exposed by the essential antropogen changes. In these soils
the alkaline and oxidation processes were radically changed, the biological activity was weakened. The new
genetic horizon AI' p-arable, AI" p-under arable were formed. Soils uniting in this section are close to the line of
araical antrosoil systems FAO.
Accumulative-humus : to this section belong the group of soil type, for a long time watering pure spring and
artesian waters. The water, temperature, air regime considerably distinguishing from virgin soil regime are
changed, the formation of these soils passes the following development stages:
a) soils not establishing the regime of soilforming process, embrace soils, irrigation which begin from the
construction of large, constantly influence of the irrigated system. In the composition and soil quality of the later
mastering and irrigation the pecularity of natural zone soil type predominate;
b)soils with establishing regime of soilforming. The long time was used in the irrigation agriculture, formed in
soils of the ancient irrigation. The composition and these soil quality in the process of long years antropogen
influence were exposed to sharp change and they are differed from virgin versions. Soils of accumulative - humus
section have definite intimate with fimical antrosoil system FAO.
The irrigation-accumulative : soils represent soils of ancient irrigation with troubled waters.Under the influence
of the long cultivation in the condition of irrigation by the troubled river waters the soilforming proceeds in the
condition of the gradual entering of the irrigated deposits. During the long mastering in the condition of irrigation
the powerful, monoton painted fertile thichess with a high productivity. The presence of agroirrigation horizons
appears definite index of irrigated-accumulative soils and they are connected with ancient epochs of irrigated
agriculture. The irrigated-accumulative soils have a powerful cultivated layer (50-70sm ) and they are often
stretched by the funeral -natural and cultivated soils, they are characterized with vague fluvisols, gleyicsols and
sometimes yermosols.
In the main irrigated-accumulative soils correspond with cumulical antrosoil - system FAO.
The irrigation - metamorphic : soils unite the groups of irrigated soil types reforming in_the process of long
intensive mastering in the situation of watering by the transparent mineralizing waters, these soils are
characterized yermosols, calcisols and salting .
It was made soil map of antropogen landscapes in Azerbaijan scale 1 : 500 000. We offer it between these maps.
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SOILS OF THE REPUBLIC OF BELARUS AND THEIR ECOLOGICAL STATE
Prof. Dr. Nicolai Ivanovich SMEYAN, Belarus Scientific Research Institute of Soil Science and
Agrochemisty. 62 Kazintsa 220108 Minsk, Belorussia. post@brissa.belpak.minsk.by
Natural conditions of Belarus promoted a forming on its territory rather motley cover. The results of
conducted large-scale soil studies show that in the republic are met nearly all types of soils typical for
taiga-forest area of former Union. This are sod-carbonate, podzolic, sod-podzolic automorf and
semihydromorphic, brown forest, sod-gley and peat-marsh soils. Depending on degrees of manifestation
of soil-forming processes , their interaction, composition and construction of soil-forming rocks types
of soils are divided in the greater quantity of subranges, sorts, types and varieties. In this connection on
soil cards separate land users it is often possible to meet before 40-60 varieties, distinguishing between
itself water-physical, physical-chemical and agrochemical properties. Amongst meeting soils the most
widespread are sod-podzolic soils, which come to main area arable lands. Natural fertility of these soils
is not high. They, as a rule, are sour and contain a little humus (1-2%), weakly provided by the nitrogen,
phosphorus and potassium. So, intensification of crop farming on them is impossible without
optimization of agrochemical properties by a liming and a application of sufficient quantity of organic
and mineral fertilizers. And in this direction by farmers of republic was done currently a big work. As a
result of systematic mineral and organic fertilizer using, a liming, icarrying out the humus content in
arable soils mcreased up to 2,27%, acidity level is reduced up to 5,98 pH in KCl, contents of mobile
phosphorus forms 188 mg/kg of soil, potassium 175 mg/kg. That is to say the distribution of arable soils
of republic on groups of acidity and nutrient contents at present is not connected with their genetic
particularities, but is a positive result of consuming efforts on soil fertility raising. The study of internal
properties of cultivated soils of Belarus shows that as a result the intensive crop farming they gradually
lose eluvium-illuvium nature of profile construction and gain signs of cultivated soils, which have not
podzolic horizon. Under the influence of cultivation are noticeably changed such morphological signs
of genetic horizons, as a colour, power, structure, texture and the others. Created currently level of
efficient fertility of arable soils allows to get on them 20-25 c/ha without fertilizers.
However, crop farming intensification promoted not only fertility increasing of arable soils, as well as
worsening of their ecological state. Excessive compaction of arable soils, non-observance in many events
of rules of agronomical practices , breach in number of regions of optimum correlation of forest and
agricultural lands promoted an active development on the territory of republic erosion processes. As of
soil investigations, eroded and erosion-dangerous soils form 41,5% areas of arable lands. The most
broadly they are met in Vitebsk, Mogilev and Grodno areas and are considered basically to loamy soilforming rocks. Under the influence of eroded processes is destroyed upper the most fertile humus
horizon. But in places with their strong manifestation this horizon disappears completely. How have
shown investigations of Belorussian Research Institute for Soil Science and Agrochemistry (BRISSA),
as a erosion result from slopes annually, packed loamy by sediments, is washed off near 18 t/ha fine
earth. This leads to big nutrient losses , productive moisture and humus. Obtained data show that together
with fine earth from ploughed field are confiscated 180-200 kg/ha humus, 9-10 kg/ha nitrogen, 4 kg/ha
potassium, 5 kg/ha phosphorus. Together with the loss of mineral materialsfromfieldsleaves productive
moisture. Moisture supply on eroded soils decrease in comparison with noneroded from 13-19% on
weakly outwashed up to 20-39% on middle outwashed and 57% on strong outwashed.
Nutrient loss and deterioration water-physical properties brings to sharp reducing of eroded soil fertility.
Investigations of BRISSA is installed that, for instance, productivity loss of grain crops reachfrom50%
on strong eroded soils to 15% on weakly eroded. Except negative influences upon the soil fertility,
erosion inflicts a big damage to environment. Outwashed fine earth is postponed in lowered places of
relief, river beds, lakes, reservoirs. With fine earth are washed off put into soil chemicals. All this leads
to reservoirs bogging, changing of chemical water composition, reducing thefishsupply.
The greater influence upon the ecological soil state of republic render chemicals As a result of intensive
liming of sour arable soils more than 3% of their area have pH in KCl more than 7,0 that have negative
effect on the growing and development of calciumfobe crops (flax, lupine, potatoes). To negative
phenomenas, connected with using the mineral fertilizers and animal husbandry complex activity,
pertains a soil and ground water pollution by nitrates, contents which sometimes reaches 300 mg.
Significant amounts of pesticides are used in the agriculture of Belarus. For many years volume of their
using was highly significant and varied from 15 up to 17 thousands tons per year that in the calculation
on the hectare of ploughed fields forms 2,6-2,96 kg of the commodity form of preparations. Appear in
determined degrees by toxic materials, they render negative influence and on the ecological soil state.
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Selective checking for the contents of remaining amounts of pesticides in soils and vegetable product has
shown that in 1,6% from checked 42 tests were kept herbicides above Maximum Permissible
Concentration (MPC). In soils, mainly, are found remainder of herbicides from the group an triazines,
simazin and antrazin.
To the number of dangerous soil pollutants and environment pertain and heavy metals (lead, cadmium,
zinc, copper). Main sources of soil pollution by heavy metals are objects of energy and industrial
enterprises, motor transport. It is installed that specified sources in 1997 thrown away in atmosphere
2078,26 thousands tons of polluting materials, from which 79,6% produced by the motor transport. On
the concentration of polluting materials in the republic determined role render periodic transborder
carrying their by air massesfromthe west.
In the composition of industrial throwings away dominate carbon oxide (58,9%), sulfur oxide (10,0%),
hydrocarbons (17,2%) and nitrogen oxides (9,1%). Distribution of throwings away on the territory of
republic is rather uneven. The most amount of polluting materials is thrown in atmosphere on the
territory of Minsk and Vitebsk areas, least - Grodno and Mogilev. Throwing in atmosphere compounds
of sulfur and nitrogen after a string of conversions fall out on the soil surface in the manner of sulphates
and nitrates mainly. In spite of the high mobility of these compounds in soil, having place intensive
atmospheric fallouts them in the complex with other sources of contamination leads to the accumulation
of SO4 and NO3 to levels, exceeding sanitary-hygienic standards.
Conducted in the republic selective studies on revealing of heavy metal contents in soils have shown
that there are hearths of pollution by the lead, cadmium, chromium, nickel and other toxic pollutants near
large cities. Main element-pollutant of soil is a lead. Its increased contents is registered in suburban
areas of Minsk, Gomel, Mogilev.
One of the sources of environment pollution and soils is a motor transport. Soil pollution of wayside
bands by the motor transport is observed up to 25-50 mfromthe linen of road depending on the relief of
terrain and presence of forest-protective bands. The main pollutant is a lead and its compounds. Its
maximum contents in soil is registered on the distance 5-10 m from the route, where it is above
background value at the average in 2-2,3 times, but usually several below or close to MPC.
Cadmium contents in soils bases in main at a rate of the background (up to 0,5 mg/kg). In the most
developed industrial regions is observed local excess of background to 2,5 times. Maximum contents of
this element (1,0-1,2 mg/kg of soil) is noted on the distance up to 3-5 km from large cities. In flood
plains running through industrial centres, are also met an area polluted by heavy metals. So, for instance,
on separate areas of flood plain river Svisloch contents of the mobile forms of copper, zinc, cadmium
and other metals in a soil repeatedly exceeds maximum permissible levels.
On separate areas agricultural lands, joined to industrial centres and large animal husbandry complexes,
revealed significant increasing of contents of the mobile forms of copper and zinc. At the average copper
contents in arable soils of 2,1 mg/kg, improved hayfields and pasture - 2,4 mg/kg, on 260 thousands ha
of agricultural lands is observed surplus (more than 5,0 mg/kg) copper contents.
Cadmium contents in soils is found mainly at a level of the background (up to 0,5 mg/kg). In the most
developed industrial regions is observed local excess of background to 2,5 times. Maximum contents of
this element is noted on the distance 3-5 kmfromlarge cities and reaches 1,0-1,3 mg/kg of soil (or MPC
in countries of Europe 3 mg/kg).
Studies show that on separate areas of agricultural lands, joining to industrial centres basically and to
large animal husbandry complexes, has significant increasing of contents of the mobile of copper and
zinc forms (accordingly more than 5 and 10 mg/kg). Average contents of mobile copper in arable soils is
not great and forms 2,1 mg/kg of soil. Significant area (34%) of arable lands and forage lands (36%)
form soils, weakly provided by copper (less than 1,5 mg/kg). Weakly provided with zinc arable soils
form 55,0%, hayfields and pasture - 52%.
The lands of cities are the most polluted by the lead, zinc, cadmium, sulphates. Contents of polluting
materials in soils of cities variesfromminimum values (close to background) in regions of new buildings
to concentrations, in groups of ten times exceeding background in areas of influence of industrial
enterprises. On total indexes the most polluted soils of Minsk and Orsha, as well as Gomel, Vitebsk,
Bobrujsk, Grodno, Mogilev, Rechitsa, Krichev, Brest and others.
Main direction of soil protection from contamination is an eliminating of the sources of heavy metals
arrivals. In this plan the paramount value gains an organization of monitoring of soil pollution and
complex development of national actions on the land protection.
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The big damage to the national economy of Belarus has inflicted an accident on Chernobyl nuclear
power plant. On available data to 70% of radioactive throwings away has fallen out on the territory of
republic. As a whole in the area of influence of Chernobyl accident is rendered 62 administrative regions
(from 117), 739 agricultural enterprises and 50 (from 88) forest enterprises. The area of agricultural lands
polluted by the radioactive caesium with density of pollution one and more Ci/km^ forms 1,6 million,
ha,fromwhich 265,4 thousands ha at present translated from nonagricultural lands.
Pollution of a territory carries an even nature. There are events, when within small areas are met soil of
different contamination level. So, for instance, in the village Kolyban' Bragin region of Gomel area a
level of soil pollution with caesium-137 variesfrom4,7 to 65,5 Ci/km^.
The most aggrieved areas from Chernobyl catastrophe in the republic are Gomel and Mogilev area. In
Brest area to radioactive contamination was subjected south-east part of the territory too. In Minsk area
by places polluted 9 regions, in Grodno - 4 regions.
Territory pollution of republic by strontium-90 carries more local nature. Soil pollution by this
radionuclid at a level of 0,15 and more Ci/km^ revealed on areas 2110 thousands ha that forms
approximately 10% areas of Belarus. The lands polluted by strontium-90, fall within areas of
contamination by caesium-137.
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STRUCTURE OF A LAND FUND OF REPUBLIC OF BELARUS AND TENDENCY OF ITS
CHANGE
Georgy Ivanovich KUZNETSOV, State Committee for Land Resources, Geodesy and Cartography of
the Republic Belarus. 12 Krasnozvezdny Lane 220071 Minsk, Belorussia.

The land fund of Republic Belarus as of January 1, 1999 has constituted 20759,6 ths.ha.
The area of agricultural lands has constituted 9307,2 ths.ha, wood - 8366,2 ths.ha, bogs - 961,3 ths.ha,
under water - 477,1 ths.ha. In composition of agricultural arable lands occupy 6186,6 ths.ha (66,5%),
lands under constant cultures (gardens and small-fruits) - 124,3 ths.ha (1,3%), hay makings - 1294,5
ths.ha (13,9%), pastures - 1701,5 ths.ha (18,3%), deposits - 0,3 ths.ha.
For last 20 years in land fund of Belarus have taken place the significant structural changes caused by
change of system of the usual land relations, connected with introduction various patterns of ownership
and managing on land.
The common area of lands of the agricultural plants and citizens by the beginning of 1999 has constituted
11751,9 ths.ha. In the whole area of these lands, since 1975, was reduced on 1049,1 ths.ha.
The reduction of the area of lands of the agricultural plants and citizens is caused in the basic exception
them from composition of the lands which have affected to pollution by radionuclides as a result of
accident on Chernobyl NPS, by transfer of woods of collective farms and state farms to composition of
state wood industrial husbandry, exemption of lands for placement of economic objects, by their transfer
to composition of apart protected territories. The areas of agricultural lands of this category decrease
also. For the period 1975-1998 area of agricultural lands of the agricultural crops and citizens was
reduced on 530,8 ths.ha (5,5%). The area of arable lands for this period has increased on 439,9 ths.ha
(7,7%).
As a result of carrying out of land reform the areas of lands finding in possession and usage of the
citizens considerably have extended.
In management of the wood industrial husbandry by the beginning of 1999 lay 6832,4 ths.ha of lands.
The greatest specific weight in structure of lands of this category is on wood and other wood covered
lands - 91,5%. The agricultural lands occupy 45,0 ths.ha (0,7%), from which 12,4 ths.ha - arable lands.
The lands of an industry, transport, communication, the defenses and others occupy in structure of land
fund of republic 4,1% (846,4 ths.ha). With 1975 on 1998 the area of lands of the given category was
reduced on 67,6 ths.ha. In structure of these lands the wood and other wood covered lands occupy 323,1
ths.ha (38,2%), and built up territories, including roads, streets and areas - 248,7 ths.ha (29,4%).
The lands of nature protection, improving, recreational, historical and cultural prescription by the
beginning of 1975 occupied 316,0 ths.ha. By 1999 their area has constituted 678,3 ths.ha (has increased
on 362,3 thousand ha).
As of January 1, 1999 the area of lands occupied hydraulic engineering and others water husbandry
constructions constitutes 34,5 ths.ha.
The lands of a supply by the beginning of 1999 occupied 237,0 ths.ha, or 1,1% of land fund of republic.
The areas and structure of lands of a supply constantly vary. However most essential changes in this
category of lands have taken place after 1985, when their areas have increased almost in 2 times. First of
all, it is connected with including to land composition of a supply a part of lands polluted with
radionuclides as a result of accident on Chernobyl NPS. The area of these lands grows and as a result of
including them to composition of unrecultivative lands because of strong bogginess.
In the country it is required to realize reconstruction of meliorative systems on the area 890,1 thousand
ha, ameliorative improvement on the area 234,1 ths.ha, operating repair of draining systems on the area
311,6 ths.ha.
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PROTECTION OF SOIL AND LAND RESOURCES IN THE LAW
OF THE REPUBLIC OF BELARUS
Nikolai Vasilievich KUTSKO. Chairman of the Permanent Committee for Agricultural Issues of the
House of Representatives of the National Assembly of the Republic of Belarus. 11 Sovetskaya Street,
220010 Minsk, Belorussia.

The amended 1994 Constitution of the Republic of Belarus, which was adopted by the republican
referendum on 24 November, 1996 identified the need to formulate new laws, including the land laws.
Protection of soil and land resources of the Republic should be one of the focus of land related laws.
In compliance with Article 13 of the Constitution of the Republic of Belarus the depths of the earth,
water, and forests are an exclusive property of the country. Agricultural lands are owned by the state. In
other words, there is a state ownership of land which performs the functions of the basic means of
production in agriculture. The area of land guaranteeing food security and independence of Belarus
amounts to more than 9 million ha, or approximately 1 ha per capita.
Currently, there are the following fundamental acts valid in Belarus regulating land related issues and to
a certain extent also protection of soil and land resources: the Land Code of the Republic of Belarus; the
Land Fees Act; and the Farming Act. Following the adoption of a new Land Code of the Republic of
Belarus eight acts related to land issues became ineffective.
Also, there are several presidential decrees, government and Supreme Soviet of the Republic of Belarus
resolutions which deal with the regulation of land relations.
The new Land Code of the Republic of Belarus effective as of 1 January, 1999 regulates land relations
and fosters efficient use and protection of land, equal development of different types of farming,
protection and improvement of the environment, protection of land rights.
The Land Code contains a special section devoted to the protection of land as well as government
supervision over the use of land.
Protection of land encompasses the system of legal, organisational, economic and other measures aiming
at efficient use, prevention of groundless withdrawal of land from agricultural fund, protection against
harmful anthropogenic impacts as well as at soil reproduction and improvement of soil fertility.
Protection of land is based on a comprehensive approach towards land being complex natural formations
(ecosystems) taking into account zonal and regional peculiarities, aims and character of its use.
In compliance with the Land Code of the Republic of Belarus, land users, land owners as well as small
land holders must pursue efficient land management, recover and improve soil fertility as well as other
useful land characteristics; protect land against water and wind erosion, flooding, water logging,
salinization, drying up, compaction, industrial waste pollution, chemical and radioactive contamination,
against other destruction processes as well as take other measures.
The Land Code further stipulates that when constructing and putting into operation new buildings or
when reconstructing old buildings and when introducing new technologies with a negative impact on
land, land protection measures must be introduced immediately.
Putting into operation structures and buildings with a negative impact on land as well as introduction of
technologies without land protection measures against degradation shall be forbidden.
Location of structures and buildings with an impact on land conditions must be approved by land and
environment protection authorities.
There is a system of measures in place to provide economic incentives for efficient use and protection of
land. It aims at providing incentives for all types of land users, owners and holders to protect and
reproduce soil fertility, protect land against negative impacts of farming. The Republic of Belarus plans
to allocate funds from the state budget for land recovery; to exempt plots under agricultural development
from land fees; to provide preferential credits for reproduction of land fertility; to provide special
material stimuli for improving the land quality, land fertility and for environmentally friendly
agricultural production.
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State supervision over land use and protection in the Republic of Belarus is exercised by the State
Committee for Land Resources, Geodesy and Cartography as well as by its local offices and local
executive and administrative bodies.
The Republic of Belarus monitors its land in order to make assessment of land conditions, to work out
measures to support and reproduce soil fertility. It monitors the land conditions in order to provide for
timely detection of any changes in land, to assess land, prevent and remedy consequences of negative
processes. The monitoring is based on using the land register and at the same time it serves to improve
the register. The state land register is a database of information and documents on legal relations,
environmental status and agricultural use of land. It is used to implement land related laws, to regulate
land relations and to conduct land management. The land register data is used to determine rights to land
plots, to conclude business deals, to determine the land value and fees.
Land management plays an important role in the efficient use of land in the country. It encompasses the
following measures: developing prognosis and programmes for use of land resources; preparation of land
use projects and recultivation of damaged land projects; improving the soil fertility; transfer of land plots
to municipalities and preparing documents confirming the ownership rights for land; assessment of land,
drawing up an inventory of land, supervision of land management schemes and projects, etc.
Land management measures aiming at implementation of a single state land policy and having a nationwide importance are funded from the state budget.
Currently, the Republic of Belarus is working on the preparation of the following bills: Land Register
Bill, Agricultural Production Bill, State Policy on Ensuring Soil Fertility of Agricultural Land Bill.
The Land Fees Act of the Republic of Belarus stipulates that collected fees shall be used first of all for
land protection and for increasing land quality as well as for material stimuli for land owners, land users,
including leaseholders and land holders, to take land protection and quality improvement measures, for
land management and social development of the area.
The Farming Act of the Republic of Belarus places an obligation on farms to use the land in an efficient
way in accordance with its purpose and to improve its fertility, to use environment protection
technologies, to prevent deterioration of environmental conditions due to agricultural activities.
The law of the Republic of Belarus also stipulates that persons or entities that fail to take soil and land
protection measures or that intentionally deteriorate soil conditions shall be made liable in an
administrative or criminal proceeding.
Thus, the Republic of Belarus has strict rules for land relations management aiming at protection and
improvement of agricultural characteristics of soil and land resources.

BOSNIA AND
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83

SOIL DAMAGES IN BOSNIA AND HERZEGOVINA AND THE ACTUAL PROBLEMS OF ITS
PROTECTION
Prof. Dr. Husnija RESULOVIC, Faculty of Agriculture. Institute for Soil Science and Land
Reclamation. 6 Dolina 71000 Sarajevo, Bosnia and Herzegovina. geodis@bih.net.ba

INTRODUCTION
The basic function of soil is the production of food and fiber in the agriculture and forestry. Soil is used
for other purposes such as: building the settlements, industry, roads, water accumulations, extracting raw
materials, various wastes disposal, etc. As emphasized by Blum (1998) the function of soil is complex
with the emphasis on ecological and technical function. Today, the question is raised - how such
competition among so many demands on the soil can be harmonized? It is an imperative of today to raise
the question - how can soil resources be controlled rationally? The existence and the future of the
humankind are limited by food, soil and water of good quality. Unfortunately, these resources are reduced
on daily basis. Damage to and the physical loss (pedocid) of soil are problems which press all the
countries in the world. The data that soil fund on the Planet is decreased by cca 7 million ha annually
certify of that (Kovda, 1983). Especially important question in these harmful processes is how it is
possible to protect the soil. Unfortunately, we need to emphasize immediately that there are no absolute
measures for soil protection, and that the processes of soil damages will win in the future as well.
Namely, increase in population, development of technology and industry, and the exploitation of minerals
will be more intensive. Respectively, our needs for products, goods, energy, etc. will increase. However,
this battle is not lost, because it is possible to protect the good quality soil with other measures. This
Conference is also aimed at the Soil Campaign - to improve the measures for the protection of one of the
most important natural resources - calling for the international solidarity regarding the soil damages.
It is necessary to bear in mind that the soil resources are limited and easily devastated commodity.
Bosnia and Herzegovina is very poor in good quality soil. The standing ratio is 0.58 ha of agricultural
land per capita, or 0.27 ha of arable land per capita.
The land inclination is a particular problem, with 84% of all the territory with the inclination above 20%.
These are the critical slopes in the aspect of damages caused by water erosion. In regards to the altitude
hilly-mountainous configuration dominates (82%). Soil with unfavorable water regime occupy over
300,000 ha of the territory of the Republic. Technogenous deserts cover appx 20,000 ha.
This paper focuses on the following problems:
-

conditions of various types of soil damages in Bosnia and Herzegovina,
causes of their development, consequences for land, and the measures of protection,
ongoing trends in soil degradation,
priority project connected with soil protection and revitalization.

I CONDITION OF VARIOUS TYPES OF SOIL DAMAGES IN BOSNU AND HERZEGOVINA
AND THEIR CONSEQUENCES
Bosnia and Herzegovina covers the total area of 5,112 900 ha. Agricultural area covers 2,525 000 ha
(52%), while forests cover 2,331 000 ha (48%). Karstic fields occupy the area of 100,000 ha. Automorph
soils are dominant with 88,8%, while hydromorphic soils cover 11,2%. 46% of the area are acid soils.
Shallow soils occupy appx. 650 000 ha. There are no tschemosem and saline soils in Bosnia and
Herzegovina.
Regarding various causes of soil damages in Bosnia and Herzegovina it is possible to distinguish four
specific categories:
-

soil
soil
soil
soil

infection,
contamination,
degradation,
destruction.

This classification is not only important from the theoretical aspect, it is also significant in the application
of the practical measures related to the reclaim of soil damages.
Soil infection develops by importing into soil various parasites, bacterial and viral, which can effect the
health of people, especially children.
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Soil contamination includes damages caused by importing various pollutants into soil. It occurs in three
aggregate conditions, i.e. solid, liquid and gaseous. The imported agents are of inorganic and organic
origin. Indications on the soil are connected, in the first place, with the aggravation of biological and
thereafter, chemical and physical properties.
Soil degradation, singled as a special process of damaging, refers to the consequences caused by various
acts of cultivation and use in the agricultural production. This type of soil damages causes aggravation of
all soil properties.
Soil destruction is the hardest type of soil damages. The soil as a natural body completely disappears as it
is physically lost. It represents the death of soil and is ranked as pedocide. It is caused by: construction of
settlements, roads and water accumulations, industry, surface mining, etc.
It is necessary to emphasize that the distinction among these types of soil destruction is not sharp as
aggravation of soil properties occurs in each case. This classification is important for the intensity of the
effects on soil and the measures of soil rehabilitation.
The review of soil damages in Bosnia and Herzegovina is presented in Table 1.
Table 1. The review of causes and consequences of soil damages
INFECTION
parasites
bacteria
virus
liquid
manure

CONTAMINATION
heavy metals
acid rains
pesticides
radionuclides
fertilizers
industrial
wastes
municipal
wastes

DEGRADATION
leaching
of
CaCOs
humus loss
leaching of clay
surface erosion
furrow erosion
deflation
wrong cultivation
density
compaction
creating
of
puddles
unstable structure

DESTRUCTION
surface mining
disposal
of
overburden
gully erosion
settlements
industry
airports
roads
water
accumulations
playgrounds

The annual loss of soil in Bosnia and Herzegovina is appx. 3,000 ha, which is 0,12% of agricultural soil
or 0,06 % of the whole territory of the Republic.
1. SOIL DEFECTION
As an individual cause or process of soil damaging we named soil infection. This term determines the
process of soil "un-cleaning" by various parasites. This process can cause several illnesses. The
phenomenon of soil infection is markedly present in the urban parks, children playgrounds. The infection
may occur on the agricultural land as well, in particular when liquid manure is used and irrigation made
with waste waters. Mihalic has given some data about this problem. Virus of striangle (foot and mouth
disease) (and foot rot) can survive in liquid manure even up to 103 days, while the virus of African pork
plague to 160 days. The bacteria Brucella has survived 35 days, and Salmonella up to 10 months. The use
of fresh liquid manure is particularly risky.
Zuko et al (1998) researching parasites in soil (the area of Sarajevo) found larvae of some Nematodes
species: Toxocara canis and Toxocara cati. The results showed that urban and rural areas of Sarajevo
Canton are contaminated with developing forms (eggs, larvae) of two species Toxocara sp. and Trichuris
sp parasites. The measures of protection are: examination of coprolite excrement, regular dehelmintacion
of dogs by application of remedies.
One of the new disciplines of Soil Science is called "Soil Hygiene" as its goal is to look into the effect of
these matters in the soil on the health of people (Vucic, 1992). As a consequence, such situation leads to
the people and animals getting ill. When the soil is in such a state, the production of healthy and good
food is imperiled. Lag (1986) also introduced a new term "Geomedicine", which deals with the
investigation of geographic distribution on the health of people and animals.
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Table 2. Eggs and larvae of parasites in soil in the area of Sarajevo (Zuko et al, 1998)
MUNICIPALITY

NUMBER
Toxocara sp.
1
2
OF SITES
18
Stari Grad
10
50
27
10
67
Centar
10
13
67
N. Sarajevo
23
87
N. Grad
10
No. 1 = Number of positive out of 10 samples
No. 2 = Average number of found nematodes eggs and larvae

Trichuris sp.
2
1
2
3
2
7
1
1
-

Nematodes larvae
2
1
7
5
7
12
1
2
9
15

2. SOIL CONTAMINATION IN BOSNL\ AND HERZEGOVINA
This problem in Bosnia and Herzegovina has been worked on only partially, in some regions. The
surveys were focused on the following problems:
-

soil contamination
soil contamination
soil contamination
soil contamination

in the industrial regions,
in the vicinity of roads,
in urban area,
in hilly-mountainous region.

These surveys were mainly concerned with the determination of the content of heavy metals and sulfur.
Heavy metals included: Pb, Cd, Co, Cu, Ni, Zn and Mn.
Here are some data from these surveys.
2.1. Soil contamination in the industrial regions
This survey was made in one part of industrial region of Zenica (Ivetic, 1992). Samples from various
distances from the center of emission were taken for soil analyses:
5.2 km, 6.6 km and 16 km. The survey included acid and alkaline soils. The results are presented in Table
3.
Table 3. Content of heavy metals and suplhur in the industrial zone of Zenica - layer 0-10 cm
SOIL TYPE
Rendzina
Enteric cambisol
Distric cambisol
Limit value

DISTANCE FROM CENTER
OF EMMISSION (km)
5.2
6.6
16.0
-

Total amount in mg/kg of soil
Zn
Pb
Cd
Co
117
8.6
266
42
5.9
176
32
60
6.8
190
56
38
3
300
50
100

S
572
350
345
100-500

2.2. Soil contamination in the vicinity of roads
This survey was carried out in the area of Sarajevo. 9 sites were included, with the distances from road of
50 and 100 m. The data are given in Table 4.
Table 4. Content of heavy metals in the vicinity of roads - in the layer 0 - 10 cm
Site

Distance from
road(m)
50
50
50
50
50
100
100
100
100

Total amount - mg/kg of soil
Cu
Zn
Mn
Pb
1 Plandiste
31.6
15.0
59.6
188
2 Hadzici
20.4
42.8
50.6
336
3 Vukovici
87.4
38.9
276
15.6
4 Kamenica
25.6
520
27.0
46.1
5 Radova
172
58.8
9.6
38.9
6 Vrbanja
32.8
25.3
372
12.0
7 Semizovac
26.4
45.2
386
24.6
_8 Betanija
16.4
182
23.5
13.8
9 Rajlovac
20.8
94
25.2
39.8
Limit value
100
60
300
850
"
It can be seen from the table that no content exceeds the limit values. It implies that the future surveys
ought to be carried out closer to the roads, for example 5-50 meters.
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2.3. Soil contamination in the urban zone
This survey was carried out mostly in the parks and children playgrounds. The results are given in Table
5.
Table 5. Content of heavy metals in the urban area of Sarajevo - in the layer 0 - 10 cm
Site
At-mejdan Bistrik
Kosevo - DDF
Vojna ekonomija Otoka
Glavni park
Park II gimnazija
Stara Vojna bolnica
Alipasino Polje
PTT inzenjering
Velepekara
Vraca
Pehlivanusa
Limit value

Total amount - mg/kg of soil
Zn
Cu
54.0
115.5
25.2
84.0
36.0
83.0
21.6
56.7
36.6
95.5
43.2
208.0
32.4
78.7
3.6
85.0
57.6
210.0
36.0
117.6
97.6
255.1
300
60

|

Mn

Pb
192.8
96.4
16.0
144.6
128.5
208.9
80.8
112.4
83.0
80.3
208.9
100

1

670
965
722
978
626
796
774
830
804
1,144
617

850
1
It can be seen from the Table 5 that the content of lead, manganese, and in some sites copper exceeds set
limit values.
It is particularly important as some of these sites were used for growing of legumes during the war. It is a
very significant question - weather the consumption of legumes raised on these contaminated surfaces has
led to the contamination of people?
2. 4. Content of heavy metals in soils of hilly-mountainous areas in the eastern part of Bosnia
In this survey soil was sampled from the depth of 0-10 cm. Two soil series were included in the survey:
on limestone and on silicate acid parent materials. Soil types were located on various altitudes. (Cengic,
1996).
The results are presented in Table 6.
Table 6. Content of heavy metals in soils of hilly-mountainous regions of Eastern Bosnia
Soil type and altitude
inm
Rendzina
440 - 2297
Kalkocambisol
470-1795
Ranker
425 -1354
Distric cambisol
400 -1375
Limit value

Total amount - mg/kg of soil
Pb
Co
Ni

Zn

Cd

Cu

|

39.44

23.47

61.96

154.00

1.97

34.46

48.38

25.51

48.02

172.88

2.02

33.32

27.50

19.16

27.10

115.50

0.91

27.86

41.14
100

23.00
50

37.44
50

156.43
300

1.19
3

37.61

1

60
1
In some sites (rendzina) an increase in nickel content was established. Values which exceed limit values
were not found in other sites.
3. SOIL DEGRADATION
As mentioned earlier the problem of soil degradation is related to the soil use in agriculture. The use of
various machines, farming on inclined surfaces, especially growing crops in rows, has led to unfavorable
physical, chemical and biological soil properties. The consequences of that are: decrease in humus
content, increase in acidification, soil compaction, decrease of water permeability, unstable soil structure,
decrease of aeration, development of surface and furrow water erosion, etc. There is a possibility of
heavy metals accumulation, especially when phosphorous fertilizers are used; copper accumulation when
agents for the protection from plant diseases are applied, accumulation of pesticides, etc.
These changes have negative effect on soil fertility and yield.
4. SOIL DESTRUCTION
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This type of soil damages is the hardest, because it means physical disappearance of soil, namely
pedocide. It is possible to distinguish two subgroups in correlation with the degree of damage:
temporary loss of soil
permanent loss of soil.
Temporary soil losses occur when the soil is not used in agriculture and in forestry for a certain period.
Permanent soil losses occur when the soil disappears forever. This is the hardest form of soil loss,
because the agricultural production is lost on these surfaces as well.
Table 7 shows soil losses inBosnia and Herzegovina, in relation to the temporary and permanent
disappearance.
Table 7. Soil losses in Bosnia and Herzegovina - ha/year
ha
900
300
600
300
300
300
300
3,000

CAUSE OF SOIL DAMAGES
- surface mining
- disposals
- settlements
- water accumulations
- roads
- industry
- others
Total

%
30
10
20
10
10
10
10
100.00

4.1. Surface mining and soil damages
Surface mining is particularly difficult type of soil damages. In this kind of works some surfaces are
frontally attached, so it is not possible to separate the surfaces with the best soil. The results of these
activities are visible in the field in the form of craters, over 300 m in diameter and more than 200 m deep.
This devastated area appears like moon surface. We have designated these technogenous terrains as
techno-ecological deserts.
4.2. Settlement and soil damages
Building of settlements and industry - is especially intensified in post-war period (i.e. after 1995).
Namely, migration of population was intensive during the 4-year war activities and their concentration
got quite high in some areas. It was necessary to build new houses for this population. This is especially
hard because the new buildings are mainly built on the flat terrains, where the soil is the most valuable. A
completely wrong principle that construction is more cost effective in such places prevails.
Representatives from the individual communities favor such actions. The situation is made worse when
such actions are based on political motive (construction of settlements in the area where the population of
one ethnic group is concentrated). These activities lead to the huge devastation of very good soil (I-III
suitability), cutting of orchard, vineyards. This was the standing trend in the past which continued in the
presence. Active laws cannot be applied, especially those that are related to the soil protection.
Unfortunately, political motives are more important it these actions. It is questionable whether it is
possible to stop such activities. The consequences may be very hard in the end.
We would like to emphasize that there is very little good soil in Bosnia and Herzegovina. The following
Table presents the data about the distribution of soil regarding suitability.
Table 8. Categories of soil suitability in Bosnia and Herzegovina
SOIL CATEGORY

i-m
IV
V-VI
VII - VIII
Total

ha
725,110.00
910,703.00
2 455,783.00
992,014.00
5 083,610.00

%
14.0
17.9
48.5
19.4
100.00

It can be established from the table that the first three categories cover 725,110.00 ha or
14 % . I - IV categories include 1 636,813.00 ha or 31.9 %, while V - VIII categories cover
3 377,797.00 ha or 54.2%.
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4.3. Roads and soil damages
In this section the next issues are discussed:
- the effect of roads on the surrounding land,
- the importance of choosing the direction of the road before the construction.
4.3.1. Effect of roads on the soils
As it is known - movement of vehicles along the roads may cause the processes of soil contamination
with lead, various oils, salts. It is possible that these damages are present at appx. 100 meters on each side
of the road.
Besides, the construction of roads leads to the permanent soil losses. Each kilometer of road, 20 m wide
destroys 2 ha of soil. Also, physical destruction includes the processes of soil contamination along the
roads, 100 m on each side of the road, which means that the surface of 20 ha is potentially contaminated
for each kilometer of the road.
Very important question is - how much is the quality of the agricultural production endangered nearby
roads?
Some of our surveys of soils nearby roads in the area of Sarajevo, 50 and 100 mfi-omthe road did not
show amounts of heavy metals that exceed limit values.
4.3.2. The choice of the direction of the road at construction
In the period after the war (1995) - the process of construction of new road net was accelerated. It is
especially important to consider the quality of soil in the direction where road is planned.
The knowledge of soil quality ought to take important place in such actions. It is questionable whether we
comply with this principle in the practice? Unfortunately, there is no communication between soil
scientists and land planners. In majority of cases other conditions prevail (economical, political).
Stronger laws would be needed to bring these two demands in harmony. It is important to emphasize that
the soil is not renewable natural resource, and that development of soil takes thousand years.
4.4. Industrial wastes and soil damages
Industrial wastes are specially important in Bosnia and Herzegovina such as:
- fly ash and slagfrompower plants,
- red mudfromaluminum industry
- iron slagfromiron industry.
The area of soil covered with these wastes are:
Total

fly ash and slag
red mud
iron slag

900 ha
1,000 ha
200 ha
2,100 ha

Disposal of fly ash and red mud are particular problems. These two materials are silty, and very mobile in
dry condition. They are transported on large distances, and deposited on the agricultural and forestry
cultures. Diseases of sheep that graze on such pastures are known of. Namely, the phenomenon of bloody
urine occurs in sheep. The particles of fly ash adhere to grass and sheep consume it during grazing.
Red mud - the waste of aluminum production, has large content of soda and is therefore very toxic. It also
contents large amounts of aluminum.
Iron slag formed in the process of steel production covers a large area. It contains CaCOs, as well as
phosphorous, that may be used in controlling acid soils.
5. AMELIORATION OF SOIL DAMAGES
In the area of Bosnia and Herzegovina more than 10,000 ha is damaged by surface mining. Today, this
area represents real ecological deserts.
In the discussion of this problem we wish to define certain terms:
- eurecultivation or real recultivation
- semirecultivation
- spontaneous recultivation or natural revitalization.
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Eu-recultivation includes application of such measures which lead to the total amelioration of devastated
soils. This process includes three phases: technical, agrotechnical and biological one. Thus, the total
devastated area is renewed and it is possible to establish agricultural or forestry production.
Semi-recultivation is considered a segment of eurecultivation, and mostly includes only biological phase.
It is realized by planting forestry cultures, but the landscape remains unarranged, i.e. the craters and
disposals of overburden materials remain.
The spontaneous recultivation or the natural revitalization of land is the situation when the damaged
landscape remains in the chaotic condition. Than the vegetation grows spontaneously such as: Tussilago
farfara, burdock, etc. This way of recultivation has useful effect, because the plant cover decreases
development of water erosion.
The surfaces included in real and semi-recultivation:
- real recultivation
appx. 1000 ha
semirecultivation
appx. 300 ha
Total
appx. 1300 ha
According to standing legislation only the real recultivation is obligatory. Today, on the recultivated
surfaces are orchards, arable crops, as well as meadows. One part of this area is forested. Until recently
recultivation was based on, so-called direct recultivation, i.e. without the application of layer of natural
soil. Marl overburden was present in these cases. Green manure and fertilizers were used.
During the exploitation of various raw materials, it was not taken into account that the layer of fertile soil
was taken off as well. Natural soil is lost in large amounts of overburden materials, which is a great loss.
Recently, there is a tendency that the fertile layers are separately cut out, and deployed in special
locations. Soil maps and the maps of soil sustainability in the large scale (1: 10,000 and larger) were
worked out for this purpose.
5.1. The arrangement of whole devastated area
Surface exploitation of various raw materials causes damages to the whole area, namely damages to the
soil, plant cover (including forests), change in rivers, relocation of settlements, roads, etc. Rehabilitation
of such damages is necessary.
The following measures can be applied here:
- use of such area in agriculture,
- use in forestry,
- construction of water accumulations,
- for recreation etc.
An example of arrangement of damaged landscape is area near Tuzla. Reservoirs were established that
are now used for fish farming.
5.2. The remediation of contaminated soils
Generally, most of Bosnia and Herzegovina is not polluted. The contamination is found in the area of
industrial and urban zones. Biological remediation is used on the polluted surfaces. Namely, crops that do
not accumulate heavy metals in the eaten parts are planted. Chemical agents are applied on smaller
surfaces, for example lime on acid soils.
n PRESENT TENDENCIES OF
PROTECTION FROM DAMAGES

MOVEMENT

TOWARDS

THE

GOAL

OF

SOD.

What is the care about the soil in Bosnia and Herzegovina? Problems of soil degradation and the interest
of the State is not well accepted and understandable. Meanwhile, the problem of protection of waters and
air is given a great attention. What are the causes of such behavior? It is possible to give a few
explanations:
- people feel the problem of water and air contamination stronger, when it is easier to establish
whether the water is clear or not. The situation is similar with air, because its changes are felt everywhere;
- there is an opinion that there is much soil, and is not necessary to take such problems seriously.
It was especially important to emphasize that by the State and Society when spoken about soil damages
and contamination. Namely, it is taken from the other members of the eco-system, i.e. water and air. The
problem of degradation, especially soil destruction are less present, although they bring about much
heavier consequences to the soil. As the soil destruction is harder, they become so serious that they
demand very quick action for their solving.
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1. Relation of state institutions to this problem
Understanding and approaching the problem of soil protection from degradation is given very little
attention by the political organs of the State. It adopted several laws in this domain, however, they are not
sufficient in application.
In the Agricultural law it is clearly stipulated when the intention of use of agricultural soil can be
changed. Also, the significance and the compensation for such changes are closely denoted. The Law
denotes the intention of gathering means, that can be used for recultivation. The Law stipulates that it is
necessary to make special effort to protect the fertile soil layer at the works connected with the temporary
and permanent change of soil use. It is emphasized that this fertile soil layer must be removed so it can be
used on less fertile soil.
There are good proposals in this direction connected with the soil contamination, that emphasize "the
polluter pays damages". Meanwhile - the application of these regulations is weak. It does not consider
fertile layer of soil, which is destroyed and which disappears in the mass of overburden materials. Also,
the compensation for devastated soil is often not used for specific purpose as intended. The consequence
of this is that the small fund of good quality soil is getting decreased continuously.
2. The scientific level related to the soil protection
Science is present in the process of solving the problem of soil protection, with a few projects:
inventarisation of the condition of soil damages,
- recultivation of soil damages,
- recultivation of disposals of fly ash from power plants,
use of small particles of lignite as a fertilizing and amelioration agent,
survey of quality of overburden materials and their potential for recultivation,
inventarisation of distribution of techno-ecological deserts and the measures of their amelioration,
- determination of the priority for the demining measures,
- introduction of Soil Information System,
survey of soil infection condition in the urbane zone.
It is worth mentioning that the Soil Science Society of Bosnia and Herzegovina has organized a scientific
symposium with the title 'The use of soil and water in the function of sustainable development and the
protection of environment" in 1998. This Symposium was attended by participants from Europe, Asia and
the USA.
n i THE PRIORITY PROJECTS RELATED TO THE PROTECTION AND AMELIORATION
OF SOIL
Some priority works related to the measures of amelioration of damaged soils are the following:
- demining of area, from the aspect of protection of people lives, as a work that should be given
priority. It is focused on the agricultural land with high quality soil. Namely, the goal is to establish
normal agricultural production on these soils;
- reforesting of area, especially on the inclined surfaces. During the war forest cover was devastated.
In most cases that process had the feature of so-called "total cut". This negative trend has continued and
became even more intensive in the postwar period. This lead to the intensification of water erosion and
land sliding. For that reason these measures are included in the priority works;
- protection of good soils from the intensive houses construction. Construction of settlements became
intensive in post-war period. This is a consequence of great migration of population and their
concentration in the certain area. This process is so developed that orchards and vineyards are under
attack. They are cut down to give place to new houses. This process is particularly drastic in carst fields
(Herzegovina) where there is little good soil. The major difficulty of this problem is that it is dominated
by political organizers as opposed to professionals. The expert organizations make efforts to stop this
aggression on soil, unfortunately, there are no visible results of such actions;
intensifying the processes of recultivation of damaged soils - as previously mentioned the area of
soil damaged by surface mining has accumulated to more than 10,000 ha. Up to date only appx. 10% of
this surface is recultivated. Intensification of the recultivation process also belongs amongst priority
nieasures. This measure is regulated by law. Meanwhile, nearly one decade nothing has been done. There
are some objective reasons for this. Namely, the war activities have not permitted it during the war, and
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after the war the solutions of some other problems had the priority. Now, it is expected that these
measures will be initiated;
recultivation of fly ash disposals - the disposals of fly ash cover more than 1000 ha. Its presence has
caused many consequences in the ecological sense. The proposed solutions are based on covering the fly
ash with natural soil or with overburden materials from the surface mines in the vicinity. Average depth
of this deposit layer is 25 cm. One part of such recultivated fly ash is used for the grass-legume mixture,
and for forestry;
change in way of use of inclined areas - the area of Bosnia and Herzegovina is predominately hillymountainous region - above 80% of the total area, appx. 85% of this area is on the slopes with the
inclination above 20%. Cultivation of raw cultures (potato, maize) on these inclined surfaces leads to the
phenomenon of water erosion. In order to decrease these hazard processes, the Strategy of Agricultural
Development plans the change in previous use of such area. The change is planned in meadows and
forests. The carrying out of these measures will be gradual, where primarily change of cultures on the
slopes above 30% is planned.
- introduction of Soil Information System - the basic soil map was made in the scale 1:50,000. It
includes 116 sheets and commentaries with over 7,000 000 data. These data include physical and
chemical properties. This project is expected to be realized in this year. It will be supported by FAO. This
way, the data will be better used for various practical purposes;
survey of condition of contaminated soils - another project that will be supported by FAO was made
for this purpose. The plan for this year is to elaborate a map in the scale 1:25,000. This map will include
agricultural areas;
- establishing the condition of damaged areas - in this project we will make an inventarisation of soil
damages. It is planned to elaborate a map in the scale 1:25,000 for this purpose. This project will last for
two years.
Finishing this presentation we expect that this Symposium will bring to the improvement of our relation
to the soil. In this respect it is important to activate and advance our care about the soil, because the soil
is the basic natural resource, and existence and life on our Planet depend on it.
The protection and arrangement of soil is not a unique measure, and it includes wider range of various
and complex measures and it represents conditio sine qua non of soil revolution. Soil revolution is not
only represented in the procedure of technical-technological nature, it has occurred deeper, wider and
more complex processes which exceed this framework and enter the sphere of deeper political, social and
ownership relations.
Soil is important natural resource for our life, and it must be the object of our thought-out planning. It
requires that the responsible governments take into account not only short-term users but that they assert
inter-generations long term soil protection in such manner that its production capability is increased or at
least kept at the present level.
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INTRODUCTION
The situation in Bosnia and Herzegovina is very complex and request a big restructuration of each part of
society. The high level of uncertainty and unpredictability concerning the future path of political and
economical development are the rule not exception. In the scope of that fact we have to think about and
to develop a good land management practice as a perquisite for sustainable development of natural and
human resource. Nowadays it seems to be "mission impossible". Why? The answer is based on the simple
fact that resources and environmental systems are immeasurable complex involving physical, biological,
social and political components. The mistake made in putting all components together in one operable
system may lead to inappropriate, expensive and unsuccessful attempts to achieve sustainable
development. In Bosnia and Herzegovina all these components are more or less ruled by chaos. That is
why the creation of the good land management system seems to be very hard tasks with big chance to fail.
But, we have to do something and try to reach our objective sustainable development of whole society.
The major objective of this short discussion is to present the constrains and to give possible solutions and
to set up priorities in the whole process of establishing sustainable land management practice.
PROBLEM ANALYSIS
Explaining the political situation in Bosnia and Herzegovina, its roots, development and impact on future
development will take a too many space and in the end of the day that request the team of experts
working together. That is why here will not be discussed the political situation in detail, the impact of the
political framework on land use.
The problems concerning the quality of land management and land use are very complex and numerous.
The roots of these problems are very different. But, the root of the most problems can be find within the
weaknesses of political framework. Our intention is to deal with this kind of problems. Any way, in order
to give some solution it is needed first to identify the problems.
It can be drown down the few the biggest reasons of aw^l situation concerning land use, land protection
and development. These are as followed:
1. The Dayton agreement
Terrifying war in Bosnia and Herzegovina, killing, destruction, and aggression was stooped by the
Dayton agreement, document defining the political structure of Bosnia and Herzegovina. According to
the Dayton agreement the Bosnia and Herzegovina is state consisted of two entities: Federation of Bosnia
and Herzegovina and Republic Srpska. The both of them got a big level of autonomy and the state of
Bosnia and Herzegovina got a rule of some ambrela (coordinating) organization. That means the whole
responsibilities for the land use and land management are given to the entities. Cantons are empowered to
deal with land management issues, but in reality very often final decisions are made on the level of the
municipality.
Also, it have been emphasized that between a two entities have no any real cooperation and coordination
of activities. The result of such political framework is:
• there is no possibility to establish and implement the any consistent policy on the whole Bosnia
and Herzegovina territory. But, we all know very well that the sustainable land use and
management system can be efficient only if whole territory of the country follow a certain
common framework.
• there is no any cooperation between Entities and Cantons in the process of environmental
problems solving
• the decisions on land use are made on the level of municipalities with no obligation to follow the
Bosnia and Herzegovina land use plan. The result is that no any control how land is used and the
best land are using for development, the inappropriate land is used for the dump site etc. All that
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makes a problem of land use more complex and the process of land destruction is going on with
rapid acceleration and high speed.
•

and decision making cycle is broken and there are no political wiliness to establish it again.

2. The war
During the war a lot of land was endangered by building the fortification objects. The heavy military
weakness made big impact on land quality and accelerate different kinds of soil degradation. Also the big
problem now in Bosnia and Herzegovina are the mine field. It is assessed that 200,000 ha is under mine,
and that is mostly very valuable land for agriculture.
Also, during the war the different system for flood protection, drainage or irrigation systems are
demolished and out of function due to lack of maintenance during the war .
One very important fact, which have to be outlined is depopulation of rural areas due to military activity
or process for which politicians use polite sintagma "ethical cleaning". The number of killed people
during the war is estimated on 200,000 and number of displaced people is estimated on 1,700,000.
According to official data the 700,000 of people are refugees living somewhere out of the country and
one million of people were forced to change living place within the Bosnia and Herzegovina. That means,
during this five war year the rural areas was abounded and all positive negative impact of that are
occurred.
3. Past agrarian reforms
From the Austria-Hungarian period till nowadays there were enforced a few agrarian reforms. All of them
had a one common characteristic: result. The result of all of them was making land plots smaller and
smaller and increasing the number of land owner.
The last agrarian reform enforced in 1953 put ownership limit on maximum 10 ha or with exception the
15 ha. The result of that measure was high increasing of farms (in 1895 there were 215,748 farms and in
1991 there were 569,581 farms or 2,64 times more). The increase in number of farm was leading in
decrease of land size of farm and in 1991 the average land size of farm was 3 ha. This agrarian structure
is very unfavorable for implementing modem agromelioration techniques and protection of land.
4. Past agricultural policy
Most of past agricultural policies enforced on the Bosnia and Herzegovina territory was done in
according to the major objective of whole society: industrial development. The results of such
agricultural policies were depopulation of the rural areas, aging the rural areas, bad infrastructure of rural
areas and big difference in life conditions between the rural areas and towns.
Also, the objective of the past agricultural policies was increasing the state land ownership and remaining
law food prices in order to increase living standard of industrial workers. All this slow down the
agricultural development and discouraging investment in land protection.
5. Weakens of tlie political institutions
It is obvious that there no clear and common base line what is the Bosnia and Herzegovina and why will
be the Bosnia and Herzegovina for all domestic political parties as well as the goals of the international
policy in Bosnia and Herzegovina are not consistent and well defined. That is why there no political
wiliness to establish good, efficient institutionalframework,well and suitable government organizational
scheme. The main impact of these is very slow policy making process and very slow rebuilding of
legislation.
The law about restitution as one of the most important law concerning the land is not passed yet.
6. Weakens of institutional framework
The government is organized in a way that responsibility for the land use and land management is divided
between a few Ministries. That is why there no clearly defined responsibilities for establishing and
enforcing the sustainable land use system and land protection. In Federation of Bosnia and Herzegovina
very good and strict law about protection of agricultural land was created and passed. But, now new
problem is created - who will be responsible to enforce that law and how enforcement will be organized
on the level of Cantons or municipalities.
The existing land use plan is old one and its modification is needed, but biggest problem is missing of
procedure and means for enforcing the plan. That is why nobody care about existing land use plan and the
most of the land is inadequate used. Especially, agricultural land is misused and from year to year that
land is more and more used for the housing.
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And also there no Institutions which take permanent care about the land quality, land destruction, level of
erosion etc.
Also, there no informational system about land and land use.
The land administration system which objective is land recording, cadastral information. The land
administration system is prerequisite for a land market establishing, which have important role in a whole
integral system of land management.
There no extension services which main objective is improvement of agricultural practice. Present land
management practice is very poor and have to be improved, by intensive education of farmers. The
establishment of good and efficient extension services is needed in order to protect agricultural land.
7. Landscape of Bosnia and Herzegovina
Bosnia and Herzegovina is mainly mountainous country. The most of agricultural land, about 62,1%,
belonging to mountainous agricultural region (attitude above 700 m.a.s.l.) The slope of the major part of
agricultural land is more then 12°, which is the limit for tillage use. All these make a problems
concerning land management more complex and harder to solve.
From all mentioned before it can be concluded that a main problems concerning the land use system
establishing are as followed:
•
•
•
•
•
•
•
•
•
•
•
•

there no cooperation and coordination between the entities. Cantons and municipalities
the slow process of law drafting and passing the laws
the responsibility for land issues is divided between a few ministries
the land use plan is old and without possibilities for enforcement
disappearance of land caused by misuse of land
endangers land due to military activities and land mind
there is no restitution law
there is no land administration system
there is no land market
the agricultural land management practice is poor
number of land plots are increasing, and the average size of land plots are decreasing
processof rural areas aging

FUTURES STEPS AHEAD - possible solutions for policy development
It is obvious that problems concerning land use and land management are very complex and the solving
should start by improving the political framework and government efficiency.
The first step in building path for future sustainable land management is the establishing inter ministry
bodies in charge for land use and management. This process is not easy and strongly depend on the public
awareness and pressure. The NGO had a strong and very important role in the process of discovering the
real situation and explaining what it means for Bosnia and Herzegovina future for the future of our child.
The second step is building land use plan, which should be long term and included all different aspect of
land use and land management. In following scheme it is presented the process of land use plan making.
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Scheme 1. Development of land use plan
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The land use and management plan should be develop in a few different alternatives which will predict
few
different scenarios concerning the population growth, economics development, use of natural resources
and environmental protection.
But, the key point in the development of the land use plan is development of systems for enforcement its
implementation. In the process of making strategical decision on each administrative level the plan should
be respected. Only, if all decision makers would respect and implement such plan the whole situation will
be improved and sustainable land management system will be introduced.
This lead as to next point crucial in the process of improvement of government efficiency. The
establishing decision making cycle. Usual decision making cycle should look like as it is presented in the
following scheme
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Scheme 2. Decision making process
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This decision making cycle request introducing the management system with implementing, monitoring,
controlling, and improvement activities. That means, improving decision making cycle will lead to the
putting all different components threw around in one operable management framework, and that will
improve a situation a lot. The NGO and Bosnia and Herzegovina public have to make a big pressure
requesting for a higher efficiency and transparency of government work. That will for sure lead to
establishing a usual operable decision making cycle and building step by step whole efficient
management system, and communicational links between different administrative units.
The proper and good legislative is prerequisite for any attempt to reach sustainable development, and to
improve a structural problem solving process. The few very important laws for land and land use is
missing. One of them is law about restitution. That law is very important and will have a big impact on
the organizational aspects of land management system. Also, there is missing means for enforcement the
laws. That is now maybe the biggest obstacle in the process of improvement land management system.
Also, the law about land heritage should be change in order to stop a trend of decreasing size of land
properties. The process of passing a laws is very slow and that should be improve. That should be a one
very important priority to the government and political parties.
The establishing of land administration system, the cadastre and land registration should be either
improved or establish. This is prerequisite for establishing land market which is will contribute to
decreasing a number of the farms and increasing the average farms size. The impact on land protection of
this process will be very significant and the some of the problems will disappear.
Also, one area which should be improved is the poor agricultural management practice. The best and
most efficient way is establishing of the extension services. The permanent education of farmers is very
important and have a big impact on the land protection and prevention of land losing. The European
community decided to help us in the process of extension services establishing and that is why the
significant improvement in everyday land management practice can be excepted in medium term.
In the end for all these it is needed a big sum of money. Bosnia and Herzegovina can not finance solving
of all these problems especially establishing of modem land administration system and monitoring
system. In these areas we really need help from the International community.

J
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CONCLUSION
For Bosnia and Herzegovina it is a big challenge to balance development priorities and protection of
natural resources in order to establish sustainable development for future.
Nowadays first step is to address all problems, its roots and future impacts. The state structural problems
are the base line for most of identified problems. That is why, the crucial for the future development is
building up proper institutional framework in which will be introduced all physical, biological, social,
economic and political components.
Our advantage is that we are aware of the problems and we have some possible solutions. But, if we want
to see a fast and significant improvement of soil protection the most important is to develop a close
coordination of all actors in Bosnia and Herzegovina society and international aid agency. It is needed to
develop different procedure and use different tools in policy making which will provide a problem
avoiding philosophy and stopped "end of pipe" type of solutions.
That means, the establishing inter-ministry body for development of land use plan, introducing a
environmental impact assessment as a tool of sustainable development and natural resources protection,
as well as for drafting new missed laws in order to solve basic obstacles in a land protection should be a
first objective of the policy makers.
The second objective is human resources development and re-establishing broken decision making cycle.
The medium term results of all this efforts will be a base line for development of proper management
system for land protection and remediation.
SUMMARY
In the scope of this paper the very complex problems concerning land management system as a very
important part of the Bosnia and Herzegovina society development are recognized.
The inefficient policy making system and government work are a base line for the most of recognized
problems.
In order to implement a philosophy of sustainable development, the coordinate action of all parts of
society is needed. The Bosnia and Herzegovina government is not the best one but, she needs support of
all actors in the process of Bosnia and Herzegovina society rebuilding. NGOs, International agency have
to coordinate their activities and together with government to develop suitable socio political framework
for building of sustainable and efficient integrated land management system.
Only good and efficient land management system can provide protection of land and stopped all "end of
the pipe" solutions.
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IMPORTANCE AND ROLE OF THE CIVIL SOCIETIES (NGO) ON THE SOIL AND WATER
PROTECTION IN BOSNU AND HERZEGOVINA
Prof. Dr. Zlatko HAKL, NGO FONDEKO. The Society for Land Drainage and Irrigation of Bosnia and
Herzegovina. Faculty of Agriculture. 8, Zmaja OD Bosne, 71000 Sarajevo, Bosnia and Herzegovina.
INTRODUCTION
1. SOME GENERAL DATA ABOUT BOSNU AND HERZEGOVINA
Bosnia and Herzegovina is geographically situated in southeast Europe, on Balkan peninsula with about
4,3 million of population and total land surface about 5,1 million ha of which 50,3 % is agricultural land
and 48,3% forest land.
Up to the II World War Bosnia and Herzegovina was primarily an underdeveloped rural country in which
3/4 of population thrived on agriculture, while the national income per capita was about 150 USS.
After the II World War until 1992 Bosnia and Herzegovina was one of the six republics of former
Yugoslavia. During that period great changes have taken place in a way of life and economic
development. As a consequence of accelerated industrialization and urbanization it was time of great
migration of population from rural to urban areas, seasonal and permanent migration of workers towards
the European countries, changes in employment structure, development in education, and rise of living
standard. The migratory trend to the cities was strongly supported by the official state policy, because in
this way the socialist communist system easier controlled the industrial workers than the rural population
which resisted the collectivization in agriculture and socialist cooperatives. Agricultural population has in
relatively short period of time, from 1950s to 1980s, being drastically reduced. Rural areas remained out
of the reach of social intervention, without appropriate infrastructure. But this trend of migration towards
urban areas provoked chaotic development and growth of the cities. The cities were not able to give to
the new settlers the urban conditions of life. Uncontrolled and unlawful housing construction dominated
in most of cities. Very complex urban issues emerged because the strategy of land use planning was not
respected. A number of ecological and economic problems rose by irrational space use. On the other side,
the rural areas were continuously being emptied of their population.
In such conditions the war that had started in 1992 provoked unprecedented building and infrastructure
destruction's, victims, new demographic migration and break down of the whole system of life. About 2
million people were turned into refugees and displaced persons. About two hundred thousand were killed.
Many rural areas, due to the fact that they were not militarily defended, were turned into demographic
deserts, while the housing and economic facilities were almost completely destroyed, landscape
deforested, cities devastated and heavily damaged.
After the ending of the war in 1995 by the Dayton Accords two entities were created in * Faculty of
Agriculture, Sarajevo, Bosnia and Herzegovina : Federation of Bosnia and Herzegovina and Republic
Srpska. The Federation is composed of 10 cantons and Republic Srpska of 6 regions. Only 1/3 of
refiigees and displaced persons have returned to their home up to now. Because of that a lot of different
and heavy problems have to be solved by governmental and non-governmental organizations for getting
the normal conditions of life, what is not possible to obtain without help of the international community.
During this biggest war destruction's in the history of Bosnia and Herzegovina in other parts of the world
the new technologies have been arising and developing, the philosophy of sustainable development has
been launched and introduced in many countries.
2. WHAT IS SUSTAINABLE DEVELOPMENT?
Sustainability and sustainable development have become buzzwords in the world's scientific and political
circles. During the last two decades the word derives from the Latin word "sustinere" meaning the ability
to keep in existence, maintain or prolong. Sustainability has become global movement, a global ideology,
a new paradigm launched by scientists and politicians toward the common people in an attempt to change
their attitude toward the acceleration of consumption of nonrenewable natural resources and also to
deliver a very serious warning for the survival of today-s humanity and civilization.
The world conferences and agencies in Stockholm (1972, 1987), Rome (FAO, 1989), Rio de Janeiro
(1992) and Paris (1989) have opened the new page in the human relation toward natural resources. The
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new era of economic growth based on policy of sustainable development and environment protection has
been started.
There are two main reasons for accepting philosophy of sustainable development: explosive growth of
world population from one side and limitations of natural resources, especially soil and water, from the
other side. During the life of today-s human generation, world population was triplicate. From two billion
in 1930 increased to six billion in 1997. But more interesting is the scenario of growth. Whereas it took
130 years for the world population to double from one billion in 1800 to two billion in 1930, the
population has grown exponentially since then (Framji,K.K., 1984). Within only the next 30 years, that is
by 1960, the world population has added its third billion, and in half of that time, i.e. in the next 15 years
(from 1960 to 1975), the world population was 4 billion, in the next 12 years (1975-1987) 5 billion, and
finally in the next only 10 years (1987-1997) increased to six billion. If this rate of growth will continue
in the next 40 years, the current world population will be doubled.
The growth of world population, more exactly growth of users of natural resources has already reached
the worried levels, but natural resources of soil and water are the same; it is not possible to increase them
nor artificially make. We are already at the point when certain futurologists find it necessary to impose
some international legislature that would enable the preservation of natural resources for the future
generations alongside with human rights in the world.
3. PRESENT SITUATION AND CONDITIONS OF SOIL AND WATER USE IN BOSNIA AND
HERZEGOVINA
The huge heterogeneity of soil, relief, climate, geology, hydrology and hydrographic network in Bosnia
and Herzegovina is making very complex issues about soil and water use and management in relation to
sustainable development. Bosnia and Herzegovina is mostly hilly mountainous country. In its upland
territory, as a result of uneven rainfall distribution, excessive forest cutting, uncontrolled cultivation of
sloped terrain's, plowing of sloped grass lands, the status of land is deteriorating by soil erosion processes
not only in this areas but even in lowland valleys due to thefloods,erosion, torrents and sedimentation.
Waters in Bosnia and Herzegovina hydrographically belong to the Black Sea basin (about 75% of
surface) and to the Adriatic Sea basin (about 25% of surface).
3.1. Water resources as seen through the natural hydrological cycle
The main richness of Bosnia and Herzegovina waters is precipitation. The mean annual amount of
rainfall is 1200 mm, what corresponds to volume of 61,6 billion m3. About 50% or 600 mm or 30,8
billion m3 of this income is turning back to atmosphere by processes of evapotranspiration, while the
other half or 600 mm is belonging to potential outflow. Potential outflow is used for recharging stream
sources, surface and ground waters,fi-omwhich water supply of urban and rural areas are providing
drinking waters, industrial water needs, hydro energy production and even irrigation, but most of the
outflow waters is going out to the sea.
In spite of enormous precipitationrichnessin Bosnia and Herzegovina, water requirements for potential
(725 mm) evapotranspiration (PET) are not satisfied. Because of that real (600 mm) evapotranspiration
(RET) is about 125 mm or 17% lesser than potential evapotranspiration. Potential outflow or water
surplus is 600 nnmi. It is general view of the water cycle on the Bosnia and Herzegovina level, but
according to the single regions of Bosnia and Herzegovina the situation is very different and spatial
variations are very high.
3.1.1. Spatial variations of hydrological cycle
Three different regions of Bosnia and Herzegovina : south, central and north region were distinguished in
order to make evident the spatial variation of hydrological cycle. For instance, the mean annual
precipitation in the south region is 2,5 times bigger than in the north one, and two times than in the
central one.
3.1.1.1. The south region of Bosnia and Herzegovina
Mean annual precipitation is about 2000 mm, potential evapotranspiration is 900 mm, real
evapotranspiration 600 mm, potential water deficit or irrigation requirements 300 mm and potential
outflow or surplus 1400 mm. It is interesting that the south region has the most abundant precipitation,
but also the highest water deficit, and the highest water surplus in the absolute and relative point of view.
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3.1.1.2. The central region of Bosnia and Herzegovina
Mean annual precipitation is about 1000 mm, potential evapotranspiration is 650 mm, real
evapotranspiration is 600 mm, potential water deficit or irrigation requirements 50 mm and potential
outflow or surplus 400 mm. This region has much better water balance than the south region.
3.1.1.3. The north region of Bosnia and Herzegovina
Mean annual precipitation is about 800 mm, potential evapotranspiration is 700 mm, real
evapotranspiration is 600 mm, potential water deficit or irrigation water requirements 100 mm and
potential outflow or surplus 200 mm. This region, with its continental climate characteristics, is more
similar to the central than to the south region regarding soil water cycle.
3.1.2. Seasonable variations of hydrological cycle
The south region has the Mediterranean type of rainfall regime in which the most part of precipitation is
falling in the colder part of the year, when the vegetation has lesser water needs. In the warmer part of the
year when the vegetation water needs are the highest, precipitation is very poor. On the contrary, the
central and north regions have the continental rainfall regime with much better precipitation distribution
during the year. Because of that the drought damaging in the south region is much bigger than in the
central and the north ones. As a general rule, it is possible to say that summer emptying of soil water
reserve is beginning in June, sometimes in May. After that, the drought period or soil water deficit is
lasting till September when the soil water recharge is beginning. The water surplus occurs usually in
October and continues till May of the sequent year. This rule is generally valid for all three regions with
big differences in quantities between them.
3.2. Soil vt^ater relations and agricultural needs for regulations
Mutual relations and interactions between soil and water are evident from the old Latin sentence, which
says: 'Tales sunt aquae, quales terrae per quas fluunt" (The waters are such as soils through the waters
flow). It means, if the soils are sound the waters will be also sound. If the soils are contaminated or
eroded, the waters will be also contaminated and silted. It is especially the case in Bosnia and
Herzegovina where the total income of waters is coming over the soils and through the soils from the
atmosphere like precipitation. For all bad events in soil, water and environment we are responsible not
only to our country , but to all other countries belonging to our catchment area. We are all living
dovnistream in relation to somebody who is upstream. Because of that we have to promote among the soil
and water users the ecological culture of environmental soil water protection and conservation on each
level of catchment area. The catchment area must be treated as the fundamental unit for soil water
management. Such education has to be developed among agriculturists being farmers as^a main users of
soils and waters.
Agriculture in relation to soil and water can be treated from three points of view as follows:
- as main water user in rain-fed production and in irrigation
- as a potential contaminator by using pesticides and nitrates
- as a victim of damage by erosion, floods, torrents, sedimentation.
3.2.1. Agriculture as main veater user
Total mean annual amount of water consumed by evapotranspiration processes is about 600 mm. Taking
account on total surface of Bosnia and Herzegovina it corresponds to 30,8 billion m3 belonging mostly
to agriculture and forestry. In the zone of aeration is possible to stock about 200 mm of water or 2000
m3/ha what corresponds to 9,7 billion m3. It means that soil water volume in the zone of aeration must
be recharged 3,2 times during the mean annual water cycle for to be guaranteed rain-fed production in
agriculture and forestry.
Irrigation in Bosnia and Herzegovina is not big user of water till now, although the needs for irrigation
are evident particularly in south region of Bosnia and Herzegovina. About 10000 ha is effectively
irrigated till today. If the irrigation water requirement is about 300 mm or 3000 m3/ha, then the total
irrigation water consumption is about 30 million m3 and it is only 0,001% of total potential Bosnia and
Herzegovina outflow.
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3.2.2. Agriculture as a potential soil water contaminator by use of pesticides and nitrates
The main contamination of surface and ground waters has been caused by urban and industrial pollution,
but at a time of last decades, the high trouble in the world, especially in developed countries, has been
provoked by information about agricultural contamination. No one environmental problem was so tightly
connected to public health as it was the case with groundwater contamination caused by "agricultural no
point-source pollution" in the 80s in USA. Several thousand community wells were closed due to
groundwater pollution.
In the most part of the Bosnia and Herzegovina, especially hilly-mountain region, the application of
agrochemicals is very low and in such regions the contamination should not be expected, but in lowland
valleys, where modem agriculture is developing and shallow aquifers existing, is possible to find the
traces of contamination.
3.2.3. Agriculture as a victim of damage by erosion, floods, torrents and sedimentations
In the historical development of agriculture the water had the major role and importance. The fighting for
water and against the water has been classified between the oldest human technologies from the Bible
time to the recent days.
Floods, droughts, erosion, torrents, sedimentations, over wettings and swamps are phenomena from which
agriculture is very often suffering. Bosnia and Herzegovina with its natural conditions such as: relief,
geology, pedology, hydrology and precipitation regime was predisposed for some destructive processes if
the land will be used irrationally.. Because of that it is necessary to develop strategy of sustainable soil
water management and convert agriculture to be generator instead of the victim of development.
4. PROBLEMS OF PRIORITIZATION IN BOSNIA AND HERZEGOVINA
Bosnia and Herzegovina survived the heaviest war (1992-95) in its history. Now , it is time for
restoration and reconstruction of the country and returing of people to their homes. The list of the action
priorities is very large. Some of the important priorities are as following:
Only one third from two million displaced people and refugees was returned back to their homes till now,
because the safe return and housing is not yet assured. The second problem is reconstruction of housing
and economic facilities in destroyed settlements and to assure the working place and then development of
social and technical infrastructure in rural and urban areas. Urgent need is to demine one part of Bosnia
and Herzegovina, particularly rural areas, as the war mine fields are covering a large part of the country.
To increase the food production in order to cover the shortage of food, about 50% of own needs, is one of
the first steps.
In such conditions it is very difficult to put the soil water protection and management on the high position
of priorities. Even in such difficult conditions the governmental and non-governmental organizations of
Bosnia and Herzegovina are active in taking care about soil and water. We will consider here the activity
and problems of non-governmental organizations. It is possible to divide them in two groups:
- scientific societies at a national level
- farmer and citizen-workers societies at a local level
5. ROLE OF NONGOVERNMENTAL ORGANIZATIONS IN THE SOIL-WATER AND
ENVIROMENTAL PROTECTION
5.1. Scientific societies at national level
On the entity and national level of Bosnia and Herzegovina there are a number of societies taking care
about soil, water, environmental and sustainable development. Some of them existed long ago. We will
cite some of them:
Society of Soil Science of Bosnia and Herzegovina linked to the International Soil Science Society,
Society for Irrigation and Drainage of Bosnia and Herzegovina linked to the International Committee for
Irrigation and Drainage, Society of erosion and torrents of Bosnia and Herzegovina, Hydrological Society
of Bosnia and Herzegovina, Foundation for Sustainable Development, Stimulation and Quality of Life "FONDEKO", The Regional Environmental Center for Central and Eastern Europe, "EKO", Biological
Society of Bosnia and Herzegovina, Society for agricultural engineers and technicians of Bosnia and
Herzegovina, Society of water protection of Bosnia and Herzegovina, Society on speleology of Bosnia
and Herzegovina " Bosnia and Herzegovina Karst" - Sarajevo and Ecological Engeneering - Banja
Luka
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Most of these organizations are linked to the international bodies and organizations.
These NGOs are very engaged and have active role in soil and water and environmental protection. For
instance, during 1998 in Sarajevo was organized important Symposium about soil and water use relating
to sustainable development and environmental protection with international participation. Symposium
was prepared in inter-institutional cooperation of the Soil Science Society of Bosnia and Herzegovina,
Society for irrigation and drainage of Bosnia and Herzegovina and Academy of Sciences and Arts of
Bosnia and Herzegovina. Symposium was attended by 125 participants. Through the 54 papers submitted
to the Symposium, very actual and different subjects has been considered concerning soil and water
sustainability, such as:
- 6 papers on soil use and management
- 12 papers on soil-water relations
- 2 papers on soil classification
- 4 papers on GIS, CORINE and ZIS computer programs
- 7 papers on soil erosion
- 8 papers on technogenic soils and recultivation
- 9 papers on soil water pollution and pollutants
- 2 papers on legislature concerning land use
- 2 papers on forestry and soils
- 2 papers on geochemistry and soils
That was very useful and interesting contact of intellectual and scientific people. The book of the papers
was published in 250 copies, but mostly used by scientists and their institutions. Awareness about soil and
water sustainability among scientists is very developed, but it is remaining in their circles. Our
understanding of the basic principles of soil and water processes is fairly good , but our ability to apply
this knowledge to solve problems in complex local and cultural settings is weak. The problem is how to
transfer and bring down scientific knowledge to the common people of the farmers, citizen-workers and
end-users. Soil degradation is happening on the local level The chain between these two levels, the
scientists from one side and end-users on the other, is not developed. Only in some areas were
implemented local ecological organizations which are linked to the end-users. In this region long time is
pointed on different ecological problems and the necessity of an environmental protection. 25 years ago,
TV Sarajevo, started to broadcast 'To live with the nature".
5.2. Farmer and citizen-worker societies at local level
Awareness of the farmers about soil and water sustainability is very poor. We have no tradition in
governmental implementation of the network of Agricultural Extension Service. The same is with the Soil
Water Conservation Service network, which, for instance, in the USA exists for 70 years. The farmers
have no awareness about soil erosion danger and about landscape sustainability. They do not know to
how big danger the soil is exposed to when being left without plant cover threatening by rainfall
aggression. Or they do not know to how big danger is the soil exposed to when farmer plows along the
slope or when installs the arable land on the sloping terrain or what is happening after forest cutting on
the landscape. The farmers, for to meet new challenges of collaborative research, must be connected with
the scientists in a way of recycling (farmer-back-to-farmer), what suggests SANREM CRSP (1994) in its
project activity (see diagram attached)
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Farmer-Back-To-Farmer

Figure 1 Sanrem CRSP diagram
The farmer-back-to-farmer model assumes that the final decision on the appropriateness of a technology
rests with the people who will ultimately use the technology, not the scientists. It involves four major
activities, each with a goal. The shaded areas in the circles indicate an increasing understanding of the
technological problem as research progresses. Note that the process can recycle.
Citizen-workers do not know what changes of the hydrological situations will be provoked by covering
the soil with concrete and asphalt in their cities. After that the erosion and floods on lowland down
streams will increase.
Farmers and citizen workers must be instructed, educated and informed about all these things. They have
to protest if something is like that happening. They have to be the main defenders of their landscape. The
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associations of women have to be included in such actions too. Some women associations already exist in
Bosnia and Herzegovina:
Citizen's Association "Women to Women", Citizen's Association "Women 21", Bosnian Women's
Initiative - Sarajevo, Women's Association - Tuzla, Women's Association "Hope" - Prijedor, Women's
Association "Spark" - Bijeljina, Women's Association "Rainbow" - Banja Luka, and Women's
Association "Anima" - Gorazde.
As the role of women in agricultural activity is very important, it is possible to use these associations in
spreading the ideas of sustainable development.
In addition, there are the other kinds of associations, which are also important, such as:
Nature Conservation Club, People's Organization for technical education - Sarajevo; "ECOS", "Home
Land Source",Citizen's Association of agricultural producers of Republic Srpska,, Citizen's Association
"Synergy" , Serb agricultural Association "Economist" - Banja Luka, Center for Civil Collaboration Livno,"Birch-Tree" and "Phenix" - Bugojno, "EKO" Green Movement - Tuzla, "EKO" Green
Movement - Bosanska Krupa, "EKO" Green Movement - ZE-DO Canton - Zenica, "Ecoland" - Breza,
"EKO-Green Neretva" - Konjic, "EKO-Green" - Gorazde, "EKO-Drina" - Visegrad, "SANUS" Prijedor, "DRINA" - Foca, "BIRCH TREE" - Bijeljina, "CLEAR" and Citizen's Asociation
"CONCORD" - Srbac, Citizen's Association "Progress" - Sipovo, Citizen's Association "Future" Modriöa, Citizen's Association "White Pigeon" - Derventa
The grass-roots voluntary associations are the best way for developing education and implementation of
new ideas.
The legislative regulations about sustainable soil and water management must be implemented on the all
government levels from national to entity, cantonal, municipal and local levels. Legislation must be
cooperated and coordinated with international legislation because the soil and water sustainable
management is under world processes of globalization.
Education of young people and adults about sustainable soil water management must be focused by
government. Concerning young people, education must enter in elementary school, middle and high
school programs.
Concerning adult people, they also must be educated trough the information system. Sustainable soil
water management is inter-related with a number of different factors ranging from agriculture to forestry,
energy, urbanization, recreation and transportation, at local, regional, national and transnational level of
planning. Because of that not only farmers must be educated, but also the every citizen-worker must be
informed about new methods of sustainable soil water management and conservation.
Non-governmental organizations (NGO) concerned with the environmental
issues, are an important connection between the public and the State, because the public opinion about
environmental protection based on their own experience and knowledge about circumstances, could help
to find out the best solution and will represent an important support for improvement of environmental
policies. NGOs, as the connection between the public and government, must be informed from both sides
to perform successfully. With expert cooperation it is possible to find out very useful solutions and
constructive initiatives. It will be necessary to mobilize the youth, who show the personal interest to
participate in this activities, because they possess great energy. That will be very useful during the
implementation of environmental activities.
The population from this region, that passed through all horrors of war, deserve and expect that different
help and cooperations on all levels, will enable them to have as soon as it is possible more sure and happy
future, and that the balance between the nature and humanity is one of the first prerequisite.
6. CHALLENGES FOR THE FUTURE
As the activities of non-governmental and private voluntary organizations in agricultural and soil water
sustainability are not yet developed in Bosnia and Herzegovina, it would be advisable to follow the
approach, which was applied by SANREM - CRSP in some developing countries. This approach had the
following objectives:
6.1. Agroecological landscapes
Develop, utilizing existing data bases, survey data, multiple scale evaluations, and /or remote sensing, a
data base for each transect that will include existing climate, soil and water resources, natural
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biodiversity, agricultural, silvicultural and aquacultural diversity, pest populations and pressures, and a
social, political, economic, and institutional framework.
6.2. Defining problems
Define and assess the problem relating to sustainable agriculture and natural resource management over
each ecological transect using the descriptive data collected under Objective 1 and the perspectives of
these living and working within the transect, including farmers (male and female), rural and urban
households, consumers, government and non-governmental agencies, private voluntary organizations and
professionals including agricultural, ecological, and social scientists.
6.3. Principles of sustainability
Identify, describe, and understand the complex internal and interactive processes within and among the
individual ecosystems of each toposequence. This will require multiple scale experimental units including
small plots,fields,farms, watersheds, and landscapes and a combination of experimental and simulation
modeling techniques. Through this process, the principles of sustainable agriculture will be established.
Qualitative and quantitative markers of sustainability will be identified.
6.4. Integrated strategies
Design and evaluate widely applicable strategies that integrate appropriate socio-economic, cultural,
environmental, long-term productivity, and farmer adoption criteria.
6.5. Hierarchical approach
Test the above strategies in terms of socio-economic, cultural, environmental, long-term productivity and
farmer adoption criteria. This will require multiple scale evaluations including small plot experiments,
on-farm trials, watershed studies, remote sensing and the use of extrapolation and decision support tools
such as geographic information systems, and bioeconomic and simulation modeling. The design and
testing of new strategies will be a dynamic process that allows for continued reevaluation and
refinements.
6.6. Training
Train in-country personnel in interdisciplinary, farmer participatory approaches to sustainable agriculture
and natural resource management. Both non-formal and formal training will be stressed for host country
non-governmental (NGOs), private voluntary organizations (PVOs) and extension personnel. A high
priority will be given to training women. Training in innovative research and development methods,
including landscapes ecology, participatory methods, and gender sensitivity and analysis will also be
applied.
6.7. Information exchange networks
Utilize and enhance networks for information exchange including agricultural producers and laborers
(male and female), professionals, families, rural and urban community groups, and PVO/NGOs.
6.8. Transferability and extrapolation
Demonstrate applicability of the established principles of sustainable agriculture and natural resource
management and the integrated research methods to other fragile environments.
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Bulgaria's territory is relatively small (111,000 km^) with a great genetic diversity of soil resources (Table 1).
The agricultural land takes up 60% and is subjected to anthropogenic impacts which often result in acidification,
dehumification, desaggregation and other changes that are difficult to control and detrimental to soil fertility.
This is a serious reason for special cares to be taken to protect the limited areas of agricultural land in the country
from degradation and to invest efforts to improve its productive potential.
Soil physical properties are factors for sustainable and high productive agriculture. The realization of the
biological potential of high productivity agricultural plants, sensitive to soil conditions depends on the soil
mechanical resistance to the root growth, temperature conditions, soil aeration and available water holding
capacity determining the air and water plant supplying.
There are a few soil types with favorable physical properties in natural conditions. This is the reason people to
apply mineral fertilizers, irrigation, soil tillage and other agrotechnical practices. When this measures exceed the
natural soil resilience, different soil degradation processes arise which diminish soil quality, soil productivity
potential and other soil ecological functions.
Table 1. Soil resource distribution
Land use
Agricultural

Area
mln.ha
%
6.55
60

Chernozems
Phaeozems
23

Luvisols

Planosols

11

11

Vertisols
5

Forest

3.61

32

2

8

3

Urbanic

0.94

8

4

1

1

2

11.10

100

29

20

15

7

Total

Cambisols
0.5

Fluvisols
& others
9.5

16.0

3

16.5

12.5

PRESENT STATUS OF SOIL PHYSICAL DEGRADATION

According to Oldeman et.al, 1991, the anthropogenic soil degradation is " a process that describes humaninduced phenomena which lower the current and/future capacity of the soil to support human life".
The human influence on the soils in Bulgaria was evaluated as negligible till the end of XII century, as the most
of country's territory have been covered by dense forests (Antipov-Karataev et al., 1960). At this time Bulgaria
was known as "Silva Bulgarica", i.e. Bulgarian forest. Years of intensive deforestation and transformation of the
forests into agricultural lands followed. This provoked soil erosion degradation, especially in the rugged relief
terrains. The human impact on soil was intensified in XVII-XVIII centuries with adopting of new agricultural
crops - hoed crops and mainly maize. Thus two-field (maize-wheat) crop rotation have been established for a
long period of time. This type of cultivation lead to organic matter diminishing in the arable soil layer and to the
destruction of the soil structure. As a result of this began a process of "exhaustion" of the most productive soils
in the country - the Chernozems (Kolarova, 1956).
The publishing of the first agricultural book contributed to a conscious attitude towards the soil protection. Ten
years later, when the country was liberated from the five hundred years Turkish yoke, the first agricultural
schools and experimental stations are organized. The agricultural faculty in Sofia was founded in 1921. With the
establishment of high agricultural education began the import and usage of industrial fertilizers, chemical
products, heavy agricultural soil tillage machinery, and new high productivity varieties of agricultural crops. The
intensification of agriculture lead to a rapid increasing of the yields. The ecological price for this which was paid
were the negative changes of important soil properties.
The datafromparallel studies of identical soil types of virgin and arable lands gave an idea of the present status
of the soil anthropogenic changes (Table 2). It should be mentioned that most of Bulgarian soils have naturally
formed favorable agronomic physical properties. This is confirmed by the high and mean organic matter contents
in the upper (0-25/30 cm) humic horizons of the virgin soils, its very good and good aggregate stability, optimal
bulk density, good aeration and plant available water capacity.
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Statistical analysis of the relationships between soil aggragate stability and different soil properties showed that
as a good criterion for soil physical quality could be used the ratio between the three main soil structure agents organic matter (OM), amorphous oxalate-extractable iron (Feo ) and clay content: OM/(Feo*clay) (Dilkova et.al,
1999 in press). At virgin soils this ratio varies between 0.21 and 0.36, while at the arable soil layer it is mainly
below 0.21, which is probably due to soil organic matter diminishing.
Table 2. Present physical status^ of the upper 0-20/30 cm of virgin and arable soils and the assessments of the
soil susceptibility to anthropogenic changes
Soil groups

1. Haplic
Kastanozems

Clay
%
virgin
arable

27
26

suscept
2. Haplic
and Luvic
Chernozems
3. Haplic
Luvisols

virgin
arable

30
30

suscept
virgin
arable

24
28

suscept
4. Chromic
Luvisols

virgin
arable

21
27

suscept
5. Eutric
Planosols

virgin
arable

17
20

suscept
6. Distric
Planosols

virgin
arable

13
21

suscept
i7. Vertisols
Vertic
Chernozems
8. Humic
Cambisols
a

virgin
arable

44
47

suscept
virgin
arable
very good

24

Humus
%

BD
g/cm"*

MWDR

AWC
%

3.5
2.9

1.22
1.25

0.68
0.12

24.6
24.3

mean

low

very high

low

3.0
2.0

1.22
1.47

0.43
0.19

17.8
14.5

mean

high

high

mean

3.4
2.1

1.21
1.49

0.44
0.14

24.2
17.1

mean

high

high

mean

1.3
1.6

1.42
1.33

0.52
0.31

18.3
21.2

low

low

mean

mean

2.6
2.2

1.25
1.30

0.59
0.27

23.9
20.6

low

low

mean

low

1.9
1.5

1.38
1.39

0.39
0.19

20.5
18.0

low

low

mean

mean

4.3
2.9

1.18
1.20

0.44
0.17

25.9
18.8

mean

low

high

mean

0.89
10.5
usually not cultivated

0.86

22.3

good

mean

PHKCI

6.6 1
6.6

4.8

4.8 1
4.4
4.7

4.7 1
5.4

4.3 1
4.4

4.6 1
4.2

5.6 1
5.9

5.3 1

poor

The present humus status of the arable layer of the investigated soil types could be qualified
as very deteriorated (Table 2). The main port of them (86%) has a low (2-3%) and a very low
(1-2%) organic matter content, Being under virgin conditions 36% of all investigated soil
groups are characterised with high (4-5%) and mean (3-4%) humus content. As a whole soils
with low humus content do not change significantly their humus status after the transition
from virgin to arable one.
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The most unfavorable anthropogenic change of the soil physical properties was the drastic diminishing of the
aggregate stability. At virgin conditions about 60 % of the investigated soils showed a very good and good water
stability of the aggregates (MWDR>0.4), 37 % had a mean water stability of the aggregates (MWDR=0.4H-0.2)
and 3% - poor aggregate stability (MWDR<0.2). By the long-term agricultural use of the soils their aggregate
stability have been deteriorated (Figure I and Table 2) and have to be qualified as mean and more often as poor
(Dilkovaet.al,1998).
1- Haplic Kastanozems; Haplic and Luvic Chernozems, Paeozems; 3 - Haplic Luvisols; 4- Chromic Luvisols; 5

- Eutric Planosols; 6 - Distric Planosols; 7 - Vertisols, Vertic Chernozems; 8 - Humic Cambisols,
Lithic Kastanozems
MWDR

y^
/

"

4

y / ^ ^

y^
0.00

5

•^

•1

^ ^ 3 - - ,
«1

0.20

0.40

0,60

0.80

1.00

virgine

Figure 1. The water stability of the aggregates, expressed as the ratio (MWDR) of the meanweight diameters of
the aggregates after and before wet sieving in the upper 20-30 cm of the arable and the corresponding virgin
layer.
For the purposes of improving the productive potential of the cultivated soils it is necessary to determine the
reasons for the structure deterioration of the different soil types. The multiple linear regression equations
between the soil aggregate stability (MWDR) and the organic matter and clay content obtained (Dilkova et. al.,
1998) for the virgin A-horizons were used to calculate the aggregate stability of the arable layers. The
differences between the calculated and the measured aggregate stability of the arable soils showed that in the
clay soils and soils with montmorillonite domination, such as Vertisols and Luvic Chernozems the risk factor for
74% of the deterioration was the organic matter content diminishing. Only 26 % of the deterioration was due to
the mechanical destruction of soil aggregates.
In the soils formed on Loess and these with silt fraction domination, such as Kastanozems, Chernozems and
Haplic Luvisols, only 20% of the structure deterioration are due to the changes of the organic matter and clay
content, and the other 80% are due to the other factors, mainly the mechanical impact of heavy machinery. The
weak mechanical stability of the loess soils makes them "fragile". This is the reason for formation of more
compacted 5-10 cm thick layer at the bottom of the arable layer in the Haplic. The main characteristics of this
layer, known as "plough pen", are the increased bulk density and penetration resistance, and decreased volume
of drainage-aeration pores Chernozems (Dilkova, Kerchev & Ignatova, 1986; Dilkova, Kerchev & Kolev,1997).
The differences between calculated and measured aggregate stability of the Chromic Luvisols and Planosols vary
too much, which does not allow the determining of the leading risk factor. This could be due to the great
variability of the parent materials, the domination of the coarse soil particles or other factors.
The influence of the unfavorable changes of the plough soil layer on plant productivity could be overcome to
some extent by more intensive fertilizing, irrigation, frequent cultivations, artificial soil structuring and other
agricultural practices. Such kind of agricultural system ensured relatively high, but energy-consuming plant
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production. It should be mentioned that in spite of the unquestionable positive effects, the unsystematic
manuring did not improve the soil structure and aggregate stability of the arable soil layer. An example for an
inadequate effect of manuring is the case of studied Chromic Luvisols, where the applied manure loosend the
compacted soil(Table 2) but the influence was only temporal. May be the reason for this is the intensive
mineralization in the enriched with microorganisms and with improved aeration conditions arable layer.
The discriminant analysis of the soil properties - clay content, humus, pH, bulk density, and organic matter
content in the A horizons of virgin lands and their relative changes under cultivation allowed to distinguish 4 soil
groups according to the soil susceptibility to anthropogenic impacts (Dilkova et.al, 1998). Taking into account
the prevailing characteristics of soil degradation vulnerability these soil groups could be ranking as high
susceptible (Haplic & Luvic Chernozems, Haplic Luvisols), mean susceptible (Haplic Kastanozems, Vertisols),
low susceptible (Chromic Luvisols, Planosols).
AGRONOMIC AND ECOLOGICAL CONSEQUENCES OF THE SOIL PHYSICAL DEGRADATION
Soil water erosion is a natural process typical for mountainous and semi mountainous regions. It is provoked
additionally by the anthropogenic deterioration of the arable soil layer structure. This process was accelerated
after 50s - the period of pooling the private farms into big collective state farms. At the present moment the
areas affected by soil water erosion amount 64% of total arable and forest fond of the country. Potential
conditions for soil water erosion exist in 79% of the arable lands (MARS-MERA project, 1995; Rousseva &
Lazarov, 1997). It was calculated that 136 Mtons are the avarage annual soil losses from the arable lands. Most
of them - 68% were from crop lands, 16% - from pastures, 14% from lands with vineyards and orchards, and
about 2%fromother lands.
The wind erosion is not a typical form of soil degradation in the country. Now the structure deterioration of the
arable soil layer is the main factor for wind erosion of 39% of the arable lands, mainly in the regions with loess
parent material (Djodjov et al., 1997). About 20 % of the lands occupied by row crops are exposed periodically
on dust storms (Green book, 1996). It is alarming that for comparatively short period (from 1964 till 1989 year)
the eroded soil unsuitable for agricultural or forest land use reached about 10% of the arable lands.
The agronomic problem of soils with anthropogenically deteriorated water stability of aggregates is their
compaction with 0.1-0.3 g/cm' (Table 2) in the spring after rain and irrigation. Soil compaction did not lead only
to root growth restriction but also to the significant diminishing of the volume of useful aeration and plant
available water accumulation pores (Table 2). This in the Distric Planosols and in some other soils with shallow
simated compacted illuvial horizon was the reason for increasing the risk of surface soil waterlogging in spring
months in comparison with their analogues in the virgin lands. In the wet years the surface waterlogging caused
atrophy of a part of the physiological active root system because of the destroyed water, air and nutrient supply
(Dilkova, 1985). This could explain the usage of the part of the available water only. In the 0-50 cm soil layer
the unused water by wheat and maize in the region of Chromic Luvisol is 30-50% of the total available water
content, and in the illuvial horizons it was greater - 60-80% (Dilkova , Kerchev & Nedyalkov, 1986). This was
the reason to characterize the surface waterlogged Chromic Luvisols and Planosols as lands with unsustainable
agriculture. The yields of agricultural crops were lower and more variable than the average yields for the
country.
Soil crust formation is also a serous problem for the agriculture in the country. The surface crust of Distric
Planosols, which occupies about 12% of the arable lands in the country is harder and more impermeable for
water, air and plant germination than crust formed in other soils. The artificial structuring of 0.3-0.5 cm of the
surface soil layer of Planosol lead to stabilization and increasing of the tomato yields by 70-90% (Galeva et al,
1978).
The above-described problems concerning the anthropogenic physical deterioration of soils and diminishing of
their productive potential are theriskfactors for provoking of desert-like conditions in the fiiture.
PRESENT STATUS OF SOIL CHEMICAL DEGRADATION
The anthropogenic impacts on the soil should be defined as loading with different potential pollutants such as
heavy metals, organic compounds, pesticides, fertilizer etc. Their effect on the soil quality and plant productivity
depends on the soil vulnerability and land use practices. The soil has higher loading capacity than the vegetation
and the natural water resoiffces, so the changes are visible after some delay. The main negative result of high
anthropogenic loading is soil acidification and release of toxic concentrations of some chemical elements in the
soil solution.
The official data show that about 70 settlements in the country and the surrounding agricultural and forest lands
are polluted to some extent with different heavy metals (List of polluted land of industry, SO, 24/1993). Theit
total area is about 20000 ha, that is 0.3 %fromthe area of arable lands and pastures. It is clear that the polluted
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soils could not significantly affect overall national food production. But the soil pollution has great economic
and social impact on the citizens in the vicinity of the sources of pollution. For example the aerosol emissions
from the copper smelter in the town of Srednogorie led to the pollution of 4000 ha, that is 9.4% of the total area
of the region. The amount of the polluted soils in the first zone near by the plant reaches to 20%. Many fields
that are situated in such zones have to be restored to their ex-owners. According to the existing law they will
have these fields back only after complete soil rehabilitation or have to be compensated from the state (SG,
17/1991).
In a special publication (Konishev et al.,1998) the main point sources of soil pollution with heavy metals are as
follows:
• Mining and ore dressing of poor Pb, Zn, Cu, and Fe ores, scattered in mountainous and hilly regions
of the country;
• Small (about 30)flotationplants;
• Pyrometallurgical works based on out dated technologies;
• Lead-zinc complex at town of Kurdzhali, operating since 1960, which emits dust and aerosols
enriched with Pb, Zn and Cd. The total area subjected to contamination of this complex is about 3000 - 4000 ha,
mainly small scale tobacco fields, natural pastures and forest lands with high slope and high susceptibility to
water erosion;
• Lead-zinc complex near town of Plovdiv, operating since 1962. It is situated in a region with intensive
agricultural activities. The soil and climate conditions here are favorable for growing a lot of agricultural crops.
The air bom depositions dressed with Pb, Zn and Cd affect about 13-15 ha, mainly Fluvisols;
• Copper-smelter, includingflotationand H2SO4 production in town of Srednogorie (known as ZlatitsaPirdop complex), operating since 1958. The usage of out dated technologies here contributes to release of dust
and aerosols in the atmosphere and leads to a significant contamination of the environment with Cu, As, acids
and with Pb, Zn, Cd, Mn and others to a lesser extent. It is estimated that about 2000 ha of former agricultural
lands are fully degraded (Konishev et al., 1998) and could not be given back to their owners before soil
rehabilitation;
• Smelter for production of black copper in the village of Eliseina, operating since 1910 emits mainly
Cu and As. These emissions affect the surrounding shallow, natural acid soils, covered with forest and
permanent meadows and pasmres;
• Iron and steel complex with flotation and cocking operations in the village of Kremikovtsi near the
Bulgarian capital - Sofia. This enormous metallurgie complex has operated since 1962. It is situated in a region
with highly fertile soils: Vertisols, Luvisols and Fluvisols. This area is characterized with fodder crops growing,
stock breeding and market gardening. The soils and vegetation in the vicinity of the Kremikovtsi complex are
subject of air bom Pb, Zn, Mn, Cd and As pollution. About 8(X)-1000 ha in this region are under restrict
agricultural land use regime;
• Iron smelter, combined with a steel mill, at town of Pemik, operating since 1953. It is characterized
with the same type of pollutants as the above mentioned for Kremikovtsi complex, but with lower rate of
emission and less extent of soil pollution. The affected area here is estimated to be about 250-300 ha;
• Fly ash from Steam Power Plants (SPP). There are 15 SPP in Bulgaria built mostly between 19581965. As a rale they have been situated in regions with intensive agricultural production. The SPP release fly
ashes to atmosphere often containing heavy metals, As, B and some radioactive elements with a significantly
higher content than their background values in the affected soils. There is no definite data showing soil
degradation from SPP activities, but this type of pollution has negative influence on the vegetation and human
health in 3-4 km zonefromthe source of pollution;
The soil pollution with radionuclides is generally connected with the activities of the five mining enterprises,
which use opencast and underground mining technologies. They apply various methods for in situ extraction of
the uraniumfromore deposits. All uranium enterprises are closed after govemment decision N 136 (1992) and N
56 (1994), but more than 40 sites in South Bulgaria are polluted with radionuclides or the soils are fully
degraded. The main consequence of sulphuric-acid solution spills on the soil surface of uranium extraction sites
is the highly increased soil acidity of the upper layer (pH=2.9-3.5). The content of exchangeable IT and Al^"^
under these conditions reaches to 50-70% of soil cation exchange capacity. The available content of some
elements (Mn, Zn, Pb and Cu) in soil solution is increased to rates, which are toxic for plants (Cribachev and
Atanassov, 1995; Atanassov and Gribachev, 1997). The total area affected by this kind of pollution is about
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2000 ha. All uranium-polluted fields are registered and will be returned to their former owners only in the case
of full remediation.
Oil pollution of soils occurs mainly as a result of accidental damages of the pipelines for oil products
transportation. According to the list of the polluted lands (SG, 24/1993) only 25 ha in the whole country are
categorized as polluted with oil products. This pollution usually affects limited spots near by the pipeline but
with a high pollution rate.
According to the above-mentioned source (SG, 24/1993), about 400 ha of the agricultural lands are categorized
as secondary salt affected on a harmful level. The secondary salinisation is an indirect effect of irrigation with
unpurified waste waters discharged in the irrigation systemfromdifferent industrial enterprises. Such soils under
irrigation are registered in the river valleys of Danube, Maritsa and Tundja. Some fields in other places are
secondary salt affected as a result of irrigation with ground water with high salt content.
Total area of land affected of all types of pollution is about 22000 ha. Of this, 90 % is polluted with heavy
metals. The official information (SG 24/1993) shows that polluted soils amount to about 0.5 % of the total area
of arable lands in the country. It is clear that the technogenically polluted soils could not influence to a large
degree overall agricultural production. But they present a significant problem in respect of the yield and quality
of the food products and the health status of those living in the affected regions (Rachovski, 1991; Tsvetkov et
al., 1991; Bojinova et al., 1993; Bojinova et al., 1994; Vassilev et al., 1996; Angelova et al., 1998; Stoianov,
1999).
EXPECTED RESULTS FROM INTERNATIONAL COOPERATION OF THE SOIL PROTECTION
ACTIVITY
The soil anthropogenic degradation is a global problem concerning the sustainability of the present and future
land use. Its solving is impossible without consolidation the knowledge and the efforts of the specialized
institutions and of the whole society in the following directions:
Development of the effective strategy and program for soil protection in all European countries;
Harmonization of the methodology for assessment of soil anthropogenic degradation;
Assessment of the present status of the soil anthropogenic degradation in all European countries according
to the available data;
Elaborating of European guide for preventing and restricting the soil degradation based on sustainable land
use;
Initiating of European projects with participation of the countries from Central and Eastern Europe for
solving the main problems of soil rehabilitation;
CONCLUSION
The leading factor for the soil physical degradation in Bulgaria is the deterioration of the soil
structure of the arable layer. This provokes water and wind erosion, soil sealing and crusting
after rain and irrigation, plough pen formation at the bottom of the arable layer, easy
compaction, diminishing of infiltration, aeration and plant available water capacity.
The chemical degradation of the Bulgarian soils is caused mainly by loading with different
heavy metals. It is a significant ecological and social problem for limited areas at so called
" hot spots" that occupy about 0.3 % from the agricultural land of the country,
The general consequence from the negative changes of the soil physical and chemical
properties, provoked by human impacts is deterioration to some extent of the Bulgarian soil
quality.
The agronomic and ecological problems of anthropogenic degradation of physical and
chemical properties of the arable soils in the country are parts of the common European
problems for rehabilitation and maintenance the soil fertility for future sustainable agriculture.
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Soil protection from the anthropogenic degradation is an actual problem for many countries in the world. Its
solving depends to a great extent on the human attitude towards the environment. This is the reason the
harmonization of the relationship between society and nature to be subject of national and international forums.
The efforts, knowledge and interactions of the governmental institutions and non-governmental organizations
(NGOs) and of the whole society are needed to prevent the soil anthropogenic degradation and diminish its
unfavorable consequences. The acivity of the society in solving the problems is possible only with conscious
behavior and regard concerning the environment. For this purpose the environmental non-governmental
organizations (NGOs) use different forms for ecological education of children, students, and young people.
The first non-government movement in Bulgaria - Union for Nature Protection was found in 1928. Now there
are more than 140 national, regional and local NGOs registered in the country. Only in the ecologically
threatened region around the town of Bourgass they are 32 (Alexeev, 1999), in other settlements there are 56
NGOs founded before 1989 and 52 NGOs after this year (Shumkova, 1998; Firm Department of People's Court
in Sofia). They represent different types of non-profit organizations of young people, experts and
environmentalists (Mundjov, 1996).
The members of the NGOs are specialists from the scientific, educational, industrial and
nongovernmental circles, statesmen, intellectuals and environmentalists who have interests in
the ecology, protection and renev^/ing of the natural resources, including soil, and v^/ant to
contribute to sustainable land use and country development. This variety of the members of
the NGOs allows to apply different approaches in their activity - scientific, technical, political,
educational and others. It is considered that the development of the agroecological projects
which is part of the almost all environmental NGOs' activity is based on the scientific
principals of the field and laboratory methods of the investigation, monitoring and control of
air, water and soil pollutants.
The generalizations, analyses and discussions of the obtained results are realized on the specially organized
conferences, national and regional workshops, and other public events. Usually on these forums are taken
decisions and made proposals addressed to the corresponding ministries and other governmental institutions.
Often the public opinion concerning severe ecological problems is expressed in the requirements for
amendments of the current legislation.
The environmental NGOs in the country develop active educational programs. Most of them have their own
press issues, where they publish scientific and popular articles, addressed to ecological education and
environmental protection oriented behavior of the society - students, pupils of different ages, farmers and others.
The review of the objectives of the environmental NGOs shows that they cover three main scopes of activities:
national environmental protection priorities, regional problems, and protection of rare biological species
(Mindjov, 1996). Only Bulgarian Soil Science Society (BSSS) and recentiy founded (1999) Soil Humus Society
has soil protection from all forms of human induced degradation as the main goal. Last years BSSS has
established close relations with the Association of Bulgarian Ecologists and Environmentalists (ABECOE) by
participation in the yearly conferences organized by ABECOE.
The policy and activity of the Bulgarian Soil Science Society (Sofia) since his foundation in 1959 have been
directed to soil protection from all forms of natural and anthropogenic degradation, to elucidate the influence of
the traditional for the country agricultural systems, amelioration and other human impacts on the agronomic and
ecological soil functions. The main forms of these activities are:
^ Organization of National soil science conferences with international participation on every 3-4 years.
Usually during the conference about 150-200 scientific papers are presented, which indicates the responsible
regard of the soil science community towards protection of the soil natural productive potential and ecological
soil functions. The contribution of these conferences is expressed in publishing of special proceedings with
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scientific data, generalizations and analyses of the soil status of the arable lands, tendency of the anthropogenic
changes of the soil properties, and their agronomic and ecological consequences;
^ Periodically organization of round-tables conferences. On these forums the specialists and representatives of
the concerned ministries and scientific institutes discuss the ascertained soil damages as a result of the
anthropogenic degradation and connected with it unhealthy conditions for human life. The possibilities for
rehabilitation of the degraded soils and other problems, concerning agronomic and ecological soil functions are
also topics for discussions.
A contribution' of the Bulgarian Soil Science Society was the involving of the article No 8 in the "Provision No
111" on November 21, 1977 by the Ministry Council of Bulgaria. It proclaimed the "setting up special forest
shelter belts as a measure for diminishing the risk of wind soil erosion". Assuming the possibility for restoring
the natural potential of the anthropogenic degraded soils, in the article No 15 of the same document it is written
that it is necessary "to utilize to a greater extent the animal wastes from the farmyards".
In 1983 BSSS participated actively in drafting the document "Main ecological requirements for agricultural
development of Bulgaria" of the State Council of the People's Republic of Bulgaria - the supreme legislative
body at that time. The problem of the soil protection was substantiated in the first part "Status of the agricultural
environment" by mentioning that during the previous 15-20 years the processes of soil degradation had reduced
the humus content, had destroyed the structure of the arable layer, had increased the erosion, the heavy metal
contamination and other soil deteriorating changes. The soil erosion is qualified as a real disaster because of the
great fertile soil losses. At the end of this document it is mentioned that the educational activity will contribute to
increase the people's ecological knowledge which is of the decisive significance for solving the ecological
problems.
The measures which the State Council of People's Republic of Bulgaria had provided were determined in the
"Long-term program for soil erosion control" and in the "Program for increasing the fertility of 1,5 million ha
low productivity lands". As an acknowledgment for the benefit of the NGOs activity in the country could be
accepted the resolution of the State Council to form ecological councils with participation of outstanding
specialists of the NGOs for elaborating the measures concerning soil protection.
BSSS participated in the elaboration of the international project "Global Assessment of Soil Degradation GLASOD", (Oldeman et al., 1991).
Bulgarian Soil Science Society is a collective member of the International Union of Soil Science (lUSS) and of
the World Association of the Water and Soil Conservation (WAWSC).
BSSS was one of the organizers of the "4* International Meeting on Soil with Mediterranean Type of Climate"
held in town of Plovdiv, 1997. The papers in the proceeding have undoubted contribution for elucidating the risk
for anthropogenic degradation of the soils with Mediterranean type of climate. BSSS participates actively in
many important international conferences, congresses and other forums dealing with soil protection policy
(Stoichev, Dilkova & Kantardjiev, 1999).
The Association of Bulgarian Ecologists and Environmentalists (ABECOE)(Sofia) is a higher development
stage of the first Bulgarian Ecological Society, established by Bulgarian ecologists in town of Svishtov, 1981. It
unites the investigation and enlighteners' efforts of the scientists, ecological experts and environmentalists for
scientific studies in all fields of the ecological knowledge and for a practical use of ecological modeling and
assessment methodologies, as well as of ecological monitoring. The ABECOE contributes in the foundation
(1991) of the Ecology and Environmental Protection Faculty in the Technical University in the town of Varna
and of Foundation for Ecological Analyses in town of Pirdop, where is situated a Copper smelter. Since 1990 the
ABECOE (known as ABECOL till 1999) has organized every year International conferences and has published
the proceedings. The ABECOE edited ten books concerning ecology theory and modeUng.
It is necessary to outline the activity of the other outstanding NGOs emerging in the last decade, who have also
great contribution to alert the public attention on the ecological problems and to the process of creating a new
democratic legislation.
"Borrowed Nature Association" (Sofia) has initiated and conducted several discussions and workshops on
national and international environmental documents. It critically assessed the Environmental Strategy in Bulgaria
and disagreed with some of the approaches for the environmental protection. The Association critically analyzed
the "Status of the Environment" prepared by the Ministry of Environment and Waters. "Borrowed Nature"
organized the second national meeting of the NGOs, 1-3 April 1999 in town of Plovdiv. In this conference with
participation of 116 NGOs were discussed proposals for involving experts from NGOs in the ecological councils
of the Ministry Council, as well as proposals for amendments of the Environmental Protection Law. A
' in personal information of Prof Dr. L. Paikov - President of BSSS at that time
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Declaration with these proposals was sent to the Prime-Minister of Republic of Bulgaria, to the Minister of the
Environment and the Waters, and to the Bulgarian Parliament. The response of the Minister of the Environment
and Waters was that in the Advisory Council at the Ministry will be enlisted representatives of the NGOs besides
experts from the Academic sphere. The accepted proposals for harmonization of Bulgarian legislation with the
EC legislation for unification the measures for control of soil, water and air pollutants also confirm the role of
the NGOs as partners of government institutions in the process of creating environmental legislation and
sustainable development of the country.
An acknowledgment for the benefit of the NGOs is the decision of the Ministry of Environment and Waters to
sponsor their educational programs directed to the students.
The Borrowed Nature Association as many others NGOs conducts field and laboratory experiments for the
immobilization of heavy metals in the soils of the polluted areas. There is technogenic contamination of the soils
around the towns Pirdop, Assenovgrad, Kurdzhali, Kremikovtzi, Pemik, Stara Zagora and others. The
Association monitors the water of the Danube River for diminishing the risk of heavy metal soil contamination
with the irrigation. Among the projects implemented by the Association should be pointed out "US-Bulgaria
project to manage soil and water contamination with heavy metals and arsenic from mining and smelter
activities" granted by the US Department of Agriculture.
The Borrowed Nature Association collaborates with NGOs from Belgium, Holland, Germany, Austria,
Switzerland, US and other countries concerning methodological, experimental and generalizing studies in risk
zones.
The National Movement of Ecoglasnost (Sofia) is a national organization with 30 sections in different towns
and villages, developing intensive ecological activities. The main fields of activities could be described as
follows:
»^ independent ecological control monitoring of the local and regional water, air and soil contamination with
heavy metals;
^ collection of data and broadcast of information for subjects and activities polluting the environment and
destroying the condition for healthy human life;
'^ organization of press-conferences, meetings and discussions and other public forums on "hot" ecological
problemsfromlocal and regional significance;
'^ implementation of projects for publishing books and brochures, supporting the activity of the regional
branches of "Ecoglasnost";
'^ assessment the pollution of the Iskar River with heavy metals and suitability of the waters for agricultural
purposes;
*^ regular investigations of the national and transboundary contamination of the Danube River and Black Sea.
A contribution for enlightening the influence of some specific anthropogenic factors for degradation of the
agricultural land in the country has the brochure 'Ten years after Chernobyl". It provides information concerning
the biological effects of the ionization radiation in Bulgaria. The "National Movement of Ecoglasnost"
participates actively in implementation of the international projects and supports the collaboration with similar
foreign organizations. Through the regular issued bulletin "Green pages" and other books, the "Ecoglasnost"
informs the society for the results of its activity and contributions for solving the ecological problems in different
places in the country. "Ecoglasnost" as many others NGOs in the country organizes courses and seminars for
ecological education of children and students.
The "Regional Environmental Center for Central and Eastern Europe (REC)" (Sofia) is an organization
which is more purposeful directed to preserving the soil resources from the anthropogenic degradation. Its
central office is in Hungary. The policy of the REC is to grant projects for environmentally oriented agriculture,
elaborating the following ideas:
*^ scientifically based recommendations for restricting the mineral fertilization and increasing the organic
fertilizers application;
^ restriction the use of plant protection chemicals;
•^ restricting the usage of the heavy machinery, compacting the soil.
REC issues "Bulletin" which popularizes these ideas among the farmers and agricultural managers. It should be
mentioned that REC organized the first National meeting of the NGOs in 1997, which encouraged and activated
the participants for solving real problems in the regions threaten by the ecologically crisis.
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The main activity of the "Balkan Research and Education Center of Ecology and Environmental
Protection" (Sofia) is to implement projects for:
v^ applying ecological agrochemistry in agriculture for obtaining sustainable agriculture;
v^ ecological expert examination, predictions and assessments of the impacts of industrial and other subjects on
the environment. In this relation are assessed the pollution caused by many industrial enterprises. The
results, conclusions and recommendations were discussed in the above mentioned Second National Meeting
of the NGOs, 1999. Some of the projects are funded by PHARE program, REG and with cooperation with
Greece, Austria, Denmark, US and others.
The main activity of the "Association Ecoforum" (Sofia) is to organize every year concourses on a special topic
for students in Europe. The 15 winners are sent to international camp-schools in risk ecological zones for
investigation and implementations of different projects. The results are provided to the local authority and
society, which give the opportunity to engage the local society for improving the ecological status of the region.
There are such students' clubs and unions in Sofia and other big towns in the country - Plovdiv, Varna,
Bourgass, Rousse, Blagoevgrad etc.
The Independent Club of Experts "Green Future" (Sofia) works in the sphere of ecological agriculture. It
obtains information for the degree of soil pollution with heavy metals, as well as for the destroying of fertile
lands by open cast coal mining. This information is used to argue the requirements towards the government
institutions to conduct environmentally friendly policy and to take measures for sustainable land use. The club is
very active in the ecological education.
Although the awareness of society on these problems, the balance between disturbed and restored agricultural
lands is still negative, with prevailing of disturbed and lost lands. The Independent club "Green Future"
published the books "Agricultural usage of contaminated lands" and "Guide for assessment the impacts on the
environment" for the NGOs' usage. The club has fruitful relations with similar organizations in Hungary, the
Netherlands, US, etc. for implementing ecological projects.
The National Ecological Club (NEC) (Sofia) supports the municipality in the country with monitoring data for
air, water and soil contamination with heavy metals and initiates protest actions against industrial subjects
contaminating the environment.
The United Front for Ecological Saving of Kurdzhali is a regional NGO which implement projects for
assessment the impact of the lead aerosols and Si02, emitted from the Lead-Zinc plant in the town Kurdzhali.
The project is evaluated as ecologically significant with lasting consequences for the soil quality and is
sponsored by the World Bank and Foundation 'Time".
The Society "Initiative for Sustainable Development" - Gabrovo is another regional organization who has
realized a project for agroecological service. The aim of this project is to educate farmers in new agricultural
practices for improvement the quality of the anthropogenically disturbed lands and for sustainable agriculture.
Similar are the objectives of the Foundation "Land and Resources"- Sadovo.
The Institute for Sustainable Development (ISD) (Sofia) was established in 1992 as a NGO with a status of
foundation. Some of the more important projects performed by the ISD are:
^ A system for evaluation of the type and degree of pollution of the agricultural lands with heavy metals,
radionuclides, oil products and salinization in the irame of the land reform in Bulgaria;
•^ Instruction No RD-(X)-11 (1994) for evaluation of the type and degree of contamination of agricultural lands
and their safety management;
-^ Investigation, mapping and evaluation of the soil pollution in the vicinity of the Pleven oil refinery;
v^ Development of GIS database for polluted lands in Bulgaria;
^

Development of criteria and setting up of standards for quality of irrigation waters in Bulgaria;

^ Integrated soil quality management and sustainable land use of polluted lands in the region of Pirdop,
Bulgaria;
^

Technological and Economic Aspects of Soil Bio/Phyto Remediation (training course);

v^ Setting up of standards (limit values) for the quality of soils polluted by persistent organic compounds
(PAHs, PCBs, HCH, and chlororganic pesticides).
^

Monitoring of soils, polluted by persistent organic compounds.
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The ISD works in collaboration with some national governmental institutions like the Ministry of Environment
and Waters and the Ministry of Agriculture in Bulgaria, also with several international organizations namely the
UNIDO - Vienna, ISC - Trieste and others. The ISD has permanent collaboration with NUKEM - Berlin and
scientistsfromFederal Environmental Agency of Germany.
Expected Results from International Cooperation of the Environmental NGOs
The review of the activities of the survived NGOs shows that the implementation of environmental projects has
been realized mainly with collaboration and funding by International Organizations.
In our country there is a huge amount of information concerning the genesis, properties and changes of soil
during their long-term usage in the agriculture. This could be used as a base for implementation of international
projects concerning:
=> harmonization of the criteria and methodology for assessment of soil quality and its changing under
the impact of the natural and anthropogenic factors;
=> European strategy for soil protection;
=» Harmonization of the national legislation concerning soil protection with the EC legislation.
CONCLUSION
The environmental NGOs with their active research, control and educational activity for soil protection from
anthropogenic degradation are acknowledged partners of the governmental institutions in the country for solving
problems of the environmental protection.
Most of the NGOs assessed the impact of point sources of industrial pollution on the air, water, soil quality and
biodiversity. The most alarming soil ecological problem is the heavy metals pollution. It was object of many
NGOs projects during the last years. The contaminated arable soils amounts to 0.3 % of the total arable lands of
the country.
Less NGOs activities have been directed to the soil degradation as a result of long-term cultivation and other
agricultural practice implementation, which affects almost all arable lands. The Bulgarian Soil Science Society is
the only NGO, which has a long-term policy and activity in this regard. Based on the huge scientific information
and knowledge concerning soil properties, soil vulnerability and measures for soil ameliorations the BSSS
contributes in the soil protection policy, which is part of the strategy for sustainable agriculture and development
of the country.
The integration of the efforts of the different environmental NGOs and permanent collaboration with similar
foreign organization is an essential precondition for successes in soil protection.
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1. INTRODUCTION
Due to unfavourable economic conditions in a whole economy, and because of inferior economic position of a
greater part of producers for a longer time, Croatian agriculture has been rather insignificant polluter for the
environment. Family farms in particular, having a greater part of agricultural resources, have used less of
potentially harmful inputs in agriculture. On the other hand, undeveloped ecological sense and unsatisfactory
professional support to the producers caused in rural areas an inadequate use of inputs, and unorganized
deposition of waste and by-products of agricultural production. Rational managing of waste and harmful stuffs is
commonly, legalized practice in agricultural companies, but on a greater part of family farms in rural area there
was no attention paid to this problem in a past period. Today there is institutional and legal framework
established in Croatia for regular monitoring and control of the influences of all important factors affecting the
environment. The agricultural production is pointed out as one of smaller, but also considerable factors, affecting
the environment by using potentially harmful inputs (pesticides, fertilizers, manure), and by its by-products and
waste.
Considerably higher pressure of agriculture to the environment is expected in the future, due to increased need
for intensifying agricultural production as one of basic economic activities in Croatia. The most rapid production
growth in conventional agriculture should be achieved through increased use of fertilizers and pesticides. There
is a plan for the next decade to reach the level of current consumption of these inputs in developed countries.
According to predicted agricultural development, and requests for environmental protection, the use of these
inputs has to be rational and controlled. There is also a need for developing the concept of sustainable agriculture
through its basic elements - sustainable land management, and integrated pest management.
2. CONDITIONS FOR THE PRODUCTION OF FOOD
2.1. Natural conditions
The total area of the land part of Croatia is 5 653 380 ha, of which 3208000 ha are agricultural land. The
privatisation of the former state owned companies is being undertaken. Actually, private holdings prevailed in
absolute terms, while the state companies had the best agricultural land, and large areas of grassland, which can
by meliorative drainage operations be put under crops. Consequently, Croatia has inherited a relatively
unpropitious ownership structure of agricultural land. The most valuable land was socially owned.
Croatia has 569 221 agricultural holdings, with land holdings being divided, atomised in fact, to such an extent
that subdivision is one of the fundamental obstacles in the way of a more rational use of the production
potentials, which is best illustrated by the fact that there are 18 000 000 plots with an average area of 2,94 ha. To
encourage increase in size holdings, it is expected that there will be economic support for and stimulation of this,
especially through land consolidation measures. The most important features of land holding can be seen in
Table 1.
The state holding was created via political violence on the best agricultural lands by the nationalisation of well
run and for that time modem large estates, and later was expanded via soil improvement, at the expense of the
marginal soils owned by the state. In recent times the ploughlands owned by the state were increased almost
entirely through the melioration of eater meadows, which we hold to be a positive trend. Croatia intends to exert
efforts to keep up this trend even after the up and coming privatisation of the estates, by the stimulation of
investment for this purpose (tax and other relief). The state owned holdings were nuclei of progress in
technology, transfer of the results of scientific research work and advances in agriculture. Croatia kept up with
Europe with them and it wasfromthese units that most of the market surpluses derived on what was otherwise a
rather weakly developed market for agricultural products. However, this kind of holding showed certain
weaknesses, most of them because of its very narrow specialisation in either arable farming or stock rearing,
without linking the two together. One of the most important consequences is the impairment of all the physical,
chemical and biological characteristics of the soil and pollution of the environment, especially of the soil and
water.

128

Table 1. Indicators of Agriculture and proprietorial relations
Area of Croatia: 53 538 W
Number of Inhabitants 4 784 265 (1991)
Agricultural Lands 1995
Use
Ploughlands and gardens
Orchards
Vineyards
Meadowlands
Total cultivable land
Pastureland
Total agricultural land
Forest
Characteristics of holdings

1

Total

|
1

Private
1 117 000
61000
55 000
322 000
1555 000
776 000
2 331000
1 978 000

1 096 000
65 000
64 000
275 000
347 000
355 000
1 855 000
494 000
I

Private

State
Number of holdings
Number of plots
Average size (ha)
Min. fertil. cons, (kg/ha/year)

400
1 160
310,00

1
534 000
18 000 000
2,94

69,00 1

Source: Central Bureau of Statistics of the Republic of Croatia, Reports in 1997.
3. THE SITUATION OF SOIL DEGRADATION
Overall deterioration of environment in Croatia reached the level that required organized activities, before all
preventive, directed to protection and preservation. However, agricultural development in Croatia is not based on
large-scale farms that could possibly be greater polluters of environment. The concept of large-scale agricultural
capacities within ex-social companies was left already at the beginning of 1980s. Although there was no
adequate attention put at the problem of environment protection up till a decade ago, the soil, water and air in
Croatia are one of the most preserved in Europe. Relatively low level of aggressive stuffs used in family farm
production, and smaller share of ex-social sector that used more of the potentially harmful inputs (fertilizers,
pesticides, fossil/solid fuels) and had larger livestock farms (harmful gases and waste) caused that agriculture
had significantly smaller role as a polluter.
3.1. Agriculture and soU protection
Croatia has one of the most preserved soil in Europe. However, the damage of pedosphere - by its types,
intensity and consequences - has reached such level that required to be investigated and activities to be
organized for its protection, as well. Relatively low level of production intensity in agriculture causes that
agriculture has a low significance in soil pollution.
In Croatia it is enacted the Law on agricultural soil, given the special emphasis on protection of that natural
resource. Regulations on Croatian agricultural soil protection, settled in collaboration with Alps and Alps-Adria
Countries determine principal parameters of soil protection. Ten heavy metals are marked as polluters, and PAH
(Polycyclical Aromatic Hydrocarbons) of organic substances. Limitations are determined for maximum tolerated
contents in soil'.
In the process of soil protection, in Croatia there is organized investigation of damage processes (drawing up an
inventory), and establishing the system of stations for permanent monitoring of the soil. Additionally, there is a
plan for organizing an adequate service for soil protection for providing complete information system of soil.
Agricultural and forestland are in Croatia under the competence of Ministry of environment protection, although
treated separately. The competence of the Ministry of environmental protection is still unclear regarding the soil,
as it is possible to protect environment without protecting the soil.
3.1.1. Plant production and animal production
In plant production in Croatia, it is annually spent about 7.2 thousand tons of pesticides, and about 379 thousand
tons of various fertilizers. There are estimations that the private sector agriculture spent annually less than 2 tons
of manure per hectare of arable land. Consumption of fossil fuel is in agriculture about 308 thousand tons.
Considering average consumption of about 7.6 kg of pesticides and 398 kg of fertilizers per one hectare of arable

' "Narodne novine", 15/92 - official paper of the Republic of Croatia
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land, Croatia is significantly below average levels of those amounts in developed European countries, which
seems positivefromthe aspect of negative impact on the environment.
The consumption of fertilizers is 330 kg per hectare of total available arable land, of what is 69.5 kg/ha
consumption of active ingredients. Respectively, consumption of pesticides is 6.3 kg/ha. In agricultural
companies, the consumption of fertilizers was in 1997 about 250 kg/ha of utilized arable land. The pesticide
consumption in that sector is about 10.9 kg per ha. In family farm production, the consumption of fertilizers is
434 kg per hectare of arable land, while the pesticide consumption is 5.23 kg/ha, of what herbicides were 2.30
kg.
The consumption of pesticides has decreased for the last ten years due to unfavourable economic conditions.
Ecological reasons had no significant impact on that consumption in agriculture.
During the period of last three years, a better economic situation has stimulated increasing of consumption.
Estimations show that adequate technological usage of pesticides and fertilizers in intensive agricultural
production is applied only on 20% of arable land in Croatia. Input
Table 2. Consumption of mineral fertilizers (in tons)
Total quantity
Private producers - total
Companies and co-operatives - total
- Mixed and composite
- Nitrogen
- Phosphate
- Potassium
Active ingredient
Total
N
P2O5
K2O

1995
316 937
182 555
134 382
73 946
58 896
58
1482

1996
347 557
221 351
119 206
66 802
50 787
38
1597

1997
379 124
240 608
138 516
77 525
59 602
2
1387

61838
26 709
15 959
19 170

79 912
36 155
20 577
23 180

79 268
35 273
20 747
23 248

Family farms
691.70
1517.45
697.00
2906.32

Total
1937.70
3853.50
1445.60
7236.97

Source: Same as in Table 1
Table 3. Consumption of agricultural chemicals in 1996 (in tons)
Type
Fungicides
Herbicides
Insecticides
Total used

Total
1246.00
2336.05
748.60
4330.65

Companies
1167.78
1106.00
431.00
2704.78

Co-operatives
78.21
48.00
7.00
133

* According to Census 1991; Source: Same as in Table 1
consumption on the rest of that land is remarkably lesser. Increasing consumption is expected in the future
period, particularly because of improving the economic position of family farms. Namely, ten years ago, those
farms have spent only a half of today's quantities of input use.
Plant production in Croatia will be more intensive in the near future, which means higher level of use of
potentially harmful substances. Special attention will be put on crop production (cereals, oilseeds and other
industrial crops), which is of strategic importance and for some crops extremely insufficient. This production
would be organized on large production areas and based on a greater use of fertilizers, pesticides and fuel.
According to agro-ecological circumstances, expected production increase and home fertilizers production
capacities, it is anticipated pre-war consumption of fertilizers till year 2000 (750 000 tons), and till 2010 we
expect to reach current European average level of 225 kg of active ingredients consumption per one hectare of
arable land. From that aspect, there is potentially greater risk for environment, because of poor technical
equipment of family farms and great losses in usage of these stuffs, which means their keeping in the soil and in
the air. There is general intention to direct this increased consumption to rational and purposeful consumption of
ecologically acceptable stuffs. In achieving this goal, state support measures and professional help services are
inevitable.
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Table 4. Consumption of fertilizers and agricultural chemicals on family farms
Family farms according
to total used land

Total
Without land
U p to 0.1 ha
0.11-0.50
0.51-1.00
1.01-2.00
2.01-3.00
3.01-4.00
4.01-5.00
5.01-6.00
6.01-8.00
8.01-10.00
10.01-15.00
15.01-20.00
20.00 ha and more
Per one farm

N u m b e r of
farms

Fertilizers
used

Fertilized
land

tons

ha

268881

554825

2906322

1517446

168
9430
17356
37933
37497
27996
30682
25671
33372
25952
17204
3593
2020
0.50

93
10588
25618
70043
79746
62040
69868
58554
73699
55113
35827
7944
5686
1.04

3519
136891
218683
444124
418979
307087
309581
247620
326404
234458
183210
42644
33122

567
32300
71543
179088
208587
164428
191796
160006
213342
150336
103862
23031
18560

534266
1461
4777
98811
80873
109998
74995
42498
37943
26363
26867
16357
9737
2157
1429

Agricultural chemicals
Total

kg

1

Herbicides 1

kg

Source: Census 1991, Central Bureau of Statistics of the Republic of Croatia
Table 5. Consumption of energy inputs in 1996

Diesel, t
Petrol, t
Oil,t
Elect.,thous. kWh

Total state
sector

Agricultural
companies

44246
1824
3186
75488

39928
1728
3120
73056

Cooperatives
4336

95
66
2462

Family
farms*
274236
11792
330176

Total
318500
1824
14979

405664 1

* According to Census 1991; Source: Same as in table 1
3.1.1.1. Factors affecting productivity and sustainability on farm level
Production of most of agricultural products in Croatia is insufficient, and yields of some crops, especially in
private sector, are significantly lesser than technologically achievable. Naturally, one of the most important
factors of comparatively fast and considerable increase in yields in Croatian conventional agriculture is increased
quantity of applied fertilizers and pesticides. Currently it is supported enlargement of family farm production
capacities in Croatia, which likely imply greater endangering the environment by the agricultural production.
Intensive agricultural production within Croatian family farms is based on conventional production, and just a
smaller part of these farms, mostly small-sized, choose to produce "ecologically". Over than two third of family
farms have size less than 3 ha, and most of their production is based on traditional production, far away from
modem technology standards. Basic limitation factor for fitting the concept of sustainable agriculture into
domestic production is reflected in inadequate technical equipment and the low level of knowledge of
agricultural producers for adopting new technologies and production ways. General unwillingness of producers
and agronomists to accept this concept arises firom doubts about ability for satisfying production-consumption
balances in country where the level of self-sufficiency is not achieved yet. Besides, for planning the future
development of sustainable agriculture it is very important one economic reason. Namely, for efficient
agricultural production, under current economic circumstances and domestic production support system,
conventional agriculture is much more acceptable, regardless the existence of one consumer segment in bigger
consumer centers that shows interests in "ecological" quality goods, and is ready to pay higher prices for these
products.
3.2. Agriculture and water protection
Results of scientific research in Croatia point on low level of contamination, both surface and underground
waters. Agriculture has a particularly small impact on this contamination. Agricultural production is carried out
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congruently with legal regulations covering water protection (Water classification statutes^ and Statutes on
dangerous substances in water^).
3.2.1. Plant production and animal production
During the war period the quantity of water for irrigation is considerably decreased. Surface irrigation prevails,
using natural watercourses. According to 1997 data about 1786 ha of plough land and gardens have been
irrigated, as well as 256 ha of orchards and 284 ha of the rest of arable land.
Table 6. Water used for irrigation (thousands m^)
Total

1993
63068

1994
58512

1995
10357

1996
9597

1997
12094

Underground waters
Watercourses
Lakes
Reservoirs
Other

558
62445
0
5
60

2204
1300
450
54000
558

448
8658
0
3
1248

232
9000
0
0
365

144
11755
0
0
195

1996
2291
2244
47
-

1997
2326
2252
74
-

Source: CBS, Report 1997

Table 7. Irrigated areas (in hectares)
Irrigated area total
On surface
By sprinkling
Drop by drop

1993
3616
3334
276
6

1994
1554
235
1319
-

1995
3046
2932
114
-

Source: CBS, Report 1998
3.2.2. Factors affecting productivity and sustainability on farm level
According to legal regulations on water protection, agricultural production is encouraged to implement correct
soil fertilization, and regular harmonizing of nitrogen and phosphorus, due to soil characteristics. Therefore,
several professional services of agricultural support are engaged in achievement the goal of preserving water
quality (both surface and underground). This is achieved by supporting the system of "permanent green" areas,
and shortening the period of "grassless" (bleak) soil, reducing the soil erosion caused by water. In case of
building livestock and processing capacities in agriculture, and during their work, all regulations regarding
preservations of surface and underground waters are respected. Combination of all mentioned activities gives a
positive contribution to environment protection, on the principle of intensive agriculture combined with
preserving water quality.
Insufficient economic efficiency is the cause of using more simply irrigation systems, which usually spend
irrationally large quantities of water. Only in tight Mediterranean area and in eastern parts of Panonian region,
where there is a small deficit in water supply, for some sorts of fruit and vegetables it is economically justified to
set complex irrigation systems (as drop by drop).
3.3. Agriculture and air protection
Measuring of State Department for Meteorology shows that 60% of SO2 in the air comes from abroad (West
European countries), while only 40% arise from "domestic" industrial sources. Agriculture contributes with high
rates in emission of methane, nitric monoxide and ammonia, because of its nature and conventional way of
production, as well as insufficient production rationalization. The share of agriculture in total emission of CH4 is
about 25%, in emission of N2O it is 66%, and of NfflU almost 70%.

^ Narodne novine, 77/98;
Narodne novine, 78/98
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Table 8. Air pollutant emission (annually, in tons)

Total
Other
Agriculture
Nature
Total
Other
Agriculture
Nature

SO2

NOx

NMVOC*

CH4
1992

CO

CO2

N2O

1067
23
1067
23
-

49987

129993

279976

430134

16370537

17425

33986

49974

62618

66736

430105

16355942

4756

2830

13

67735

29

14595

10395
2274

23796
7360

5798
0
5768
0
_

56612

143059

69643
143597
1996
242492

522109

16828

18550

30418

56607

79417

37439

522104

16823

4059

2632

5

63642

61141
143912

5

5

12204
2287

20452
7334

NH3I

1

* Non methane volatile organic compounds; Source: CBS, Report 1997
Impact of agriculture on the environment is reflected primarily in its impacts on the soil and water, while effects
on air pollution is negligible. However, overmuch concentration of livestock on farms, as well as intensive use of
pesticides and fuel in conventional agricultural production contribute to air pollution, that is to acid rains and
destruction of ozone cover. Those negative consequences of conventional agriculture for the air pollution could
be diminished through organizing livestock farms of smaller size, and professional use of agricultural chemicals.
Statutes* also regulate the problem of collection and usage of liquid manure, which annually reaches amount of
40-60 m^/ha, depending on specific soil porosity. Besides, it determines professional usage of fertilizers and
corresponding obligations of Extension service, as well as ways of determining and measuring the level of air
contamination.
3.4. Agriculture and its impact on protection of landscape
Intensive crop production characterized by straitened crop rotation, intensive use of agrochemicals and heavy
machines, is significant reason for soil damaging. Further, there is industry by its emissions into environment
that causes air contamination and acid rains, than waste depositories, use of fossil fuels in urban centers and in
traffic.
Total amounts of waste from agriculture are about 425 thousand tons. Over than 80% of those substances are
delivered to other economic activities to be processed or harmlessly removed.

Table 9. Amount of waste removal in 1996 (in tons)
Waste from manufacturing

Total waste
425 472
Total
waste
425 472

,
Public
removal
service
22 280

>From others

425 361
111
Waste taken away or delivered to others
To building
To other
To other for
To industnal
ruble
waste
reuse
landfills
treatment
landfills
759
9 212
337 389
54 959

From

1

abroad
0
Abroad

|
1

873

Source: Statistical documentation of the CBS, Reports 1997
Congruently with its contribution in pollution and endangering the environment, agriculture takes part in
investments and expenditures for the environment. The highest share it realizes in investments and expenditures
for protection of surface waters and harmless elimination of waste.

"* Narodne novine, 101/96, 78/98.
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Table 10. Fixed capital formation and expenditure for environmental protection in 1996, in thousands US$
Total

Total
Agriculture

31609
401

Total
Agriculture

37580
463

Waste
removal

Prot of soil
Protect of Protect
Prot of
surface
against
air
and ground
waters
noise
waters
Fixed capital formation for environmental protection
8 808
2510
8 977
10 209
91
0
190
211
0
0
Expenditures for environmental protection
344
23 836
9 386
79
890
314
0
0
6
119

Prot of
nature and
landscape
1014
0
3 045
25

Source: Same as in table 9
3.5. Effects of soU degradation on agriculture
Protection and improvement of the air quality in Croatia is the first step in achieving the general goal to protect
human health, flora and fauna, cultural and material values. Top priority in this process is given to decreasing
the local air contamination. First has to be settled a problem of contamination by particles and sulfur dioxide.
Than, on the priority list come decreasing of traffic and specific industrial plants. Currently, air quality in
settlements is mostly in category I - clean or insignificantly contaminated (recommended values for air quality
are not exceeded) and in category II - moderately contaminated air (recommended values are exceeded, but
limits for air quality are not exceeded). The worst air quality, which means category III - overcontaminated air
(air quality limits exceeded) - is in Zagreb, Rijeka, Split and Kutina. Bigger sources of emission are petroleum
refineries, thermo-electric power plants, organic-chemical industry and cement works. From total of 24
identified big sources within INA company^, there is 8 sources, 6 sources within HEP*, and the rest of 5 is the
cement works.
Resolving the problem of overall atmosphere (ozone) contamination needs to be coordinated with Croatian role
in contamination with gases that destroy stratosphere. Fulfillment of Croatian commitments according to
Montreal Protocol regarding this problem should not be a problem, considering that Croatia is only an importer,
and not a producer of substances harmful for ozone. Total consumption of those stuffs was in Croatia in 1995
about 0.09 kg per capita, which was significantly lesser than 0.3 kg per capita consumption in developed
countries. State directorate for environment and nature protection, authorized for fulfillment the Montreal
Protocol, in collaboration with National program body and with professional and financial support of UNEP,
made in 1996 "National program for gradually removal of ozone-harmful stuffs".
From the aspect of emission of CO2, its contribution to a phenomenon of "glasshouse effect" and climate
warming up exceeds 55%. It is not possible to decrease that emission, but, on the contrary, it should be count on
50% increase in relation to 1990 (5.1 t per capita), which still would be 20% less than actually average level of
emission in Europe. Creating the policy of global climate protection, it is important to notice that in 1990 Croatia
was within one third of countries having the lowest level of emission. After decreasing emission in the period
1990-1995 (24 mil tons to 15.6 mil tons), our situation was improved. Stated shows that in Croatia there is no
need for the extra rigid standards of emission. For other glasshouse gasses (CH4 and N2O) there are technical
potentiality for decreasing.
Erosion is process when soil particles, due to natural influences of water and wind, are getting separatefi-omthe
mass, and transferred to a certain distance. Over than 90% of soils in our country is subjected to a various
intensity of erosion. On 1.3 mil. hectares of Karst the erosion have already reached geological grounds. The most
difficult situation is in central and coastal territory of Istria region, due to increased tendency of the soil to be
eroded, with 100-200 tons of eroded material per hectare annually. Same situation is in delta of Neretva River,
where greater amounts of soil particles come from neighboring Bosnia and Herzegovina. For some time now,
there is a trend in Croatia of decreasing areas of agricultural land due to its reassignment. Namely, the pressure
of both, non-agricultural activities and urbanization, had influenced in longer period (1965-1987) on loss of 166
441 ha of agricultural soils, or even 7 235 ha per year. Likewise,fi-omthe aspect of utilization of agricultural
land, great importance has to be put on mined agricultural areas. It is estimated that about 25% of deserted and
uncultivated agricultural land in Croatia are total or partiy mined. Such areas, especially in rural regions, will be
integral part of agricultural land utilization problems in Croatia for a longtime.This is so because of complexity
of mined areas, inadequate plan for its clearing and lack of technical andfinancialmeans.
g INA (Industrija nafte) - oil industry
HEP (Hrvatska elektroprivreda) - Croatian electricity
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4. THE CURRENT ATTITUDES TOWARD SOIL DEGRADATION IN CROATU
4.1. Institutional change within environmental policy
State directorate for protection of nature and environment is competent for environment protection, and
protection of nature as important part of Croatian environment. It is established by the Law on organization and
scope of ministries and state administrative organizations from 1994, and with the Law on changes and
amendments on the Law on organization and scope of ministries and state administrative organizations (NN
131/97). State directorate for protection of nature and environment is responsible for creating regulations,
administrative control and other professional activities from the sphere of environment protection. That means
creating a general environmental policy in providing a framework for sustainable development, as follows:
>
>
>
>
>
>
>
>
>
>
>•
>
>
>
>
>
>
>
>
>

protection of air, soil, water, sea, flora and fauna in synergetic action,
suggestions, promotions and monitoring the measures for environment protection improvement,
providing the cadastre of polluters (monitoring),
implementing the information system of environment protection,
determining measures and terms for environment protection,
managing the waste,
preparing propositions and standards for environment protection,
inspection activities for environment protection,
stimulating the education and training for environment protection,
research, studying, record-keeping, promotion and supporting the documentary evidence of natural heritage,
organizing the central service of information and documentation,
identifying the characteristics of protected areas and their evaluation,
central record-keeping system of protected parts of nature,
prescribing rules for establishing the program of public needs in the sphere of environment protection,
care, coordination and control over financing the environment protection program,
evaluation the working conditions for legal persons and individuals on environment protection activities,
providing the conditions for education and training of professionals in environment protection activities,
carrying the control over trade, import and export of protected parts of the nature,
stipulating the terms for use and purposes of protected parts, and managing according to the rules,
strengthening the specific terms for building in achieving environmental protection and parts of natural
heritage,
> fulfillment the inspection and other activities of the environment protection domain, and of the State
directorate responsibility.

Within State directorate for protection of nature and environment there is 58 graduated employees. All over the
country, there are county offices for regional planning, municipal services, architecture and environment
protection. In such offices there are one or two employees dealing with problems of environmental protection,
one is usually environment protection inspector, and the other is assistant. Qualitative cooperation of global and
local units, particularly in the sphere of inspection and control, is prerequisite for efficient fulfillment of
environment protection.
4.2. Legislative and institutional framework for a national agri-environmental policy
The environment protection related to agriculture is defined primarily by legal regulations and statutes for
protection of national resources (soil, water and air), and by regulations for usage of inputs that could be possibly
harmful for the environment. Ecological approach is represented also in legal procedure for building and
business of production and processing capacities in agriculture.
The Law on protection of nature (NN 30/94 and 72/94) ensures integral preservation of the environmental
quality and biodiversity. Between settled goals of environment protection, it prescribes the constant preservation
of biodiversity originality and ecological balance. Based on this Law, about 7.5% of Croatian area are now
covered by protection. Eight categories of space protection are determined: national park, natural park, strict and
special wildlife refuge, monument of nature, protected landscape, park-forest and monument of park
architecture.
This Law also protects some plant and animal species. These are primarily endangered or rare species in
Croatia, but also those who are endangered on international level, so in their protection we are obligated by
international conventions. It is forbidden to kill, catch, hurt, capture, buy, sell, export or import these protected
species, and it is also forbidden to cause damage in their habitats. All wild animals (games) in national parks and
wildlife refuges are protected, and complete cave fauna, as well.
Protection of animals interesting for economic exploiting is prescribed by numerous other laws, such as Law on
hunting (NN 10/94, 22/94, 5/95, 25/96), Law onfresh-waterfishing (NN 34/89, 19/90, 26/93) and Law on sea
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fishing (MN 74/94, 57/96). Economic exploiting of other unprotected species is regulated by drawing up licenses
for collecting them from nature, that are given by state administrative body competent for environment
protection. This refers mostly on gathering of snails and green frogs.
Great majorities of native (domicile) mammals are also protected, with exemption of some "problematic" and
hunting species. All nest birds and all kinds of European birds are protected as well, except hunting species and
big crow near fishponds and starlings near agricultural areas. From reptiles, increasingly endangered by "home
pets" trade recently, all domicile species are protected, except homed viper and common adder, and all
amphibians are protected, except three kinds of green frogs. Other species protection is faced with problems of
lack of scientific data and poor insight in domestic fauna.
From vegetable species only 44 are currently protected, but the preparation of regulations is in course, for
protection all species registered in Croatian red list. Protection of habitats within economical utilized areas is
improved by fulfillment of certain directions for nature protection through activities of agricultural, forestry,
water-management, space planning and other services. By the Law on forests (NN 92/90, 76/93) it is arranged
procedure with forests and forestry land. The certain compensation for utilization of general benefits from forests
has to be paid which is prescribed by laws for all business entities in Croatia.
Regarding the inherited species of cultivated plants and home animal breeds, measures for their protection are
required. The Law on financial support in agriculture and fishery (NN 46/97) ensures specific help for growing
certain domicile breeds (Istrian cattle, pigs from Turopolje and Slavonia, sheep, goats, turkeys).
4.3. Laws and directives on the use of inputs
Basic laws and directives on the use of inputs are as follows:
>

Law on plant protection (NN 10/94) - determines what stuffs can be used with a permission of the Ministry
of agriculture and forestry. The permission is given due to report of the CBS about chemical, physical and
biological characteristics, and according to decision of the Ministry of health about acceptability for
classifying into the group of toxins. Besides, the trade of plant protection stuffs is regulated by the Law on
trade of toxins, and by additional directives to both laws.

>

Law on seeds, seedlings and recognition the sorts of agricultural plants (NN 131/97) - arrange the
production and trade with agricultural seeds, seedlings, mycelium of edible and medicinal fungus
(mushrooms) and recognition the sorts of agricultural plants, as well as other questions in organizing the
uniform system of production of seeding material.

^

Statutes on types of seeds that require to be treated before putting in circulation or use for own production

y

Statutes on agricultural land protection from contamination with harmful substances (NN 15/92) establish the way of using the mud from towns, compost and liquid manure, and of different means for
agricultural soil improvement. Maximum doses of harmful metals and organic substances in the mud,
compost and liquid manure are determined, as well as amounts of mud, compost and manure that could be
put into the soil (not over than 10 tons of dry matter per hectare annually). Maximum quantity of liquid
manure in the soil is 60 m'/ha annually, and in the winter period (October - April) the quantity allowed is 30
m /ha. It is forbidden to apply a mud from towns and compost of the mud and waste: on vineyards, orchards
and on hop-gardens, on areas under berry-fruits and medical herbs, on light sand soils, in nature parks and
other protected areas, at coastal and waterprotected areas, on Karst fields, on water-saturated soil and soil
covered with snow, and on frozen agricultural soil. Liquid manure has not be put into agricultural soil
saturated with water, under snow and frozen, in production of vegetables, berry-fruits and medical herbs,
and so 30 days before ripeness and harvesting. According to these statutes, fertilizing has to be based on
integrated plant production principles, characteristics of habitats, the level of nutritive substances in soil and
specific requirements of crops for these substances.

4.4. Laws and directives on soil protection
Main laws and regulations for protection of natural resources in Croatia are following:
^ Law on agricultural land (NN 54/94) - prescribes agricultural land protection in case of re-allotment and
against harmful stuffs, agricultural land utilization with keeping the ability for agricultural production; it
regulates agricultural technology measures due to needs of the re-allotment, compensations for dispose of
the state-owned land, payments for inspection and control services, fire protection measures, preserving the
crops for protection of erosion, and credit use.
'^ Statutes on agricultural land protection from contamination with harmful substances (NN 15/92) - as
mentioned above, this paper determines following: what stuffs are considered as harmful for agricultural
land, allowed doses of these stuffs in soil, measures for prevention and control of soil contamination aimed
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to keeping the soil safe from chemical and biological deterioration and to keep it favourable for production
of healthy food.
>

IMW on waters (NN 107/95) - legal basis for water evaluation and managing (water use, water protection,
arranging of water-courses and protection against harmful impacts of water); also it explains the way of
organizing and fulfillment the activities and tasks in the processes of water management, basic terms for
economic utilization of waters, obligations and competence of the state administrative institutions and of
local administrative units.

>

Directive on dangerous substances in waters (NN 78/98) - it explains types and amounts of substances
considering as dangerous for water environment, according to the Law on waters. Particularly determines
dangerous stuffs for which is proved they are risky for water environment and for humans. This Directive
also covers materials that have unacceptable influences on water environment, or on taste and scent of food
productsfromwaters.

>

Law on air protection (NN 48/95) - determines measures, organization and fulfillment of air protection and
air quality improvement, with a purpose of keeping human health, preserving flora and fauna, cultural and
material values. The main objective is to reach the best air quality, to prevent or at least to decrease
contamination that might be reason for climate changes.

>

Directive on recommended and marginal air quality values (NN 101/96) - provides basis for the air quality
evaluation and classification of areas into categories according to level of air contamination.

5. CONCLUSIONS AND PROPOSALS FOR THE FUTURE CO-OPERATION WITHIN ALLLVNCE
FOR A RESPONSIBLE AND UNITED WORLD
Production growth is the main strategic objective of Croatian agriculture. This should be achieved by quality reassessment of production resources on family farms as basic support of agriculture. In the near future the greater
enlargement of farm size is expected, as well as improvement in technical equipment, and implementing of
modern production technology on greater part of commercial farms. Anticipated technological progress in
agriculture implies potential danger for environment, which requires special attention to be put on in the future.
Traditional way of production, together with unfavourable economic position of family farms owing the great
majority of production resources in agriculture, had caused less use of inputs that could be harmful for the
environment. By putting off the harmful stuffs from agriculture into the soil, water and air, Croatia is extremely
insignificant polluter in comparison with the great majority of European countries. Unfortunately, most of
emission of harmful stuffs is "imported" in Croatiafromdeveloped neighbouring countries.
Global agriculture has to be oriented toward "ecologically" conscious production, and so by stimulus legislative
together with scientific research and professional services support. Sustainable land management, integrated pest
management and integrated plant nutrition system are the basic elements of sustainable agriculture concept, and
represent radical change and a new way of thinking regarding the existent production. That change would require
a great professional knowledge and producers' skills, that is professional service qualified for giving the
instructions. "Fundamentals" and basic principles of sustainable land management, as defined by FAO productivity, stability of yields, natural resources protection, economic efficiency and social acceptability - are
acceptable and usable for Croatia. The basic purpose of the research work is national resources protection, and
soil protection in particular. These researches include identifying and permanent monitoring of the types and
intensity of damages, as well as organizing of reliable and contemporary information soil system. Only scientific
researches, based on exact quantitative data, could give reliable answers on numerous problems about the future
management in agriculture.
For the reason of protection of the soil, as basic national good, there is necessary to establish a system of
collecting detailed informations about soil condition, and the influences of natural factors and human activities
on the soil, as well as about damaging processes and soil contamination. That is why the State directorate for
protection of nature and environment has started the organization of the data base of habitats of the Republic of
Croatia, which is the basic prerequisite condition for finishing the scientific soil inventory - Elementary
pedology map of the Republic of Croatia. Together with a manual about pedology in environment protection, it
creates the basis for scientific-grounded planning and decision making in sustainable land management process.
Considering the small number of scientists and experts engaged in "Sustainable agriculture in Central and
Eastern Europe" network, the need arises for intensifying the whole process by institutional linking of measures
and activities. It is important to exchange experiences and to accept a positive side of sustainable agriculture
concept. This particularly refers to technological justification of production and establishing the legislation
framework for production and trade of agricultural products, with a purpose to improve the current position of
sustainable agriculture concept within a whole agriculture and in projected agricultural development in Croatia.
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Soil plays an important role in the economy and life of the Czech Republic. Recently, in addition to soil
production functions (for both agriculture and forest production), more attention has been paid also to other
soil functions, such as ecological (storage and degradation of pollutants, water management, nutrient
cycling, landscape component), recreational, cultural etc. Unfortunately, soil is endangered by different
types of degradation processes, and, moreover, increasing areas of agricultural and forest land are lost due to
construction, mining and other human activities. All these processes require to monitor perpetually all the
changes occurring in soils and reveal the influencing unfavourable factors in order to protect all the soil
functions and preserve soil for the future. New technologies and information systems can be helpful in this
effort.
SOIL COVER OF THE CZECH REPUBLIC
Soil exploitation
Total area of the Czech Republic is 78,860 km^. Total agricultural land consists of 42,797 km^, which is
54.3 % of the total area (Ministry of Agriculture, 1999; Table 1).
Table 1. Exploitation of soil cover in the Czech Republic in 1999 (source: Ministry of Agriculture, 1999)

Exploitation

Area (km^)

Arable land

31,006

Meadows and pastures

9,473

Hop fields

113

Vineyards

155

Orchards and gardens

2,096

Total agricultural land

42,843

Forests

26,338

Water bodies

1,590

Buildings and communications

1,301

Other areas

6,788

Total area

78,860

Since 1990, the area of agricultural land dropped down by approximately 121 km^, mainly due to conversion
to forest land and also due to construction. The loss of good, fertile soils in the environs of big cities presents
a serious problem. More than 480 km^ of agricultural land has been damaged due to mining of brown coal
and other raw materials (Ministry of Agriculture, 1999). However, the decreasing agricultural land area is a
long term trend; almost 9,000 km^ has been lost since 1937, the biggest drop occurring in the 1950's and
1960's. The area of agricultural land per one inhabitant is 0.41 ha in the Czech Republic; the average of the
EU is 0.36 ha.
Arable land represents 72.38 % of the agricultural land. It is comparable to Germany (68.21 %), Hungary
(77.57), or Poland (76.44), but it is more than is the overall average of the European Union (53.48 %).
Higher percentage of arable land can be seen in some North European countries (Sweden - 82.84, Finland 95.93), where, however, the share of agricultural land from the total area is relatively low. In recent years the
area of arable land in the Czech Republic also decreases. Beside the loss due to construction it is mainly due
to abandoning the arable land in marginal areas and its conversion to grassland.
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Soil quality and classification
A broad soil survey aiming in detailed mapping of all agricultural land in the country was done in 1960's. It
still provides an essential source for the evaluation of soil conditions in the Czech Republic. Recently, soil
classification has shifted towards stressing more the exact analytical methods, keeping, however, still in
mind the genetic approach. This change enables better conversion of the individual soil units to the
international referential legend of FAO soil map. The data were amended with the forest soils so that soil
maps of the whole territory of the Czech Republic can be created.
Prevailing soil unit in the Czech Republic is Cambisol, accounting in total for 58.0 % of the total area,
approximately 20.6 % being Dystric Cambisol (Kozak et al., 1996; Table 2). These soils are not very fertile
and their agricultural productivity is rather low. Fertile soils, like Chernozems (5.8 %), Phaeozems (1.3 %),
and Haplic Luvisols (7.6 %) account in total for only 14.7 % of total area, forming less than one third of the
agricultural land. These fertile soils are in their distribution limited mainly to the areas with lower elevation
in the central parts of Bohemia and in Southern Moravia (Fig. 1).
Drainage and irrigation
Up to the 31" December 1998, 10,844 km^ (25.31 %) of agricultural land was drained (Ministry of
Agriculture, 1999). Majority of the drainage was built before 1990. Unfortunately, some of the drained areas
are neglected and due to their bad state the land gets back its unfavourable conditions, increasing thus the
area of marshes.
Similar situation is in irrigation. Irrigation systems were built on 1,554 km^ (3.63 %) of agricultural land, but
most of the large-scale irrigation systems are not used anymore due to the high operational costs and some
ownership problems.
Nutrient status of soils
Table 3 shows the content of available nutrients in soils on arable land and grassland as it was found in the
monitoring in 1990 to 1992. The soil supply of P, K and Mg was relatively good. However, due to the
economic conditions in agriculture during the transition period the amount of applied fertilizers has
decreased radically and some unfavourable tendencies of decreasing soil reserve could be detected,
especially in case of available P and K (Chvatal, 1997).
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Table 2. Soil classification units in the Czech Republic (Kozak et al., 1996J
Map key

FAO soU unit

Area (km^)

Share (%)

1

Fluvisols

2,288.5

2.90

2

Gleysols

190.2

0.24

3

Anthrosols

262.8

0.33

4

Arenosols

1,507.8

1.91

5

Rendzic Leptosols

184.2

0.23

6

Calcic Chernozems

2,252.4

2.86

7

Calcic Chernozems, Regosols

721.4

0.92

8

Luvic Chernozems

1,036.1

1.31

9

Arenic Chernozems

517.0

0.66

10

Verti-haplic Chernozems, Vertisols

1,184.1

1.50

11

Verti-stagnic (Pelic) Phaeozems

1,005.3

1.28

12

Greyzems

217.9

0.28

13

Calcaro-eutric Cambisols

491.6

0.62

14

Eutric (Eutrophic) Cambisols

1,255.3

1.59

15

Eutric (Eutrophic, Pelic) Cambisols

352.3

0.45

16

Vertic, Stagno-gleyic Cambisols

2,030.5

2.58

17

Eutric, Dystric Cambisols

23,478.5

29.79

18

Hyperdystric Cambisols

16,219.3

20.58

19

Stagno-gleyic Cambisols

1,896.5

2.41

20

Haplic Luvisols

5,994.6

7.61

21

Stagnic Luvisols

205.3

0.26

22

Areni-haplic Luvisols

204.2

0.26

23

Albic, Glossalbic Luvisols

1,851.9

2.35

24

Albi-luvic Stagnosols

1,848.7

2.35

25

Haplic Stagnosols

5,411.6

6.87

26

Cambic, Haplic Podzols

4,429.3

5.62

27

Areni-haplic Podzols

1,030.7

1.31

28

Histosols

79.6

0.10
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Table 3. Available nutrient content in soils on arable land and grassland: categories of nutrient content in
percentage of total area of arable land or grassland (Source: Ministry of Agriculture, 1995a)
Arable land(%)

Nutrient
P

K

2.2

0.9

Low

10.4

Medium
Sufficient

content

'

P

K

0.7

22.5

4.9

0.7

7.8

6.3

18.2

17.6

4.5

39.3

29.2

28.2

15.7

23.9

19.4

14.2

36.2

33.8

10.3

21.6

23.2

34.0

25.8

31.0

33.2

32.0

44.4

'

Very low

1 High

Grassland (%)
Mg

Mg

Soil evaluation
Due to the necessity of compatibility with the productivity categorisation of the European Union, new
production categories of the agricultural areas were distinguished (Table 4). In there definition, beside the
soil quality, many other criteria are taken into account, like population and unemployment, industrial
production, nature, environment and water protection areas, mining activities etc. (Ministry of Agriculture,
1999). Less favoured areas (LFA) include mountainous regions, other areas and areas with specific
restrictions. The other areas represent regions with decreasing population and land abandoning or areas with
soils of low fertility. Specific restrictions can be caused by high industrial production and/or mining
(Northern Bohemia and Northern Moravia), or the agricultural production can be limited by specially
protected area, types of which will be described further on the share of the less favoured areas 48.83 % is
close to the average of the European Union where it accounts for 51 % of the agricultural land.
Table 4. Production categories of the agricultural land in the Czech Republic (Ministry of Agriculture,
1999)
Agricultural production areas

Area (km^)

Areas with the highest productivity

14,397

33.64

7,286

17.02

21,683

50.66

4,815

11.25

14,578

34.06

1,507

3.52

20,900

48.83

Areas with high productivity
Favoured areas in total
LFA - mountainous areas
LFA - other areas
LFA - areas with specific restrictions
1 Less favoured areas in total

% of total agricultural land

Protected areas
There are different types of protected territories where particularly agricultural production is limited to
different extent, which concerns the application of pesticides, fertilisers, manure etc. Based on Act No.
114/1992 Coll., 6 categories of specially protected territories are recognised:
National parks
Protected landscape areas
National natural reserves
Nature reserves
National nature monuments
Nature monuments
National parks and their mission are declared by an Act, protected landscape areas are declared by
Government Decree, national reserves and national nature monuments are declared by the Ministry of

1
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Environment. Other protected areas and territories are declared by municipal councils, national park
authorities, or authorities of protected landscape areas by intimation (Matula, 2000). Currently, there are four
national parks, namely Krkonose (362 km^), §umava (690 km^), Podyji (63 km^), and Ceské Svycarsko (79
km^). The list of numbers and areas of specially protected territories is given in Table 5.
In addition to these protected nature territories, there are some areas with surface and/or ground water
protection, where agricultural production and soil management are also limited. Protected areas of natural
water accumulation are declared by Decree of Government; the area with the special protection of surface
water covers 8,267 km^ and in some cases is identical with the protected landscape areas, the area with
special protection of groundwater covers 9,9(X) km^ (Matula, 2000). Zones of hygienic protection of
drinking water resources present another type of area with limited management.

Table 5. Specially protected territories of nature in the Czech Republic (modified from Matula, 2(X)0)
Category of protected territory

Number

Area (km^)

Percentage of territory

4

1,194

1.51

Protected landscape areas

24

10,416

13.21

National nature reserves

122

264

0.33

95

27

0.02

507

257

0.33

932

276

0.35

National parks

National nature monuments
Nature reserves
j Nature monuments

||

Information systems on soils
Handling all the information on soils and other environmental data and creating some applied outputs are
impossible without using new computer technologies. In the Czech Republic, soil geographic information
system (PUGIS) has been built. PUGIS includes the areal and pedon components linked to soil quality and
behaviour interpretations for soil degradation - pollution and productivity estimation and modelling. In
general, the complete soil GIS should include (Kozak et al., 1996):
• digitised information from soil and environmental maps (reference based of the GIS), especially
geomorphology and slopes
• soil characteristics (profile data, data from inventorying research)
• extrinsic environmental characteristics
• data from monitoring of research fields
• soil exploitation, production, degradation, contamination etc.
• attributes of heterogeneity of the soil cover
• criteria of data evaluation
• pedotransfer models
• models of transformation and models of transport and pollutant transfer processes between soil and
hydrosphere, biosphere, atmosphere and food chain
• information about natural and anthropic factors, environmental loads
Nowadays, digitised soil maps with resolution 1:1,0(K),000, 1:500,000, and 1:200,000 arefinishedand maps
in resolution 1:50,000 are worked on (Kozak, 1999). The software Arclnfo is used.
SOIL DEGRADATION
Soil erosion
More than one half of the agricultural land of the Czech Republic is endangered by surface runoff and water
erosion of soils (Table 6). In addition to the relief properties, it is caused in part also by forming large fields
with no anti-erosion protection in the past and by growing inappropriate crops like root crops or maize on
slopy fields. It is estimated that approximately 4,500 km^ of agricultural land is strongly damaged by water
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erosion (Ministry, of Agriculture, 1999). Nowadays, it is enacted that anti-erosion measures have to be
included in land management. Increasing areas of permanent grasslands in hilly and mountainous regions
also represent a positive trend from this point of view.
Table 6. Potential exposure of agricultural land of the Czech Republic to water erosion (Source: Ministry of
Agriculture, 1999)
Soil runoff (t.ha "^yr')

% of agricultural land

<1.5

3

Weak

1.6-3.0

26

Medium

3.1-4.5

25

Severe

4.6-6.0

17

Very severe

6.1-7.5

11

>7.5

18

Degree of exposure
Very weak

1

Extreme

1

Wind erosion potentially endangers approximately 22.8 % of the arable land in Bohemia and as much as
40.7 % in Moravia (Ministry of Agriculture, 1999). Most threatened areas are the lower plains with warm
and dry climate and sandy soils.
Soil compaction
Soil compaction represents damage for soil physical properties, including soil structure breakdown, decrease
of bulk density and porosity, lower water infiltration and consequently higher water erosion risk etc. Both
ways of compaction are common in the Czech Republic: natural compaction due to high content of fine clay
particles and artificial compaction caused by heavy machinery andfi-equentcrossing the soil. Approximately
40 to 50 % of all agricultural soils are endangered by compaction (Ministry of Agriculture, 1999).
Improving compacted soils for example by deep ploughing is relatively costly. More often, preventive
measures are applied, such as organic matter amendments, liming, proper crop rotation, reducing number of
field crossing, and using appropriate machinery.
Soil acidification
Soil monitoring carried in 1990 to 1992 by the Central Institute for Agricultural Supervision and Testing
showed that more than 50 % of arable land and almost 70 % of grassland show some degree of soil acidity
(Table 7). It is caused by both natural factors (e.g. parent rock properties, soil leaching by precipitations) and
anthropogenic influence like improper fertilisation and atmospheric immisions of nitrogen and sulphur
oxides. Thanks to desulphurisation of the power-plant emmisions this latter effect has been weakened in
recent years. Nevertheless, the acidic soil conditions are undesirable, because they change composition of
micro-flora and microbial activity, increase solubility of many risk elements and aluminium etc. Increased
levels of labile aluminium forms were found especially in Dystric Cambisols and Stagnosols (Kozak et al.,
1994). On the acid soils used in agriculture, regular liming is necessary to keep the pH values in an
acceptable range.
Even worse situation is in mountain forest soils, where pH values around 3 were found in Dystric Cambisols
and Podzols (Kozak and Boruvka, 1998, Boruvka et al., 1999). However, beside the influence of acid
deposition, the deciduous forests themselves play an important role in soil acidification in the mountainous
regions (Boruvka et al., 1998).
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Table 7. Soil acidity on arable land and grassland in the Czech Republic (Source: Ministry of Agriculture,
1995a)
Arable land (%)

Grassland (%)

0.3

0.0

Alcalic

13.6

2.9

Neutral

34.5

27.2

Slightly acidic

36.6

40.3

Acidic

9.7

14.4

Strongly acidic

4.2

10.5

Extremely acidic

1.2

4.7

Soil category
Strongly alcalic

1

Soil pollution
Main soil pollutants are risk elements and persistent organic xenobiotics, mainly of anthropogenic origin.
However, the pollution is rather limited to certain regions and point contamination prevails. The most
endangered areas by both groups of pollutants are Northern Bohemia (thermal power plants, chemical
industry). Northern Moravia (heavy industry), Prague and its surroundings (emissions from transportation),
and Fluvisols in the alluvia of big rivers (Elbe, Morava) flooded with waters polluted by industrial and
municipal wastes.
Figure 2 shows the relative number of soil samples with risk elements content exceeding maximum tolerable
values given in Table 8. Arsenic, Cd, Ni, Pb and Cr are of highest concern, however, only in the case of Cd
the limit values are exceeded on more than 1 % of the total agricultural land. The results of soil monitoring
carried in 1990 to 1993 showed that the limit value of one or more heavy metals was exceeded on only 2.6
% of the agricultural land (Central Institute for Agricultural Supervision and Testing, 1994). Recently, new
system of limit criteria more specified for different soil units and recognising three levels of risk element
cotent in soils was proposed (Podlesakova and Nëmeéek, 1996, Podlesakova et al., 1996)
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Table 8. Maximum tolerable content of risk elements in agricultural soils (Ministry of Environment, 1994):
total content (aqua regia digestion) and content extractable with 2M HNO3 (mg.kg"')
Element

Total content
sandy soils

L

Extraction with 2M HNO3

other soils

sandy soils

other soils

As

30.0

30.0

4.5

4.5

Be

7.0

7.0

2.0

2.0

Cd

0.4

I.O

0.4

1.0

Co

25.0

50.0

10.0

25.0

Cr

100.0

200.0

40.0

40.0

Cu

60.0

100.0

30.0

50.0

Hg

0.6

0.8

-

-

Mo

5.0

5.0

5.0

5.0

Ni

60.0

80.0

15.0

25.0

Pb

100.0

140.0

50.0

70.0

V

150.0

220.0

20.0

50.0

Zn

130.0

200.0

50.0

100.0

Relative number of soil samples with concentration
exceeding the limit value (% of total number of samples)
%

1.4

Cd

1.2
1

Ni^

0.8

Pb
Gr-

0.6

Zn

Cu

0.4
0.2

Be

Ga

Hg

V

0
Fig. 2. Relative number of soil samples with concentration exceeding the limit value (Source: Central
Institute for Agricultural Supervision and Testing)
In the case of organic pollutants, attention has been paid to mono- and polyaromatic hydrocarbons,
chlorinated hydrocarbons (PCB, HCB, DDT and their metabolites), styren, and petroleum hydrocarbons,
recently also PCDD and PCDF. However, recent data show that the limit values are rarely exceeded; mainly
it is in Fluvisols and in some northern and western parts of Bohemia, especially the districts of Most,
Teplice, Chomutov, Cheb and Sokolov, and Northern Moravia, mainly the districts of Ostrava, Karvina and
Frydek-Mfstek (Ministry of Agriculture, 1996a,b).
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Special attention to soil pollution with both organic and inorganic pollutants in Northern Bohemia has been
paid by the Research Institute of Land Reclamation and Soil Protection in Prague. By means of retrospective
monitoring, no significant increase in risk element content in soils during last 30 years was found (Nëmeöek
and Podlesakova, 1992). Contents of risk elements higher than limit values were found only locally for As,
Be, less for Cd, Zn and Pb (Podlesakova et al., 1994). It was concluded that Cd, Be and As are mainly of
anthropogenic origin, while higher amounts of Co, Cr, Cu, Mn, Ni and V are mainly of geogenic origin
(Podlesakova in Ministry of Agriculture, 1995b). Areas of prevailing anthropogenic and geogenic loads,
respectively, were separated (Nëmeöek et al., 1996).
Beside the maps of pollutant contents and distribution, the geographical information systems enable creating
applied maps showing potential pollutant risk. Pedotransfer functions exploiting basic soil data like soil pH,
clay content, humus content and quality, and sorption characteristics are used to model pollutant behaviour.
Maps of distribution coefficients of pesticides (Kozak and Vacek, 2000) or maps of soil vulnerability to risk
element pollution (Nëmeöek and Kozak, 1997) are examples of such applied maps. These maps are available
at the authors and will be presented on the conference.

CONCLUSION
Prevailing soil fertility in the Czech Republic is rather medium or low, however, the main limitations of
agricultural production are of economic kind. Soil degradation and in particular pollution is not of a large
extent as it used to be presented generally in the early 1990's. Nevertheless, it does not mean that soil ability
to handle pollutant loadings and self-recover from degradation could be overestimated. Without careful soil
management and cautious monitoring and control of the factors influencing soil development it is impossible
to preserve all the soil production and non-production functions for the future, which is an essential
condition of sustainable development.
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LOCATION AND PEDOECOLOGICAL CONDITIONS
The republic of Estonia with a total area of 45215 km^ is situated between the geographical latitudes from 57°30'
to 59°49' N and longitudes from 21°46' to 28°13' E on the eastern coast of the Baltic Sea. Islands and islets form
9,2% of the territory and 4,8% is under inland water bodies. Therefore the importance of the coastline, with a
total length of 3780 km, is significant.
The most important soil forming agents depending on the climatic and geographical location are temperature and
moisture conditions of soils. The annual average air temperature in Estonia is +4,7° C (in February -6,6°, in July
+16,3° C), and the annual average precipitation rate varies between 500 to 700 mm. Climatically Estonia
belongs to the mixed-forest sub-region of the Atlantic-continental region of the temperate-zone, where there are
typically warm summers and moderately mild winters. These conditions cause domination of the processes of
argilisation, eluviation, podzolisation, gleyification and paludification in the soil cover, depending on the
composition of parent material and water conditions of the area (Lillema, 1958; Kask, 1996; Reintam, 1997).
Such combination of soil forming processes is typical to the frigid-udic and frigid-aquic pedoclimatic conditions.
On uplands and higher parts of the relief with a coarse textured soil parent material, frigid-aridic soil forming
conditions may be found.
On the bedrock surface of Estonia the Quaternary deposits are of uneven distribution. On the Ordovician and
Silurian carbonate outcrops their thickness is usually less than 5 metres. On alvars they are almost non-existent.
The Quaternary cover is at its thickest at the Haanja and Otepaa heights (>100 m) and in the buried valleys of
southern Estonia. The dominating soil parent materials in Estonia are derived from glaciation glacial and
aqueoglacial quaternary deposits. Marine, alluvial and aeolian deposits are the products of reworked glacial and
aqueoglacial sediments. The Pleistocene tills form 47,7% of the area. Glaciolacustrine (6,8%) and glaciofluvial
(3,1%) are also widely distributed. A dominating part of Holocene marine deposits is located in lower parts of
Estonia. Beside this the lacustrine, organogenous, fluvial and wind sediments can also be found (Raukas, 1995).

LAND USE AND ITS DYNAMICS DURING THE LAST CENTURY AND DECADE
Agricultural land forms approximately 32 % and forests 45 % of the territory (Table 1). The main trends in
Estonian land usage dynamics have been the decrease of agricultural land (from 65% in 1918 to 30% in 1994)
and the increase (from 21% to 43%) of forested areas (Mander et al., 1995). By 1994 66% of arable land had
been drained, from which 87 % or 643 000 ha was tile drainage (Soovik et al., 1996).
Table 1. Land use in %
Land use
Agricultural land
From this: arable land
natural grassland
Forest land
Inland water
Other land
Data of National Land Board

1993
32,1
25,2
6,9
44,7
6,2
17,0

1997
25,1
6,6
44,6
23,7

During the last ten years the land usage policy of Estonia has been unfavourable for adequate and intensive
management of its soil resources. The main changes in the properties of soils in connection with the land usage
during recent decades are the following: the quantity and openness level of biogeochemical turnover of
biophilous elements on arable soils have decreased; the composition and properties of epipedons on set aside
areas have become more similar to natural ones; the quality of humus has deteriorated as a result of a decrease in
fertilisation load and liming (Kölli, 1998b). In small farm areas it is more difficult to take soil suitability into
account for the growing of crops and for the use of effective soil management systems, which may result in the
decrease of effective soil usage and the deterioration of arable soil.
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SOIL MAPS OF ESTONIA
Starting in 1954, a special survey was carried out under the supervision of the Ministry of Agriculture of Estonia
(Kongo, 1957). During 1958-1991 the formation of soil databases as well as soil mapping and classification had
iinmense success (Kokk, Rooma, 1989; Kokk, 1995). The leading role in large-scale soil mapping and updating
Estonian soil cover properties belonged to the Soil Survey Department of the State Design Institute (now SE
Estsurvey). In co-operation between the department mentioned above, and the Department of Soil Science and
Agrochemistry of the Estonian Agricultural University (where the soil analyses were done), large-scale soil maps
were prepared for the whole territory of Estonia. The soil cover was mapped using mainly the scale 1:10000. In
1989-91, besides inspection of arable land, forests and other civil territories' maps were completed. In an
analytical programme the emphasis was put on the chemical and physical properties apart from the
characterisation of soil organic matter.
Large scale soil maps, as well as the series on the soil databases formed during the period mentioned above, are
intensively used and highly appreciated by specialists of soil science until today (Estonian ..., 1974-89). The
main output of this data is the characterisation of the soil types or soil mapping units. The soil types are
described in terms of a sequence of soil horizons characterised by texture, organic carbon content, pH, cation
exchange capacity, etc. The data is statistically processed and the available information is translated into land
quality.
On the basis of large-scale soil maps the generalised middle scale maps for counties were compiled. The first
comprehensive soil map of Estonia was compiled by A. NSmmik in 1925 (Nömmik, 1925). This map was
updated later many times from the agronomic-geologic aspect. The soil map legend is composed of soil groups
characterised by soil texture, water conditions and profile development. Prepared by A. Lillema (1946), the soil
map (1:400 000) was used as a basis for subdividing the country into soil regions according to texture and the
lithology of the parent material (Lillema, 1946, 1958). In 1991, a synthesis of the soil distribution on the country
level (as a 1:500000 and 1:200000) was prepared on the basis of a detailed soil survey (Kokk, Rooma, 1989).
Recently the digitalisation of large-scale (1:10000) soil maps has been started. During 1998-99 approximately
70% of the whole Estonian territory will be digitalised. The digitalisation of the 1:500000 scale soil association
map of Estonia is completed with the assistance of the Soil Information Systems Laboratory (Cornell University,
USA).
SOIL COVER COMPOSITION
Soil cover is an essential natural resource upon which not only depend the successful activities in agriculture and
forestry, but also the environmental status of the area (Table 2). Histosols cover 23,2% of the territory, while the
dominating part of that area (59%) has been drained. Protected mires make up about one third of the virgin peat
lands. Taking into account that besides Histosols, all Gleysols (34,0%) and most Fluvisols (2,1 %) have the
aquic water conditions, it may be concluded that in agricultural land use and functioning of landscape the
established drainage systems have caused substantial problems. Moderately coarse and medium textured soil,
which are favourable for agricultural land use, form less than half (44,8%) of the territory (Table 3).
DEVELOPMENT OF SOIL SURVEY
In 1954, a soil survey supported by the government was initiated for the assessment of the country's soil
resources for their improved management optimised fertilisation, and effective land use planning. Intensive
research and experiments were conducted to determine the suitability of soil for major food crops and changes in
land usage as well as in connection with extension work.
Since 1965 a large number of pedoecological investigations have been made in order to build up a national
database on soil productivity as well as chemical properties and other characteristics of Estonian soils (Reintam,
1970, 1971, 1973, 1975 and oth.). With the increase of farm sizes the applications of soil survey data have
broadened considerably, mainly in connection with amelioration (drainage, liming, application of organic
fertilisers) of arable soils. In addition to agriculture, applications are being made in connection with
environmental and various other land use issues: analysis of the impact of agrochemicals on soil and water
quality under different farming practices; nitrate leaching suseptibility of different soils; environmental impact
assessment of different types of land use; decision support systems for nature conservation; adjustments of land
use in the framework of the European set-aside policy. Nowadays the emphasis of land evaluation has shifted
from the production factors to environmental concerns (Kölli, 1999b).
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Table 2. The occurrence of soils, in % (Kokk et al, 1991)
Soil associations
area
Rendzic Leptosols on limestone
0,8
Cambi-Rendzic&Gleyi-Rendzic Leptosols Calcaric&Calcari-Gleyic
Cambisols on calcareous tills

Total

Calcaric&Mollic&Haplic Cambisols Calcaric&Cambic&Haplic Luvisols
Calcari-Gleyic&Gleyic Cambisols Calcari-Gleyic&Gleyi-Cambic Luvisols
Stagnic Luvisols Glossic Albeluvisols
Haplic&Gleyic Podzoluvisols or Albeluvisols
5,2
Ferric&Humic&Gleyic&Haplic Podzols
Calcari-Rendzic&Cambi-Rendzic Gleysols
0,9
Mollic&Eutri-Calcaric&Dystri-Calcaric&Luvic Gleysols on till
7,0
Calcic&Eutric&Dystric Gleysols on aqueous deposits
8,2
Eutri-Histic&Dystri-Histic Gleysols
2,5
Spodic&Umbric&Dystric Gleysols
0,8
Carbi-Gleyic&Histic Podzols Ferri-Dystric&Spodi-Histic Geysols
Eutric&Sapric Histosols
7,8
Dystric&Fibric Histosols
0,1
Eutric&Mollic&Salic Fluvisols
0,8
Cambisols&Luvisols, eroded
5,5
Anthrosols, Rangeland, Pits, Outcrops

Forest area

1,2

0,1

6,3
11,1
6,6
16,0
7,3
12,0
5,9
15,1
5,0

2,5

4,3

2,5
1,4

6,0
0,7

10,0

10,0

11,1

10,1

4,7

5,3

2,9

4,1

3,8
13,8

8,2
16,1

9,4

20,6

2,1

1,3

2,1

0,1

0.2

1,0

Arable

2,6
3,1
1,6

Table 3. Texture of soils in % (Kokk et al., 1991)
Groups of soil texture
area
Sandy or coarse textured soils
Sandy loam or moderately coarse textured soils
Loamy or medium textured soils
Clayey or fine textured soils
Peaty or organic soils

Total

Forest area

26,7
17,0
27,8
4,8
23,7

35,1
8,8
15,9
3,3
36,9

Arable
15,1
31,5
39,2
5,6
8,6

The main aim of sustainable soil use and management is to preserve soil quality and functions. In doing so,
attention has to be paid to the development of systems that are productive, but at the same time economic and
protective. They have to be in harmony with the soil, and prevailing climate, as well as environmentally benign.
More pedological information is needed for the arrangement of contemporary land management and for the
evaluation of the environmental status of different regions. The main scientific basis for sustainable land use is
formed by the knowledge of various branches of soil science. However, the sustainable development has not yet
been satisfactorily supported by the government. The soil survey should be continued by emphasising the
research of newly set aside areas and also by modernising the soil survey technologies.
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UNDERGRADUATE AND GRADUATE TEACHING OF SOIL SCIENCE
In the Estonian Agricultural University most extended programmes (>5 credits) of soil science have subjects of
agronomy, management of agriculture, horticulture, management of natural resources, forestry and land
reclamation. It is regrettable that soil science is absent in the programmes of agricultural economy. In Estonia,
graduate studies (MSc and PhD) of three specialities - soil science, agrochemistry and agroecology, are closely
connected with soil science. Unfortunately the number of graduated soil science specialists is not sufficient to
solve urgent problems connected with creating the soil information service and arrangement of the usage and
protection of soil resources.
THE MAIN RESEARCH TOPICS AND RECENT RESULTS
In Estonia, the biological and ecological aspects of soil organic matter researches are of utmost importance
(Kolli et al., 1996). These embrace a lot of processes connected with the flux of soil organic matter (as storage of
energy and nutrition elements) through the humus cover. The humus cover is directly bound and significantly
influenced by vegetation and soils. Both influences are integrated in the humus cover properties and may
consequently be determined by a certain type of humus cover (Kolli, 1992). The knowledge on the types of
humus cover enables to evaluate the humus status of soils and its adequacy towards the existing pedoclimatic
conditions. For distinguishing the epipedon types of Estonian arable soils the following criteria were used:
distinctness and stratification of humus cover; fractional composition of soil organic matter and its connection
with mineral particles; the existence of contemporary geological processes; percentage, pool and quality of
humus; soil texture, structure and calcareousness; composition of edaphon and biological activity; agrochemical
properties and used agrotechnology.
For better understanding the classification of Estonian soil mapping units was developed to become more logical
and expedient. During the last 50 years, several versions of Estonian Soil Classifications (ESC) were proposed
(Kask, 1996; Kolli, 1997, 1998a). In reality they might be estimated to be good proposals for ESC revision and
modernisation. The comparison of ESC with the equivalent of FAQ, WRB and USDA indicates the following:
(1) the dominating number of criteria is similar; (2) some of the criteria are not yet used in ESC, but they must be
used in the future; (3) some of them are not applicable due to the specific local conditions and (4) some criteria
are distinctive only to ESC. It is obvious that ESC needs updated renovation and must have a good correlation
with internationally recognised soil classification systems. It helps to change the related scientific information,
and develop international co-operation.
During the last decade the issue of the evaluation of environmental protective ability of soil cover was arisen.
Depending on soil properties and their functioning, this ability varies to a great extent by different soil types. In
the analyses the active and passive aspects of environmental protection abilities of soils were taken into account.
For grouping soils by this ability the following qualifiers as epipedon and soil profile thickness, character of
epipedon, textural properties, indices of specific surface area, cation exchange capacity, calcareousness and
biological activity were used (Kolli, 1999b). As result of this analyse soils were divided into five groups: (I) with
good, (II) relatively good, (III) satisfactory, (IV) relatively faible and (V) with faible environmental protective
ability. Luvisols and Albeluvisols, as well as these Cambisols, which have thick loamy or cleyey subsoil, have a
good water and pollution eliminating activity (group I). Very sensible to pollution and to surplus of substances in
soil water are thin and drought timid Rendzic Leptosols (group V). Estonian soil cover has sufficiently soils,
which have a high environmental rating. This offers a good possibility for developing the intensively managed
agricultural crop rotations.
Studies on soil genesis in connection with the treatment of the functions of plant-soil systems at the ecosystem
level, and interactions of organic and mineral constituents in soils are on a relatively good level (Reintam, 1997
and oth.). Researches on ecological fundamentals of fertilisation and application of organic and nitrogen
fertilisers in crop rotation should also be mentioned (Kanal, Kuldkepp, 1999). Attention has always been paid to
turnover of substances between soil and plant cover, a complex characterisation of Estonian soils, ecologically
sound and sustainable use of soil cover (Reintam, 1970, 1971, 1973, 1975; Estonian..., 1974-1989)Investigation on soil ecology, biota and biological activity of soils has been started recently. The physical and
hydrophysical properties of soils were experimentally studied some decades ago (Reintam, 1970, 1971, 1973,
1975; Kask, 1975; Kitse, 1978). Now the data on pedoclimatic conditions and their consideration in soil
management are elaborated intensively by H. Roostalu (1999).
Unfortunately the researches on the influence of underground oil-shale mines on the properties of soil cover, the
recultivation of exhausted quarries and pedotechnology of humus soil use are not continued due to no financial
support (Kaar et al., 1991; Reintam, Leedu, 1994). It is also regrettable that the monitoring of Estonian arable
soils was stopped and is has not yet been continued. It is clear that due to the absence of financial support by the
country, several soil science problems remain unsolved. In the future we hope to collaborate on the international
level and thereby receive direct support in this area.
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INTERNATIONAL COLLABORATION AND JOINT RESEARCH PROGRAMS
Estonian soil scientists take part in several projects of which the following should be mentioned: Correlation of
Estonian Soil Map Units to Classes in USDA Soil Taxonomy - Cornell University, USA; Survey on Soils of
Finland and Researches on Nitrogen Turnover in Agroecosystems - Jokioinen, ARC, Finland; Cereals Yield and
Quality Formation in Different Ecological-Geographical Conditions - Berlin, Humbolt University, Germany;
Appreciation of Fertilization Load and Improvement of Fertiliser Standards - Estonian - Danish project; The
Influence of Organic and Mineral Fertilisers on the Soil Agrochemical Status - Estonian - Swedish project.
CONSTRAINTS OF SOIL COVER
The soil cover of Estonia belonging to the frigid pedoclimatic conditions has certain limitations in thermal
resources and in the duration of the vegetation period. Depending of the precipitation - evaporation ratio, certain
soils may each year be washed out, over-moistened or water logged. Typical constraints for such areas are high
acidity, low humus quality and shallow profile of soils. In general the susceptibility of soils to water and wind
erosion is not remarkable (see Table 2) and salinization of soils as a constraint is absent altogether.
Some constraints are connected with certain soil properties as: the clay and humus content of the soil, extremely
fine or coarse texture; deficiency of trace elements; great variability of soils; occurrence of the processes of
paludification, podzolization and others, causing the degradation of soil fertility. Soils, which are situated in
relation to groundwater resources on unprotected or poorly protected areas (northern and central part of Estonia)
need controlled or restricted human activity for preventing worsening of water quality (Reintam, 1991; Raukas,
1996; Estonian..., 1997; Programme..., 1998). On dominating part of the territory the ground water is
moderately or well protected and the conventional soil management may be used there. From the aspect of soil
protection activities the monitoring and nature conservation must be taken as priorities. These aspects of soil
functioning, which are essential from the point of view of Estonian soils conservation and sustainable use, must
also be taken into account (Roots, Talkop, 1996; KSlli, Lemetti, 1997; Programme..., 1998).
THE FEATURES OF SOIL AND THEIR FUNCTIONS DEGRADATION
Frequently it is not understood that the intensity of soil degradation exceeds their formation and rehabilitation
(Dosso at al. 1995). The best way for protection soils is their sustainable use.
The map of vulnerability and degradation of Estonian soils is prepared under supervision of Prof. L. Reintam in
the framework of SOVEUR at the scale 1:2500(X)0. On this map the soil pollution with heavy metals, water
erosion, alkalisation, acidification, fertility decline by reduced organic matter content, compaction of subsoil,
urban and industrial conversion, waterlogging as well as their impacts, degrees, causes and rates were assessed
and described by the methodology elaborated in ISRIC (Batjes, 1997; van Linden, 1997). For large areas of
North Eastern Estonia soil degradation induced by chamber and open-pit-quarry mining of oil shale and
phosphorite is characteristic. It has deformed the entire soil cover and deteriorated the physical, chemical and
moisture relationships of soil (Reintam, Leedu, 1994).
An important feature of arable soil degradation was the use of unfitting technology. One of them was very deep
ploughing, which mixed the arable layer of soil in some places with podzolic, and on other places with very
gravelly materials which result in the worsening of the humus status of soil. As a result of deep ploughing during
approximately twenty years (1960-1980) the whole humus cover of Estonian arable lands was decreased by an
average of 6-8 cm. In many cases this was also accompanied by the compression of the subsoil and the formation
of rugged fields. Such degradations decreased the soil's actual productivity to a recognisable extent (KSlli et al.,
1996).
On lowland soils (different Gleysols) drained with tile or open ditches degradation has happened due to getting
the established systems out of order. On these areas the worsening of soil water and redox regimes as well as
water logging take place. In these cases their suitability rating for agriculture decreases, but the existence of
natural equilibrium of soil is always complicated. The secondary development of ecosystems on these soils is
incalculable.
Deterioration of soils is a great damage for national economy, as it is well known, how much work and finances
was preliminarily spent for the cultivation of these areas for the purpose of farm fields. The most fertile soils
were always situated around the large villages. In connection with industrial degradation of soils the newly
cultivated areas were founded on soils, which have much more constraints, and needed therefore much more care
and spending (Reintam, 1991).
In connection with the land reform as well as with a changing market situation for agriculture (by reducing), the
large areas of arable lands are set aside. These areas covered with weeds may be classified from the point of
view of agriculture as damaged or injured fields, on which the uncontrolled succession of plant-soil system
begins. Reaching of stability by the formation of a forest association takes a lot of time. Contemporary laws do
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not protect the conservation of purposeful land use or protection of fertile arable land.
Soil pollution is a regional problem and it can be detected around the industrial areas in the North East of
Estonia. The main sources of pollution include wet and dry deposition of air pollutants originating from power
plants, chemical enterprises, and from the production of construction materials. On the other areas it is caused by
leaching pollutants from oils shale ash used for liming of arable soils. The main pollutants include cement dust,
phenol, bens(a)pyrene, sulfur and nitrogen compounds, and some metals (Reintam, 1991; National..., 1992).
Geochemical mapping shows that the concentration of lead, uranium, cadmium and some other heavy metals in
soils is above the maximum permissible limits in the industrial regions of North Eastern Estonia (Petersen,
Ressar, 1993; Petersen et al., 1994, 1997). On most of the territory metal relationships are far above the level of
maximum permissible limits. In some areas (Sillamae, Maardu) radon originating from the surface is having
considerable effect on the local radiation level reaching 5000 Bq m"^ in some places.
On large part of the Estonian territory soils are mechanically damaged due to the use of heavy agricultural
machinery which are unsuitable for the local soils and used at a wrong time (Nugis, Lehtveer, 1991). Land
improvement activities, which were carried out during the collective farms' period, have also influenced the soil
fertility and its water and oxygen regime towards a positive direction in several cases. Due to the changes in
agricultural practice (re-establishment of small farms) the use of application fertilisers, pesticides and other
chemicals has decreased. In connection with this the dangerous effect of chemicals on soil quality also decreases.
Therefore measures to prevent overuse of chemicals is not actual in nowadays.
Areas with local soil pollution include those of the former Soviet army territories (airstrips, training polygons,
places around fuel pipelines, lands under and around petrol stations, and repairing companies. According to
official data these areas cover over 1,8% of the territory (National, 1992). Around Sillamae and the military port
of Paldiski the radioactive pollution is problematic.
EROSION AND TILLAGE EROSION
Due to the local meteorological conditions (little precipitation in spring time; low rainfall intensity; relatively
short vegetation period; character of soil parent material; relief of landscape) the intensity of natural erosion is
not high. The results of a large scale mapping of the Estonian soil cover ascertained that the water erosion has a
remarkable soil degradation influence (sheet and rill erosion) mainly to arable soils in southern Estonia, where
most arable lands are situated on hilly endmoraine areas. The soils damaged by water erosion form
approximately 5,5 % of all Estonian arable lands. The investigation of water and tillage erosion enables to
declare the presence of tillage erosion of these arable soils, which are not recognised as areas vulnerable to
erosion (Kolli, Ellermae, 1999 ).
THE CURRENT ATTITUDES TOWARD SOIL DEGRADATION
At the Ministry of Agriculture and Environment of Estonia the special institutions with the task to take care of
soil resources are currently absent. The only governmental institution is SE Estsurvey whose information on soil
survey originates also from earlier periods. The main activity connected with soil resources is preparing the
digitalised large-scale soil maps by converting conventionally prepared soil maps. An other problem which is
presently dealt with, is soil evaluation.
The soil information system is not yet established in Estonia and therefore it is difficult to have an actual
overview of the status of soil cover. Estonia has two scientific institutions where soil science topics are dealt
with. The leading one of them is the Department of Soil Science and Agrochemistry of Estonian Agricultural
University. At the Institute of Agriculture the number of staff members is decreasing, and the financial support is
reduced year by year.
By developing the open market policy, Estonian government puts agricultural economy into a very difficult
situation, by not supporting neither intensive nor ecologically developed production. The fact that much more
attention is paid to the conservation of water and air resources in comparison with soil resources is characteristic
(Agenda, 92; National..., 1992; Michelson, Peterson, 1996; Estonian..., 1997; Programme..., 1998).
Natural scientists, e.g. geographers, botanists, biologists and others appreciate the soil survey stage in Estonia
highly, but it is clear that in most cases the generalisation of accumulated soil data is absent. The main reason for
this is the small number of soil scientists, and also the absence of such kind governmental order.
Farmers are interested in the development of a modem state supported extension service. For this the extension
service must be related with the university, where in addition to information about Estonian soils, the recent
advantages of fundamental soil science may be widely used. The farmers are primarily interested in the
suitability of soils for crops, and about current nutrition elements, humus and calcium status in soils. They are
also interested in new ways of moderate use of chemicals and fertilisers, as well as in the production of naturally
pure plant and livestock products. Most Estonian farmers do not have enough financial resources for using new
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technology and machinery suitable for the specific area.
Soil science has a relatively important place in the educational and environmental information systems. The
society, knowing and respecting well known global theses in relation to soil, is often not able to adequately
appreciate their validity or invalidity locally. International projects, the activities connected with soil science
organisations, the soil protection policies within the European Union (Europe's..., 1998) and the soil monitoring
are widely introduced in some works (KSIli, 1999a). Special interest is given to the soil charters (Worlds,
European) as well as to the project of soil convention (European..., 1972; World..., 1981).
Although the globally important declarations, forums' results and other materials (Declaration..., 1998; Dosso et
al., 1995), which are established in soils science, are not translated into Estonian, their issues are relatively well
known, not only among soil scientists, but also among biologists, ecologists and environmental scientists. There
the importance of soil for living is emphasised (producing nourishment, controlling water quality, contributing to
the proper functioning and stability of food chain, supporting human infrastructure, preserving the diversity of
life, influencing global cycles and balance, witness to human history and others). Knowing the problems on the
global level may be explained by globalisation of information and access to the Internet. Unfortunately, most
people do not have a clear notion of these problems at the local level. It is well known that soils may be
degraded, but to what extent, what is the mechanism of degrading, which soils are more sensitive to degradingall this is not clear. Little awareness of the problems on the regional or local level is on one hand caused by
inadequate knowledge about local soils, as well as their functions and constraints. On the other hand it is due to
non-adequate appreciation of soils as natural resources, and their importance in the environmental status. It is not
enough to know only that soil is a slowly renewable natural resource. Everyone must have the knowledge about
possibilities to contribution for these processes by different soil mapping units.
In ancient Estonian culture much attention has been paid to the protection of soils. Estonians have lived and
tilled the soil on this land approximately 5000 years. This activity was started on this territory after the last
glaciation, which is 13000 years ago. Estonian society's awareness on the importance of soils in forming
ecologically stabile environment is not widespread in public opinion. This is unfortunately valid also for those
who use or manage the soil directly. We support and agree with paragraph 8 of Klingenthal Declaration, and
suppose that it deserves the whole world's understanding (Declaration..., 1998). In this sense we welcome the
Soil Campaign, or the development of the basis for an international solidarity against the soil deterioration
(Dosso etal..., 1995).
PROSPECTS FOR DIFFERENT ACTION PROJECTS
The most important driving force for development of national soil science is international collaboration (Jones,
Hollins, 1996; Le Bas, Jamagne, 1996; Daroussin, King, 1997; Deckers et al., 1998; Latham, 1998). Estonia
expects regional (Baltic and Scandinavian countries) co-operation in the field of scientific researches and
education. This should include the arrangement of workshops and seminars for soil scientists, environmental
specialists, and graduate students on actual problems of soil protection; establishment of joint projects in the
scientific researches and in extension services. International solidarity helps to use the advantages of
fundamental soil science and to introduce the importance of regional soil science problems as joint tasks of
mankind. The most important issue in this area is the knowledge about the site-specific arrangement of soil
protection, elimination of soil deterioration causes and organising of sustainable land use.
The priorities in struggling against the soil degradation may be treated from two aspects. In case of arable soils
the key factors are the arrangement of a closed turnover of nutrition elements, the compensation of the annual
losses of soil organic matter, the elimination of the causes of soil contamination, the protection of the biological
activities on suitable level, and keeping soil humus cover as well as established drainage systems in good order.
As for the forest soils, it is very important to conduct the plant-soil relationships into a state, which is
characteristic to soil properties, and at the same time increasing the biological activity step by step.
Rehabilitation of degraded soils must first of all be carried out on previous military areas. Recultivation of mined
areas and reforestation of soils susceptible to erosion is also important.
LEGISLATION CONNECTED WITH SUSTAINABLE USE AND PROTECTION OF SOIL COVER
Estonia has not yet special laws for the arrangement of soil cover protection. Laws, which are established for
other purposes, but relate to soils indirectly, can be applied. The following could be mentioned here: Wastes Act
(1992), Environmental Fund Act (1993), Act of Pollution Charges (1993), the Act on the Rights of Using
Natural Resources (1993), Act on Sustainable Development (1995) and several other laws and regulations
having indirect impact to sustainable use of soils (Raukas, 1996; Legislation..., 1995; Tarasofsky, Kramer,
1998). In the Constitution of Estonia, article 53 defines that "Everyone is responsible for the preservafion of the
human and natural environments and must make good any damage that has been caused to them". From the
aspect of soils as natural resources this means that they must be used and protected in the way that they may
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fulfil their main functions continuously. There is a strong need for codes and legislation related to soil
conservation. Examples of this may be found in different sources (Bar et al., 1998; Code..., 1993; Legislation...,
1995; European, 1972).
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SOIL PROBLEMS IN GEORGM
Prof. Dr. Tengiz F. URUSHADZE, Georgian State Agrarian University, Soil Science Department, 13 KM
David Agmashenebeli avenue 380031 Tbilisi, Georgia, tengiz. urushadze@mailcity.com
Dr. David R. KIRVALIDZE, Chairman of Agrarian Issues Committee Parliament of Georgia, 8, Rustaveli
Avenue 380018 Tbilisi, Georgia. gea@access.sanet.ge
Dr. Teo T. URUSHADZE, Georgian State Agrarian University

Soil is an independent complex specific biogenic covering of the earth. The soils are distinguished by high
geochemical energy of living being. Soil is not only the means of production and major for agricultural activities,
but it is also vital for humanity. Soils play an important role in geological services, medicine and veterinary. Soil
processes are very important in the formation of sedimentary rock and those useful fossils, which are connected
with them. For example, the formation of iron and manganese ores is in close connection with marsh processes,
while the formation of bauxite, phosphorite, nitrate, soda, gypsum, lime, salt, iodine, bromine is bound to ancient
tropical soil formation.
Oil, cobalt, nickel may influence soil characteristics and cause noticeable deviations from ordinary soil
formation. This may underlie the soil geochemical methods of search and prospecting minerals.
Soils have different engineering and geological characteristics. Durability of constructions and foundations
depends on soil ground water characteristics. The knowledge of soils is necessary in the construction of roads,
airdromes. Some human and animal diseases are important for microbiological and biochemical production. The
correct estimation of all soil properties.
The founder of the genetic soil science professor V. Dokuchaev righteously called the Georgia a natural " soil
museum". For more than 50 types have been described on the territory of the Georgia. It is a result of complex
bioclimatic and different lithological and geomorphological conditions. Some of the soils were first described in
the Georgia ( cinnamonic, meadow-cinnamonic, yellow-brown forest, black-brown forest and some others) and
only afterwards distinguished in many other countries. Diverse conditions of soil formation are complicated by
the influence of man's activations of different durations upon the soils. In some regions of the Georgia the
cultivation of soil with the frequent use of watering has a history of many centuries while there are regions where
the cultivation of soil has been conducted for only a century. The soils of the Georgia have been investigated by
many scientists during last one centuries. As a result a number of main principles of modem soil science arose.
In Georgia the vertical zonality of soils was discovered, the foundations of the theory of provinciality and
foothill zonality of the soils were laid and the notion of the soil metamorphism was formed.
In West Georgia they are next row of main soils ( form see level) : bog (histosoils- according WRB), red
(alisols), yellow (chromic and ferralic cambisols) subtropical podzol (stagnic acrisols), yellow-brown forest
(chromic cambisols and stagnic alisols), brown forest soils (eutric and dystric cambisols), mountain-forestmeadow (humic cambisols), mountain - meadow( leptosols, cambisols and cryosols), mountain meadow
primitive (leptosols).
In East Georgia they are next row of main soils : grey-cinnamonic (calcic kastanozems), meadow greycinnamonic (calcic kastanozems), halomorphic (solonetz and solonchaks), brown-forest black (humic cambisols
and phaeozems), cinnamonic (eutric cambisols and calcic kastanozems), meadow- cinnamonic (calcaric
cambisols and calcic kastanozems), brown forest soils (eutric and dystric cambisols), mountain- forest-meadow
(humic cambisols), mountain-meadow (leptosols, cambisols and cryosols), mountain meadow primitive
(leptosols).
The main soils have very independent properties (table 1).
The main soil problem in Georgia are soil degradation.
Among the main types of soil degradation we have such situation :
1.

Loss of organic matter and of biological activity. These degradations are very old, because in
Georgia the land use have a very long history and so all agricultural land are determines with this type
of soil degradation.

2.

Physical degradation : decrease of structure stability, destruction of the aggregates, compaction,
lowering of soil surface. All agricultural land more or less are also determined with this type of soils
degradation.

3.

Soil erosion and sedimentation. The main soil problems in Georgia are erosion. The soils of Georgia
run the danger of intensive erosion ( fig.l). For example, 30% of the ground is badly eroded, 20% of the
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ground is less eroded. In Georgia all kinds of erosion are observed. Water erosion is mainly spread in
West Georgia, while wind erosion - in East part. In South-West part of Georgia, in Adjaria the "soil
migration" of the population is observed. The country-people living in mountain parts leave their
homes. The reason is that the soils are eroded to such extent that agricultural activities are completely
impossible. Nearly 10 years ago anti-erosion measures were worked out. Though, these measureshave
been taken yet because of the hard economic conditions of the country.
4. Waterlogging,

hydromorphy but also excessive desiccation. First of all it is as result of

functioning of drainage system in lowlands, in West Georgia we have 220 000 ha of bog soils.
5. Salinization and alkalization. The example of this type of soil degradation we have in East Georgia
(180 000 ha).
6. Acidification. Practically we have not such type of soil degradation.
7. Loss of chemical fertility : N, P, K. The agricultural lands of Georgia have a deficit of N and P.
More or less they are rich with K.
8. Pollution. After the soil erosion pollution is the next main problem of soil degradation in Georgia. In
recent past the pollution of soils was great than now, for the industry worked with full power then, it was the
main source of pollution. For now the role of industry as a source of pollution is now counted. To same
corresponds t6 agriculture. Recently the amount of fertilizers and other chemical used in agriculture has
descended. So, agriculture and industry cannot be regarded as active sources of pollution nowadays. Thus, the
main sources left is transport. Its role in soil pollution is going fast. The problem of radioactive pollution is of the
greatest important (fig.2). The lack of effective means of control, "transparence of state frontiers enormous
stream of people and goods traveling by transport deepen the problem.
9. Disappearance of the soil. This type of soil degradation have tendency of active development.
Georgia -the country rich its past is now confronted with grave difficulties in the area of soil science. It has been
found its bright reflection in the process of preparation of the Land Cadastre, in blatant disregard of the
qualitative assessment of the land. The difficulties are the result of inadequate propaganda, low level of
international links, lack of participation in granted projects, insufficient legislature etc. Only concerted efforts
can resolve these problems.
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Figure 1. State of arable land erosion (%)
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Figure 2. State of radioactive pollution
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INDIRECT AND DIRECT SOIL INDICATOR SYSTEMS THE BASIS FOR SOIL PROTECTION IN GERMANY
Prof. Dr. Monika FRIELLNGHAÜS, Center for Agricultural Landscape and Land Use Research (ZALF),
Institute of Soil Landscape Research, Miincheberg, Germany. iTielinghaus@zalf.de

INTRODUCTION
Although soil degradation is recognised as a widespread problem, the geographic distribution and the total area
of affected soil regions are not well-known. Slow, insidious changes in soil quality are less dramatic than highly
publicised environmental or climatic disasters and are thus seldom recognised as a truly serious issue requiring
immediate attention (OECD, 1998).
The inextricable connection of the pedosphere to the lithosphere, biosphere, atmosphere, and hydrosphere
suggest an altered soil state may have noticeable long-range impacts on other systems. In north-eastern Germany,
soil erosion and soil compaction, the most significant processes leading to sou degradation and a consequent
decrease in soil quality, have been linked to agricultural management practices (Table 1).
Table I. Areas with anthropogenic soil degradation in relation to the major impairment processes
Regions

Agricultural land [ha]
Impairment processes*
Water erosion [%]
Wind erosion [%]
Soil compaction [%]
Water logging [%]
Chemical degradation [%]
Humus reduction [%]
Set-aside program [%]

n.d.: not determined

Young and
old moraine
regions
2.226.000

Fertile river
plains/ Peat areas

Loess region

Mountain and
hill region

2.774.000

1.343.000

839.000

16
8
47
5

0
6
21
5

21
4
27
1

16
0
6
1

2
0
9

4
7
n.d.

0
0
10

2
0
18

* proportion of land degradated (%)

Measures to prevent or abate soil degradation should be developed in relation to the size of the impacted area and
degree of soil damage (Frielinghaus et al., 1999).
For the purpose of optimising soil functionality, an assessment of soil-modifying processes is needed. Wind
erosion, water erosion, acidification, structure change, organic matter change, agrochemical additions caused by
inadequate land use, are these processes (Acton et al., 1993)
Two critical soil functions are proposed here as a basis for determining the purpose of the soil quality indicator
system:
a.) Sustainable crop production -the capability of the soil to produce crops caused by soil characteristics (e.g.
depth and quality of topsoil)
b.) Environmental sustainability -the capacity of the soil to serve as an environmental buffer: to accept, hold
and release water to plants, streams and groundwater, and to function as a source and sink for gaseous
materials in atmospheric exchange.
These critical soil functions are scale-independent and remain constant for plots, fields, farms, districts or larger
regions. The information for indicating the change of soil quality due to soil erosion and compaction for exemple
is dependent on scale.
(Karlen, 1997)
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Different groups of indicators are necessary for assessing the impact of soil erosion and compaction on soil
quality. A first group of indicators is the basis to estimate the potential soil erosion and soil compaction risk.
These processes are interconnected; soil compaction creates an increased potential water erosion risk due to
decreases in infiltration capacity and soil structure stability. The second group should allow the assessment of
long-term influence of erosion or compaction, decreased the soil quality state and increased the potential risk.
A third group of indicators which more directly measure the effects of land management practices with respect to
erosion or compaction is needed. Proxy indicators include erosion rills or gullies and emission zones as well as
real soil cover as a factor of plant or plant residues.
With respect to changes in soil quality as a result of erosion or compaction processes, occasionally a clear
differentiation between causes and effects of soil state is difficult. During the dynamic processes of soil loss, for
instance, soil parameters change and soil erodibility increases. The soil erodibility also increases with an
improvement in the soil compaction status. Present-day soil compaction is a 'pressure' for agricultural land use
management.
The State - Pressure- Response framework of the OECD (1994) uses recommendations for sustainable land use
management as a solid basis for assessing the type and extent of land use factors which influence the most
important soil-modifying processes. The different kinds of indicators are essential for the concept and will be
discussed in this paper.
MATERIALS AND METHODS
As a result of the analysis, the application of simple indication steps for assessment of the real state and the real
pressure with regard to reducing the erosion and compaction risk are useful.
Figures 1 and 2 illustrate the application of the concept for the north-eastern regions of Germany.

^

Kil

S 3
g-g

3
O.

C
os

3
O,
C
en

cr S" o
ï-3

"-t

n

V

u

n o
o

5«r

c
o

3
3.

175

Figure 1. Principle Schedule for Statc-Pressure- Evaluation and corresponding conclusions for sustaining or reconstructing soil quality level
Indïcation of soil quality and
Indication of land use pressure
Combined assessment of state and pressure
regional specific
for different soil degradation processes
[PRESSURE]
[STATE]
tC]
[A]
[B]
classes
Interpretation:
classes
Interpretation:
Interpretation
Assessment
Risk
Risk
Potential
A. Potential
A: 1 and 2
B: 1 and 2
1 and 2

Very small and
small

1

pressure low

A: 3, 4 and5
B: 1
A: 4 and 5
B: 1
A: 1 and 2
B:2

3

medium

2

pressure increased
A: 3
B:2

A: 3
B:3
4 and 5

high and very
high

3

pressure very high
A: 4 and 5
B: 2 and 3

Level I
The land use is adequate
for the soil state and the
regional conditions; the
risk of land use for soil
and environment
degradation is small 1

Level 2
The land use is not
adequate for the soil state
and the regional
conditions; the risk of
land use for soil and
environment degradation
increases; the
disproportion requires a
particular indication of the
actual state on plots [E]
Level 3
The degradation risk is
very high; a precise
assessment based on an
actual state and piessure
indication is required
IE]

Decision impacts for management
practices
[RESPONSE]
[D]
Required Controlling Level for
sustainable crop production and
environmental sustainability
Level 1
Sustainmcnt of soil quality is
guaranteed without degradation
probleins; a
complex of Best Management
Practices to be used in agriculture,
Jiionitoring system foi- controlling of
onsite- and offsite quality is
necessary (complex 1)
Level 2
Soil quality not sustained, a complex
of Best Management Practices have
to include? special agricultural
management measures (complex 1
and. 2)

Level 3
Reorganisation of agricultural land
use should be the basis for
controlling soil degradation; land
consolidation measurements should
sup|X)rt the agricultural management
(complex 1 to 3)
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Figure 2. Steps for estimating the potential and real risk of soil erosion and soil compaction
Steps
Indication of present soil state and
topography

Results
Potential erosion risk and potential
compaction risk, 5 classes

A2

Precise assessment of regional size
speciality characteristics (morphology,
wind openness exposure, climate)

Precise regional potential erosion risk
(water and wind erosion) and compaction
risk

Bl

Indication of the long-term land use
influences

Regional-specific pressure of stable land
use systems

B2

Indication of the medium-term land use
influences of agrarian systems

Regional-specific pressure of agricultural
management

c

Assessment of the real soil erosion and
soil compaction risk for sustainable crop
production

Decision impacts for agricultare
management pi^ctices

E

Special indication dependent on the
purpose (anticipated altered soil or actual
transport forms and paths)

Maps and data bases
with local risk indication

Al

•

1

quality, offsite damages)
D

Assessment of the real risk for the
environmental sustainability

Determination of response priority t»
realise sustainability of soU functions

The methods to realize the different steps have been published (Frielinghaus et al. 1999). These results may
determine the response level required (Level 1 to 3) and will described in the next chapter.
RESULTATS AND DISCUSSION
1. Indication of the potential risk of water erosion and soil compaction [A]
The basis used for indicating water erosion in north-eastern Germany is the relief classes and the soil substrate
type classes of the MMK (Mesoscale Agricultural Soil Mapping 1:25 .OCX)) (Lieberoth et al., 1983). The five risk
classes (low til very high) of this soil map are comparable with those of the USLE (Wischmeier at al., 1978) and
the ABAC (Schwertman et al., 1990).
The results of a compression and shear strength test form the basis for the five compaction risk classes of
different soil substrates. The classification was derived from measurements of root development. The dominating
influential factor was the soil substrate, which had differing textures in the tests (Petelkau et al., 2000).
While soils with a higher clay concentration experienced little compaction, sandy soils with lower clay and silt
concentrations were extremely condensed.
Different data bases and soil maps are available for the classification of the soils. The basis for the indication of
potential soil compaction are the soil substrate type classes of the MMK (Mesoscale Agricultural Soil Mapping
1:25.000), such as soil erodibility withfiveclasses (low til very high). (Lieberoth et al., 1983)
Precise assessment of regional characteristics provides information about preferential erosion paths like
"thalwege". Other evaluation criteria are created by combining the erosion and compaction risks for the same
region.
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2. Indication of the land use influences for soil erosion [B]
Landscapes with an optimal soil cover, such as forested areas, may have a lower soil erosion risk than agrarian
areas. The real erosion risk is a factor of the intensity of agrarian use and the type of crop production
management. A closed vegetation cover protects the soil surface from raindrop splash forces. Plant roots help
retain soil particles and reduce the soil transport load. The extent of soil cover materia], green plant mass or crop
residues, can be influenced by the fanner's management and soil tillage practices (Frielinghaus et al., 2000a).
The degree of soil cover is a highly effective indicator for assessing the erosion risk. This indicator addresses the
questions: 1. how much soil cover is necessary to reduce the soil loss by erosion for a high-risk area or what is
the "critical value" of minimum soil cover; 2. how much cover can be realized dependent on soil quality change
by long-term erosion; 3. how much cover can be realized dependent on crop type, crop rotation, tillage and
management practices in different regions. Based on this analysis, at first it is possible to analyze the rate of soil
degradation by soil loss, which significantly impacts plant development (Frielinghaus et al., 1998). The next is
the analysis of land use pressure resulting from the less than minimal spatial and temporal soil cover
(Frielinghaus et al, 2000 b).
The third is the possibility to determine the appropriate measure to increase the spatial and temporal soil cover
ive measurement.
About 2 t.ha'' dry matter, or more than 30 and up to 50 % plant surface cover, is effective for initial soil
protection efforts. The results from 10 years of continual measurements on plots (sandy soils, plots parameters:
4 8 m L x 9 m W ; 7 % slope) show the significant correlation between soil cover and soil loss.
(Table 2)
Table 2. Correlation between rate of cover, run-off and soil loss.
Soil cover
%

Plant residues
t-ha"' dry matter

0
<20
<30
Approx.50
Approx.70
>90

0
0,5
1
2
4
8

Run-off volume
(% of rainfall
amount)
45
40
35
<30
<30
<30

Soil loss

100
25
8
3
<1
<1

The following five criteria play a decisive role in the rate of plant soil coverage: the time to establish soil cover
after planting, distribution of soil cover material as a factor of the plant morphology and the type of planting,
time span of soil cover during the summer and winter, time lapse without soil cover dependent on the technical
management system, type of soil tillage and seedbed preparation practices. The differences in evaluation criteria
are shown in Table 3.

I
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Table 3. Appraisal matrix for crop soil cover and crop rotations soil cover and resulting pressure (Frielinghaus et
al., 1999)

Time span to
establish soil
cover

Grass
Winter barley

distribution
of soil cover

Evaluation criteria
Time period of Time period
soil cover
of soil cover
during summer during winter
time
time

Time period
without soil
cover due to
the technical
system

Evaluation of
erosion
control/ land
use pressure

Soil cover of crops
1
1.5

Winter wheat
seeding before
October 1

»
1,5

2.5

seeding after October
1

—Mil
"l7

summer barley
potatoes
sugar-beet
com / maize
sun flower
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Table 3 (continued). Appraisal matrix for crop soil cover and crop rotations soil cover and resulting pressure
(Frielinghaus et al., 1999)
Soil cover of crop rotations
grass rotation

1

1

maize - winter wheat winter barley

2.5

2.5

sugar-beet - winter
wheat winter barley

pmüpsüil

Soil cover of special crop rotations with improved soil protection
winter barley - catch
crops mulch (frozen catch
crops) maize- winter wheat winter rye with
underseed
winter barley - catch
crops mulch (frozen catch
crops)
maize - winter wheatwinter barley
winter barley - catch
crops mulch (frozen catch
crops)
sugar-beet - winter
wheat - winter barley
appraisal:
1 very good C
control
2 adequate E
control
3 without or B H
beginning control

1

1.5

1.5

1.5

llli

1.5

1.5

1.5

1.5

|5

,
1.5

1.5 B

quickly

even

protected

protected

without

moderate

moderate
uneven

poorly
protected
not protected

moderate

slowly

poorly
protected
not protected

long

little pressure
>70%/>50%
medium pressure
<70%/>30%
high pressure
<50%/<30%

The typical intensive agrarian crop production (conventional system) involves numerous soil till operations to
remove the residues of the first harvest before seeding the second crop.
The greatest erosion risk occurs after seedbed preparation, which is characterized by the lowest degree of soil
surface roughness. Crop selection, improved crop rotations, and a change in soil tillage practices are established
techniques for increasing the soil cover.
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3. Indication of the land use influences for soil compaction [B]
The heavy machine and transport vehicle traffic exert high specific ground pressures from high axial loads. The
following traffic parameters resulted in an altered bulk density of the trafficked soils:
O wheels may produce high contact pressure per area on the soil surface, resulting in deeply routed lanes and a
wide lane profile;
0- high axial loads increase the compaction of the subsoil layer with top- and subsoil damage,
^ highfrequencytraffic results in an increased soil bulk density in the lanes and intensifies the effect on the deep
soil layers as well; top- and subsoil compaction increase;
O substantial soil strucmral damage resultsfromwheel slip in lanes with high water content (this parameter is not
quantitatively available in the indication concept).
The specifics of an individual machine, however, do not provide sufficient information. The total pressure from
the sum of the axial loads and the pressured area increase successively with higher traffic frequency.
Three different components must be evaluated: the total axial loads, the respective contact pressures for each
crop and the number of wheelings for each process (e.g.fromsoil tillage, planting, harvest) and the total for crop
rotation practices.
Table 4 shows the tolerable maximimi bearing capacity as determined by the measured bulk density for each
compaction risk class dependent on available water content (AWC) (Petelkau et al., 2000). In comparison, the
acceptable value of the contact pressure may be exceeded on sensitive soil areas with an increased risk of soil
compaction (Table 5 ).
Table 4. Tolerable contact pressure (maximal loading capacity) for the different soil compaction risk classes
Compaction
risk lasses

optimal density range
Level 1
bulk
density
Ig/cm^l

low
moderate
important
high
very high

1.32
1.44
1.49
1.51
1.51

low
moderate
important
high
very high

1.32
1.44
1.49
IJl
1.51

slightly compacted range
Level 2

maximum
bulk density
bearing
capacity
[g/cacj
[kPa]
AWC 5 0 %
288
07
154
1.49
100
1.54
53
1.56
45
1.56
AWC 65 - 95 %
255
1.37
128
1.49
1.54
56
17
1.56
8
ÏM

moderately compacted
range
Level 3

maximum
bearing capacity
[kPal

bulk density

371
212
153
90
88

1.42
1.44
1.59
1.61
1.61

480
292
233
155
172

327
175
90
34
20

1.42
1.44
1.59
1.61
1.61

420
240
145
67
49

[g/cm^

maximum
bearing
capacity
[kPa]
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Table 5. Contact pressure represented for common production methods in Germany

Crop system

Potatoes
Sugar beets
Com/maize
Winter wheat

Machine width
of the main
system

Trafficked area
(multiple
wheeled)

[m]

[%]

4.50
2.70
5.00
5.00

98
89
66
61

Portion of total
Portion of total
area under multiple area under multiple
moderate pressure medium pressured
(<150kPa)
(150-200kPa)
[%]

Portion of total area
under multiple heavy
pressure
(>200 kPa)

[%]
15
0
12
19

29
53
22
34

56
47
66
47

The comparison of the contact pressure with the maximum bearing capacity shows the impossibility of
completely avoiding the risk of soil compaction in sustainable agricultural land use production. However, this
evaluation could provide a basis for reducing the load impact.
4. Impacts on decision-making for agricultural management practices [C/D]
The results of the assessment may determine the response level required: in a balanced situation, "Best
Management Practices" may help ensure sustainability is maintained, slightly disproportional results suggest
additional special agricultural management techniques may be needed while significant differences may indicate
the need for additional land use adjustments or changes in technical management (Table 6-8).
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Table 6. Measures to realize the Best Management Practice (Level 1)
Measure
•

Selection of cover
crops

Description and Effects
•
•
•

•

Planting of catch
crops

•
•
•

•

Underseeds

•
•

1

Soil surface protection by increasing the duration of cover by about 50 % after
evaluation (appraisal matrix with 5 criteria)
Reducing broadstanding row crops (com, sugar beets, potatoes, winter rape, sun
flower)
Increasing winter cereals and perennial forage crops

Cropping forage and frozen green manure to increase surface cover, especially during
the erosive winter season
Ploughless cultivation wherever possible for avoiding uncovered fallows
Soil amelioration for structure stabilization by organic matter
Increasing surface cover during the winter season and autumn by cropping grass or
underseeds in winter cereals and clover or clover/grass mixture in com
Increasing surface cover by rotating fallow or set aside land

• Site-dependent soil
tillage and
cultivation

•
•
•

No tilling and cultivation under wet field conditions (>70% soil water content)
Avoiding wheel tracks before winter season and in early springtime
Post-emergence treatment with pesticides and mineral fertilization for reducing soil
sealing and cmsting as well as potential erosion and offsite damages by soil
compaction and trafficked wheels

•

Changing plant
production
management

•
•
•

Combining cultivation operations
Shortening uniformly cultivated slopes and areas subject to wind-blowing
Network of farm roads to reduce transport on the fields

•

Extensivation by set
aside and rotation of
fallows

•
•

Set-aside at field parts, along endangered waters and biotopes
Extensive use of areas between river floodplain sites and peatland for offsite pollution
control
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Table 7. Conservation tillage and special tillage (Level 2)
Measure

Description and Effects
•

Medium-term planning and realisation of erosion reducing plant production for:
* reduction of tillage operations during crop rotation to decrease mechanical soil
loading and wheeling.
* reducing agrochemical operations by positive natural effects
* increase soil covering during crop rotation
* precondition for setting-aside of fields for soil conservation

Conservation tillage
=>Mulch seeding:
- with seedbed
preparation
- without seedbed
preparation

•

Seeding into soil surface covered with crop residues (frozen catch crops.
chemically/mechanically treated catch crops, harvest residues left on the surface or
mixed into the upper soil layer) for:
* extended soil cover in time and space, reduction of raindrop splash effect and
wind impact.
* increase of rain infiltration and soil structure stability/ soil load capacity

=>Direct seeding/
Zero tillage

•

Seeding by special machines without soil tillage into stubble of com, stubble of
cereals or residues of catch crops (effective by soil cover of >2t/ha dry matter) for:
* avoiding erosive critical conditions of the seedbed
* preservation of macropores (vertical drainage)
* reducing the sealing effect of raindrop splash or wind impact

•

Contour farming

•
•

Cultivation adapted to the relief, rectangular to the inclination
Tracks of cultivation provide barriers against surface runoff for:
* avoiding preferential erosional pathways on main inclination surfaces

•

Rough field surface

•

Creating a heterogeneous soil surface by row seedbed preparation, satisfying field
emergence by fine and recompacted seed rows for:
* increased infiltration and aggregate stability against water and wind by coarse and
loose interrow material

•

•

Design of crop
rotation

nj^

Table 8. Infrastructure retarding erosion by wind and water and soil compaction
(Level 3)
Measure
•

Arrangement/
rearrangement of the
lie of the land/fields

Description and Effects
•
•
•
•

•

Optimal design of field size and field shape for soil protection
Minimisation of detrimental factors (paths of flow and transport, blowing, wheelings)
from transportation traffic on the fields
Orientation of certain fields rectangular to slope and main wind direction
Segregation of strongly endangered areas (thalwegs, hollows, steep slope sections) for
specific use

•

Alteration of land use
type

•

Construction of farm
roads and country
roads

Leading the water off from traffic lines to decrease accumulation effects
Cultivation of sections perpendicular? to water flow and main winds
Reduction of wheeling paths for transportation traffic on the fields
Shelter-belt and wind-break planting on all traffic routes

•

Filtering edges.
shelter-belts and
wind-breaks amid
endangered fields and
at waters

Interruption of surface run-off and sediment transport by water or wind
Sedimentation at margins and strips
Filter sections of sufficient extension dependent on erosion and emission risk along
waters and biotopes

Drastic reduction of surface run-off and soil erosion by adaptation of land use to
erodibility and compactibility (surface-protecting crops instead of erosion-enhancing
spring crops, specific inclusion of perennial forage, permanent grassland as well as
setting-aside farmland or afforestation

The assessment level 3 which interprets the risk to environmental function and biotopes requires a special
indication followed by the special response by planning and preparation (Table 8).
CONCLUSION
The efficiency and acceptance for erosion and compaction control management is not high and therefore not a
guarantee for sustainable land use and soil functionality. The best method for increasing acceptance is a regional
soil indicator system combined with an environmental indicator system (McRae et al., 2000). Like the concept of
"critical load inputs" for chemical pollutants, this system would make it possible to quantify the soil state and soil
condition for decisions concerning the soil carrying or load capacity. The next step is the assessment of the land
use pressure on soil in terms of the soil load capacity and the driving forces for land use. These results may
determine the response level required: In a balanced situation. Best Management Practices may help ensure
sustainability is maintained, slightiy disproportional results suggest additional special agricultural management
techniques may be needed, while significant differences may indicate the need for additional land use
adjustments or changes in technical management. The indicator system is ideal for application in north-eastern
Germany for all moraine areas and the areas at risk to water and wind erosion and soil compaction.
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CURRENT ASPECTS OF SOIL PROTECTION POLICY IN GERMANY
Prof. Drs. DSc. Dr. H. c. Zdenek K. FILIP, Director Federal Environmental Agency, Langen Branch, PO. Box
1468, 29 Paul-Ehrlich-Strasse, 63225 Langen, Germany, zdenek.filip@uba.de

Motto: "We are changing Earth more rapidly than we are understanding it."
P.M. Vitousek et ai, Science 277 (1997), 494.

1. INTRODUCTION
For decades, in the science of landscape ecology nature was assumed to be spatially homogenous and temporally
in equilibrium, and ecological patterns and processes were considered to be rather invariant. According to a
contemporary guiding axiom, however, ecological dynamics and interactions are played out on a heterogeneous
natural environmental stage, and processes operating at one scale may affect patterns that are observed at quite
different scales (Wiens, 1999). Human beings and other living creatures represent an important part of the
existing natural heterogeneity, and strongly contribute to the dynamics of environmental processes. Since
centuries but notably in the last decades humanity became even a major driving force in this respect. The use of
land and its soil resources to yield goods and services represent the most substantial human alteration of the
Earth system (Vitousek et ah, 1997). Land transformation by humans became evident in a different way. Ozturk
(1999) refers a few examples: (i) some 600 hundert years ago a natural forest composed of deciduous trees
covered the entire area where the city of Seoul (Korea) is still expanding now; (ii) improper storage of salt and
fuel oil to combat harsh winter seasons, and lasting for many years has damaged forests, lakes and soils around
Moscow and other russian urban centres. It is to expect that land use changes will continue as the human
development rapidly accelerates. Within the next 25 years, e.g., approximately five billion people are expecting
to be living in urban areas, and only a minority, i.e., about three billions in a rural environment (Fleischhauer &
Eger, 1998). Severe effects on soil quality and soil use should be expected. Currently over two million km^ soil
has been estimated as damaged in Europe and this is more than double of the area of Germany and France in total
(Holzwarth, 1999). Thus, soil protection becames an imperative and a challenge at ecological, economical, and
social levels, and requires for legislative regulations both nationally and internationally. Critical surveys of soil
ressources such as that presented recently for some European soils by Bullock et ah, (1999) should be made
consequently . Another necessary prerequisite in this respect is a clear-sighted co-operation of policy makers,
soil scientists and other stakeholders. Under similar preconditions the soil protection policy has been performed
in the last years in Germany.
2. PARTICULAR CONCERNS IN THE SOIL PROTECTION IN GERMANY
Main issues of concern in soil protection policies in Germany has been identified as follows (Franzius &
Bachmann, 1999):
(i) Land consumption as related to irreversible loss of soil, e.g., for residential or industrial purposes
(ii) Hazardous substances in soil as related to deliberate or accidental inputs of chemicals and other hazardous
matter
(iii) Soil erosion and compaction as related to different soil use
(iv) Waste application on soil as related to soil treatments or waste disposal.
There is no ranking for the individual issues, since their importance may vary depending on soil use in the region
of concern.
To combat risks and support soil sustainability under conditions of a dense human population in developed
regions such as Germany, the following objectives should be addresses in the soil use and landscape
management:
- Reducing at a minimum land consumption and soil sealing
- Avoiding a deposition of toxic substances, and accumulation of hazardous materials in soil
- Preserving soil capability to produce appropriate amounts of biomass
- Preserving soil capability in the infiltration and retention of water
- Preserving soil capability in the natural cycling of plant nutrients and other elements but minimizing the
production of greenhouse gases
- Preserving soil as a natural gene-reservoir for biodiversity
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Since a few years soil protection has received an enhanced attention in our country both from the general public,
and from the authorities responsible for environmental policy. A year ago The Federal Soil Protection Act was
adopted in Germany which expresses the growing awamess in this field.
3. THE FEDERAL SOIL PROTECTION ACT (Bundes-Bodeschutzgesetzt)
Based on approval given both by the German Federal Assembly (Bundestag), and German Counsel of States
(Bundesrat), the Act on Protection asainst Harmful Chanses to Soil and on Rehabilitation of Contaminated Sites
(abbreviated as Bundes- Bodenschutzgesetz, i.e.. Federal Soil Protection Act) entered into force on March 1^',
1999.
The Federal Soil Protection Act (abbreviated as The Act in the further text) is composed of five Parts dealing
with (i) General Provisions, (ii) Principles and Obligations, (iii) Supplementary Provisions for Contaminated
Sites, (iv) Agricultural Soil Use, and (v) Final Provisions. The individual Parts consist of 26 Articles in total.
The main purpose of The Act is to protect or restore the functions of the soil on a sustainable basis. This should
be achieved by preventing harmful soil changes, rehabilitation of contaminated soil sites and affected water
resources, as well as by precautions against negative impacts on soil in general.
The International Organization for Standardization (ISO) issued a document No. 11074-1 on 1" August 1996
which describes soil as an „Upper layer of the Earth's crust composed of mineral particles, organic matter,
water, air and organisms". Soil as addressed in The Act is an „Upper layer of the earth's crust, as far as this
layer fulfills the soil functions mentioned in the paragraph two (of the The Act) and including its liquid and
gaseous components, i.e., soil water and air, except groundwater and underwater (subhydric) soils. Apparently,
there is a high degree of similarity between the both definitions of soil but the latter one underlines explicitly soil
functions; thus, it respects more strongly existing environmental ties.
According to The Act soil is expected to fulfil different functions:
A. Natural functions
(i) as a basis for life and a habitat for people, animals, plants, and soil organisms;
(ii) as a part of natural systems, especially by means of water and nutrient cycles;
(iii) as a medium for matter decomposition, balance and restoration with respect to soil filtering, buffering and
substance-converting properties, and also concerning groundwater protection
B. Functions as an archive of natural and cultural history
C. Functions useful to man
(i) as a medium that holds deposits of raw materials
(ii) as land for settlement and recreation
(iii) as land for use in agriculture and forestry
(iv) as land for other economic and public uses such as transport, supply, provision and disposal purposes.
The Act indicates harmful impacts on soil functions that may bring about hazard, considerable disadvantages or
nuisances for either individuals or general public. In this respect it has been differed between suspicious soil
sites (Verdachtsflachen), i.e., those suspected to carry harmful soil changes, and contaminated sites (Altlasten).
Whenever necessary. The Act requires remediation measures to reduce or eliminate pollutants in soil
environments, to reduce or prevent their spreading (containment measures), and to reduce or eliminate harmful
changes in soil physical, chemical, and/or biological characteristics. The clean-up duty applies also to the
pollution of water originating from contaminated soil. However, the implementation of The Act shoud not
interfere with already existing legal regulations (eleven of them has been referred to) as far as these may have
impacts on soil.
The Act puts the following parties under obligations as to the soil protection and/or remediation:
- Any person who by his/her action affects soil;
- The property owner and the occupant of a real property;
- The party who caused a harmful soil change or a contaminated site, and his/her universal successor;
- Any person who, for reasons of commercial law or company law, are required to answer for a legal entity that
owns a real property that is encumbered with harmful soil changes including persons who give up ownership of
such properties.
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The property owner, the occupant over a site and the party who carries out, or has carried out by other, actions on
a site that can lead to changes in soil characteristics are obliged to take precautions against the occurrence of
harmful soil changes. In case of agricultural soil use, this obligation shall be fulfilled by a good agricultural
practice.The Act is the only Federal Law which deals with the principles of a good agricultural practice item by
item. In particular, the good agricultural practice includes the following principles:
1. In general, the soil shall be worked in a manner that is appropriate for the relevant site, taking weather
conditions into account.
2. The soil structure shall be conserved or improved.
3. Soil compaction shall be avoided as far as possible, especially by takinf the relevant soil type and soil
humidity into account, and by controling the pressure exerted on soil by equipment used for agricultural soil
use.
4. Soil erosion shall be avoided wherever possible, by means of site-adapted use, especially use that takes
slopes, water and wind conditions and the soil cover into account.
5. The predominantly natural structural elements of field parcels that are needed for soil conservation, especially
hedges, field shrubbery and trees, field boundaries and terracing, shall be preserved.
6. The soil biological activity shall be conserved or promoted by means of appropriate crop rotation.
7. The soil humus content, as is typical for the site in question, shall be conserved, especially by means of
adequate input of organic substances or of reduction of the intensity with which the soil is worked.
The individual Federal States (Lander) may issue supplementary procedural regulations for the implementation of
The Act. Also, they may define the areas in which wide-spread harmful soil changes exist or are to be expected,
as well as the measures to be taken in these areas. Furthermore the States may require the establishment and
operation of soil-information systems for all or certain parts of their territories. In particular, such systems may
collect data focusing on the soil physical, chemical and biological characteristics and soil use. Owner and
occupants of soil sites may be obliged to tolerate soil investigation that are required for soil-information system.
The costs of measures ordered by The Act shall be bom by the parties obligated to carry out such measures. If
investigations do not confirm the suspicion, the parties required to carry out the investigations shall be
reimbursed for relevant costs if they are not responsible for the circumstances upon which the suspiction was
founded. If the market value of a site is increased through use of public funds in measures for fulfillment of
obligation pursuant to The Act, the owner has to pay a value equalization to be determined by a competent
authority.
The Federal Government has been authorized to issue statutary ordinances setting forth provisions for fullfilment
of the obligations as quoted in The Act.
4. FEDERAL SOIL PROTECTION AND CONTAMINATED SITES ORDINANCE (Bodenschutz- und
Altlastenverordnung)
On the basis of the respective precautions of The Act the Federal Government, after hearing the parties
concerned adopted the above Ordinance on 12 July 1999.
The Ordinance consists of eight Parts and four Anexes. The individual Parts deal with
(i) General Provisions
(ii) Requirements in respect of the investigation and evaluation of suspected sites and suspected contaminated
sites
(iii) Requirements in respect of the remediation of harmful soil changes and contaminated sites
(iv) Supplementary provisions for contaminated sites
(v) Exceptions
(vi) Supplementary provisions for warding off danger of harmful soil changes resulting from soil erosion by
water
(vii) Precaution against development of harmful soil changes
(viii) Final Provisions
Of a particular interest for the implementation of the provisions of The Act could be four Annexes to the
Ordiruince.
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Annex 1: Requirements in respect of sampling, analytical procedures and quality assurance during the
investigation.
Instructions for (i) exploratory investigations, and (ii) detailed investigations on a soil material (including soil
gases) are included in this Annex.
Annex 2: Action, trigger and precaution values.
For pathways such as 'Soil - Human Being', Soil - Useful Plant', and 'Soil - Groundwater', Trigger, and Action
Values are included for different organic and inorganic soil contaminants.
An Action Value pursuant to The Act is that, which, if exceeded, shall normally signal the presence of a harmful
soil change or site contamination, taking the relevant soil use into account, and to mean that measures are
rerquired.
A Trigger Value pursuant to The Act is that, which, if exceeded, shall mean that investigation with rerspect to the
individual case in question is required, taking relevant soil use into account, to determine whether a harmful soil
change or site contamination exists.
A Precautionary Value pursuant to The Act is that, which, if exceeded, shall normally mean there is a reason that
concern for a harmful soil change exists, taking geogenic or wide-spread, settlement-related pollutant
concentration into account.
Annex 3: Requirements in respect of investigations for remediation and the remediation plan.
This Annex consists of detailed instruction on factors to be considered before remediation measures on a
contaminated site are started. This include a critical evaluation of technology in question, and also of legal
conditions applicable before, during and after the remediation has been done.
Annex 4: Requirements in respect of the investigation and evaluation of areas in case of which there is suspicion
of a harmful soil change resulting from soil erosion by water.
In case of indications for the existence of a harmful soil change resulting from soil erosion by water, it shall be
examined
a) whether considerable amounts of soil material were washed out of the erosion area;
b) from which erosion areas the washed-off soil originates and what were the causes of the erosion.
For the assessment of the probability of a re-occurrence of soil erosion, the statistical evaluations of precipitation
recordings taken by the German Weather Servite in a specific area over many years shall be consulted in
particular.
5. INTERNATIONAL CO-OPERATION IN THE SOIL PROTECTION POLICY
As already mentioned, in The Act the expectation has been expressed that the States (Lander) will activelly work
out and issue their own regulation for the soil protection. In fact a few years before The Act has been adopted on
March 1^' 1999 three States (i.e.. Lander Baden-Wiirtenberg, Saxonia, and Berlin) issued their individual Soil
Protectio Law. Such individual laws will not be put our of force because of the existence of The Act. However,
they should additionally adopt the principles of The Act if there are any differences.
Perhaps in a similar way international regulations on soil protection shall be developed. As stated here,
ecological dynamics and interactions are plaeyd out on a hererogeneous natural environmental stage, and there is
no doubt that heterogeneity is a typical attribute of soils. Also, a high degree of heterogeneity exists in legal
frameworks of the individual countries, including the member states of the European Union.. Thus, it seems
unpracticable, and less useful to attempt a uniform international legal regulation of the soil protection policy.
Rather, at an international stage an effort should be made to formulate principles of soil protection policy which
could serve as fundaments of specific soil protection acts which should be adopted and consequently
implemented by the individual countries, or other subjects of the international law. Perhaps, the German Federal
Soil Protection Act can serve as an example in some way. By following üiis desirable goal in environmental
policy, not only law makers and scientists but also non governmental organizations should contribute an
important deal. It is obvious that the
Foundation Charles Leopold Mayer - Alliance for a Responsible and United World (Paris, France) who
developed The Soil Campaign program fully understands and sucessfiilly fulfils this important mission.
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SOIL DEGRADATION PROCESSES IN HUNGARY:
ASSESSMENT, RISK ANALYSIS, FORECAST AND PREVENTION
Prof. Dr. György VARALLYAY, Member of the Hungarian Academy of Sciences. Research Institute for Soil
Science and Agricultural Chemistry of the Hungarian Academy of Sciences. Herman Otto utl5 H-1525
Budapest, PC. Box. 35. Hungary, h92var@ella.hu

Soils represent a considerable part of the natural resources of Hungary. Consequently, rational land use and
proper soil management - to guarantee normal soil functions - are important elements of sustainable
(agricultural) development, having particular significance both in the national economy and in environment
protection (Varallyay, 1993).
The basic aim of agriculture is the production of high-quality products with low costs (inputs) and without
undesirable or harmful environmental side-effects: unfavourable changes in the biosphere (soil, water and
biological resources) of a given area at the present time, or in the near or far future.
The forecast, assessment and control (prevention, elimination, moderation) of soil/land degradation processes
are important for both biomass production and environment protection (Varallyay, 1989a).
GLOBAL SOIL DEGRADATION ASSESSMENT
Soil degradation is usually a complex process in which several features can be recognized that contribute to
unfavourable changes in soil processes and soil properties; loss or decrease of soil fertility and productive
capacity; limitations in normal soil functions; and/or to serious environmental deterioration (FAQ, 1977). Soil
degradation may be the result of natural factors and/or human activities.
Recognizing the world-wide importance of the prevention, control and „management" of soil degradation
processes UNEP initiated a world programme for the Global Assessment of Human-induced Soil Degradation
(GLASOD). The first step of this Programme was the preparation of the World Map of Human-induced Soil
Degradation in the general scale of 1:5,(X)0,000. The most important territorial data of this „soil degradation
inventory" are summarized in Table 1 (Oldeman et al., 1990). According to the same assessment the main
reasons of these soil degradation are de-forestation (30%), overgrazing (34%), over-exploitation (7%),
agricultural (28%) and industrial (1%) activities.
In spite of these facts it can be stated that soil degradation is not an unavoidable consequence of intensive (but
rational!) agricultural production and social development! Because most soils are resilient to a certain extent,
most of the degradation processes and their unfavourable consequences can be efficiently prevented, eliminated
or at least moderated. But it needs permanent actions and widely adopted proper soil (and water) conservation
technologies (Varallyay, 1993).
The key words in the system of the control of soil degradation processes are: prognosis and prevention, and it
can be rationally based on a comprehensive:
•
•

sensitivity analysis, evaluating the susceptibility/vulnerability of soils to various soil degradation processes;
impact analysis, evaluating the „positive" and „negative" impacts of various human activities.

LIMITING FACTORS OF SOIL FERTILITY IN HUNGARY
The main limitations of soil fertility in Hungary are: coarse texture, acidity, salinity/alkalinity, heavy texture,
waterlogging-hazard, erosion and shallow depth (Szabolcs & Varallyay, 1978). The simplified map of these
factors is presented in Figure 1.
The necessity and rationality of the reclamation of soils with limited fertility depends on economical (costbenefit) analysis and ecological considerations. The radical amelioration of salt-affected soils, sandy soils or
peatlands requires expensive complex measures, therefore it is not economic. At the same time saline lakes and
soils, wetlands and sand regions are - in many cases - protected ecosystems, habitats of protected plants and
animals, consequently, represent special environmental value. These areas must be kept in „original" condition,
their reclamation is not advisable (although this was pressed sometimes in the last decades). On the contrary, the
improvement of soils with moderate limitations (e.g. liming of acid soils, loosening of compacted soils, etc.) can
be an efficient and economic tool for increasing biomass production for food, fodder, raw material for industry,
energy or for other purposes (Enyedi & Hinrichsen, 1989).
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Figure 1.
Map of the limiting factors of soil fertility in Hungary. 1. Coarse texture (8.0%). 2. Acidity (12.8%). 3. Salinity
and/alkalinity (8.1%). 4. Salinity and/or alkalinity in the deeper horizons (2.6%). 5. Heavy texture (6.8%). 6.
Waterlogging (1.7%). 7. Erosion (15.6%). 8. Shallow depth (solid rock near the surface) (2.3%). The values are
expressed as percentage of the total area of Hungary (93 035 km?)
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SOIL DEGRADATION PROCESSES AND THEIR CONTROL LN HUNGARY
The main soil degradation processes are as follows:
(1) Soil erosion by water or wind.
(2) Soil acidification.
(3) Salinization/alkalization.
(4) Physical soil degradation, such as structure destruction, compaction, surface sealing, etc.
(5) Extreme moisture regime: hazard of overmoistening, waterlogging or drought-sensitivity, sometimes
simultaneously;
(6) Biological degradation, such as unfavourable changes in soil biota, decrease in soil organic matter.
(7) Unfavourable changes in the biogeochemical cycles of elements, especially in the regime of plant nutrients,
such as leaching; volatilization; biotic and abiotic immobilization.
(8) Decrease in the buffering capacity of soil, soil pollution, environmental toxicity.
The main causes (natural factors and human activities) of the major soil degradation processes, and the main
possibilities of their control are summarized in Tables 2, 3, 4 and 5 (Varailyay, 1989a).
Between 1960 and 1970 considerable efforts were taken in Hungary to prevent soil degradation processes
(Varailyay, 1989a). Based on the results of comprehensive soil survey (soil testing and soil analysis) and largescale soil mapping programmes, huge (sometimes oversized) amelioration plans were elaborated and
implemented. A!i of these activities were financed from the centra! state budget. There was a high-rate state
subsidy on the main soil reclamation practices and soil degradation control measures. Later (in the 70's) these
well-coordinated activities decreased dramatically and this tendency continued during the last years'
(re)privatization and were not able to balance the further extension of soil degradation processes due to the
unfavourable (practically uncontrolled and irrational) land diversification; ignorance of „off-site" effects; the
short-term profit orientation; improper land use, cropping pattern, soil management and agrotechnics. The
„sustainable developmenf' concept is reflected only in the latest legislation documents, e.g. in the National AgriEnvironmental Programme (1999).
Because of the physiography, environmental factors and soil conditions the characterization, modelling, forecast
prevention, elimination or moderation of soil degradation processes were always in the focus of soil science, soil
survey and advisory service in Hungary.
SOIL EROSION
Between 1945-1955 1:75,(X)0 scale soil erosion maps were prepared for the undulating areas of Hungary. On this
basis Stefanovits (1964a,b) has drawn an integrated 1:5(K),000 scale map of soil erosion (Figure 2). According to
this assessment 9.3% of the country is slightly, 9.6% moderately and 6.0% severely eroded. On the basis of a
comprehensive analysis of the main causes and consequences of soil erosion processes Stefanovits presented a
schematic map on the forecasted future development of soil erosion (Stefanovits, 1964b; Stefanovits &
Varailyay, 1992).
In recent years numerous authors have elaborated survey-analysis-mapping-monitoring systems for erosion-risk
assessment in 1:100,000 scale for regional level and in 1:10,000-1:25,0(X) scale for farm and field level.
Large-scale maps (1:5,000-1:10,000) have been prepared and used for the planning and implementation of the
various erosion controlling technologies.
Between 1960 and 1975 large-scale, state-subsidized soil conservation measures had significantly contributed to
the maintenance of soil fertility in the erosion-sensitive, hilly parts of Hungary. Later, the state-subsidy was
reduced considerably and withdrawn almost completely. The consequence was a dramatic decrease in the
application of anti-erosive measures and even the proper maintenance of protected areas were faced with
increasing difficulties, or completely failed, resulting in significant soil losses ft-om the eroded lands,
sedimentation hazards in their low-lying surroundings with all of their unfavourable environmental consequences.
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Figure 2.
Map of soil erosion in Hungary.!. Non-eroded areas; 2. Slightly eroded areas; 3. Moderately eroded areas; 4.
Severely eroded areas; 5. Sedimentation territories; 6. Forests
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Table 2. Soil erosion
Main reasons

Strong surface runoff
- heavy rainfall
- steep slope
- uncovered surface (lack of
permanent dense
vegetation)
- limited infiltration
Erodabilityofsoil

Possibilities for control
Human activities

Natural factors

a) water erosion
- irrational land use, cropping pattern
Reduction of surface runoff
(deforestation, overgrazing, etc.)
- reduction of slopes (levelling; terracing: contour
- too large farming plots
ploughing)
- inadequate agriculture
- establishment of permanent and dense plant cover
(rational land use, cropping pattern)
- help infiltration (deep-loosening)
- surface drainage
Reduction of soil erodability
(mulching; chemical reclamation; soil conditioning)
Proper infrastructure (layout of roads, canals; optimum-size
plots)
è) wind erosion

- strong wind
- lack of permanent dense
vegetation cover
- dry and loose (non-stable)
soil surface
- lack of good soil structure

- as in part (a)
- lack of wind-breaks

- forest shelter belts (wind-breaks)
- establishment of permanent and dense plant cover
(rational land use, cropping pattern, crop rotation)
- stable soil surface (surface stabilization; irrigation; soil
conditioning)

Table 3. Development of extreme soil reaction
Main reasons
Namral factors

Possibilities for control
Human activities
a) addificatwn

- acidic (non-calcareous)
parent material
- decomposition of plant
residues (leading to CO2,

- acidic depositions, air pollution
(urban, industrial, etc.)
- improper fertilizer application
(form, dosage)

- rational (adequate) fertilization system (form; dosage;
Ca fertilizers)
- chemical amendments (lime; alkaline substances)
- air pollution control

acidic substances
- leaching (high
precipitation + low water
retention)
6} saËmzation/aCHaËzation

- salt accumulation from
local weathering
surface
subsurface
waters
seepage
- improper drainage
vertical
horizontal
- migration of soil solution

- salt accumulation from:
irrigation water
groundwater
with rising water table due to human
activities (unlined canals and reservoirs;
poor imgaüon pracüce; improper
drainage)
applied chemicals (fertilizers, amend-ments)
- alkalization due to applied chemicals

- prevention of salt accumulation good quality irrigation
water (on the field)
groundwater control (horizontal drainage)
- lowering of
groundwater
- prevention of
table
rise of
saline seep control
- amelioration
reduction of alkalinity (amendments)
Na"*" -> Car* ion exchange
- Ca-containing amendments (solubility)
- mobilization of soil-Ca acids, acidic materials)
leaching (leaching requirements + vertical drainage
/deep ploughing
horizontal drainage

J
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Table 4. Physical degradation of soils

Natural factors

Main reasons
|

Possibilities for control
Human activities

a)stmctuTa[damofje, compaction

- lack of strucmre-forming and
stabilizing agents:
- inorganic and organic colloids
- cementing agents
- biological components (roots;
microbial and earthworm
activity)
- natural structure destruction
- heavy raining
- surface runoff, flood, waterlogging
- chemical properties (e.g.
alkalinity, etc.)

- mechanization (heavy machinery;
combined operations; overtillage
- tillage in improper moisture conditions
- poor moisture-control practice
- irrrigation (intensity; method)
- drainage
-unfavourable changes in organic matter
regime (chemical soil properties;
biological degradation; improper
recycling; lack of organic fertilizers)

- extreme climate
- too high or too low
precipitation
- uneven territorial and time
distribution
- extreme soil texture
- poor soil structure
- shallow depdi (solid rock; pans;
cemented or compacted layers
on or near to the soil surface)
- heavy surface runoff
from the area -> drought
to the area -» overmoistening.
wateriogging

- inadequate
- land use
- watershed management
- improper agrotechnics
structural damage (a)
surface crust
plough pan

- proper agrotechnics
- tillage (time; moisture content; accuracy, "quality" and
number of operations) <- technical background
- cropping pattern, crop rotation
- organic matter recycling
- irrigation (moisture regime control)
- chemical amelioration (improvement of acid- and salt-affected
soils, sands, etc.)
- soil conditioning

6) a(treme moisture refjime

Soil moisture control: improvement of water-use efficiency
- amelioration
- control of water (2a) and wind (2b) erosion
- soil reclamation (acidic, salt-affected and sandy soils, etc.)
- deep loosening
- improvement and stabilization of soil structure (4a)
- imgation
- drainage (surface and subsurface)

Table 5. Other soil degradation processes
Main reasons

Consequences

Possibilities for Control

a) ÉiobgicaC degradation

- See Tables 2,3,4
- intensive use of chemicals
- fertilizers
- pesticides
- growth-regulators
- other chemicals
- soil pollution

- undesirable changes in microbial
popula-tions total number; species
spectra; activity, etc.)
- undesirable changes in earthworm
activities
- desirable -> undesirable changes in the
biological transformation processes

- see Tables 2, 3,4 -> better environment for the desirable soil
biological processes
- rational system for plant nutrition
- prevention of soil pollution
environment protecting agriculture
- inoculation

S) unfavouraSCe changes in the nutrientrigime
j

- See Tables 2, 3,4,5a
- non-adequate system for plant
nutrition (fertilization)

c) deaeasc erf Suffering capadtij (—>
potbition, tO!(idti/)- unfavourable

changes in abiotic and biotic soil
processes
- overdosage of chemicals
(overdosage; uneven
distribution)
- pollution from other sectors
- agriculture (liquid manure)
- industry; - mining
- urban development
sewage waters, wastes,
by-products of various origin
and chemical composition

- limitations in the optimum nutrient
supply of crops (leaching; surface
runoff; immobilization)
- undesirable ion antagonisms (as a result
of3and5a)
- nutrient "pollution" of surface and/or
sub-surface waters
- limitations in crop growth and
metabolism
- biological degradation
- toxicity

• See Tables 2, 3,4,5a: increase nutrient use efficiency
- rational nutrient regime control
fertilizer application
mobilization of the nutrient resources of soil
recycling of organic residues

- no overdosage!
- prevention of permanent and periodical stresses
- increase the buffer capacity of soil
- agrotechnics
- amelioration
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ACIDIFICATION
Soil acidification has an increasing significance among soil degradation processes in Hungary. From the midsixties a considerable acidification has been registered in Hungarian soils (Szabolcs, 1989; Varallyay et al.,
1993).
The hazard of soil acidification depends on the quantity, concentration and chemical composition of substances
getting into the soil from various sources, as well as on the buffer capacity of soils, which is determined by
numerous soil properties, especially by the original pH, texture, clay content and type of clay mineral association,
content and quality of organic matter and humus compounds, cation exchange capacity. Their partial and integral
influences were comprehensively analysed lately (Stefanovits, 1964a; Varallyay et al., 1993).
The main sources of acid loads in Hungary are
•

wet and dry atmospheric deposition (showing high spatial and temporal variabilities depending on the main
emission sources and their transmission processes);

•

the acidifying effect of irrational fertilizer application practice (especially the inadequately applied high
dosages of ammonium nitrate, ammonium sulphate and urea without simultaneous lime application).

In the past ten years comprehensive studies quantify the acid-buffering capacity of soils. Based on these
investigations Hungarian soils were classified into 6 categories according to their susceptibility to acidification,
and 1:500,000 and 1:100,000 scale maps of these categories have been prepared and are shown in Figure 3
(Varallyay et al., 1993).
If soil acidification is caused by non-toxic components, the unfavourable processes and their consequences can
be effectively prevented and/or eliminated by liming, which is an indispensable part of agrotechnics in such
cases.
Liming has long traditions in Hungary from the early thirties. It was significantly (in some regions fully) statesubsidized till the mid-seventies and in the mid-sixties 60,00O-70,0(X) hectares of acid soils were improved yearly
and low doses of lime application were given on additional 10,000-15,000 ha. The radical decrease in statesubsidy caused a dramatical drop in lime application practice. Only in recent years has lime application increased
again, as a partly subsidized environment protection activity.
SALINIZATION - ALKALIZATION
The study of salt-affected soils, salinity/alkalinity problems and salinization/ alkalization processes has long
traditions in Hungary. This is mainly due to the fact that these processes are the most important limiting factors of
soil fertility and productivity on about 8-10% of the total area of the country, and on more than 20% of the
Hungarian Plain (especially in the Trans-Tisza Region) (Szabolcs, 1974).
The simplified map of salt-affected soils in Hungary (Figure 4) clearly shows that - in addition to the extensive
areas of „natural" solonchaks, solonchak-solonetzes, meadow solonetzes and solonetzic meadow soils - large
territories are covered by soils (mostiy chernozems, meadow chernozems and hydromorphic meadow soils)
which are saline and/or alkaline in their deeper horizons (Szabolcs, 1974; Szabolcs & Varallyay, 1978). This
fact, and the presence of stagnant, shallow (or easily and rapidly rising) groundwaters with high salinity and
unfavourable ion composition (sodic character) pose a potential hazard of further development of salinizationalkalization processes in extensive areas of the Hungarian Plain. The main reason of „secondary" salinityalkalinity is the rising groundwater table caused by various anthropogenic effects, such as seepage from unlined
canals and reservoirs, and from agricultural fields under improper irrigation practice and misguided soil
management. Due to these facts secondary salinization/alkalization has occurred on about 120,000 ha within the
Tisza-I (Tiszalök) irrigation system. Szabolcs, Darab and Varallyay (1969) elaborated a comprehensive system
for the prognosis and prevention of human-induced secondary salinization/alkalization. On the basis of detailed
(1:25,000 scale) soil surveys, the preconditions and possibilities of effective and efficient irrigation and irrigated
farming without any harmful environmental side-effects were determined and reliable guidelines were elaborated
to ensure the prevention of secondary salinization/alkalization processes in irrigated fields and in their
surroundings. The system was efficiently used in the planning and establishment of the Tisza-II (Kisköre)
Irrigation System preventing most of the harmful environmental side-effects.
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Figure 3.
Map of susceptibility of Hungarian soils to acidification. 1. Strongly acidic soils (13%);
2. highly
susceptible soils due to their low buffering capacity (slightly acidic soils with light texture and low organic matter
content) (14%); 3. susceptible soils due to their medium buffering capacity (slightly acidic soils with medium
texture and organic matter content) (5%); 4. moderately susceptible soils due to their high buffering capacity
(slightly acidic soils with heavy texture and/or high organic matter content) (23%); 5. slightly susceptible soils
(salt- affected soils non-calcareous from the surface) (4%); 6. Non-susceptible soils (calcareous from the surface
(41%)
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Figure 4.
Map of actual and potential salt-aifected soils in Hungary. 1. Chloride-sulphate solonchaks; 2. Soda solonchaks;
3. Solonchak solonetzes; 4. Calcareous meadow solonetzes: 5. Calcareous solonetzic meadow soils; 6. Meadow
solonetzes; 7. Meadow solonetzes turning into steppe formation; 8. Solonetzic meadow soils; 9. Soils saline
and/or solonetzic in the deeper horizons; 10. Potential salt-affected soils (potential hazard of salinity/alkalinity)
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PHYSICAL DEGRADATION
Large-scale, fully-mechanized crop production may result in the physical degradation of soils. Compaction,
structural damage, surface crusting and „sealing" occur frequendy and lead to serious consequences, e.g. extreme
soil moisture regime CVéizïlyay, 1981, 1985, 1989b).
In 1989 Varallyay and Lesztak elaborated a system expressing the susceptibility of soils to physical degradation
(structure destruction and compaction).
Based on the available data 8 categories were distinguished and the map of these categories was prepared in the
scale of 1:500,000 (Figure 5).
Soil moisture regime has particular significance in soil fertility. It determines the water supply of plants,
influences the air and heat regimes, biological activity and plant nutrient status of the soil; strongly influences
(sometimes determines) the ecological potential and agricultural productivity of a given area, the biomass
production of various natural and agro-ecosystems, and the hazard of „nutrient pollution" of surface and
subsurface waters (Varallyay, 1989b).
Physical degradation of soil may lead to extreme moisture regime, the simultaneous hazard of over-moistening,
waterlogging and drought sensitivity. In such cases a special, „double-faced" soil moisture control would be
necessary: ensuring the drainage of excess water or giving the necessary additional water, somedmes
simultaneously. Both actions are costly and are faced with serious limitations in Hungary (Varallyay, 1989b).
OTHER TYPES OF SOIL DEGR,4DATION
The main reasons, consequences and control possibilities of other soil degradation processes, such as biological
degradation, unfavourable changes in the nutrient regime and the decrease in the buffering capacity ( * soil
pollution and toxicity) are sum-marized in Table 5 (Varallyay, 1989a).
The quantity, species spectra and activity of soil biota and the biogeochemical cycles of various elements strongly
depend on the physical and chemical soil properties. Because they are modified - sometimes to a great extent by various soil degradation processes, these changes are reflected - sometimes as a sensitive indicator - by the
soil biota and the biogeochemical cycles of elements, including the regime of plant nutrients and potentially
harmful compounds.
The occurrence and accumulation of the different elements can be due to natural factors (weathering; via air or
water) or it can be the consequence of various human activities.
In addition to the increasing quantity (accumulation) of these elements the sudden - sometimes surprising mobilization of the - temporarily - immobile pollutants as a consequence of changes in soil properties can be
even more harmful. This non-linear, time-delayed effect of potentially harmful chemical compounds is the typical
„chemical time bomb" (CTB) problem.
On the basis of the evaluation of the status, regime and potential environmental impacts of these elements
(compounds) the main potential possibilities of soil pollution control are as follows (Varallyay, 1996):
•

emission/imission reduction (preventing or reducing the quantity of pollutants deposited or transported to the
soil surface or into the soil);

•

prevention of the mobilization of potentially harmful chemical compounds or elements which are already
present in the soil but in - temporarily - immobile form;

•

decrease in the susceptibility/vulnerability of soil to various pollutants (with increase in the buffering capacity
of soils) which tolerate higher critical loads of pollutants, consequently reduce the „exceedance-risk" and the
unfavourable ecological consequences.

DEGRADATION RISK ASSESSMENT
For efficient soil/land degradation control (with particular emphasis to prevention) comrpehensive, reliable, exact
and quantitative information are required on the existing and potential degradation processes. Degradation risk
analysis, vulnerability assessment and impact analysis give possibility for a high-probabiltiy forecast (prognosis)
and efficient „early warning" system.
According to our Hungarian results and experiences, the conventional multitemporal satellite image analysis and
GIS techniques can be used successfully for the delineation of potential land degradation risk areas at regional
level, e.g. for the distinction of territories affected by various soil degradation processes to different extent (Szabó
et al., 1998).
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Figure 5.
Map of the susceptibility of Hungarian soils to physical degradation. I. Non-susceptible soils (sandy soils without
structure and with a low content of cementing compounds such as carbonates or sesquioxides) (10.5%); 2.
slightly susceptible soils (medium textured soils with well-developed structure and high aggregate stability)
(23.0%); 3. moderately susceptible soils (medium textured soils with moderately developed structures and low
aggregate stability) (17.8%); 4. soils susceptible to compaction and surface crusting but not to structural damage
(sandy soils without structure but high amount of cementing compounds, mainly carbonates) (11.0%); 5. soils
susceptible to structural damage and compaction (heavy textured soils of swelling-shrinkage character and low
structural stability) (12.9%); 6. soils susceptible to both structural damage and compaction due to salinityalkalinity (9.6%); 7. organic soils (peats);
8. shallow soils (solid rock or cemented layer near the surface)
(9.5%)
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CONCLUSION
Soil degradation is not an unavoidable consequence of efficient (and rational) agricultural production and social
development! Most of the soil degradation processes and their unfavourable consequences can be efficiently
prevented, eliminated or at least moderated. But it needs permanent control measures and widely adopted soil
(and water) conservation technologies, which are the indispensable elements of sustainable (agricultural)
development and up-to-date site-specific precision soil management and efficient environment protection.
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ECONOMIC ASPECTS OF NEW TECHNOLOGIES
IMPLEMENTATION ON SOIL AND HUMUS
Nurbek MAZHENOV, Soil and Humus Technology Transfer Center, Koktem 1-3-1, Almaty, Kazakhstan.
aseke@kaznet.kz

The food supply problem is used to be actual question at all turning phases of community development but it will
be important meaning for major number of countries in the upcoming century. The growth of population, the loss
of the fertile soil layer and changes with weather condition, insufficient level of technology development and
introduction affected on production of agricultural product negatively. Therefore it is necessary to concentrate
material and intellectual forces of world community for decision of production problems. Food supply for
population has become important factor, determining solution of many social-economic problems of whole
continents and it distracts solution of more important problems of humankind.
Major activities are concentrated on determination of the negative tendencies which take place in different
countries. Constant tendencies of decrease of fertile land useful for agricultural production are determined. The
new technologies are developed for solution of these problems. Measures on coordination of activities has taken
place at government level and between private initiative of different organizations. The international meeting
that took place and the ones that will take place are real prove.
In our opinion these activities are not enough. Public attention of humankind was not attracted properly. The
most important thing is that no mechanisms for attraction of finances for solution of the tasks was not developed.
We have made real step on attraction of the capital for solution of population food supply problem. The source is
mechanism of cooperation and concentration of different means. No attention is paid to land, technique,
technology, financial means. The CIS countries where actually everything is presented but not operating are
good sample for it. No social-economic mechanisms of new type were established during free-market economic
relations instead old operated organizations of planned economy is operating. Before searching for new sources
it is advisable to concentrate the existing means from different organizations and population.
In this connection Open Joint-Stock Company "Soil and Humus Technology Transfer Center" (S&H TTC) was
established. The registration of S&H TTC as a joint-stock company is not occasional thing. This is the best way
for accumulation of financial and different means for finding solution of the problem and the Law about JointStock Companies are valid in all countries.
The joint-stock company established by us can effectively boost the newest technology in food processing,
particularly increase of soil fertility and humus layer by exchanging shares for concrete technologies. Jointstock company also can concretely conduct commercial and long-term project in different regions for real
investments. The main source of financial means is selling of company shares. The activity of the Joint-stock
company is not limited to the territory of Kazakhstan. It can operate effectively through joint ventures in
different countries. As starting project we can consider the activity of S&H TTC in Kazakhstan. The territory
of the republic with rather small population could become a manufacturer of the food in the Central-Asian
region. S&H TTC could take orders for production of food from world community which, due to objective
reasons is not available to fulfill the task. For instance the lack of land, weather conditions. According to the
preliminary estimations the manufacturing of the agricultural products and food processing by modem
technologies would provide the population of the Central Europe and Asia. The weather-geographic factors of
Kazakhstan is better and corresponds to solution of the assigned tasks. The Republic of Kazakhstan participating
in the international food program would solve own social-economic and political problems and become the
inevitable chain in global international integration of the food processing.
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THE STRATEGY OF SOIL CONSERVATION FARMING IN THE NORTHERN
KAZAKHSTAN
Dr. Akhylbek KURISHBAYEV, Kazakh Research Institute of Grain Farming, PO. Box 474070,Barayev Street
12, Shortandy, Akmolinskaya, oblast, Kazakhstan. niizern@kaznet.kz

The provision of grain production sustainability in the Northern Kazakhstan is related to the adoption of soil
conservation farming system which is the basis for ecologically sound balanced and stable farm management in
the region and which satisfies to the greatest extent to the strict requirements of dry farming.
So the problems faced before the grain production branch of the Republic are accounted not only for drought
during last years but most of all for the non-observance of scientifically-ground cultural practices.
What are the main problems in agriculture in our region?
- The stable decrease in yield level of grain crops is taking place which is accompanied by reduction of their
acreage.
- The stability of yield formation that is the grain production sustainability is falling down year after year.
- The tendencies to grain quality deterioration of Kazakhstan wheat is exhibited which is connected to the
inefficient use of soil-climate resources .
The soil fertility which is considered the base for grain production sustainability is also reducing. Nonobservance of soil conservation system resulted in water and wind erosion. The humus content in the soil arable
layer decreased by 25-30% due to labile humus substances determining supplies of easily mobile nitrogen.
The application of mineral fertilizers in the Northern Kazakhstan as compared to the eighties is about 2% that is
it decreased 13 times including 32 times decrease under wheat. Therefore 80% of arable land will have low
availability of labile phosphorus within the next few years.
Weed infestation of cereal crops remains severe. About 6.9 m ha are infected by perennial root offset weeds, 2.8
m ha by wild oat, 3.0 m ha by bristle grass and different sorghum-like weeds.
Such diseases as root rots, loose smut, Septoria blight, brown and stem rusts, Helminthosporium blight are
widely spread that reduces grain yield by 20-25% in some years.
The main reason for appearing these problems is the shortage of funds at farmers' disposal to fulfill the
recommended technology of cropping which is the result of price disparity for technique, fiiel, chemicals and
agricultural production and of limited budget funding of agriculture. The up-to-date farming systems should
answer the following purposes:
1) to meet the requirements of market in agricultural produce;
2) to meet the biological requirements of agricultural crops;
3) to provide for the realization of soil-climate potential;
4) to take into consideration the technical logistics of commodity producers.
The main reasons of the existing ecological contradictions in agriculture are related to the consequences of
directive land management in Kazakhstan, unfounded extension of seeding acreage under cereal crops that
resulted in disparity of the used farming system and environment.
Therefore one of the key objective of sustainable farming is to optimize the structure of arable land and to grow
crops according to the conditions of specific region or agrolandscape.
The arable land area in the Northern Kazakhstan after removing alkaline soils and the soils of radical
improvement is 19 million hectares including 3.3 million ha with complex of solonetz soils (about 30%). The
productivity of alkaline soils is 30-50 % less as compared to the productivity of zonal soils, so the perennial saltresistant grasses should be grown there.
The area of most fertile soils - ordinary and southern chernozems and also dark chestnut soils is 16 million ha.
This arable land should be used for guaranteed production in the Northern Kazakhstan : cereal crops, legumes,
oilseed crops, forage crops and other high profitable crops can be grown there without additional inputs for its
reclamation. The spring wheat is grown on the most fertile soils which make up over 8-9 million ha.
Such arable land conversion will increase the stability of grain production to the greatest extent. Moreover the
results of research and the experience of some foremost farms show that the improvement of technological
discipline can give 30-40% increase in grain yield that is to secure the yield of between 1.5-1.7 and 2.5-3.01 per
a ha on chernozem soils and 1.2-1.5 to 2.0-2.2 t per a ha on dark chestnut soils.
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Only high quality of Kazakhstan wheat can ensure its competing ability in the market. Only strong northkazakhstan wheat can be used for improving the bread making quality of wheat grown in Belarus, Baltic
countries, European part of Russia, some countries of Middle Asia and so on.
According to our calculated assessments the Northern Kazakhstan can produce not less than 2.5-3.0 million tons
of strong wheat grain every year. To achieve this we should grow strong wheat in the zone of southern
chernozems and dark chestnut soils where the average precipitation is 250-360 mm.
But the farming experience of highly developed countries demonstrates that in market conditions it is not
profitable to grow only one crop, for example, wheat. The diversification of grain production branches should be
done.
The potential of the Northern Kazakhstan in growing oil seed crops and grain legumes can be clearly seen as
compared to the structure of seeding area in Canadian province of Saskatchewan which has the similar soil and
climate conditions.
The climate conditions and the agrolandscape of the Northern Kazakhstan make it possible to divide the territory
in the following zones according to grown crops :
- ordinary chernozems: feed and malting barley, bread wheat, rape, peas, oats, winter rye, buckwheat, soybean,
the mixtures of grain legumes and forage crops, combined sowings of perennial legumes and cereal grasses,
perennial legumes, perennial grasses, early-ripening hybrids and varieties of maize;
- southern chernozems: strong and valuable bread wheat, durum wheat, barley, peas, chickpea, mustard, oats,
buckwheat, millet, sunflower, peavine, perennial grasses, combined sowings of perennial grasses and legumes;
- dark chestnut soils: strong bread wheat, chick pea, mustard, millet, Sudan grass, foxtail millet.
The planned structure of arable land is given in the table.
We can mark out 4 categories of agrolanscape on chernozem soils according to their susceptibility to erosion,
soil fertility level and natural water accumulation . According to the recommendations of the institute the
production of high quality commercial grain, oilseed, legume and other lucrative crops should be concentrated
in the first two categories of agrolandscape (where the soils are less erodible and more fertile). The forage grain
should be grown in the third category of agrolandscape and the fourth category ( where the soils are the most
subjected to erosion and the least fertile ones) should be occupied by perennial grasses.
It is apparent that instead of the common tendency to increase fertility of all soils which as a rule doesn't answer
the actual possibilities the strategy of land management in the Northern Kazakhstan should be directed first of
all to the efficient use of the best soils. In agrolanscapes with high fertile soils it is worth to grow the crops and
varieties of intensive type that results in increasing the profit costs of farming and ensuring the yield stability
year after year. Moreover the governmental investments should be put into the intensive use of the most fertile
soils which can give the greater economic benefits.
The main point of the new agricultural practice policy is as follows :
1) to use specific site management or land management taking into consideration the agrolandscape;
2) to use the recommended agricultural practices without a routine approach considering existing climate
conditions;
3) to maintain the positive balance of soil nutrients at the expense of using the biological factors for restoring
soil fertility;
4) to ensure weed, pest and disease control at the level which is lower than the threshold of their harmful effect
with the optimum ratio of agrothechnical and chemical ways of control which should be economically and
ecologically grounded;
5) to provide the alternative for the farmers that is to make it possible for commodity producers to choose the
different options of technology according to their logistics and diversified farming.
To provide for the sustainable and ecologically sound development of agriculture the crops breeding and seed
production should get priority.
The main directions in this field are:
to develop the new drought resistant, high yielding and high quality varieties of grain, forage, oilseed, groat
and legume crops, perennial cereal and legume grasses which have different ripeness, are resistant to main
diseases and pests and are responsive to different cultural practices;
to improve the seed production of these crops providing for the speeded strain changing and renovation first
of all by restoring the elite and commercial seed growing;
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to grow varieties according to different zones and agrolandscapes which allows to realize their biological
potential.
The development of the ecologically sound power saving agricultural machinery and technique includes the
working out of:
- high adaptive implements for subsoil tillage ( without forming clods on the surface) which decrease the power
consumption by 15-20% and improve snow trapping by 20-30 %;
- the combined implements for seed bed tillage which allow to decrease power consumption, moisture
evaporation and to increase the productivity and quality of work;
- different types of seeders adapted to the specific agrolandscape and climate conditions;
- wide cut swathers for high cutting with minimal losses of grain harvested;
- power saving high productive combing machines for forming stubble strips;
- high efficient machines for chemical protection of plants guaranteeing the optimal spraying of chemicals;
- the complex of machines for cleaning and drying of grain and seeds.
Thus the provision for sustainable grain production in the region is related to agrolandscape farming, zonal crop
growing, optimization of soil fertility, introduction of high yielding and tolerant varieties, working out of power
saving technologies and machinery that will result in realization of bioclimatic resources and increase the
efficiency of soil conservation tillage system which is the base for grain production in steppe regions of Eurasian
continent..
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DEVELOPMENT OF LAND DEGRADATION IN NORTHERM KAZAKHSTAN
Moisey GOLDBERG, journalist. Republican News papers "Azamat Times", 32-6 Bokeikhan Street, 473000
Astana, Kazakhstan. m.suleimenov@icarda.org.uz
Dr. M. SULEIMENOV, ICARDA-CAC

The Northern Kazakhstan is a vast area between 50-th and 54-th northern latitudes and between 60-th and 78-th
eastern longitudes, occupying a territory of 57 million hectares. After a large scale campaign to develop semiarid steppes for grain production in the 1950-s under the leadership of Mr N.Khrushchov, this region became one
of the largest in the world spring wheat growing area with a cropland area of 22 million hectare, most of which
was devoted to grain production. Continuous grain growing combined with traditional tillage practices brought
to severe wind erosion, first of all on light textured soils. Scientists of the Kazakh Grain Farming Research
Institute led by Dr A.Barayev succeeded in a rapid development of soil conserving cropping practice, which
allowed to control wind erosion and raise grain yields. It consisted by and large of subsurface tillage, conserving
crop residue on top of fields. Thus, wind erosion was stopped on large scale, but some fields were still subject to
it occasionally. The point is in the fact, that in this region cropland once in four to fife years is occupied by
summer fallow to accumulate moisture of two years, practice common under similar climate conditions in
Western Canada. During a summer fallow period a field will be continuously cultivated to control weeds,
leaving no residue to prevent wind erosion. In order to avoid this, a strip cropping was recommended. All these
recommendations were generally adopted practices until new times came, bringing economic disaster to farm
sector. Most dangerous situation occurs on summer fallow, because nobody wants to do strip cropping any more.
Besides, summer fallow fields are vulnerable to soil erosion by water, taking place in early spring during runoff
of thawing snowmelt water. One of the most serious problems of present time is an absence of any agency,
responsible for extension. There is no longer old system of every day control in place, but it wasn't replaced by
other system, more efficient and better tailored for new farm structure.
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ORGANIZATION OF ANTI-EROSION MEASURES
ON THE TERRITORY OF KYRGYZSTAN
Prof. Dr. Jamin AKIMALIEV, President of Kyrgyz Agrarian Academy, academician of Kyrgyz Republic
National Academy of Sciences; member of Russian Academy of Agricultural Sciences. Kyrgyz Agrarian
Academy, 68 Mederov street, 720005 Bishkek city, Kyrgyz Republic, aa@imfiko.bishkek.su

The territory of Kyrgyz Republic is about 20 millions ha. Natural pastures occupy 8.9 millions ha of it, tillage
occupy 1.3 millions ha including 837 thousands ha of irrigated territory.
About 85% of our arable land are erosionally hazardous. This situation is conditioned, firstly, by the
mountainous relief and by the anthropogenic factors, because more than 90% of the arable land (10,2 mln. ha)
are located 2000-3500 m high above sea level and they are distributed over the ground grades as follows: 28 % fi-om 0° to 1°; 11,2% - from 1° to 4°; 18,8% - from 4° to 10°; 11,0% - from 10° to 20° and 56,2% - beyond 20°.
The above data proves that there is a strong propagation of the hazardous exogenous phenomenon on the
territory of the country. To prevent this we should preserve biological resources and to develop anti-lava, antimud stream, anti-spring flood and anti-erosion forecast projects and activities to develop secure proofing for
pastures, haylands, irrigated and rainfed lands.
Water soil erosion and wind soil erosion is strongly developed on the rainfed lands, that occupy 463 thousands
ha of the area. They are mainly located on the foothills and on the high-grade slopes (more than 4°). Such natural
hazard of the mountainous rainfed lands is not currently opposed by the soil-protective system of the agriculture,
i.e. traditional ploughing and cereals cultivation occurs everywhere. Due to that, water soil erosion and wind soil
erosion provokes the irreversible loss of the upper fertile soil layers and a lot of plant nutrition elements are
hollowed out in the rivers. Thus, our rainfed soils have lost 40 % of humus, compared with virgin analogues, and
their aqueous-physical soil properties (water permeability etc.) deteriorate that considerably reduces their quick
water absorption capacity. In this connection, on our rainfed lands, i.e. on the slopes with the hollowed out soil,
the upper flow is usually great, especially while heavy raining and snow melting.
Due to the extended mountainous relief and the soil erosion, thousands tons of fertile suspended small ground
particles are hollowed out from the ground surface with the melted snow waters and with the rains.
For instance, due to the soil erosion and the denudation of the soil forming rocks, the average annual quantity of
the bottom drift with turbid streams, coming from the whole water intake area of powerful Naryn river into
Toktogul reservoir, makes up 12,566 thousands tons. If we divide this quantity on the whole water intake area of
Naryn river basin (58 730 square km), then in one year on the average of 2,5 tons of suspended soil particles are
hollowed out of 1 ha of the mountainous territory. As it's seen, soil erosion in the mountains of Kyrgyzstan,
becomes one the serious problems, because of the negative influence on the soil fertility, water pollution, rapid
silting of reservoirs, lakes and irrigation systems.
The waters of Central Asia great rivers, including Naryn River, which is the main source of the irrigation water
for Uzbekistan, Kazakhstan and Kyrgyzstan fields, are intensively turbid. In the previous years, the surface of
the irrigated lands of Central Asia rose on the average of 0,5-2 cc per year due to the accumulation of these
turbid rivers flows (irrigation deposits) and that occurred while retaining about 50 % of river drifts in the
irrigation system. So, for 200-250 years the ploughing layer of the soils, which have being irrigated for a long
time are renewed by by the mountainous soil erosion, fragments. In the ancient oases, the layer of 2-6 m. in size
has accumulated on the surface of the soil due to irradiation deposits. This layer is the anthropogenic fertile soil
layer. Nowadays, in CA republics, the main raw cotton mass is yielded on the soils, which have being irrigated
for a long time.
The ingress of small ground river drifts in the fields is currently slowed down due to the construction of the great
reservoirs, where the bottom drifts accumulate in the basins of the reservoirs and in the special settlers of the
irrigation structures.
As it's seen, erosion sfrongly damages the hydro-energy industry of our republic by selting the basins of the
reservoirs and by reducing the generation of the electricity power. About 500 mln. tons of the bottom drifts are
located in all the reservoirs of the country. This quantity is sufficient for covering with the ground about 200
thousands ha of the rocky lands.
The small territory covered with woods (4% out of total territory) has the great effect on these processes. The
small woods-covered areas, large ground grade of mountainous relief promotes the propagation of the erosion
processes and the wash away of the soil particles with the surface streams. The soil is especially pliable to the
erosion in the early spring, when its surface is not protected by the epigeal plants mass. The root mass of the
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natural vegetation carries out important protective anti-erosion function, forming original "shell" in the kind of
the phytomass, particularly root mass, generate in the natural phytocoenosis of the mountainous soils of
Kyrgyzstan. This index exceeds the epigeal mass by 10-15 and more folds and this phytomass remains in the
ecosystem, forming soil humus, which, in it's turn, improves the anti-erosion resistance of the soils. Therefore
while snow melting, i.e. when there is no vegetation protection, a lot of small ground soil particles are hollowed
out from the slopes and the turbidity of the river water become intensive. This proves the great anti-erosion
function of the vegetation.
Under such conditions, it is necessary to carry out the package of anti-erosion activities aimed at the preservation
and the improvement of the soil fertility.
Currently, more than 20% of grasses suffer from degradation and from the soil cover erosion. 35% more, suffer
from strong degradation. On the pastures territories the moisture evaporation exceeds natural humidification by 3
and more folds and this is one of the reasons of pasture deserting, which is accompanied by erosion
strengthening of mountainous soil.
In connection with this threatening danger, on the base of the researching data we worked out anti-erosion
measures united in the next groups:
a. anti-erosion organization of the territory;
b. agro-land reclamation anti-erosion measures;
c. forest-land reclamation measures;
d. meadow-land reclamation measures;
e. Hydraulic-engineering structures.
The main part of these measures should be carried out by the land-users, and on the national scale only
construction of hydraulic-engineering structures and partially forest-meadow-land reclamation are done. Thus,
State Forestry Agency of the Republic is carrying out purposeful forestland reclamation activities in accordance
with the national program, involving investments. The Government regulates interrelations of these activities by
means of economic methods.
On the regional level. State Land Agency should draw only inter-farm schemes of anti-erosion measures by chart
on a scale 1:100 000. This is due to the regional peculiarities of soil erosion display and to their limitation
problems. Varied types of erosion (water, pasture, wind, irrigation and others) define the specificity and the
multiform of measures on fertility improvement of erosion soil. But there are general activities compulsory for
all categories of land-users of the country. They are:
a)

it is needed to pass to the soil protection system of agriculture, including the better introduction of
wasteless soil plaughing in cultivation of grain crops.

b) on the farms, where the share of weak and middling erosion plots exceed 70 %, the lands should be used
only for sowing of grain and perennial grasses and if 50 % of it is erosive, it is admitted to sow 20-30
% of grain and cultivating crops;
c)

in all the cases, on the sfrongly erosion plots, cultivation of crops is stopped and such plots such plots are
allotted for meadowing, and in the pastures they are allotted for basic improvement;

d) in the irrigation agriculture the usage of the slopes steeper than 10° is being stopped, and the slopes with
6°-10° steepness are needed to be watered on the least fall, only when using them under the crops of
compact (solid) sowing;
e)

on the irrigated lands, tilling of the slopes steeper than 15° is not admitted, on the falls with the
steepness from 8° to 15° in the North of the country doesn't exclude the use of pure fallow on such
land but only in the combination of embankment and sub-soiling usage, moreover, in fallow processing
it is needed to widely apply the tools of wasteless processing (plane-cutter, Maltsev's plough) and the
set of soil processing instruments to them;

f)

all the kinds of cultivation (plaughing, sowing, chiseling, harrowing, cultivation) are obligatory to apply
only transverse to the slope and in outline on the locality horizontal with the inttoduction of anti-erosion
crop-rotation and application of fertilizers;

g) the travel of tractors and farm machines downwards and upwards the slope is prohibited, and the plotting
of paths, roads, grooves and furrows along the slopes is not allowed as well as the roads construction in
the mountainous pastures;
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h) in the windy hazardous regions of the Republic (Kochkor, Batken, Western Issyk-Kul region)
preplowing fall-winter moisture storing irrigation is one of the important and common methods of
controlling wind erosion.
The application of these activities is obligatory for all the land-users, irrespective of the property form on land
and they are advisable to be applied as the principle criterion and regulations in evaluating the land use.
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SOIL DEGRADATION IN LATVIA: CURRENT STATUS AND ACTUALITIES
Prof. Aldis KARKLINS, Department of Soil Science and Agrochemistry, Latvia University of Agriculture, 2
Liela Street, LV- 3001 Jelgava, Latvia, karklins@latnet.lv

INTRODUCTION
Land resources of Latvia cover 6458.9 thou, hectare and are distributed as follows (as on 01.01.1999):
agricultural land - 2488.1 (including arable land - 1840.5, permanent crops - 29.9, meadows and pastures 617.7), forests and woodland - 2838.3, land in urban areas and industrial, transport and other nonagricultural
land - 1124.8 and land under waters - 7.7 thou. ha. Land resources inventory and assessment in Latvia as well
its conservation is considered an important factor for natural resources management, planning of economy and
environmental issues. Therefore different activities like detailed soil mapping and evaluation of agricultural land
(scale 1:10 000), forest soil evaluation, compilation of National surveys and Agricultural land monitoring
program are the activities done in the past or going on currently to monitor the Latvia soil and assess the possible
development of degradation, its status, intensity and impact on the environment and economy. These activities
are also performed in the international scale, e.g. Latvia is participating in the project "Mapping of Soil and
Terrain Vulnerability in Central and Eastern Europe - SOVEUR (scale 1:2.5M)" endorsed by FAG.
CONCEPT OF SOIL DEGRADATION USED IN LATVIA
Characterization of the situation of soil degradation requires keeping some general concept and following certain
degradation definition. Soil degradation definition used to describe the situation in Latvia could be taken fi^om
the G L A S O D ' map as "a process that describes human - induced phenomena which lower the current and/or
future capacity of the soil to support life" (Oldeman et al., 1991). Or, looking in the more general sense, soil
degradation could be described as the deterioration of soil quality, it is, the partial or entire loss of one or more
functions of the soil (Blum, 1988).
Types of soil degradation, using internationally recognized classification (van Lynden, 1997) and which have (or
potentially have) more or less significance for Latvia, are considered as follows.
•
•
•
•
•
•
•
•
•
•
•

Water erosion.
Wind erosion.
Compaction.
Lowering of the soil surface.
Waterlogging.
Soil acidification.
Soil pollution by heavy metals.
Soil pollution by pesticides and other organic contaminants.
Eutrophication by nitrates and phosphates.
Soil pollution by radionuclides.
Fertility decline and reduced organic matter content.

The current status and trend of degradation should be reviewed in the context of its causative factors - various
types of human activities, which may lead to soil degradation. These factors, relevant to Latvia situation are as
follows.
•

•
•
•
•

Agricultural activities - land use intensity, intensity of crop and animal production, technologies with the
use of heavy farm machinery, water management (drainage), development of agricultural infi-astructure
(construction work, etc).
Fertilizer use (organic, mineral) in agriculture, soil liming.
Use of pesticides.
Deforestation.
Industrial activities - industries, power generation, infi-astructure and urbanization, waste handling, traffic,
etc.

Equally with other countries of Central and Eastern Europe, which are undergoing the process of transition from
central planned to the market economy model, Latvia faced with the tremendous decrease in almost all branches
of economy within the period of 1987 to 1999. For example, the added value of agriculture in 1998 compared to
1990 went down at constant prices by approximately 55 % and its share in the total added value droppedfi-om21
Global Assessment of Soil Degradation
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% to 3.6 %. (Economic Development of Latvia, 1999). The main reason for the decrease of agricultural
production in 90-ies is rapid decrease of internal and external markets for agricultural products and nonfavorable changes of prices. As a result the decrease of farm inputs (the use of organic and mineral fertilizers,
lime, pesticides) is also substantial.
Use of fertilizers and pesticides in Latvia
Farm inputs
Consumption of fertilizers (as N, P2O5, K2O), thou, t
• per 1 ha of arable land, kg
Consumption of manure, thou, t
• per 1 ha of arable land, t
Pesticide use, t
• per 1 ha of sown area, kg
Soil liming, thou, ha
Lime consumption, thou, t

1985
413
218
18039
10.4
4366'
2.64
213.4
828.2

1995
22
23
5146
5.6
602
0.65
5.0
2.7

1998
32.7
33
4789
4.9
456.7
0.46
8.1
32.4

POSSIBLE TYPES OF DEGRADATION
Erosion
It is considered that the main type of soil degradation in Latvia is its erosion, both, caused by wind and water.
Sandy and organic (peatlands) soils, which are used for field crop production as well as regions bordering on
Baltic Sea have risk for wind erosion. As many factors natural and human-induced significantly influence wind
erosion process, there is not detailed statistics and estimates of wind erosion extent and effects in Latvia.
Generally, by using appropriate crop rotations and soil management it is possible to prevent the development of
wind erosion. Only for the coastline along the Baltic Sea other protective measures are necessary, e.g. forest
conservation, establishment of wind shelterbelts and overgrowing of dunes.
Another important process in soil degradation is water erosion, as substantial part of Latvia territory has hilly
moraine landforms. We distinguish 4 classes of water erosion using the following criteria.
Class name
No erosion
Slight to medium

Slope (degrees)
0-5°
6-10°

Medium to strong

11-18°

Strong

<18°

Characteristic pattern
No significant movement of topsoil by water action.
Some loss of A horizon and part of the B horizon are mixed
by plowing.
Loss of A and partly B horizons, C horizon is partly mixed
by plowing.
All genetic soil horizons are lost. C horizon is exposed.

The total extent of water eroded soil is estimated as 17.3 % from total agricultural land from which 12.5 % fall
into slightly and 4.8 % into medium and strong erosion classes. There are significant variation among
administrative regions of Latvia where water eroded soils could occur from 0 % (Jelgava) up to 45 % (Kraslava).
It is rather difficult to evaluate the erosion risk and impact on the environment and economy in the context of
other countries. In general Latvia is characterized by rather flat topography (looking on regional - European
scale). The average elevation above sea level is 87.2 m with the highest point 311.5 m asl. At the same time local
landforms, largely formed as a result of Pleistocene glaciation (Weichselian), in some regions of Latvia are
strongly articulated, forming rolling and hummock relief. Relief and the amount of precipitation, which exceeds
water evatranspiration for about 13 - 37 % are the base for the development of human induced soil erosion
processes.
Both, wind and water erosion is considered a subject of decrease of soil productivity as well as an important
factor of pollution of waterbodies. Many recommendations are developed for the selection of appropriate
production type, crop rotations, soil management methods etc. to prevent its acceleration. But still some methods
of agricultural practice should be promoted more actively like minimum tillage, limitations for soil tillage in fall,
cover crops etc., which are not sufficiently strong in traditional agriculture yet. Decrease of agricultural
production and subsequently of the land use intensity gives the possibility to be more flexible and avoid the use
of vulnerable land for intensive agriculture. This is a stabilizing factor to keep down erosion factor for the
agricultural land, but on the other hand, increasing deforestation rises the risk for its development on the areas,
which were expected to be stabile before. The Latvia legislation forces to reestablish the cutting areas but still
practically it does not compensate the decrease of forest areas and the development of erosion risk. The program
^ Average 1986 - 90.
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of afforestation of marginal agricultural land is initiated and certain financial support ft-om national and
SAPARD funds^ is available. This also includes land with inclination of slopes exceeding 20 % (12°).
Compaction
Heavy textured soils, use of heavy farm machinery, high rainfall and mild winters in some years, when the soil is
not frozen are the possible causes for soil compaction. This is also considered as a factor of decline of soil
productivity and limits the proper functioning of water drainage from fields. The results of agricultural land
monitoring show that there is a tendency for decreasing of subsoil (30 - 40 cm) bulk density, reaching the values
of 1.11 - 1.81 t m"^. The higher values are observed for heavy textured soils in wet years (A. Vucans, I. Gemste,
A. Karklins, 1996). The critical value is considered 1.7 t m"^ and in some years it is exceeded for about 20 % of
the investigated soils. The main methods to avoid soil compaction are agronomically sound crop rotations and
soil tillage. Actually it is more difficult for sugar beet growers, because this crop is grown in heavy textured soils
and late harvesting gives rise to the possibility of facing wet meteorological conditions.
Lowering of the soil surface could be relevant for drained and cultivated peatlands where mineralization of peat
layer is going on. This process is significantly increased by intensive use of liming materials and fertilizers
which took place in 1970 - 80-ies. Peatlands include important part - 190.4 thou, ha or 7.8 % from agricultural
land in Latvia. Mainly is used as grassland and only 40.3 thou, or 2.4 % are used as arable land. But still
significant lowering of peat layer in agricultural land is observed due to its mineralization which depends on
many factors: period of cultivation, drainage and soil tillage intensity, use of fertilizers etc. Unfortunately, still
rather a small scope of data is available, and there are no profound surveys showing the real situation in Latvia.
Waterlogging as soil degradation in agricultural land is mainly relevant with the management of drainage
systems. In some areas - also due to the specific soil conditions, e.g. low water filtration rate, the presence of
water non-permeable layers, compaction, high ground water level, seasonal flooding etc. Major part of
agricultural land - 16(X) thou, ha or 64 % are drained. There are water management systems in 500 thou, ha of
forest land. The drainage systems were mainly built within the period of 1960 - 1990 when large state owned
farms were in operation and systems were designed according to this situation. Therefore land reform and the
great number of relatively small (average size 23.7 ha, including 13.7 ha of agricultural land) family farms, the
development of which started in 1990, created the problem of finding a new model for the maintenance and
management of these systems because it was quite normally that one system was split out by several farms. The
drainage systems include also 53 polders with 40.0 thou, ha of drained area. The State is still in some extent
supporting the maintenance of drainage systems, but the process of its turn over to the land owners/users is going
on. In many cases farmers mainly due to economical reasons do not pay adequate attention to their maintenance
now and in almost of 300 thou, ha these systems are not properly functioning as it was designed. This is a case of
lowering soil productivity and economical losses not only for a single farmer who has responsibility for proper
maintenance but also neighbors whose land depends from this system.
Soil acidification
It is rather difficult to evaluate the acidification as a kind of soil deterioration for Latvia situation. Because it is
natural process and approximately 63 % of agricultural land potentially (due to climate, soil formation and
genesis) has a low soil reaction for major crops and should be periodically limed. The current need for liming is
estimated as 42 % of agricultural land, including 19 % which need basic liming and 23 % - maintenance liming.
Soil testing results show dynamics of distribution of acid (PHRCI ^ 5.5) soils in percent of the tested arable land:
1965 - 1972 - 49.1 %, 19973 - 1979 - 27.7 %, 1980 - 1985 - 16.6 %, 1986 - 1990 - 23.0 % and 1992 - 1998 18.9 %. These figures correlate very well with the use of liming materials and the area limed within these years.
The only exception is data for the period 1992 - 1998 when the soil liming was very low and acidification
should have greater impact on soil. But starting from the 1990, soil testing is done selectively and usually from
more fertile and intensively used land instead of all overall agricultural land soil testing before. Agricultural land
acidification is more related to the farmer's capabilities and/or willing to invest for the maintenance of keeping
appropriate pH level nor due to the problem of acid precipitation's. For example, sulfur and nitrogen compounds
which were deposited by precipitation (wet deposition) or by dust (dry deposition) and measured in two stations
in Latvia in 1995 gave the following results, kg ha~'.
Testing place
Zoseni
Rucava

Sulfur as S
13.1
9.3

Nitrogen as N
18.1
12.3

^ Special Assistance Programme for Agricultural and Rural Development - Pre-Accession Structural Fund.
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As it is estimated, the average annual deposition in Latvia in 1993 - 1995 were 10 - 14 kg ha ' N and 8 - 29 kg
ha"' S. Wet deposition are about 70 - 80 % of the total (Latvia Environment survey, 1996).
The survey made by O. Nikodemus and G. Brumelis (1994) shows that the pattern of deposition of pollutants in
the Baltic countries is determinated by meteorological conditions, local point sources, and long range transport.
Much of the region receives precipitation with neutral pH, due to numerous cement and building - material
industries, and basic fly ash from fuel combustion. Major point sources of pollution which influence Latvia are
the Narva oil-shale burning region (Estonia), the steel industry in Liepaja (Latvia), and the Mazeikiai oil refinery
(Lithuania), as well as large thermal-electrical power facilities that utilize fossil fuel (O. Nikodemus, G.
Brumelis, 1994).
Heavy metals in agricultural soil
There were quite large activities to survey Latvia agricultural land for heavy metals and to study the influence of
natural (soil parent material, mineralogy etc.) and human induced factors on heavy metal concentration in the
last decades. To obtain the understanding about the natural background level and pollution. To get information
about regional differences and local variations.
Survey of heavy metal concentration in agricultural soils of Latvia was made by
J. Filipovics and D. Pinke in 1991 - 1996 in 248 rural municipalities covering all regions of Latvia. Data
represent averages for 28 thousand soil samples and the tested area covers about 20 % of agricultural land of
Latvia (J. Filipovics, D. Pinke, 1997).
Based on investigations authors conclude that heavy metal concentrations in agricultural soils in general do not
exceed the natural background level of its parent material. Heavy metal concentrations in soils are mainly
influenced by the soil type, texture and the degree of cultivation, the content of soil organic matter and its pH
level. Soils naturally rich in organic matter (Semihydromorphic and Hydromorphic soils) are 1.5 to 2 times
higher in heavy metal content compare with mineral, low organic matter soils. Generally some higher heavy
metal concentration which could be concerned as pollution was found in alluvial soils (Fluvisols), orchards,
fields nearby main roads (J. Filipovics, D. Pinke, 1997).
Pollution by heavy metals only occur very locally around large cities: Riga, Olaine, Liepaja, Daugavpils and are
caused by industrial activities and urban factors. Locally polluted spots are also found in some places were the
former military bases of Soviet Army were located as well as in the waste disposal areas.
There is not found the pollution with radionuclides caesium (Cs'^^) and strontium (Sn^).
Soil pollution by pesticides and other organic contaminants does not find in the extent, which should cause
environmental problems. It is up to concern of authorities and society, and soil and plant testing is done to ensure
the real situation if any causative factor is relevant. Some local polluted points in Latvia are found due to the
industrial activities, waste management or improper handling operations but not due to the general agricultural
practice and heavy pesticide applications.
Eutrophication by nitrates and phosphates
It is a special type of pollution, which could happen due to excessive nutrient loads through heavy application of
phosphorous, and nitrogen, which may lead to eutrophication of ground and surface waters. Different research is
done to assess the nutrient loads from agricultural land and their impact on the environment. In average
groundwater pollution is not considered as a result of agricultural activities. The more serious problems are
connected with surface runoff from agricultural land which is responsible for pollution of surface waters,
including Baltic Sea with nitrogen and phosphorous. Estimates, performed by different researchers show the
annual loads of nitrogen and phosphorous in surface waters, being 10 - 20 kg ha'' N and 0.2 - 0.5 kg ha"' P from
intensively used and 6 - 7 kg ha'' N and 0.1 kg ha' P from extensively used fields (Latvia Environment Survey,
1996).
Fertility decline and reduced organic matter content
This type of degradation is defined as a net decrease of available nutrients and organic matter in the soil due to
the negative balance between output (through harvesting, leaching, etc.) and input (through manure/fertilizers,
returned crop residues).
The main methods for investigation of soil fertility status in agricultural land and its possible decline are
calculation of annual plant nutrient balance and results obtained from research plots within the Agricultural Land
Monitoring program. As a result of low level of fertilizer use (both - manure and commercial fertilizers) within
the period of 1995 - 1998 the net plant nutrient balance in Latvia was negative: 9 - 13 for N, 1 - 5 for P2O5 and
21 - 25 kg ha' for K2O annually (Annual Agricultural Report, 1999). Another factor, which also should be
considered - about 15.6 % of agricultural land currently, is not used - set aside situation. Probably these areas
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could define as natural stable - from the point of view of soil degradation (fertility decline). Results obtained in
Agricultural Land Monitoring program show gradual decrease of plant available phosphorous and potassium
content in soil within the period of 1993 - 1998, and in some cases - slight decrease of humus content
(Agricultural Land monitoring: Survey, 1998). Despite of this trend there is not yet serious worry about the real
soil deterioration because within the 1970 - 80-ies PK balance in Latvia agricultural soils were strongly positive
and subsequently their build-up in soil took place which was evident from the soil fertility test surveys. Mainly it
is more economic problem, have farmers capability to invest in the proper soil fertility maintenance or PK
mining from soil resources is dominating nowadays.
SUMMARY OF CURRENT SITUATION
Due to significant changes within the last decade in economy, social sphere, production profile and attitude to
the environment in Latvia, some processes could be distinguished which we should consider. The main factors,
which in the long run could effect soil productivity, vulnerability, pollution risk, are as follows.
•

There is significant decrease of use of manure, commercial fertilizers, agricultural lime, and pesticides
within the period 1988 - 1999. This reduces plant nutrient loads and potential pollution risk, but on the
other hand, to some extent stimulates soil fertility depletion and acidification.

•

Decrease of the activities of animal husbandry help to solve the pollution risk from farm wastes but at
the same time we consider the possible reduction of the soil organic matter due to the very limited
manure application, and in intensive agricultural regions - dominating crop rotations with very little
perennial grasses and other fodder crops.

•

Water management systems (generally drainage) are not maintained properly and reduction conditions
in soil could increase, which stimulates mobility of some compounds and their leaching potential.

•

Reduction of industrial activities, decrease of coal use in energy supply, reconstruction of waste
treatment facilities, more strict regulations and their control led to the substantial decrease of pollutant
loads in Latvia.

ATTITUDE TOWARD THE SOIL DEGRADATION
Soil resources conservation and rational use always have importance and was highlighted in discussions and
action plans. Nowadays it is reflected in such documents as National Environmental Action Plan (1997),
Regulations on Territory Planning (1994), Law on Land Use and Survey (1991) etc. Three monitoring programs
- Integrated (air - soil - water). Agricultural Land Monitoring, Agricultural Run-off monitoring are directly
connected with land information acquisition and rise the public attention and awareness. The recent development
- Code of Good Agricultural Practice for Latvia (1999) summarizes and highlights practical items important for
soil conservation in the context of other activities that would decrease the negative influence of agriculture on
the environment. This development is a part of the harmonization of the Latvian legislation with EU legislation
and HELCOM recommendations. Elaboration of Code was associated with different seminars and discussions
with active participation of farmers, administrators and researchers. Therefore goodwill in the national scale is
stated to give priority for environment preservation which, of course, includes also soil resources conservation.
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SOIL

E R O S I O N A N D A C T I V I T I E S OF N O N - G O V E R N M E N T A L
O R G A N I S A T I O N S TO R E S T R I C T IT IN L A T V I A

Liga DROZDOVSKA , Latvia Association of Organic Agriculture, Riga Street 2-7 , LV-2121 Salaspils, Latvia.
ligad@parks.lv

Latvia is situated on the northeastern coast of the Baltic Sea, in the western part of the East-European Plain. The
area of the territory is 64 600 km^. 74% of the territory are lowlands and 26% highlands. The highest point is
311m.
Agrocenoses occupy 37% of the country's territory. Out of that 69% are arable lands, 30%- meadows and
pastures, 1 %- orchards.
The soils are potentially pure; the regular improvement by liming and organic fertilisers is required. Only in
Zemgale (the central part of Latvia) we have small area of the rich soils.
Using of the agricultural techniques, heavy machinery and impoverishment of unsuitable to soil characteristics,
physical relief and climate conditions crop rotation leads to soil degradation. The main types of soil degradation
are agrotechnical erosion, technological erosion, and wind erosion and water erosion. Important reduction of the
organic matter content in the soils is observed because the use of organic fertilisers has decreased for 70% during
the last decade. Important increase of the soil acidity is observed too, because the liming covers only 3% of
previously threatened territories. The area of arable land threatened by wind erosion is 230 000 ha or 14.7% of
total arable land. Land subject to water erosion - 380 000 ha or 24,3%.
Main cause of soil degradation is excessive intensification of agricultural production in previous years. Trying to
acquire the highest as possible harvest, human being often forgot about self-regulation processes in nature and
natural balance. Human activities trying to correct permitted mistakes often have bad and nonforecasting
consequence. Due to excessive use of agro-chemicats fertile layer of soil were tear down during the last decades,
decrease abundance of the earthworms and other components of soil fauna.
For preventing of soil degradation specialists around the world recommend the environmentally friendly
agricultural methods. Experience suggest that exactly organised structure of the fields, crop rotation and skilful
use of agricultural techniques will provide high harvest and reserve soil from degradation.
Using of balanced or environmentally friendly agricultural methods is important for restricting of soil
degradation and improvement of ecological situation in Latvia, too. One of the forms of the balanced agriculture
is organic farming. The method of organic farming gives the possibility to reject from using of agrochemical and
provide preserving of natural balance in the soil and environment.
Several non-governmental organisations deal up with restoration of natural balance in Latvia. With problems of
soil degradation at present moment are working Society of Latvian Agronomist, Union of Latvian Organisations
for Biological Agriculture, and partly also - Club for protection of Environment, Ecological centre of Latvian
University, Child School of Environment, Latvian Fund of Nature, Green centre of Liepaja, and regional
departments of some international organisations - World Wild Fund Latvia, Coalition Clean Baltic Latvia,
Regional Environmental Centre for Central- and Eastern Europe.
The role of the non-governmental organisations in restriction of soil degradation are expressed in:
1) Training and informing of society about situation and possible measures (seminars, discussions and
informative bulletins),
2) Scientific projects (as example, regulation on Good Agriculture Practice in Latvia are developed together by
governmental and non-governmental organisations),
3) Political lobby and joining in lawmaking (As example, non-governmental organisations participate in
developing of Strategy plan of Environment Protection and the Rural Development plan of the European
Community Support for Agriculture and Rural Development in Latvia. Both plans include important questions
about soil protection).
For realisation of politic of soil preservation in the future, we needs for actualisation of question about soil
protection measures, together with popularisation of organic farming against conventional farming. Guarantee
for restricting of soil erosion is spreading of scientific ideas about developing of balanced and organic farming.
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Organic farming as constant branch of farming last only for some years in Latvia. An about 200 farms are
dealing with organic farming, which cover 0.2 % from the number of farms and comprises a total area 2750 ha
of farmland.
We have many preconditions for developing of organic farming and restricting of soil degradation today in
Latvia:
1.

Increasing interest of society about ecology and whole-some food

2.

Increasing interest of farmers about protection of environment and ripping to work with environmentally
friendly methods

3.

Directives and laws of EU, which connected with protection of environment and restriction of soil
degradation, are more and more considered in the national legislation and state agrar politic.

We have several braking factors for organic farming, too:
1. Insufficient information about importance of balanced and sustainable development in protection of
environment and, especially, soils.
2.

Lack of knowledge's and practical skills for farmers.

The time required to regenerate partly renewable natural resources e.g. soil is at least several centuries. This is a
main objective to activate educational and training programmes for soil preservation in Latvia.
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SOIL DEGRADATION IN LITHUANIA
Assoc. Prof. Dr. Vanda Valerija BUTVYDAITE, Secretary General of LSSS, Lithuanian University of
Agriculture, Department of Soil Science and Agrochemistry, Agronomy Faculty , LT-4324 Akademija Kaunas, Lithuania, vanda@nora.lzua.lt

MAIN NATIONAL NATURAL RESOURCE
The Republic of Lithuania is a country situated in the central part of Europe, with area of 65,305 square km
58,794 km^ of which is covered by soils. According data of State Land Cadastre for 1st of January 1999 total
agricultural land in Lithuania was 3,496,761.27 ha. These data include all area used for agriculture. Total area
under private ownership is about 1,605,689.90 ha. Soils are main national natural resource, because of that
agriculture is very significant contributing big part of GNP in national economic terms. Lithuania has 99 km of
Baltic Sea eastern coastline, and border in the North with Latvia (610 km), in the East and South with Belarussia
(724 km) and Poland (110 km), in the South-West - with Kaliningrad Region of the Russian Federation (303
km). Country is divided into 10 counties, 44 districts and 12 municipalities. Total number of inhabitants 3,704,800 (1998.01.01), rural - 32 proc, urban - 62 proc. Population density is 56.7 people per square km. The
capital of Lithuania is Vilnius it has 578,600 inhabitants. Major cities are Kaunas with 415,800, Klaipeda 202,300, Siauliai - 147,1(X) and Panevezys - 133,600 inhabitants. Average life expectancy - men: 65 years;
women: 76 years.
The parent material of soils in Lithuania varies in the age and genesis. Most common are Quaternary deposits.
The tick of Quaternary deposits varies from the less than 10 m in North Lithuania to 200-300 m in Zemaiciai and
Baltija Heights. In the larger areas it reaches 80-120 m. Prevailing glacial deposits are: moraine, fluvioglacial
and limnoglacial. In some places there are plots covered by alluvial, eolian and organic deposits. Because of that
there are great differentiation and variety of soils and very complicated soil cover structure in Lithuania.
Preliminary data shows that Albeluvisols occupy 30 proc. of the whole territory, the Luvisols 27 proc. with
prevailing among them Cal(car)ic Luvisols (35 proc.) and Gleyic Luvisols (34 proc.) Quite wide areas are with
prevailing Cambisols (13 proc), Arenosols (12 proc.) and Podzols (11 proc). In smaller areas, in the depressions
5.3 proc. are Gleysols and Histosols.
Gleyic Albeluvisols and some Dystric soils are formed on less carbonated and deeply washed out loamy
deposits, they dominate in Western Lithuania. In the East Lithuania Albeluvisols dominate on soil parent
material of light texture and distinct erosion processes are going on. In the Mid Lithuania the soil parent material
and in the soil surface contain more carbonate and are less leached. Data shows that soil reaction in this part of
Lithuania is mostly very close to neutral and neutral. Therefore Calcaric Cambisols, Cal(ca)ric Luvisols and
Gleyic Luvisols in some places Eutric Gleysols on loam, clay loam and clay are widely distributed.
Major production constrains in the country are land physiography, acidification and low fertility and other types
of soil degradation, 1/3 of agricultural land is in hilly regions and some are not suitable for agriculture and
production of most important agricultural crops.
THE SITUATION ON THE SOILS DEGRADATION
Soil acidification
As data shows (Table 1) soils in Lithuania mostly (46,3 proc.) are very close to neutral (PHKCI =6,6-6,9) and
neutral (pHxci =7.0) but more than 16 proc. of soils are under accelerated acid conditions and must be limed.
Table 1. Soil acidity in Lithuania
Investigated area
2630.8 ha
%
Source: Lithuania, MoE 1996

<4.5
23.5
0.9

Groups soil reaction of PHKCI
4.6-5.0
5.1-5.5
5.6-6.0 6.1-6.5
453.2
286.8
535.6
113.9
20.4
17.2
4.3
10.9

>6.6
1217.8
46.3

Acid soils
<5.5
424.2
16.1

A significant danger for soil and the natural environment is caused by the gradual intensification of the
acidification process resulting from a decline the application of lime and acid rains. This process was heightened
in Lithuania when the area of soil liming declined. It is necessary to adopt measures to establish plots located in
areas prone to acidification, to start monitoring these territories and to apply lime if required. According State
Environmental report of 1998 in the last 5 years increase of acid soils were 3.1 proc.
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Soil erosion
Major cropping system in the country is crop rotation as follows: barley+undersowing, perennial grasses of the
first year, perennial grasses of the second year, winter crops and earthing crops. Comparatively rare in small
plots are used the monoculture system. It happens sometimes that earthing crops are grown on hill slopes do not
paying attention that the water erosion occurs. Soil erosion needs much more attention.
Contaminated Sites
Monitoring and treatment of contaminated soil is a very urgent issue, which is very costly to implement. There
are some statements all around the Europe that during recent years, significant damage in some areas has been
caused to the environment. There are some sites and places contaminated with different materials. One of the
priorities in many countries is to estimate the danger to the environment from these sites, to identify the polluting
materials, and to develop measures to decontaminate these sites.
By the State Environmental Report and analysis of soil pollution it is investigated that totally about 1 proc. of
country territory is polluted by different pollutants i.e. oil products, heavy metals and etc. in the former Soviet
Army military bases and polygons. These territories are major concern of local and regional authorities for their
rehabilitation and cleaning. There are some small areas polluted by oil products.
The international project on Mapping of Soil and Terrain Vulnerability in the Central and Eastern Europe
(SOVEUR Project) helped to evaluate the natural geochemical patterns and changes caused by anthropogenic
and technogenic activities in Lithuania on continental level. In the future there is need to show all even small
polluted sites of Lithuania on the country level by using for example the SOTER (Batjes, Van Engelen, 1997)
Database and methodology of the SOVEUR Project (Van Lynden, 1997).
Chemical pollution of soils
The amount of major elements, soil contamination of some areas in Lithuania with heavy metals of the forest
soils, topsoil of agricultural and other landscapes has been investigated and determined by Vaicys (1975),
Pauliukevicius (1988), Sleinys and Rimselis (1993), Lubyte et. al. (1994). But very little attention has been paid
to the all spectrum of the trace elements, although they are important for plants, animals, human beings as
nutrients or on the other hand, maybe poisonous in high or very low concentrations (Kadunas et. al., 1999).
Pollution by heavy metals
By state monitoring data of 1993-1997 the average of the amount of heavy metals in topsoil 0-20 cm (Table 2)
are: chrome 10,7 mg/kg of soil, cadmium - 0.46, lead - 11.9, nickel - 9.9, copper - 6.9, zinc - 28.5, iron - 8209
mg/kg of soil.
Table 2. Soil contamination by heavy metals (mg • kg)
Depth of sample (cm)

[Amount of elements (mg - kg)
Cr
Cd
Pb
0-20
1.6-38.8
0.2-1.0
4.4-23.0
2.2-36.4
20-40
0.2-1.0
4.0-18.0
40-60
1.6-33.6
0.2-1.0
2.6-17.0
Source: Lithuania, MoE 1996

|
Ni
1.8-32.6
2.4-31.0
2.4-31.6

Cu
0.8-56.0
2.4-31.0
2.4-31.6

Zn

1

6.6-58.8
6.6-56.8

6.6-60.2

1

Pollution by organic pollutants
According data of State Plant Protection Agency in Lithuanian agriculture in 1998 were used 1,566.9 t of
pesticides. Major part of them was herbicides - 1,13.8 t (72.5 proc.) rest fungicides - 12.5 proc, insecticides 1.9 proc. and other type of chemicals. In the last decade use of pesticides were very fluctuating. According State
Environmental monitoring data only in one soil sample were found herbicides over limit. Data shows that only in
very few points there is high pollution by pesticides like simasin. Only in very small number of soil samples
were found significant amount of insecticides like DDT and other pollutants. In some samples were found only
traces of such materials.
Use of fertilizers
At present, the quantity of fertilisers and chemicals used in agriculture (Table 3) has been reduced but there is
potential for it to increase again in the future.
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Table 3. Mineral fertilizers consumed in 1996 (kg/ha of crop area; 100 proc. by active material)
In private farms
Crops
In agricultural companies
Fertilisers used for agricultural crops:
winter crops
58
66
54
summer crops
79
flax
67
91
sugar beets
89
318
66
144
rape
74
potatoes
134
103
247
vegetables
fodder crops
49
31
Source: Agriculture of Lithuania 1996. Department of Statistics. Vilnius 1997
At present, the quantity of fertilizers and chemicals used in agriculture has been reduced but there is potential for
it to increase again in the future. The principal measure for reducing the environmental impact of pesticides
should be through the development of a control system for hazardous materials and products. The framework for
control system for those materials in Lithuania should encourage not only control of the use of chemicals but
also more efficient use of fertilizers and development of low-impact application techniques, and a search for
more efficiency of fertilizers.
Anthropogenic influence on soils
West part of Lithuania is supplied by low amount of available phosphorus, but middle part of Lithuania is
enriched by phosphorus. Middle part of the country is well supplied, the eastern part has low amount of
potassium. The anthropogenic impact and especially diverse reclamation activities such as cultivation of Terric
Histosols, drainage of Gleysols or gleyic soils, liming, application of mineral fertilizers has been and in some
places are now among the most active soil forming factors changing the properties and functions of natural soils.
Histosols show a particularly sensitive reaction to this impact. The amount of phosphorus and potassium in the
soil depends on its application. At the investigated areas the concentrations of these substances are very different.
Another agricultural problem in previous years has been caused by intensive cattle breeding, particularly wastes
from major breeding complexes. The Ministry of Agriculture is encouraged to regulate and reconstruct these
complexes also to include collection of animal wastes, discharge or land spreading of these wastes, and
technologies for their use.
ESTIMATION OF SOIL DEGRADATION AND POLLUTION IN LITHUANL\
The recent data from the geochemical mapping of all administrative districts of Lithuania carried out in 19941997 by the Geological Survey of Lithuania (Kadunas et. al., 1999). Soil samples (total 2700) were collected in
the fields of Lithuania (it has been divided into 10x10 km squares 696 in number) during the summers of 1995
and 1996 from A horizon - the topsoil.
Laboratory methods for analysis of sampled soils
After topsoil samples were transported to the laboratory, their pHnzo value was measured with a J-200
ionometer. Then the samples were dried at room temperature and sieved trough a 1 mm kapron sieve. Analytical
work has been done at the laboratory of the Geological Institute of Lithuania. The following analytical were
used:
•

DC-Arc Emission Spectrometry, using the DFS-13 spectrograph, MD-1000 microdensitometer (Co, Cr, Cu,
Mo, Ni, Pb, Sn and Zn concentrations);

•

XRF using ARF-6 X-ray-spectrophotometer (As concentrations).

Concentrations of metals in topsoil of Lithuania
Basic research of topsoil of Lithuania shows that the concentrations of metals in places reasonably distant from
the bigger towns, for example, does not reach B-value of the original standards adopted in the Netherlands for
soil contaminants (Moen and Brugman, 1997). Geochemical mapping data has been used for estimation of soil
degradation, contamination and pollution for SOVEUR Project (1997-1999) on level. It is very important to
know where are soils which have metal concentrations below the EU recommended maximum permissible level,
which is now set as (in mg/kg of dry matter) 3,300, and 300 for Cd, Pb, and Zn, respectively.
As data shows in topsoil of Lithuania the average concentrations of metals are greater in loamy and clayey soils
than in sandy soils (Tables 4, 5).
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Table 4. The values of metals in topsoil of Lithuania (average in ppm)
Soil texture
Cr
Co
Ni
Sn
Cu
Zn
As
Mo
Pb
25.1
3.5
9.4
22.2
2.1
Sand
6.5
0.61
2.0
15.5
0.67
Sandy loam
35.7
5.0
13.8
9.6
2.2
28.9
2.9
14.9
6.4
18.0
11.4
35.7
0.71
Loam-clay
44.0
3.6
2.3
15.3
21.2
3.6
12.1
0.88
Peat
10.6
39.9
1.6
36.2
1.9
4.7
0.72
All groups
31.7
13.3
9.5
31.5
2.0
16.6
1
2.6
Source: V. Kadunas, R. Budavicius, V. Gregorauskiene, V. Katinas, E.Kliaugiene, A. Radzevicius, R.
Taraskevicius. Geochemical Atlas of Lithuania. Geological Survey of Lithuania, Geological Institute. Vilnius
1999
Table 5. Median values of metals in topsoil on parent material of different genesis, ppm
Sn
Genetic type of soil Cr
Ni
Cu
Zn
Co
As
Mo
Pb
parent material
23.4
3.2
8.7
23.4
1.4
1.9
Limnoglacial
20.0
0.60
16.2
sediments
Glaciofluvial sediments 20.7
2.9
7.5
20.7
17.3
1.5
0.60
2.0
14.5
17.4
Eolian sediments
18.3
2.5
7.0
1.7
1.7
14.5
4.9
0.58
8.2
Glaciofluvial sediments 20.8
17.2
1.6
0.58
1.9
15.7
2.9
6.8
of Nemunas glacier
marginal forms
Glacigenic sediments 23.1
3.4
8.6
2.1
0.62
2.1
15.0
6.8
18.9
of Medininkai glacier
41.4
2.2
Sandy
Limnoglacial
5.2
14.5
10.3
29.1
2.8
0.67
14.5
loam
sediments
Basal moraine of North 37.4
15.0
28.4
2.4
5.6
9.7
3.8
0.70
16.0
Lithuanian phase
Basal
moraine
of 35.9
2.1
13.5
8.5
27.2
2.9
0.68
14.0
4.9
Middle
Lithuanian
phase
14.4
2.2
14.5
Basal moraine of South 36.1
10.5
29.4
3.2
0.70
4.9
Lithuanian phase
14.4
8.5
7.7
Glacigenic sediments 26.2
4.5
28.3
2.8
0.63
2.0
of Medininkai glacier
6.4
50.5
18.1
12.1
4.0
2.3
15.3
35.1
0.69
[Loam - Limnoglacial
sediments
clay
14.2
Basal moraine of north 41.6
16.5
9.4
29.4
3.7
2.2
5.5
0.66
Lithuanian phase
Basal
moraine
of 44.1 • 5.7
17.0
11.6
2.3
14.3
32.5
3.3
0.69
Middle
Lithuanian
phase
14.1
Basal moraine of South 38.4
5.4
15.4
2.1
9.5
29.5
3.6
0.69
Lithuanian phase
14.6
Glacigenic sediments 32.6
10.7
32.2
4.6
8.6
3.5
0.66
1.95
of Medininkai glacier
Source: V. Kadunas, R. Budavicius, V. Gregorauskiene, V. Katinas, E.Kliaugiene, A. Radzevicius, R.
Taraskevicius. Geochemical Atlas of Lithuania. Geological Survey of Lithuania, Geological Institute. Vilnius
1999
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The State Land Survey Institute (VZI) is the center of land survey in Lithuania. The Department of Soil Survey
and Land Evaluation of VZI activities, among all others, include field soil survey, soil mapping at various scales
and land evaluation for Land Reform going now in the country. In the archives VZI holds manuscripts of soil
survey data sets. The Agrochemical Research Center (ATC) of the Lithuanian Institute of Agriculture (LZI) has
the data and general maps of PHKCI, liming requirements, contents of available P, K (4 tours of investigations),
Mg, some microelements, and organic matter. ATC and the other branches of LZI as well as the Department of
Soil Science and Agrochemistry of Lithuanian University of Agriculture (LZUU) have agriculture crop yield
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data from experimental plots with the different applications of fertilizers. Department of Soil Science and
Agrochemistry of LZUU beside soil science also deals with new soil classification of Lithuania LT_DKL99
adopted to the legend of FAO-Unesco World Soil Map (1990) and World Reference Base for Soil Resources
(1998). The Lithuanian Forest Research Institute (LMI) has the some data sets of research and investigations on
the soils under the forests.
The VZI, LZI, LMI and LZUU hold very large soil investigation and land use data sets, covering more than 3
million ha and experimental data's of application of fertilizers on arable land with different soils, collected
during 35 years of soil survey and research activities. However any of those institutions does not have a fully
completed database to store and manage this valuable information and a comprehensive computerized
Lithuanian Soil Information System (LTDIS) is now needed. This would enable the proper and timely
application of quantitative soil data to the pressing environmental and land use problems which Lithuania
confronts today. The main problems are that almost all data is not geo-referenced and not standard in terms of
description and analyses. In 1992-1995 an active scientific Programme Research on Soil Cover Systems of
Lithuania to Adopt FAO-Unecco Soil Classification has been set up at LZUU. In 1993 the attribute Database of
Experiments of Fertilization (Plant Nutrition) (TBDB version 1.0) of ATC was set up, in 1995 TBDB version l.I
has been finished. Also in 1995 was set up main part of attribute Lithuanian Soil Profile Analytical Database
(LTDADB).
Land Reform is going in Lithuania, and emphasis on rural development and particularly on environmental
pollution is also ongoing. However any of mentioned above institutions do not have a DBMS/GIS to store and
manage developed attribute TBDB and LTDADB databases and other environmental information. There is need
to have soil information system accessed through a user friendly menu-driven query and retrieval system which
is operated as an on-line service to extension offices of the Ministry of Environment of the Republic of Lithuania
and Ministry of Agriculture the Republic of Lithuania. The scientists and technical specialists would be using the
database for information about specific points and areas as well as other soil attribute data.
Data type and volume
The VZI, LZI, LMI and LZUU in Lithuania are the principal centers for soil and crop science and for the
investigation of the agricultural environment of Lithuania. At VZI, LZI, LMI and LZUU now comprises 82 soil
scientists, of whom 4 are professors doctor habilitates, 20 are associate professors, 31 doctors of sciences scientific workers, 28 soil scientists. At the Department of Soil Survey and Land Evaluation of VZI, the
Agrochemical Research Center , the Voke and Vezaiciai Branches of LZI, the Soil Science Department of LMI
and the Department of Soil Science and Agrochemistry of LZUU with some State support are continuing the
research on:
•

properties of the soil environment, evaluation of productive space as a basis for regional distribution of crop
production;

•

hazards of erosion and industrial pollution soil environment and factors affecting crop and agriculture plant
yields and their regional distribution;

•

environmental factors affecting the effectiveness of fertilization; nutrient balance in plant and soils;

•

new cereal and fodder plants and their yield potentials;

•

land evaluation for taxation;

•

research on soil cover structure systematization to adopt the legend of FAO-Unesco World Soil Map and
World Reference Base for Soil Resources, new soil classification and soil cartography methods for
formalization of soil mapping.

Scientific research and the information based on collected data in VZI, LZI, LMI, LZUU and in some other
institutions involved in agricultural, environmental and soil research in Lithuania dealing with agricultural
environment were published in various recommendations and scientific publications of country and not so many
abroad. Soil data for Lithuania under VZI, LZI, and LZUU control is stored in the forms of manuscript maps,
tables, diagrams and some in published papers in archives. This information was used as a basis for the
production of soil maps for Lithuania at different scales (1:10,000, 1:50,000 and 1:300,000). In wider use were
the manuscripts of:
•

soil (type and variety) maps of agricultural land (for all former collective farms at scale 1:10,000; for all 44
administrative regions of Lithuania at scale 1:50,(X)0, for the country at scale 1:300,0(X)) and some small
areas at scale 1:5,000;

237

•

the maps of soils of forest area of Lithuania at scale 1:10,000 is under control of LMI and other forest
research institutions;

•

the Map of the Relief of Lithuania at scale 1:300,000;

•

the Map of Organic Matter Content in Soils of Lithuania at scale 1:300,000 and some areas at scale 1:10,000;

•

the Morphoisographic Map of Land-Surface of Lithuania at scale 1:250,000 (recently it has been vectored);

In addition to those mentioned above soil maps (which are basically soil maps based on genetic soil
classification) there are:
•

soil-agricultural maps of soil texture, wetness and stoniness produced at scale 1:10,000;

•

land evaluation maps at scale 1:10,000. In those maps has been defined the quality of the soils in terms of
agricultural usefulness.

•

generalized maps of soil PHKCL and lime requirements, contents of available P, K, and Mg (for some areas)
and trace elements at scale 1:10,000.

Point soil data
Point analytical data for 7,000 soil profiles as well as detailed soil profile descriptions represent the major
agricultural and forest soils covering about 4 million ha of arable land and land under forest in Lithuania. These
data contain the main soil properties:
•

particle size distribution (PSD, N. Kacinsky method) - soil texture;

•

organic matter content (OM);

•

PHKCI»

exchangeable and potential acidity;

•

content of mobile Al;

•

base action contents, contents of available P, K, and Mg (major plant nutrients);

•

calcium carbonate content;

It includes also:
•

point data of physical properties of soils at 100 points;

•

point data of chemical composition of soils at 200 points;

•

point data of total chemical composition of clay fraction at 100 points;

•

point data of heavy metals and trace elements - (As, Cd, Cr, Ni, Pb, Se, V), Co, Cu, Mn, B, Mo and Zn, also
S content in soils;

•

point data from experimental plots. Data of the yield of different agriculture crops and plants are from 2,0(X)
experimental sites with different application of fertilizers in all prevailing soils throughout Lithuania.

All these data come from over 1,000,000 points located throughout all Lithuania (the higher sampling density
was in experimental stations and vegetable and fiiiit growing farms).
GIS based soil maps
As it has been mentioned over the past decades in our country some work has been done on the research of soil
properties. It would be very good the perspective of soil survey would deal with structural and systematic
approach of soil cover structure systems which foresees division of land surface into integral territorial units
(systems) and their investigation. The programme for developing a Lithuanian Soil Information System (LTDIS)
has been started to introduce with support of FAO. Successfully has been done Pilot Studies in two
administrative regions. It was very good start addressed to introduce new soil classification LT_DKL99
(Buivydaite, Vaicys 1996), and beginning of creation of LTDIS (Darousin at al., 1995) - first of all Soil
Database of Lithuania (LTDDB) based on Geographic Information System (GIS).
The proper study of the terrestrial environment of which the soil is the central component, requires the ability to
integrate and manipulate a large amount of data firom various points of landscape, i.e. spatial data. This is in
recognition of the fact that many of the relevant data need to be captured in computer compatible format, and this
task will take long time to finish it. For the Lithuania, about 1,100 soil map sheets (at 1:5,000, 1:10,(KX),
1:50,000 scale) are need to be digitized or scanned and vectored. In the view of the very large initial costs of
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collecting the information, it is highly desirable that all relevant already collected data should be stored in a
computerized database. There is need to continue creation of a comprehensive LTDIS and an integrated part of it
- LTDDB. After finishing it for all country the establishment and use of LTDIS would allow the best strategy for
use and proper management of arable land and better protection of the environment in Lithuania. LTDIS also
would be beneficial for agricultural productivity and food quality through the improvement of the institutions
involved in consulting and advisory activities. As a system LTDIS is needed for land management to ensure
sustainable land use not only for agriculture, safe application of waste materials, land consolidation, soil erosion
and estimation of other types of soil degradation. Specific need would center on the protection of land from
degradation, whilst maintaining productivity, and minimizing pollution. The quick use of LTDDB would allow
the best strategy for use and proper management of arable land and better protection of the environment in
Lithuania.

THE PROPOSE OF COLLABORATION AND CORPORATE POLICY
Lithuania is progressing towards integration into the European Union's political and economic structures. One of
the conditions of EU membership will be need to harmonise the country environmental policies and legislation
with those of the EU. Many of the Lithuanian environmental standards set by the Ministry of Environment
already meet some of the EU requirements and in several cases are even more strengthen. Specific
environmental goals or objectives to address the environmental problems currently facing Lithuania are
identified for the short and medium term environmental Action Programmes. Lithuania participates in the
conventions which play important roles in shaping environmental policy - Convention on Transboundary Air
Pollution, Convention on Climate Change, Convention on Biological Diversity, Combat Desrertification
Convention and others. A seven-year strategy for the development of sustainable agriculture in the
environmentally sensitive gypsum karst region in Northern Lithuania has been adopted by the Government in
1993 and commenced the same year.
This current proposal complies strongly with Lithuanian corporate policy. The main objectives of LTDIS would
be:
•

continue to review available soil data;

•

continue to develop methodology for geo-referencing data;

•

continue to develop routines for database development and data validation;

•

test the data capture and preliminary modelling capabilities;

•

test the range and validity of the suitability and risk assessment models;

•

test the operation and quality of the system outputs;

•

to identify polluted areas in all country;

•

test the design of the LTDDB with a view to the further development of LTDIS;

•

to train the staff to operate the system.

All this would include the following components:
•

to maintain soil survey field work and set up one National organization which would be responsible for
surveying, documenting, and researching the agricultural land and all soils of Lithuania;

•

to contribute to State Environmental Monitoring being responsible for monitoring of soils and agricultural
products;

•

to seek establish a reference base for the assessment of land quality that would provide a scientific base for
soil protection and contribute to identifying and solve existing problems of soil degradation in Lithuania;

•

to contribute a scientific base to secure adequate food, timber and other soil based needs while ensuring
sustainable land use in harmony with environment and causing minimum damage to it;

•

to strengthen links with policy makers and legislators in the Lithuania, European Union and elsewhere, to
assist in policy development in our country and ensure that policies and legislation are supported by the best
available scientific information;

•

that results would be freely available and published in Lithuanian and international journals. Reports would
be also published and made available to Lithuanian agriculturists, planners, policy makers etc. and the EU.
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Some of these reports would take the form of progress reports for meetings, some would be documentation
for the LTDDB-LTDIS;
•

providing a scientific basis for the most suitable and sustainable land use in the future;

•

establishment of a objective basis for the management of soil pollution by administrators, policy makers,
and those responsible for agricultural development;

•

establishment of a monitoring and research in agro-ecosystems which can be extrapolated to other parts of
Lithuania;

•

broadening the gap between scientists, managers of agriculture, farmers, and policy makers, and the supply
of necessary information to assist decision makers.

Soil is an ever-changing system. The needs for new methods of soil research, for new information to be
integrated, socially responsible for sustainable development of our country have not only theoretical but also
practical sense. In Lithuania there are areas where from point to point in accordance with conditions of drainage
and erosion and parent material soils vary very much. In such areas it is not enough to use geographic methods
of soil cartography. There is need to adopt updated soil cartography methods and terrain modeling.
There is need for participation in international projects and consult with soil scientists from the countries which
has soil research center and has been mapping soils and are experienced in the systematic collection and has
storing information on soils and site data (including descriptive and analytical information). Or a country, which
also uses spatial climatic and land use data, has the major national responsibility for soil databases and related
geographic information systems. The organization which work is concentrated on research and consulting,
particularly in the fields of soil, hydrological and environmental interpretative techniques and thematic mapping,
has a medium sized land information system of considerable capability.
Both national policies and the needs to meet the obligations arising from panicipation in the international
projects on soil research and mapping of soil vulnerability for soil degradation and setting up Lithuanian
standards adapted to the requirements of EU countries.
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CONTEXT OF THE POLICY
Introduction
Development a National Environmental protection Strategy (NES) become very important after Rio Conference
were Agenda 2000 were developed. In this regard Lithuanian Ministry of Environment Protection with financial
help from World Bank started to develop NES implementing general ideas and resolutions in to national
legislation, programs and policies. The NES were formulated in the context of the likely future political,
economic and social development of Lithuania. The issues were taken into account include:
•
•
•
•
•

future membership of the European Union;
Lithuania's commitment to regional and international environmental agreements;
macro-economic development and the availability of funds to finance environmental protection and
management;
development of the major economic sectors and control of the most polluting activities; and
the role of environmental education and non-governmental organizations (NGO's) in raising awareness of
environmental issues facing Lithuania.

International Context
Lithuania is progressing towards integration into the European Union's political and economic structures with
expected full membership by the year 2015. On 12 June 1995 Lithuania signed an association agreement with
the European Union and will become a full associate member after completion of a transition period. One of the
conditions of EU membership will be the need to harmonize the country's environmental policies and legislation
with those of the EU.
Many of the Lithuanian environmental standards especially on soil protection set by the Ministry of
Environmental Protection already meet some of the EU requirements and in several cases are even more
stringent.
The EU environmental context to the year 20(X) is set out in the Fifth Environmental Action Program
TOWARDS SUSTAINABILITY which specifies environmental quality objectives, many of which are very
specific, and broader objectives for the protection of biodiversity and landscape.
During the preparation of the NES, specific environmental goals or objectives to address the environmental
problems currently facing Lithuania were identified for the short and medium term environmental Action
Programs. These goals are consistent with the EU goals, national goals presented at the 1992 UNCED
conference, and also with goals set by Lithuania's need to meet the international Conventions, but are focused on
addressing the environmental problems prioritized during the course of the NES project. The NES objectives are
listed in the text descriptions of the short and medium term Action Programs in Chapter 6.
Lithuanian standards are driven in the first place by both national policies and the need to meet the obligations
arising from participation in international Conventions. Lithuania participates in the following conventions
which play important roles in shaping environmental policy: the Combat Desertification Convention, Convention
on the Protection of the Marine Environment of the Baltic Sea Area (Helsinki Convention), Convention on
Transboundary Air Pollution, Convention on Climate Change, Convention on Biological Diversity and others.
Tannery and Fur Industries
The tannery and fur industries entail highly polluting activities including the use and generation of chromium,
sulfides, organic substances and detergents. To reduce environmental pollution from these industries the
following issues need to be addressed:
•
•
•

installation of industrial wastewater treatment facilities at the processing plants;
installation of water, air and soil monitoring systems at the plants;
opportunities for waste recycling.

242

A number of tanneries have already implemented various waste and pollution reduction measures. 'Vilnius'
tannery has installed wastewater treatment and waste recycling facilities. Overall, there is much scope for
improvement.
Transport
The 'Transport and the Environment Program' is a strategy for reducing environmental pollution and noise
attributable to this sector. Implementation was due to commence in 1993 but lack of finance has delayed
progress. The thrust of the environmental measures are:
•
•
•

preparation of environmental standards and regulations in line with the EU, especially those relating to the
technological level of the road transport fleet and raising fuel quality;
development of strategies and economic incentives to encourage best available technologies and high quality
fuels;
encouraging the use of alternative modes to private cars in urban areas.

Agriculture
The key recent developments in the agricultural sector are the break-up of the large collective farms through the
transfer of property rights from the state to the private sector and the major reforms in price liberalization since
1991. By 1993, nearly 69% of agricultural production was produced by the private sector and 31% by
agricultural societies and enterprises. The small farms (8-9 ha) are finding it difficult to operate on a commercial
basis. Agricultural production declined in 1994 compared with 1993 primarily due to increases in input prices,
insufficient loan funding, and the summer drought.
The future development of the agricultural sector will be based on a national agricultural strategy and strategies
for individual productive sectors, encompassing structural reorganizations, state regulation of agriculture, and
scientific research.
The Government proposes to increase support funds to farmers and customs taxes will be used to protect the
domestic market. Agricultural development is hampered by the lack of markets and efforts will also be focused
on improving the quality of products to meet international standards, with a view to expanding export
opportunities.
It is proposed that until the farms are operating on a commercial basis, preparation of land management and
drainage schemes will be fiinanced from the State Budget. State funding for liming soils will be increased. New
drainage schemes will not commence until existing schemes are completed. Many land drainage schemes are
detrimental to the environment because of the loss of important habitats.
A seven year strategy for the development of sustainable agriculture in the environmentally sensitive Karst
region in Northern Lithuania was adopted by the Government in 1993 and commenced the same year. The
strategy is being financed through the State Budget, and to date the funds of about 3.5M to 4.0 M litas per annum
have been forthcoming.
State funding will be provided for restructuring the agricultural and food processing industry with the aim of
making the sector competitive, to ensure the continued survival of the farming enterprises, and to protect
employment.
Mineral Extraction
A strategy has also been developed for future mineral extraction. The main objective of the strategy is to exploit
the natural wealth of Lithuania to benefit the economy, and especially to create employment opportunities.
Mineral exploitation has the potential to adversely affect the environment, depending upon the location in which
it occurs, the material being extracted, and the care taken with extraction and site rehabilitation. Deep mining,
which requires drainage of the area surrounding the mine to prevent flooding of the workings, can cause wells,
boreholes and natural springs to dry up or suffer reduced flow.
The environmental impact of mineral extraction is assessed prior to permission being granted for the activity.
One of the main concerns at present is the lack of restoration of the site once extraction has ceased. The
extractor is responsible for restoration but due to the poor economic situation there are now some 35,000 ha of
damaged land in Lithuania, 20,000 ha of which are peat-bogs.
PROBLEMS AND GOALS OF ENVIRONMENTAL PROTECTION
Analysis of the problems of environmental protection
Determination of the problems of environmental protection
Present situation, transition tendencies, determining factors and conflicts in the sphere of environment quality,
natural resources and landscape protection enable us to emphasize the most important interstate environment
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protection problems. They were singled out in the analytical (the first) phase of study, looked through again and
specified in this part of study.
Protection of environmental quality
Environmental quality protection problems were grouped for convenience into five sections: atmospheric air
quality protection, water quality protection, soil quality protection, waste management and protection from
physical pollution.
•
•
•

air quality problems
water quality problems
soil contamination

The principal soil contamination problems occur in cities, industrial regions, and close to major highways.
Substances contaminating soil include industrial hazardous wastes, municipal wastes, heavy metals, pesticides,
excess fertilizers, oil products, acid rain and radionuclides. Soil quality and stability is affected by climate
changes.
•
•

waste management
physical pollution and environmental hazards

Physical pollution of the environment includes high noise levels in some city areas, electromagnetic frequency
radiation (EMF) in specific locations, thermal pollution of water bodies, risks from the transportation of
radioactive materials and wastes, environmental pollution caused by the Chernobyl nuclear accident, and
physical damage to soil structure.
The list of environmental qualitv protection problems comprises:
The protection of Soil Quality
D] D2 D3 D4 D5 -

contamination of soil from industrial sources in the cities
contamination by heavy metals
pollution of soil by fertilizers and pesticides from agriculture
soil acidification (by acid rain, etc.)
pollution of soil by oil and oil products

Waste Management
Wj W2 W3 W4 -

pollution
pollution
pollution
pollution

by industrial and hazardous wastes
by municipal solid wastes
by out-of-date pesticides
by radioactive wastes

Protection from Physical contamination
Fi F2 F3 F4 F5 Ffi -

high noise levels in cities
danger of radioactive impact by nuclear power station
danger from transportation of radioactive materials
electromagnetic frequency radiation (EMF) in cities
radioactive contamination of air, soil, water and biota
thermal pollution of water bodies

Protection of landscape and natural resources
Environment protection problems in the sphere of nature resources and landscape protection were placed into
five groups: lithosphere protection, water resources protection, biota protection, recreational environment
protection and the structure of land cover.
•

lithosphere protection

Lithosphere protection problems are primarily those connected with landscape structure degradation caused by
the exploitation of surface and new sub-surface non-mineral and mineral resources, oil, and geothermal energy.
The problems are also connected with the destruction of land surface by the process of urbanization of new
areas. Some problems are caused by exploitation for new minerals, and by damage to areas of geological interest
(including stone fields of glacial origin).
• water resources protection
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Water resources management problems include environmental degradation caused by changing the hydrological
balance in surface water bodies, changes in the structure of streams and small rivers by canalization and land
drainage works, and damage to groundwater resources by over-exploitation of aquifers.
•

biota -flora, fauna - protection

Problems in the area of biota protection include degradation of forest structure, damage to supplementary forest
resources (herbs, berries, mushrooms, nuts), damage to valley and coastal marine ecosystems, and poor
management of fish and game (hunting) resources. Loss of biodiversity and damage to populations and
communities of wildlife species, including extinction's, are also included under this heading.
•

recreational environment protection

The principal problems in the area of recreational environment protection are caused by overloading of the most
popular recreation sites, urbanization of attractive sea coast and inland areas, reduction in the amenity value of
some lakes as a result of intensive agricultural activities on the land surrounding them, degradation of coastal
beaches and dunes, coastal erosion, and adverse impacts caused by the construction of new harbors and terminals
on the coast.
•

land use patterns structure optimization

The majority of the problems identified are connected with the lack of a sustainable and balanced land use
structure, giving rise to particular problems such as degradation of nature frame areas, damage to protected areas
and to nature in cities, degradation of soil, karst landscape, bogs and marshes (wetland losses), and reduction in
the status of cultural heritage.
The list of problems considered under the heading of natural resources and landscape protection comprises:
Lithosphere protection
Li L2 L3 L4 L5 Lg L^ -

destruction of the landscape structure by quarries
degradation of nature by oil extraction
degradation of nature by use of geothermal energy
degradation of nature by extraction of new sub-surface mineral
resources
degradation of nature by extraction of new deep mineral resources
destruction of soil by urban development
damage to areas of geological interest (including stone fields)

Water Resources protection
Vi V2 V3 V4 V5 -

regulation of the hydrological balance of surface water bodies
changes in the structure of streams and other water bodies (by drainage
and canalization)
degradation of fresh water resources by exploitation of aquifers
degradation of groundwater resources, e.g. springs
regulation of spring floods

Biota protection
B] B2 B3 B4 B5 Bfi B7 -

degradation of forest structure
degradation of supplementary forest resources (e.g. mushrooms, nuts, berries)
degradation of fish resources
degradation of game resources
extinction of wildlife species and communities
degradation of valley habitats
degradation of marine and coastal habitats

Recreational Environment protection
Ri R2 R3 R4 R5 R« R7 -

overload of the most popular inland recreational areas
urbanization of the most attractive areas
reduction in the recreational value of water bodies in agricultural areas
coastal erosion
degradation of coastal beaches and dunes
urbanization of coastal areas
degradation of coastal environment by construction of new harbors and terminals
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Land Use patterns optimization
K] K2 K3 K4 K5 K^ K7 Kg Kg -

lack of a sustainable land use structure
degradation of nature frame areas
landscape degradation caused by soil structure
gaps in the network of protected areas
degradation of especially protected areas
decrease in status of cultural heritage
degradation of nature in urban areas
degradation of karst landscape
degradation of wetlands (bogs and marshes)

Evaluation of environmental problems
Not all environment protection problems are equally important. The place of the problems in the strategy is
determined by their severity and complexity. In order to determine the severity of the problems in the strategy,
the matrices of their evaluation were made according to the method of calculation qualimetry using weight
coefficients for evaluation indications.
For the evaluation of the problems of environment quality, natural resources and landscape protection, different
systems of criteria and weight coefficients were chosen due to their different nature. Different main criteria was
chosen to determine the severity of problems. If in the spheres of natural resources and landscape protection the
importance of problems is determined by the negative factors' impact on landscape and biological diversity, and
in the sphere of environment quality - by the negative impact on people's health.
When evaluating the problems of environment quality protection and determining their importance the following
criteria was used: 1) negative impact on people's health, 2) environment degradation 3) economical damages. As
it was already mentioned, the negative impact on people's health (3 - considerable, 2 - medium, 1 - insignificant)
having in mind instantaneous (direct possibilities to influence the state of people's health) impact as well as the
long term impact which reveals itself through the accumulating elements.
Evaluating problems according to their impact on environment, geoecological as well as bioecological and
aesthetic environment degradation (3 - considerable, 2 - medium, 1 - weak) was had in mind. Possible
economical damages, the loss of natural environment productivity were also evaluated (3 - considerable, 2 medium, I - weak). The weight coefficients were determined according to the importance of the applied criteria 0.5 the coefficient of negative impact on person's health, 0.3 economical damage coefficient, 0.2 environment
damage weight coefficient. The results of evaluation of the problems are given in the table 1.
The evaluation of the problems was done in an expert way without carrying out complicated calculations
following a relative qualitative evaluation according to possible likely danger to health, landscape and biological
diversity, environment, etc.
Environmental Quality Protection
The selected logic options of the National Environmental Strategy were evaluated by applying three point
scoring system according to the criteria: comprehensibility, constructivity, directness, proportionality, reality. In
score calculation, the highest weighting coefficients (0,3) was applied for the constructivity and reality of the
strategy variant. The weighting 0,2 was applied for directness and the weighting coefficient 0,1 was applied for
comprehensibility and proportionality.
Comprehensibility means the completeness of the analysis of problems and goals in the National Environmental
Strategy options. The strategy variant (I) that comprises the analysis of all goals formulated in the analytical
phase and specified in this phase, is evaluated by 3 points. The strategy options oriented to the analysis of the
goals of one or several environmental protection fields, are evaluated by 1 point.
In evaluation of the constructivity of the strategy options, their "purity" and orientation to the prioritized goals
was taken into account (there are no unnecessary details in the constructive work). The strategy options that are
based upon the prioritized goals have gotten the largest amount of points (3). The strategy options in which the
analysis of goals is done according to the principle of proportionality are evaluated by one point. The strategy
variant is considered to be non-constructive (1) if it includes the analysis of the low complexity goals (i.e., the
goals that are easiest to achieve).
Evaluating the strategy options according to the criterion of proportionality, the proportionality of the attention
paid to the analysis of the environmental goals is considered. According to this criterion the largest amount (3) of
points was received by the proportional options of the strategy, in which there would be 75% and 50% priority
goals mechanically included from all environmental protection fields (part of priority goals would not be
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included). The strategy options that were oriented to achieving of goals from one or two close environmental
protection fields, received the smallest (1) amount of points.
The reality of the strategy options means the possibilities to implement them. The strategy variant is more
realistic if there are more easier to achieve goals selected.

Table 1. Environmental quality protection priorities
Environmental fields and goals

Points in
severity
of
problems

Points in
complexi
ty
of
problems

Points in
special
significa
nee
of
problems

H9

to diminish transboudary pollution of water
bodies
Treatment of industrial waste water
to diminish pollution of water bodies by
fertilizers
to diminish pollution of ground waters
Treatment of municipal waste water
to stop oil discharge from ships in the sea
to diminish pollution by storm water

2,5

2,2

1,0

2,2
2,2

2,5
2,3

2,2
2,0
1,7
1,7

2,2
2,5
2,1
1,5

2,8

2,3

2,7
2,2

2,7
1,8

2,0

1,8

1,7

2,3

1,0

A3

to diminish contamination with transport
exhausted gases and heavy metals
to diminish pollution by SO2 from transfer
to diminish pollution by SO2 from stationary
sources
to diminish NOx emissions from stationary
sources
to stop emissions of ozone depleting
substances
to demolish pollution by CO2

1,4

2,3

1,0

Wi
W5
W3
W2

Disposal of industrial and hazardous wastes
Disposal of radioactive wastes
Disposal of unused pesticides
Disposal of solid wastes

2,7
2,5
2,2
1,5

2,6
2,6
2,1
2,1

D3

to diminish pollution of soils by fertilizers,
pesticides, etc.
to diminish pollution of soils by transport
exhausted gases near highways
Treatment of soils in military areas

2,2

2,0

2,0

2,5

1,7

2,5

1,0

to avoid possible radioactive impact by
nuclear power station
to diminish noise level in cities

3,0

3,0

1,0

1,8

1,9

1,0

Sum
of
points
for
environment
al field

H

H2
H5
He
HI
Hg
H3

32,8
1,0
1,0

A
A7
Ag
A2
A]
A6

1,0
29,0

M
1,0
20,3
1,0

D

D2
D5

13,9

F
F2
F]

Natural resources and landscape protection

12,7
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Table 2. Natural resources and landscape protection priorities
Environmental fields and goals

Points
in
severity of
problems

Points
in
complexity
of problems

Pointsin special
significance of
problems

K2

2,8

2,3

1,0

2,8
2,6

2,3
1,9

1,0

2,6

2,2

2,3
2,3
2,2
1,8

2,6
2,3
2,4
2,0

to optimize forests structure
Abandonment of wildlife species and
communities extinction
to abolish degradation of valley habitats
to reduce negative impact on marine habitats
Optimization of fish resources usage
Optimization of game resources usage

2,7
2,5

1,7
2,2

1,0

2,5
2,0
1,9
1,7

1,9
2,1
1,8
1,4

1,0
1,0

to stop expansion of urbanization in the most
attractive areas
to reduce degradation of recreational
agricultural environment
to reduce urbanization of natural coastal areas
to minimize negative impact on coastal
environment by construction of new harbors
and terminals
to stabiUze process of degradation of coastal
beaches and dunes

2,6

2,2

2,3

1,8

2,3
2,3

2,2
2,7

2,0

2,3

to reduce negative impact on environment
connected to extraction of new deep mineral
resources
Recultivation of exhausted quarries
to reduce negative impact on environment
related to oil extraction
to reduce negative impact on environment
connected with use of geothermal energy

2,3

2,7

2,1
2,0

2,1
1,9

1,0

1,0

1,5

1,0

abruption of changes of natural streams
structure
Optimization of alterations of hydrological
regime

2,3

2,4

1,0

2,0

2,1

Sum
of
points
for
environment
al field

K

K9
K5
K7
Ki
Kg
K3
K4

to reduce degradation process of continental
nature frame areas
to ensure protection of bogs and marches
to stop degradation in especially protected
areas
to stabilize process of degradation of natural
landscape in urban territories
to optimize land use general structure
to reduce degradation of karst landscape
to stop degradation of soil structure
to optimize the network of protected areas

41,4

1,0
1,0

B
Bi
B5
Bg
B7
B3
B4

27,4

R
R2
R3
R(,
R7

R5

23,7

1,0

L
L5

Li
L2
L3

17,6

V
V2
Vi

9,8

Selection of the recommended strategy variant
One variant has to be selected for making of the action plans in the final phase of the National Environmental
Strategy. After evaluation of logic strategic options according to the methods described, the options water
protection and land management received the largest amount of points (2,3 each), and the variant II received 2,2.
Those strategy options that received the highest scores were evaluated only relatively because of the time
shortage to carry out detailed economical evaluation. The differing goals of the options were evaluated by
comparison principle (the goals common to all options were not evaluated) - V a - A4, A5, H4, H7; V b - H4,
H7, V3, V5; V c - B2, K6. There were 4 criteria applied: relative difference of expenses, relative difference of
the expected benefit, relative complexity of the technical solutions and relative difference of directness. The
evaluation was carried out in the three point evaluation system by applying the respective weighting coefficients
0,4:0,2:0,1.
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Evaluating implementation expenses of the differing goals, the relative implementation expense according to the
problem complexity was compared. Relatively for the implementation of the supplementary goals of V b and V c
options (water quality H4, H7 and water resources protection V3, V4, V5, B2, K6 respectively), more funding is
needed than for the V a variant according to their complexity. The strategy variant II that does not contain
differing supplementary goals got the highest score.
Evaluating the possible benefit and effect of the implementation of differing goals, the goals that would have the
greatest effect after their implementation should get the highest scores (3), and the least possible benefit goals
should get lowest scores. No one strategy variant got the highest score.
The expenses not always reflect the complexity of the solution. For instance, considerable funding is needed for
the cultural heritage, but it is not a complex problem. Therefore the complexity of the technical solution of the
differing goals was evaluated. The least complex goals (easiest to reach) were evaluated by three points. The
water quality improvement and protection goals as well as the goals of water resources protection were
considered to be most complex.
The directness of the differing goals was additionally evaluated. The strategy variant V b that was oriented to the
water protection had received the highest evaluation. While the supplementary goals of the V c variant do not
impart clear direction to the strategy.
The strategy variant V a received the largest amount of the scores according to this evaluation of the differing
goals. This is a recommended variant of the National Environmental Strategy, and the action plan has to be
prepared for this variant in the final phase.
In 1998 was prepared law on Soil protection in Lithuania, law was accepted by cabinet of Ministers and send to
parliament on 24* of December 1998.
Decree of Government for protection of land and fertile top soil layer management were issued 1994 12 12.
The Lithuanian Government implementing NES prepared regulations on use of wetlands, meadows and other
land in order to protect and preserve soils in different regions.
Special attention were given to soil erosion. Soil erosion and degradation monitoring system currently is under
preparation and will be finished in year of 2000.
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SOIL MONITORING SYSTEM IN LITHUANIA
Dr. Zenonas GULBINAS, Group of Digital Cartography, Institute of Geography , Lithuanian Geographical
Society, Department of Landscape Research, Akademijos 2, 2600 Vilnius, Lithuania, zenonas.gulbinas@geo.lt

When effects on vegetation become obvious in a short period of time, the soil response to pollution may be
assessed only by long-term observations, i. e., by a permanent monitoring. The soil reaction to aerial pollution
depends on many soil properties: genesis, granular and mineral composition, carbonaceousness of soilgenerating rocks, pH, type and thickness of forest litter, water regime, biological activity, relief and slope
exposition, species composition of forests, fertility and age. For the evaluation of degradation of soils and their
functions it's very important to have precise data about soil quality changes in space and time.
Until this year observations and research of soil contamination in Lithuania have been fragmentary and lacked
co-ordination. In 1997 the Government of the Republic of Lithuania charged the Ministry of Environment to
prepare National Environmental Monitoring Programme. Environmental Monitoring System was compiled from
several interrelated subsystems: 1) monitoring of anthropogenic pollution sources; 2) monitoring of main
environmental components (air, water, soil, vegetation wildlife); 3) monitoring of natural and anthropogenic
ecosystems; 4) landscape monitoring (Valstybine..., 1998). Besides the above, environmental information
system, aiming at evaluation of environmental conditions and processes, and defining rational use of
environment, was included into the Environmental monitoring as a separate and equal part. Considering the great
importance of soil and the fact that soil is the most affected component of the lithosphere, and the processes
taking place there determine the status of other environmental components, the new Environmental Monitoring
Programme includes a unified soil monitoring system. The monitoring system of soil and its contamination
covers forest and field soils (Fig. 1).
Since 1997 a new classification of Lithuanian soils (DLK97LT) was introduced. It is based on the principle of
origin and complies with the legend of the Global Map of Soils (Guidelines..., 1990), and was developed with
consideration of the World Reference Base of Soil Resources (World..., 1994). During the soil monitoring
activities the names of both forest and field types and sub-types and their symbols will be in compliance with the
new soil classification. The principle of sampling will not be changed because of that and the earlier data will be
possible to interpret on the international scale. In future an update of soil types and regional distribution may be
done based on very rich material of soil studies.
The main goal of the soil monitoring is to analyse and explain the development of qualitative and quantitative
processes, to forecast and control anticipated processes, to identify means for the stabilization of soils.
FOREST SOIL MONITORING: REGIONAL LEVEL
Since 1992, forest soil monitoring is taking place in 31 European country within the framework of the UN/EEC
forest ecosystem-monitoring programme "ICP Forests". The soil experts of the Lithuanian Forest Research
Institute following recommendations of the international programme "ICP Forests" (Manual..., 1994) are
carrying out level 1 monitoring of the forest soils in Lithuania (or its regions). During the Lithuanian forest soils
monitoring of 1992-93 the following parameters had been measured in the collected forest soil samples: pHcaci2.
general quantities of N, P, K, Ca and Mg, exchangeable quantities of HT, K*, Na*, Ca^*, Mg^* and Ap*, as well
as quantities of mobile S, organic C, general quantities of heavy metals (Pb, Cd, Cu, Zn, Cr, Ni, Fe and Mn),
exchangeable capacity of cations, base saturation.
More detailed assessment of negative changes in forest soils can only be made by chemical analysis of samples
taken periodically (every 5 years) from the same objects - permanent monitoring stations. It will match the more
complicated level 2 as recommended by "ICP Forests". This level differs from monitoring level 1 in sampling:
soil samples being collected not only from the layers of 0-5, 5-10, and 10-20 cm deep, but also from the deeper
layers of 20-40 and 40-80 cm.

Environmental monitoring

Environmental
pollution
sources
/
Stratosphere
Surface layer

Environmental components
7U=

7UC

Air

Soil

Water

Vegetation
n

/
Ground

\
Surface
Rivers

Field

Forest

Forest

Meadow

Lakes & reservoirs
Curonian Lagoon
Baltic sea

r

Bog
Sand
Water
Field

Environmental monitoring information system
Fig. 1. The principal scheme of environmental monitoring.
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The aims of forest soil monitoring:
• to track the amounts of heavy metals and biogenic substances in forest soil;
•

to register positive and negative changes of soil cover and individual characteristics through a certain
time;

•

to establish the relationship between the qualitative and quantitative changes (acidification, wash-out
of biogenic substances and violation of equilibrium in their quantities, contamination with heavy
metals, etc.) in forest soils and air pollution.

In the existing Lithuanian forest monitoring bioindicatory grid of 4x4 km, 235 permanent soil monitoring
stations are distributed in forests within the distances of 8x8 km. The grid has been formed to reflect the species
composition of forests, the diversity of soils and habitats in the most optimal way. For international comparisons,
the data of a larger 16x16 km grid consisting of 74 monitoring stations is sent to the Forest Soils Co-ordination
Centre (FSCC, Gent, Belgium). Each permanent monitoring station has it geographic co-ordinates established.
Regional fieldwork of forest soil monitoring is cartied out in August-September.
Monitoring of forest soils in close connection with forest vegetation monitoring will allow more objective
identification of the reasons of forest soil degradation and weathering. The data of forest monitoring studies will
provide for the assessment of background contamination of soils with heavy metals, the mechanisms of their
accumulation and migration, their impact on forest ecosystem. The first results of this monitoring were presented
in many publications, some of them are in English (Forest..., 1997; Lithuania's..., 1995; Monitoring..., 1999).
FOREST SOIL MONITORING: GLOBAL LEVEL
During the 1980's four different monitoring programmes started within UN/ECE Convention on Long-range
Transboundary Air Pollution, all with the purpose of monitoring and assessing effects from air pollutants in the
environment. These International Co-operation Programmes (ICP's) were directed towards forests, freshwaters,
crops and materials. In 1988 UN/ECE recommended participating countries to contribute in a three year Pilot
Programme of the so called "Integrated monitoring" (IMP) in small catchments. Sweden was appointed as lead
country. An Environment Data Centre (EDC) was established in Helsinki, Finland. Other countries were
recommended to start monitoring and to send data to EDC. An evaluation made by leading environmental
scientists of the pilot phase was performed during 1991-1992 as a basis for decisions about the future of the
programme. The evaluation stated that IMP was a necessary and complementary monitoring programme, which
should continue as a permanent international co-operative programme. The Executive Body decided at a meeting
in November 1992 on the continuation of the IMP under the name "International Co-operative programme on
Integrated Monitoring of Air Pollution Effects on Ecosystems" (Manual..., 1993). There are 57 Integrated
monitoring sites in Europe presently and 22 European countries and Canada are involved in the programme.
Research is co-ordinated by the Finnish Environmental Institute (8""..., 1999).
Lithuania started with participation in this programme in 1993. 17 subprogrammes within the frame of
regulations and standards of IMP (Manual, 1998) are provided in Lithuania's State Environmental Monitoring
Programme and treated as global background monitoring. In our Environmental Monitoring System these
subprogrammes belong to the semi-natural ecosystems monitoring (Fig. 1).
Integrated monitoring of ecosystems means physical, chemical and biological measurements over time of
different ecosystem compartments simultaneously at the same location. The principle of integrity is realized by
establishing integrated monitoring territory (IMT) in the main types of Lithuanian landscape. Three stations were
established in the areas of the minimal anthropogenic impact combining them with the infrastructure of national
parks and reservations (background stations). The first Lithuania's IMT were established in reservatior zones of
the Aukstaitija (eastern part of Lithuania) and Dzükija (southern part of Lithuania) National parks in 1993. In
1995 the third IMT in Lithuania was established in Zemaitija (western part of Lithuania) National park (Fig. 2).

252

Figure 2. Distribution of the stations for integrated monitoring of semi-natural ecosystems
Integrated stationary investigations of ecosystems, - including the monitoring of atmospheric precipitation,
surface, ground and soil waters, chemical composition of soils and state of biota, - are carried out in small (100400 ha) catchments with natural (pine - spruce) vegetation in protected territories. Institute of Geography is
responsible for stationary investigations of soil, soil water, groundwater and runoff water chemistry in the
integrated monitoring stations. More than 20 hydrological, physical and chemical parameters as geoindicators
are measured, analyzed and calculated in every subprogramme.
The main aim of investigations is to determine the accumulation and transformation in the soil of pollutants,
intensity of their leaching, migration routes and input into open water basins. The data of field observations are
necessary in order to find out the fluxes of biogenic and polluting substances, links of their migration and
accumulation, calculate their budget and use models allowing to analyze and predict the anthropogenic
processes.
After choosing representative catchments the characteristics of their physical-geographical conditions were
examined. The following parameters were established: geographical co-ordinates, size, elevations, climatic
characteristics and climate description, geohistory, soil cover description. A special thematic mapping of their
catchments was done. Basic hypsometric, lithological, geomorphological and soil type digital maps were
compiled in the scale 1:10 000.
According to the dominating soil type an intensive soil monitoring plot (40 x 40 m^) was delineated for soil
chemistry. Smaller subplots were used for sampling.
The main soil pits that represent the dominating soil type were dug out and described. Six samples for soil
chemistry were taken firom every layer of soil profile in 1993-1994. A lot of parameters (pHcaci2. PHH20'
exchangeable cations Na, K, Ca, Mg, Al, Mn, Fe; Stot, Ptot, total organic carbon; heavy metals Cd, Cu, Pb, Ni, Cr,
Zn; exchangeable titratable acidity, base saturation, total exchangeable acidity, effecfive and potential exchange
capacity; bulk density, particle size analysis) were analysed and calculated for soil chemistry subprogramme.
Together with the specialists from the Institute of Geography some co-workers from Soil Research Laboratory at
the Joint Research Centre under the Ministry of Environment are participating in this monitoring. They are doing
sampling and analysis of y emitters, '°Sr, chlororganic insecticides, simtriazinic herbicides, 2,4 D-group,
toluidihes. Sampling should be carried out approximately every 5"" years, each time at the end of the growing
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season in August-October. Sampling will be synchronised with other integrated monitoring subprogrammes and
EU European Programme for the Intensive Monitoring of Forest Ecosystems (Haussmann, 1995) sampling
timetable. In Lithuania it was decided that the next sampling year will be 2000 in all three integrated monitoring
stations.
Analysis of primary data revealed that the amount of chemicals is negligible. The obtained results confirmed that
the chosen catchments for integrated monitoring can serve as the background monitoring. The data fi-om 19921993 sampling year were presented in some publications (Gulbinas, Bauziené, 1996; Gulbinas, Sadauskaitè,
1997; Gulbinas, Samuila, 1999a; Gulbinas, Samuila, 1999b; Samuila, 1998).
FIELD SOIL MONITORING
Previous agrochemical studies of field soils indicate that most Lithuanian soils are not capable to properly supply
agricultural plants with nutrients. In order to get better crops, fertilization is necessary and pesticides have to be
used against pests and diseases. These means, however, do not merely increase crops but also contaminate the
natural environment. On the other hand, environmental pollution depends on industry, nuclear power plants,
heating plants, and, more recently, on increasing traffic emissions, on household pollution and acid precipitation.
It must be noted that the above-mentioned factors change the properties of soil. However these changes differ in
different types of soil. Because of the variation in soil-formation conditions, the soil cover is rather diverse. On
the other hand, regularities in the distribution of soil types or their particular properties can be identified due to
specific climatic conditions, soil-forming rocks, relief patterns. All this allows to divide the territory of the
country into geographical units - soil regions (Fig. 3.). Such regional division of soils (Motuzas et al., 1996)
provides for more efficient application of agricultural, fertilizing, liming, melioration and anti-erosive practices,
for better selection and cultivation of these cultures and their breeds that are best adapted to particular conditions.
The regional division of soils also creates the basis for soil monitoring programme directed towards the
assessment of human impact. It enables to get a picture of the contamination of individual soil types, their
different horizons of origin and various agricultural lands by pesticides, heavy metals or concentrations of certain
elements, hazardous to human or wildlife.
The aims of field soil monitoring:
• to register positive and negative changes of soil cover and individual characteristics through a
certain time;
• to identify the regions and individual plots of agricultural land that are to reach negative nutrients
balance due to bad farming practices;
•

to establish the impact of various chemical means on the properties of soil;

• to control the changes in soil acidity especially in the areas where extensive mineral fertilization had
been applied and in formerly acid but frequently limed lands;
•

to track the accumulation trends of pesticides and heavy metals.

Since 1993 field soil research has been started in 15 Lithuania's soil regions by designating each year a sampling
plot of some 200 ha on the prevailing and typical to that region soil type. During the five year period (1993-1997
m.) 75 such sampling plots have been chosen and studied (5 in each soil area). The study included measurements
of the main agrochemical indices: PHKCI' mobile P2O5 and K2O, exchange Ca and Mg - in the area of some 200
ha; Cd, Cr, Pb, Ni, Cu, Zn, Fe, pesticides - in fixed agricultural plots of 20x20 m, at the layers of 0-20, 20-40,
40-60 cm deep; in the humic layer - accumulation of organic carbon, humus, sulphur. Assessment of the
ecological status of various soil types in different Lithuania's soil regions will be based on these measurements.
In five years, according to the principle of rotation, the studies will be repeated in the selected fixed plots. This
will allow to see the trends of various soil agrochemical properties, the content of heavy metals and pesticides in
different soil types of Lithuania.
Soil acidity, mobile P2O5 and K2O, exchange Ca and Mg are analysed from the soil samples collected from the
cultivated layer mostly in 3-3.5 ha plots of some 15-20 different sites that were chosen according to the
boundaries of different soil types.
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Figure 3. Soil regions of Lithuania
1 - gleyic sod podzolic sands of the Baltic Coast Lowland and the Nemunas Delta; 2 - gleyic sod podzolic loams and sandy loams of West
Zemaitija Plateau; 3 - medium-podzolic sod podzolic and gleyic sod podzolic loams and sandy loams of Zemaitija and Kurso Uplands; 4 gleyic sod podzolic and lightly-podzolic sod podzolic loams and sandy loams of East Zemaitija; 5 - sod gleyic loams and sandy loams of
Mid-Lithuanian Lowland; 6 - sod gleyic and gleyic sod podzolic loams of the Lower Nemunas; 7 - gleyic sod podzolic and lighdy-podzolic
sod podzolic sandy loams of West Aukstaitija Plateau; 8 - gleyic sod podzolic and lightly-podzolic sod podzolic loams, sandy loams and
sands of the Middle Nemunas and the Lower Neris Plateau; 9 - eroded sod podzolic loams and sandy loams of the Baltic Uplands; 10 typical podzolic and sod podzolic sands of South-East Lithuania; 11 - gleyic sod podzolic loams of the Dysna Plain; 12 - medium and
heavy-podzolic sod podzolic sandy loams of the Asmena Plain and Lyda Plateau; 13-15 - sod podzolic, typical podzolic and gleyic sod
podzolic sands of the ancient deltaic Plains of Kazlij ROda, KarsakiSkis and Smalininkai.

For the observation of the content and variation trends of heavy nnetals (Cd, Cr, Pb, Ni, Cu, Zn, Fe), pesticides,
organic carbon, humus and sulphur, some 8-10 fixed plots of 20x20 m were selected in each sampling field
(some 200 ha) of different soil type. Soil samples were taken in 8-10 sites, not only from the humic layer of 020 cm, but also from the underlying layers of 20-40 and 40-60 cm deep. Heavy metals and pesticides are found
only in the humic layer in all types of soil. Agrochemical Research Centre of the Lithuanian Institute of
Agriculture is responsible institution for the field soil monitoring activities. Joint Research Centre of the
Ministry of Environment - for the pesticides sampling and analysis.
So far it remains important to observe the residual quantities of agricultural pesticides used in the past and
accumulated in the deeper layers of soil, special studies are necessary to assess environmental threats of the
recently introduced pesticides. After the primary analysis of their impact on soil, the most dangerous groups
must be included into the soil monitoring programme.
Research that will cover the entire territory of the country - 15 soil regions - within five years will give a picture
of the status of the main individual agrochemical indices of soil and accumulation of heavy metals in soil and
regularities of their distribution. It will allow to establish correlation between individual indices and to compile
heavy metals distribution maps for the agricultural lands of the country. Supplementary analysis of the data
collected will provide for the assessment of the sensitivity of soils to anthropogenic loads, migratory
characteristics and natural clean-up capacity. The results of field soil monitoring were published mainly in
Lithuanian (Lithuania's..., 1995; Matusevicius et al., 1997; Mazvila et al., 1996).
Subsequent research in the above-mentioned objects and stationary grounds performed every five years will
allow to establish development trends of soil agrochemical properties, heavy metals and pesticide contents in
various Lithuania's soils. The research data will be suitable for the contamination assessment of various types of
soil on both national and international level.
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1. BACKGROUND
The Republic of Macedonia is located in the central part of the Balkan Peninsula. It is a landlocked country having
an area of 25713 km^ with approximately 80% of the entire territory in mountainous regions. About 2% of the land
area is covered by water comprising 35 large and small rivers, 3 natural lakes (Ohrid Lake, Prespa Lake, Dojran
Lake), and over 100 artificial lakes. The country is under the influence of several climate zones. The population of
the country is around 2 million people of which about 60% live in urban areas and the overall population density is
81 inhabitants per km^. The major urban centers are Skopje, Bitola, Tetovo, Kumanovo, Veles, Prilep, Stip, Ohrid,
Strimica, Gostivar etc.
Industry is the dominant sector, accounting for 35% of Gross Social Product (GSP) and 39.9 % of employment .
Agriculture combined with forestry and fishing and the service sector accounts for 22% and 30% of the GSP,
respectively. Nearly half of the total area of the country is used by agriculture, split equally between cultivated areas
and pastures. Forest cover plays an important ecological function in terms of watershed protection and soil
conservation. About 37% of total territory of the Republic is classified as forest lands which is high in comparison to
other countries in Europe.
1.1. Land Use
Land use distribution in the Republic of Macedonia (in hectarsj
About 25% (634000 ha) of a total land area is pastureland
25% (550000 ha) is arable land,
55300 ha meadows,
57(X)0 ha vineyards and orchards,
8% (205000 ha) is barren land,
37,5% (965650 ha) is gazetted forest land,
2% are lakes,
2.5% is urban or industrial land .
The 1982 Physical Plan projects an increase of forest land and a decrease of agricultural land over the next decades.
The overall population density at 81 persons per km^ is relatively low by European standards and compares with
France (UO/km") or Spain (77/km^). Demographic movements and economic development have shaped changes in
land use patterns over the last 50 years. About 60% of the population live in urban areas, and over the last 20 years
there have been absolute decreases in population in many of the rural areas.
1.1.1. Agriculture land
About 50% of the land area of Macedonia, or 1.3 millions ha constitutes arable land or pasture . Fertile land is
scarce, with 82% of arable land in fertility classes IV to VII. Because of recent declines in rural population and
economic activity fallow and uncultivated land is increasing in area, comprising about 160,(X)0 ha in 1993, or 30% of
arable land. About 70% of arable land is privately owned and plans are under way to privatize the remainder.
Pastureland is managed by municipalities and forest land by socially owned enterprises.
Pastureland constitutes about 634,(XX) ha but yields are well below potential, averaging only about 270kg/ha
(potential yields could be as high as 800 kg/ha). The low yields may also indicate that some of this land may be
more appropriate for forest land. In the past, much pastureland in Macedonia, as elsewhere in the Balkans, was
previously forested.
1.1.2. Forest land
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Forest reserves cover about 1 million ha, or 37,5 % of the land area of Macedonia. At about 50% of forests
comprise pure and mixed oak stands (480000 ha), 29% (285000 ha) beech stands , 8% ( 80000 ha) Austrian Pine
and Scots Pine), 15% other stands.
Although this percent is more then Europian average values, a high percent of forests in Republika Makedonija are
degraded. This is characteristic for oak stands.
Degraded forests and shrubs cover 262000 ha (27%) of the forest land.
A substantial proportion of the forest is located on steeply sloping land, where forest cover is necessary for soil
conservation, watershed protection purposes and logging needs to be restricted.
Deforestation was severe before
the Second World War. Since then there has been a program to restore and reserve forests. Forest found after the
SWW was about 550000 ha, but now it is about 960000 ha. About 190000 ha of shrubs have been transformed into
coppice forest, with the long term aim of conversion into high forest. There may also be scope for revising some of
the afforestation programs, with more focus on drought-resistant, locally adapted species. A new form of
organizational structure for forests is still under consideration.
1.1.3. Urban Land
Urban growth has not always been accompanied by adequate infirastructure development, and urban expansion has
frequently taken place on high quality agricultural land. According to some estimates about 0.5% agricultural land is
lost annually to construction. Physical plans are regularly prepared for Macedonia which outlines the strategy for
land use, settlement patterns, public infrastructure and environmental guidelines. However, the regulatory framework
for enforcement of these plans (property relations, land ownership, sale of land for construction, cadastral data etc.) is
inadequate. Preparation of a new Physical Plan is nearing completion which is expected to improve the land use
planning process. While in the larger towns, suburban growth has not always been accompanied by development of
adequate public infrastructure, smaller towns and villages also frequently lack adequate road access and municipal
services. Inadequate and indiscriminate solid waste disposal, especially in streams and river beds near settlements,
has affected the physical environment and in some cases has polluted soils and water.
2. SOIL DEGRADATION
There is no cadastre of degraded soils in the Republic of Macedonia. The biggest problem is the soil erosion.
2.1. Soil erosion
2.1.1. Generally
Poor arable farming, grazing management, and deforestation in past have contributed to erosion, a problem spreaded
all over the country.
Due to the report of The Europian Environment Agency, Republic of Macedonia , together with Yugoslavia and
Albania performed "red zone of water erosion in Europe". Role of other erosion types (wind erosion; glacial
erosion; abrasive erosion) to soil degradation in the RM is is insignificant. There is Erosion Map prepared in scale
1:50000 but in a database version. This version was accomplished in 1992 , but financial insufficiency constaints
it's hardprinting. The Erosion Map was perfomed after empirical methodology of Gavrilovic (which is similar to
methodology of Poljakov).
Degradation Category
I
extremly high eros. proc.

Area (km^)
698

Percent (%)
2,77

II

high erosion processes

1,832

7,38

III

medium erosion processes

6,893

27,78

IV

low erosion processes

7,936

31,98

V

very low erosion processes

7,463

30,09

96.5% of the total area is under processes of erosion.. An amount 9423 km^ or 36.65% of the total state territory is
encompassed by stronger categories (I - III).
The total annual production of erosive deposits on the whole territory is about 17*10^ [m^/year] or
km^ year], which of 7.5*10* [m'/year] or 303 [m^/km^year] are carried by.

685 [m^/

Significant part of these deposits , about 3*10* [m^/year] is not carried through the downstream sections of the
rivers to the exit of the state territory, but sedimented in nature lakes and artificial reservoirs.
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Annual soil loss represents an annual average loss of arable soil layer of 20 cm deep on an area of 8,500 ha. The
economic cost of erosion impacts is thus considerable.
2.1.2.Torrent erosion
Exactly 1539 torrents are registrated over the whole country territory. Their total catchement area is around 18
000 km^ (70% ofthe state territory).
Torrential flows endanger infrastructural facilities (roads , bridges ...) and they cover agricultural land with
sterile sediments (stones, gravel.etc).
Torrents are clasificated in 5 cathegories of destruction as follows.
Catchement
number of
area torrents
km^
0.1 - 5.0
955
>5
584
total
1539

cathegory of destructions
I
II
71
123
51
90
122
213

in

275
197
472

IV
283
155
438

V
203
91
294

Small torrents (with catchement area less then 5 km") are 62% ofthe tiotal number.
Although their catchement area is small, there are torrents which pick of the flow achieve more then 30 m^./sec
, that results in a lot of sediment on the flooded areas.
2.1.3. Irrigation erosion
There are 106 different irrigation schemes in the country with a capacity to serve 124,000 hectares (ha).
However, due to inefficiencies in the systems not more 80,000 ha are irrigated.
Erosion due to inadequate irrigation practices, such as furrow irrigation on sloping land, is less serious. About
40,000 ha of irrigated land is subject to erosion, with an annual average soil loss of about 308,000m'. However, this
soil is generally very fertile.
About 60% of the irrigation is done through sprinklers while the rest through furrows. Most of the irrigation
systems which accounts for more than 50% of the irrigated land , are more than 15 years old and lot of them are
seriously damaged. In the 1992 , caused by runing out from the damaged main channel a big landslide had
happened and several hectars vineyards were destroyed.
2.1.4. Anti-erosion measures and activities
Measures to control erosion were initiated in the early 190O's, aimed mostly at protecting rivers and reservoirs.
Following passage ofthe Law on Financing Melioration Systems these measures were strengthened, and as of 1985,
285 basins were regulated. The water management projections anticipate continuing this work. Given likely
budgetary constraints over the coming years, it would advisable to prioritize these investments.
Measures to control erosion on deforested barren lands have also been under way since 1945, when restrictions were
placed on nomadic breeding of goats and sheep in forests. This measure, though unpopular, led to a recovery of
degraded forest and scrub land. As part ofthe erosion control program a Rural Afforestation Fund was established in
1970. Through these measures a total of 164,360 ha. were reforested which was 260% more than the planned
growth. Since 1990 afforestation has declined by 66%, mainly because of budget constraints. In such an
environment of limited available resources, a program to prioritize areas for afforestation would be useful. There are
conflicts in certain areas between afforestation of barren lands and preservation of pastures, even though it is of poor
quality. The best way of addressing this issue is through close consultation with farmers, and adoption of an
integrated approach to watershed management.
2.2. Impact of Chemicals on Land and Soil Quality
The data indicate that fertilizer use has been declining over the last 10 years, and there were rapid declines in the
1990-93 period, because ofthe phasing out of input subsidies, import constraints and the financial difficulties faced
by farmers. Nevertheless fertilizer use remains quite high. From 1983-93 it averaged 338 kg/ha, but on ploughed
land it was as high as 402 kg/ha . Fertilizer consumption in the agricultural cooperatives was higher than in the
private sector, because ofthe financial incentives and subsidies offered by the cooperatives. Consumption of mineral
fertilizers declinedfi-om43,000 tons to 24,000 tons from 1982-92, but consumption of nitrates increased from 35,000
tons to 48,000 tons. Organic fertilizer production totals about 3 million tons, of which about 40% is from sheep, 40%
from large ruminants and pigs, and 20% from poultry. Organic fertilizer satisfies about 30% of total fertilizer
demand. There has been little thorough analysis ofthe impact of fertilizer use on soil.
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Pesticide consumption has declined dramatically over the past 10 years, from 2,706 tons in 1983 to 659 tons in 1993.
Herbicide consumption has similarly declined. Analysis suggests that there are few problems in Macedonia regarding
retention of pesticide chemical residuals in vegetable products, partly because pesticide use is much lower than in
Western Europe, and partly because standards are respected.
Burning of stubble and straw is a widespread practice which leads to a reduction of organic substances in the soil.
Also, about 11,000 ha of soil are classified as saline. These soils could be leached and brought back to higher
yielding production. Studies should be carried out to assess the feasibility of their restoration.
2.3. Impact of Industrial and Municipal Waste on Soil Quality
There are no regulations regarding solid waste management in the country. As a result, there is no uniform
policy on the collection, transportation, and storage or treatment of wastes. Currently, it is up to the local
municipalities to determine the nature of waste management, although the charges are controlled by the
government. The average charge for waste management in Skopje is $ 2 /month/household which meets the
costs of the waste collection. There are no programs for recycling or composting of wastes which increases the
waste load to the landfills. The Law on Municipalities which currently being drafted is expected to address some
of the concerns related to waste management.
2. 3.1. Municipal Waste
There are about 25 known landfills in the country . However, with the exception of the Drisla landfill in Skopje,
landfills are not designed well which does not drain leachates and poses a hazard with the explosive gases
generated on site. Also, these landfills are constructed typically on alluvial or karst soil, creating a potential for
groundwater contamination through the migration of leachates. There is no systematic monitoring program and
as a result, the effect of the landfills on the groundwater, soil, and air is not known. Typical municipal wastes
contain 25% ash and construction wastes, 24% paper, 20% food wastes, 11% plastic, 5% glass and porcelain, 4%
textiles and leather, 3% metals, and 8% other kinds of wastes.
In smaller towns and villages, wastes are disposed in an unplanned manner at different locations around the
town. Quite often these wastes are disposed near lakes, rivers and streams and as a result they pollute the surface
water. The landfill Vardariste in Skopje, and other landfills in Tetovo, Gostivar, Berovo, Pehevo, Mavrovo,
Ohrid, Struga etc. are potentially harmful to the environment, especially the groundwater. In addition, it is
estimated that about 4 million tons of animal wastes are improperly disposed creating a health hazard.
However, total area ocupated by 25 official landfills is about 120 ha , but total area under the several hundred
"wild" landfills is more then 200 ha.More of the official landfills are with 70-100% capacity used, so they
would be recultivated , new landfills will be constructed and new agricultural or forest land will be covered
with waste.
2.3.2. Industrial and Hazardous Waste
Large quantities of industrial and hazardous wastes are generated in the mining, metallurgical, fertilizer, and
chemical industries as well from power plants . Due to their toxic nature, management of such wastes become
extremely important so that they do not affect human health and the environment. Presently, the slag disposal
areas for the lead and zinc smelter in Veles and for the 'Jugochrom' operations in Jegunovce, near Tetovo create
serious potential for soil and groundwater contamination. Proper waste management is required in the ferronickel plant of Fenimak which generates about 430,000 tons of slag per year and at the thermal power plant in
Bitola which has an ash pond that is more than 1,000 hectares. Smaller industries often dispose of their wastes
off-site in areas that affect the environment. In the past, slag from disposal sites have contaminated water flows
(Zletovska Reka, Bregalnica, and the Vardar) degrading nearby soil, underlying the need for proper
management.
Soil pollution from industrial waste has been a serious issue. Annual production of ash and slag averaged 1.2
millions tons in the 1990-95 period. Managers of mines have not always discharged their responsibilities regarding
adequate disposal of industrial waste. The regulations specifying merely that waste should be discharged on-site, are
not clear and leads to environmental concerns. Monitoring and regulation of industrial waste is inadequate. Soil
analysis in the Veles area has indicated excessive levels of lead and zinc in surrounding soils, leading to
contamination of vegetables. Further, illegal landfills and indiscriminate dumping of municipal waste, together with
lack of appropriate regulations or enforcement, have led to soil and water contamination. Again, monitoring to
ensure proper disposal of municipal wastes is inadequate.
There are no special provisions to handle medical wastes, which are often radioactive and can lead to
communicable diseases. In addition the disposal practices of other radioactive wastes generated in the country is
unclear.
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The mine Rzanovo presence a negative example , where the landfill wasn't recultivated. This landfill belongs to
river Blastica and reservoir 'Tikves" catchment area. On the mouth of river Blastica to the reservoir , depth of
deposits is 18 m. More of that deposits came from the landfill (mining tailing).
There are no exactly data on area degradeted by industrial and hazardeous waste. Evaluations are that at least
6000 ha are contaminated by this waste.
We are not aware of the consequences from NATO's war against Yougoslavia. Our Capital , Skopje stays 15
km far of the border to Yugoslavia (Kosovo). The mouth of the river Lepenec ( which 95% of the catchment area
is in Kosovo ) into river Vardar is located in Skopje. Caused by erosion processes, a lot of contaminated
sediments produced in Kosovo, are transported to Macedonia. It is logocal that surfacewater and groundwater
are contaminated. There are arrable lands along the river Lepenec in Macedonia and farmers use water from the
river for irrigation. It is probably that those lands are contaminated by grondwater and irrigation water.
2. 4. Risks for future
Like a consequence of inadequate forest logging in the past (fi-om XIII - XIX ct), there is a big semi-desert
"Krivolak" (25000 ha) formed in the central region of our state and lot of forest found has been destroyed or
degraded. Due to the global foreseen temperature increase in the next century and global desert expansion
from Africa to the north, a lot of territory of Macedonia is high erosoin potencial risk.
Clear cutting is a problem yet. It is common ameliorativ measure in our coppice oak forest stands, but it enlarge
erosion risk (In Yugoslavia clear cutting is allowed only in special cases with special permit). Forest fires
destroy more then 600 ha/year so that encrease erosion processes also. An absence of responsibility to the
nature and an rigorouse control, contributes "wild landfills" enlarging. There are a lot of regulations related to
the soil degradation and conservation. An abscense of rigorous control and adequate penalty policy could
enlarge soil degradation to a serious extent.
3. CURRENT ATTITUDE TOWARD SOIL DEGRADATION
3 . 1 . Policy and institutional levels
There is no any governmental organisation specializated in soil degradation like Soil conservation national
comitee. Also now there isn't an Act on soil or Act on soil degradation , althogh in past (1950-1980) "Act of
soil conservation and torrent control" existed. Different problems of soil degradation are mentioned in
particulary articles in several Actssuch as : Act of environment and nature protection and promotion ; Act on
forests ; Act on water ; Act on waste etc. The Act of environment and nature protection and promotion contains
the foloowing:
Article 14:
"Legal entities and individuals shall be allowed to carry out natural wealth using , mineral raw materials
exploitation, construction of new coties, reconstruction of existing ones or other activities under the condition
that they do not cause damages or considerable changes to natural wealth and bio-resources or in some other way
perform degradation of the environment and nature aginst norms prescribed
In the preparing of technical documentation and its implementation, the investor shall have to provide for the
protection of environment and nature , in compliance with the Law".
Article 15 :
"Any legal entity or individual thet, by using mineral raw materials, disposing wastes, barren substance , ash
and slag and the like , shall degrade soil is hereby obliged to re-cultivate or in some other way rehabilitate that
some soil in accordance with a previously prepared technical documentation concering re-cultivation; this is to
be done in compliance with the Law , within three years following the completion of using mineral raw
materials and disposing wastes , barren substance , ash, slag and other waste at least".
Article 20:
'Throwing away and disposing any kind of waste whatsoever is hereby prohibited outside cities specified for
the purpose.
Legal entities managing waste disposal cities are hereby obligated to perform re-cultivation of the waste disposal
cite after its capacity has been used ti the end; this shall be done on the basis of a relevant project".
Article 34:
predict having "State Inspector for protecting the soil against pollution, erosion and repurposing" on the
Managing sheme of the Ministry of environment.
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A lot of articles in this Act touch problem - soil degradation .
Act of water predict that:
Water economy enterprises who manage hydro-systems, in regard to reservoirs behind other obligations and
activities , are obligated to perform annual measures of filling up the reservoirs with sediment and in accordance
to that to perform antierosion measures and activities.
Act of forests predict special regulations , measures and activities in according to "Forests for special purpose".
Also this Law predict semi-adequate ( my opinion) measures in according to degrade forests and shrubs.
It si anticipated 10,5% of the worth of logged mass franco lorried on truck road into the forest to be aimed to
special found for sustain the forest stands.
3.2. Educational, Scientific and technical levels
There are lessons about soil in the second class of Primary school
(subject : Nature and society
knowledge). In the IV class of the primary school there are lessons about the soil like medium, and soil
degradation especialy soil erosion. In higher classes of primary school there are also lessons in subjects Biology
and Geography. In the secondary vocational agricultural and forestry school , there are particulary subjects
related to this theme. These subjects include: Pedology ; Amelioration (agricultural school); Pedology ; Soil
erosion and torrent control (forestry school).
On the faculty of forestry (Course of forestry and course of Greening and promotion of the environment )
following subjects are taught:
Pedology ; Soil Erosion and torrent control ; Hydromelioration ; Soil conservation ; Recultivation of chemicaly
degraded soils. Also , there is a cathedry of "Soil erosion and torrent control" .
On the faculty of agriculture (5 different courses) the following subjects are include: Pedology ; Amelioration;
Irrigation . Cathedry of "Pedology, agrochemy and amelioration" exist there.
On the Interdisciplinary studies of environment engineering there are the following subjects: Soil erosion and
control; Soil agrochemisation and control
The Faculty of agriculture organize special postgraduated studies of Soil science ; but Faculty of forestry
organise postgraduate studies of Soil erosion and torrent control.
There are few pedological laboratories on: Faculty of agriculture; Institute of agriculture; Faculty of forestry ;
Secondary agricultural and forestry school and in the biggest agricultural enterprises. The best one is the
laboratory in the faculty of agriculture. The biggest water management enterprises have departments of soil
erosion and torrent control. The Water Development Institute (WDI) has a department of soil erosion and
torrent control.
In the period of 1951-1980 there was a particular designing company in the field of soil erosion and torrent
control designs , since special projectant firm about soil erosion and torrent control, becouse there were high
domestic and foreign investments allocated to "Soil conservation and afforestation of nudded terrain".
There are "Soil map" in scale 1:50000 ; "Soil erosion map" in scale 1: 50000 prepared , but due to lack of
finance they haven't been hardprinted yet.
3.2. Associative levels
Nowdays , soil degradation problems aren't enough presented in mediums . Economical , political, social,
interethnical, problems with the wars in neighbourhood (Bosnia ; Kosovo) are main problems in our state and
they are too much present in the mediums. Presence of ecological problems , including soil degradation , in the
mediums is minor comparable to upscribed problems.
Soil erosion like a problem was very actual in past, that is so now too, but chemical contamination of the soil
become an actual problem presently. Ecological organisations organize protests , write ads in the written
mediums and etc. Eco-inspectors do their job and prescript penalties to firms and persons who don't applicate
legislation. Eco-organisations and schools organize afforestation with support of Ministry of agriculture,
forestry and watereconomy.
State TV house broadcast Agriculture and ecological programs, what is very usefull and important in our
problematic. Soil degradation problems are present in this programs. Some private TV enterprises, from time to
time broadcast ecological programs, but present situation with soil degradation in our state hasn't presence on
their programs yet.
In former Yugoslavia there were Union of Soil scientist; Union of Soil erosion and torrent control experts.
More of us were members of this organizations. Now there isn't any organisation like these. Actualisation of

263

the soil degradation problems must came from any organisation like these that concernn problems in some
project.
Two main environmental entities exist in the country. First of them , Association of Ecologists of Macedonia (
AEM - DEM) exist longer time and prior to previously serious activities mauinatained , they are in a stage of
latargy and bureaucracy now.
The second one , Union of Environmental Organisations in Macedonia (UEOM), that has been establishedonly
one year, is in a positive trend of growing. Connected to many international organisations UEOM compiles
about 50 local associations with high-skilled enthusiasts as group coordinators , working on serious projects. The
most serious one , titled as "Rural Areas, Organic Agriculture and Eco-Turism Development in Macedonia" has
been recently promoted under a patronage of the President of the Republc of Macedonia - Kiro Gligorov.
4. PROSPECTS AS REGARD CONCRETE ACTION PROJECTS
4.1. Priority actions against soil degradation
- Performing Cadastre of degraded soil
- Promote policy integration
- Provide support to NGOs in information disseminatiouT
- Promote Public Awareness
- Reduce redundancy and improve quality in monitoring and information
Agriculture:
-classify land susceptible to erosion, and prioritize anti-erosion programs (for pastures, degraded forest lands,
irrigated lands and water courses) according to broad long term returns using an integrated sub watershed approach;
- introduce improved grazing management practices with local farmers;
- improve monitoring of soil quality and soil fertility and control stubble-burning;
- establish regulations regarding use of livestock farms and treatment and disposal of animal waste;
- establish and enforce regulations for the urbanization and preservation of municipal land and ensure that the
privatized land is utilized sustainably;
- regulate indiscriminate dumping of municipal waste and improve regulations regarding the disposal of industrial
wastes;
- monitor soil and water around industrial sites, especially around Veles;
adapt regulations regarding chemical use to GATT requirements and improve monitoring of chemical residues;
- train farmers in integrated approaches to pest management (IPM);
- improve soil and groundwater quality monitoring for chemical or mineral residues
- introduction fertirigation
- introduction organic agriculture
Forestry
- The long term objective is to improve the forest resource base since forests have a key role in soil and water
protection.
- review and revise forest policy and legislation;
- improve the management of the forest enterprises and allow them to raise more funds for regeneration and fire
protection.
- prioritize programs for afforestation of barren lands, erosion control, and conversion to high forest;
- raise public awareness on sustainable use of forest resources.
Waste management
- develop regulations for the collection, transportation, and storage and disposal of solid, industrial and
hazardous wastes, including medical and radioactive wastes.
- increase enforcement to prevent indiscriminate dumping of wastes.
- develop guidelines for the site selection and design of landfills. Monitoring programs for landfills should be
developed. Remediation programs should be developed for landfills
- a recycling and composting program should be introduced, to reduce the waste volume;
4.2. Country awaits of a regional or international solidarity to solve the problems of soil deterioration
Financial support
- Favourable loans and credits
- Grants
- International financial programs (WB; FAO; UNDP; USAID; and worldwide organisations Technical support
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- Contemporary equipment and technologist
- Educational programs (trenings; workshops ; courses; foreign expert involvment into problem solvetion
- International education of local experts
- International coordination
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WAYS FOR IMPROVING SOIL COVER CONDITION
Dr. Valentin CIUBOTARU, Project Manager, United Nations Development Programme for Moldova ,
Department of Climate Change Project, PO Box 2895 , 98/1 Jaloveni Str. #68, 2070 Chisinau, Republic of
Moldavia, valentin@bios.moldova.su

The Republic of Moldova is an agricultural country and the national economy is based mainly on the
exploitation of the soils which are mainly chernozems (80%) and pertain to the country's primary natural
resources. Being ones of the most fertile soils in the world at the beginning of the century, their productivity
currently has become very low. Although substantial financial resources were allotted for agriculture
intensification over the last decades the farm crops yields remained almost the same (figure 1).
Figure 1. The yield of cereals and technical farm crops in Moldova in 1961-1998
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The main factors of soil degradation in Moldova are as the following: soil erosion, landslides, soil compaction,
secondary salinization caused by irrigation, etc.
The soil erosion goes first. Eighty percent of the territory (the total land area of the Republic of Moldova
constitutes 3,384.4 thousand ha) are situated on the slopes. Over 840 thousand ha are affected by soil erosion.
Our estimates show that soil erosion causes a huge damage not only to the soils but also to the national economy
as a whole. For example, annual losses of fertile soil constitute 26 million tons, with a contents of 700 thousand
tons of humus, 50 thousand tons of nitrogen, 34 thousand tons of phosphorus, 597 thousand tons of potassium.
The indirect losses expressed in agriculturatproduction constitute 525 thousand tons of nutritive units and 57
thousand tons of fruits and grapes from agricultural land (1). The investigations performed by us in the zones
most affected by soil erosion show that during the period of planned economy (1950-1990) the surface of eroded
soils, especially medium and strongly eroded ones, increased three-fold. In addition, the soil heterogeneity,
fractionality, complexity, increased, conducting in some places to irreversible changes. The intensification of
soil erosion processes has taken place due to the anthropic factor. The actions of slopes deforestation and their
transfer into arable land were implemented all over Moldova's territory. Over the period of agriculture
intensification the surface of grassland was decreased by 96%, pastures by 35%, virgin land by 100%. Instead,
the areas of arable land, vineyards and orchards were increased. The eroded soils surface increases every year on
the average by 0,8%.
Over the last years more and more damage is caused by wind erosion. Unfortunately this form of erosion is
almost not considered in the Republic of Moldova, although its share is growing due to deforestation and other
actions violating the natural equilibrium.
The landslides are also an important degrading factor, which is becoming more dangerous with each year. In
1973 the landslides amounted to about 19 thousand hectares, while in 1998 they have grown to affect 90,000
hectares, which conducts to enormous losses to the national economy of the country (2). Landslides became
especially aggressive last year, when deforestation tendencies started to tell on the stability of soils and in many
villages many houses were destroyed in the old part of villages.
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The compacted soils cover about 60 thousand ha and are characterized by unfavorable physical traits. The
secondary compaction is one of the main reasons for reducing the fertility of soils. On almost all agricultural
lands where the intensive technologies recommended by several research institutions and implemented by heavy
agricultural machines compaction is registered.
The above mentioned factors are natural phenomena which were intensified by anthropogenic influence.
However, in some cases soil degradation is exclusively a consequence of human activity. During the period of
1965-1990 the Republic of Moldova was transformed into the experimental plot of the Soviet Union for
agriculture and cattle breeding intensification utilizing the technologies which are not suitable for Moldova's
conditions. For example: plantation of orchards and vineyards (546 thousand ha) using the "classical"
technology conducted to the burial of the most fertile layer to a depth of 50-60 cm, these soils becoming
degraded especially on the slopes.
Irrigation is one of the main factors for obtaining high and stable yields of farm crops in Moldova, therefore the
surface of irrigated soils was increased substantially. For example (2), as opposed to 1960 the surface of irrigated
soils has grown tenfold, while the surface of drained soils - threefold but their quality worsened (on the surface
of 8,540 hectares the underground waters level has increased, 1,500 hectares became saline, in some areas
secondary claying of terraces, chernozems, transition of claying into sleeting is registered). On the other hand, a
big surface of wetlands especially in the river valleys was drained to include it in agriculture. Over 50% of
alluvial soils (132,5 thousand ha) are in unsatisfactory state (swamped, saline, abundant in potassium etc.) as a
result of unsatisfactory performed drainage work and not taking into account all the factors.
Another negative human activity is the soil destruction during the exploitation of quarries (5,000 ha). During
this process, not only the soils of quarries are degraded but also huge surfaces around them are either compacted
through the work of heavy technique, or polluted with stone powder.
Unfortunately, almost all the above data and a number of others obtained and operated by different research
institutions and researchers in Moldova are not reliable due to inconsistent methodology of research, variety of
approaches to soil damage monitoring. Even the Institute for Pedology, Agrochemistry and Hydrology, which is
considered the main authority in the country in respect to soil damage assessment provides data which contradict
each other. For example, according to the data of the the Institute for Pedology, Agrochemistry and Hydrology
(3) the amount of eroded soils for 1993 is shown as being equal to 740,000 hectares, while another source (4)
referring to the same Institute shows the eroded soils to cover 886,000 hectares.
The implementation of conservation works should be performed by the same Institute for Pedology,
Agrochemistry and Hydrology, which, like most research institutes in Moldova, never coordinates the work with
the work of other relevant institutions, such as the Institute for Territory Planning, responsible for land
organization all over the country, the result being that research and implementation works are isolated from each
other.
However, although there is a great discrepancy of data between institutions and sources, still most sources agree
to the fact that as a whole the surface of soils that are degraded by different factors is about 80% of the whole
territory. This huge proportion of degraded soils testifies to a very dangerous situation calling for immediate
actions.
The positive fact should be mentioned that there is a formal approach to soil protection in the country. The Land
Code of the Republic of Moldova of December 25, 1991, has provisions ensuring the protection of all categories
of land available in Moldova, such as: land for agricultural production; land within the built up areas of
localities; land for telecommunication and other special usage; land for nature protection, health protection,
entertainment, historical-cultural spaces and suburban and green zones; forest land; water reserves land; and the
reserve land resources (Article 2 of the Land Code). Each type of the above categories of land is further
subdivided into smaller categories (Chapter 5, Articles 38, 39 and 40 of the Land Code). The same Land Code
takes care also of the land provided to industries, companies, organizations and institutions, as well as to public
transportation agencies. Even the plots provided to military units and for defense and internal affairs are under
the protection of the Land Code (Chapter 7, Articles 52, 53, 54 and 55 of the Land Code).
One very important provision of the Land Code is the one described in Article 56, Chapter 8, "Land allotted for
environmental protection". The provision includes a long list of types of land protected by the Law, such as the
botanical gardens and dendrological and zoological parks, natural landscapes, biological, paleontological,
hydrologie systems, cultural and natural monuments, etc. The provision although very explicit is frequently
ignored by the population and by some companies due to the lack of proper supervision of its implementation
and due to low motivation of the ecological inspectors, who are paid their salaries with big delays and who are
poorly equipped to cope with well armed poachers.
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The Land Code provides for the protection of the recreational sites (comprising sanatoriums, rest homes, tourist
routes, campings, and other facilities for health fortification and recovery with a certain territory around them) in
Article 58 of Chapter 8. However, there are no legal incentives for the development of such sites. Now, with the
economic crisis of the country, most of the market incentives for the development of such places disappeared,
thus, many of them are in a state of utmost degradation, with grounds untended, sheep and goats pasturing all
around them and hordes of stray dogs hunting for any living beings or waste on their territory.
The Law on Environmental Protection of June 16, 1993 also provides for land protection. Chapter 5, Section 1,
Article 33 of the Law says that the policy of soil management should be based on the following principles:
a)

Recognition of the fact that the preservation of the natural resources, biologic diversity, the rural
landscape, cultural landscape is as important as the provision of a sufficient amount of foodstuffs to the
population and obtaining of income from agriculture;

b)

Promotion of sustainable agriculture while reducing the utilization of mineral nutrients and pesticides,
application of ecologically harmless technologies, restoration and maintenance of the ecological
balance and geologic-ecological systems.

There are many very good provisions in the Law on Environmental Protection with regard to soil protection, like
the one described in Article 43 of the same Section, entitling the Government to prepare within one year a plan
for the afforestation of the country in order that the forests cover 20 to 25% of the territory of the country while
currently their surface is only 7 percent (officially 12%). However, since there is no efficient tool for practical
implementation of the action and no institutional support for its management and control, there is no such plan
yet, instead of afforestation, deforestation is taking place through illegal wood logging by the poor population,
which cannot afford to buy fuel for heating in spite of the provision of Article 40 of the same Section of the Law
on Environmental Protection saying that the logging of trees in forests and forest belt is strictly forbidden and
needs the authorization of the environmental protection authorities. According to the data of "Moldsilva" State
Association the illegal logging amounted to 890 thousand cubic meters over the last five years. However, since
no clear record is kept of how much is being logged it is stated that the deforested surface is between 25
thousand hectares and 100 thousand hectares.
There are other important laws which provide for soil protection. The National Action Plan for Environmental
Protection, where the soils are one of the most important component, was developed in 1995 on the basis of
these laws. However, due to the lack of a state program in soil protection and due to the lack of a specific
strategy in this respect most of the actions taken by the state for soil protection are not as efficient as they might
be. A number of campaigns for soil conservation and protection were implemented by the Ministry for
Environmental Protection and the State Ecological Inspectorate along with various contests, regional seminars,
but these were not part of a consistent policy for soils protection, but individual endeavors called forth by
instances of extreme degradation or spontaneous initiatives of high officials.
This accounts for the fact that although formerly the funding for soil protection was generous, with an amount of
200 million rubles (equaling at the time to an amount of about US$200 million) spent for soil protection actions
over the period between 1970 and 1990, no real improvement in the state of Moldovan soils has occurred.
Moreover, some actions had the a reverse effect and caused a lot of damage to environment. For example:
Most of the hydro-technical measures as a result of low quality of construction and incorrect exploitation it
were destroyed. The concrete waterways were designed for 50 years, but they functioned only 5 years;
The antierosion lakes served as a stock for the soil lost from the slopes, because in addition to the plane
farming which were utilized on slopes, the protection forest and grass belts around river and water reservoir
were not planted and caused their silting (3.3% annually);
Simultaneously with forest planting, 12,000 ha of forest belts were destroyed for implementation of big
inter-farm crop rotation. Moreover, the forest belts were destroyed in the places which were planned to
plant industrial orchards and vineyards to be irrigated with such equipment as: "Cubani", "Fregat", which
have a high productivity and need big areas.
Implementation of all the agrotechnical actions across the slopes without other soil protection measures
promotes the development of ravines, gullies especially in the southern region of Moldova. The situation
was aggravated as a result of utilization of big quantities of fertilizers and pesticides on the slopes. As a
consequence, the sanitary condition of water reservoirs, including those for potable water, worsened
considerably.
The effectiveness of stopping the development of gullies was low due to the fact that other actions were
partially implemented on the slopes and water flow and soil loss were high. Moreover, for this purpose the
blast method was used, which promotes the destruction of biodiversity in those places.
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One of the main reasons for soil degradation intensification is the fact that the optimum equilibrium between
different categories of the land was violated the big surfaces of fertile soils being involved as much as possible
into agriculture. Currently the surface of agricultural land is one of the highest in the world (86%). Other reason
was that the principle of retaining all the precipitation on the slopes was used during the development and
implementation of projects for territory planning. Territory planning was done taking into account only the size,
productivity of heavy agricultural machines and factors of agriculture intensification and did not take into
account the relief, soil and climate features of Moldova's regions. For example, due to the fact that the
hydrologie regime was not taken into consideration, the structural stability of slopes was destroyed. Having the
planned economy and planned science, the research was grounded on intensive technologies on the slopes by
utilization of additional measures for reducing soil degradation in agriculture and not din not opt for alternative
ways for soil conservation.
Now, due to the very difficult economic situation of the country the funds allotted for soil conservation are much
less covering mainly monitoring works and small scale implementation works.
The education and training in soil protection is also a big problem of the country. Currently there exist
secondary (8 collegies) and higher education in the field of agronomy (Agricultural University - for
agronomists. Technical University - for engineers. State University for biologists, pedologists, etc.), but their
curricula are old and the students are taught how to grow farm crops on plains (not slopes, which cover most of
the territory of the country). The Agrarian University has only a short course in soil protection which is
delivered by a post graduate student, because the few specialists in soil conservation usually work in research
institutions or NGOs.
The Ministry of Agriculture, having minimum funds to support the research financially, tries to provide all the
moral and institutional support possible in order to achieve some practical instruments for disseminating sound
agricultural practices among the newly emerged big group of fanners, who know very little or nothing about soil
conservation. The experimental plots of research and educational institutions are exempt from land tax, the
funds being used for research and implementation actions.
However, the research institutes have no practice in training of farmers and other land users; thus, they produce
every year one or two new scientific treatises with complicated formulae, debates on soil classification,
understandable only by the small group of soil researchers and useless for everybody else. Some NGOs perform
training is sustainable agriculture, but most of them do this work campaign-like with no consistency and mostly
theoretically with no demonstration of good models for replication and using no accessible training methods.
The rural population, although generally aware of the poor state of soils can do almost nothing on its own
account due to extreme poverty. According to the Human Development Indices Moldova occupied the 113'"'
place among 185 countries in 1997 as opposed to the 68* place in 1989. The UN poverty line being the income
of $1 per day per person, it was stated that in Moldova the respective figure is 23 cents. Thus, Moldovan
population is much below the official poverty line. This population is concerned mainly with obtaining enough
income for everyday food for the family and fuel for heating the home in winter. A great number of families in
Moldova do not have enough of that. So, in such circumstances, the population is not very sensitive to soil
degradation, except when such degradation is extreme (landslides affecting the home or harvest, extreme
pollution, flooding, etc.).
A solution to most of the soil degradation problems could be certain soil conservation policies which would be
included in the adaptive and preventive strategies which were developed in 1995 (7, 8, 9). In the adaptive
strategy we include the policies and actions for diminishing soil degradation rate in the firamework of current
territory organization and farming. In the preventive strategy we include the policies and actions for changing
the traditional farming into soil conservation, protection and amelioration one. The first strategy can be used in
the intensive farming and during the transition period from polluted farming to ecologically pure one; but the
second strategy is framed into sustainable farming.
We performed research in both directions. First of all we determined the soil degradation potential for the
hydrographic basin in order to find out if this process is intensifying due to natural conditions or anthropic factor.
Utilizing the geographical-comparative, cartographic, laboratory-analytical, mathematical-statistical methods,
the soil processes modeling and simulating we determined the soil degradation potential for different regions and
for the whole territory of Moldova.
The preventive strategy can be implemented in the current conditions of land privatization in Moldova which
need to go together with the distribution of land, the new territory organisation (soil protection) which will allow
to retain rainfall as much as possible on the slopes and to exclude the excess water in soil in a harmless way for
the soil. Land fragmentation does not constitute a barrier for soil degradation control (if it is not excessive) if it
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is done according to a long term state program for nature protection. In such case a lot of obstacles against
runoff will be built.
The agriculture of Basarabia has acquired a rich experience in this respect, over the period 1918-1940, following
the agrarian reform, although the soil erosion was not an evident danger (10). The respective situation is shown
in Table 1.
Table 1. The Structure of Agrarian Propriety Prior to and After the Agrarian Reform
Classification of
surfaces

Prior to reform
hectares

Under 10 ha
10-100 ha
Over 100 ha
Total

2 156 827
180 974
1 844 539
4 182 350

After reform
Percent

Hectares

percent

51,6
4,3
44,1
100

3 648 747
180 984
352 619
4 182 350

87,2
4,3
8,5
100

In conformity with the agrarian reform the following were implemented:
a)

Reduction of large land properties (from 44.1% to 8.5%), increase of small land properties share (from
51.6% to 87.2%);

b)

Increase of average size of small land properties and decrease of medium and large scale land
properties. A family had an average surface of 3.1 hectares.

Small farms (under 5 ha) had a complex structure of crops, using the self consumption pattern: a small amount of
everything. Medium sized farms (10-25 ha) had a wider structure of the land property. Most of the farms had
pastures, natural grassland, forests in the structure of land. Therefore, during this period the erosion processes
could not be high scale.
The viability of small and medium sized farms is shown by the experience of the Western Europe countries.
Half of the number of communal agricultural farms in six Western Europe countries: France, Germany, Italy, the
Netherlands, Belgium and Greece are in the range of 1-5 ha. The distribution of farms by size of agricultural
surface is different in different countries. From property size viewpoint it should be mentioned that farms within
the range of 20-50 ha and over 50 ha are the most important economically. Almost half of the agricultural
surfaces in the Western Europe countries (48,6%) are in form of farms of over 50 ha.
The main ways for amelioration of the situation for the development and implementation of the agricultural
system based on soil protection in agricultural farms of Moldova are as follows:
1. Restoration of the optimal proportion between different usage categories of ecosystems.
2. Getting highly eroded soils out of the intensive agricultural network and their transfer into perennial grass
surfaces or cultivation with dense crops (with mandatory use of anti-erosion crop rotation).
3. Exclusion of plots affected by gullies from agricultural usage and their turning into pastures, grassland,
forests.
4. Soil conservation territory planning with a well-justified and calculated network of forest belts for protection
of soils with additional plain hydro-technical actions.
5.Full utilization of soil protection capacity of phyto-ameliorative actions through right deployment of crops on
slopes, use of filter bands with perennial grasses, annual or perennial grass belts, growth of grass in orchards and
vineyards between rows.
6. Wide scale implementation of non-traditional technologies, such as minimal soil tillage or lack of tillage,
mulching with vegetal residuals, systems of multiple crops for a better cover of soil and better water regime.
7. Creation of protection zones and zones for soil amelioration in case of highly degraded soils.
Creating a new system it is not necessary to destroy the previous one. On the contrary, all the effective actions
utilized during the planned economy should be continued, while the type of land ownership should not be a goal
in itself, a panacea, but a condition able to promote the development and implementation of a high diversity of
effective soil conservation actions.
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Internationally, a very important instrument for soil protection might be the mechanisms of the Kyoto Protocol,
providing for the decrease of greenhouse gases emission through an increase of surfaces of sinks of greenhouse
gases. For Moldova these could include the following:
•

Decrease of agricultural land surface;

•

Increase of forest and pasture surfaces;

• Utilization of soil conservation technologies in agriculture, etc.
These actions could be partially funded by highly developed countries, an opportunity discussed at the recent 5*
Session of the Conference of the Parties of the United Nations Framework Convention on Climate Change
(October 25 to November 5, 1999).
The following priority actions should be undertaken to prevent further soil degradation in Moldova:
•

The mechanism for implementation of laws on soil conservation should be developed;

•

Actions for transition to sustainable development, including improvement of economic, social condition and
the state of the environment should be developed and implemented;

•

The national strategy and policy for soil conservation in Moldova should be developed;

•

An overview of the soil conservation actions recommended for use in the country and in the region as
regards to their suitability for small plots agriculture constituted after the recent land privatization and as
regards to their suitability to specific climate and relief conditions of Moldova should be performed;

•

Application of new research ideas and transfer of soil conservation technologies suitable for Moldova
should be done;

•

The availability of small size soil conservation agricultural equipment for farmers should be ensured;

•

Strengthening the cooperation and collaboration between governmental agencies, research institutions,
NGOs, private campanies and rural population in soil conservation practices should be promoted;

•

All the projects for the research and implementation in all spheres including soil conservation ones should
be funded exclusively on competitive basis.

•

Development and implementation of the programs for education, training and awareness building activities
for all categories of the population should be performed.

The future of Moldovan soils, especially on slopes, depends on the strategy adopted for the development of
agriculture. If it is traditional, anything may happen of the things described in the works of W. C. Lowdermilk,
G.V.Jacks and R.O.Whyte, R.P.C. Morgan. Dense population of localities with favorable conditions for
agriculture and fertile soils has conducted to the worsening of erosion. This was one of the main reasons for the
disappearance of such prehistoric civilizations in Mesopotamia, Arab peninsula, regions of Central Asia,
Western part of South America and Northern China. Therefore, the transition to sustainable agriculture is
proposed in order to safeguard one of the most fertile soils in the world.
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EVALUATION OF DEGRADATION PROCESS, ELABORATION OF METHODS OF PROTECTION
AND SUSTAINABLE UTILIZATION OF SOIL RESOURCES OF THE REPUBLIC OF MOLDOVA
Pintile PARVAN, Prime Vice minister. Ministry of Agriculture and Processing Industry of the Republic of
Moldova, 162 Stefan eel Street, Chisinau, Republic of Moldavia.
Valerian CERBARI, Research Institute for Pedology, Agrochemistry and Hydrology

Land resources are the main natural treasures of the Republic of Moldova. The activity of agro-industrial
complex, which weight in GDP amounts to 60-70%, lies in the exploitation of soil resources fertility. At present
there is a strong anthropic pressing on the land fund that leads to physical, chemical and biological degradation
of soils and desertification of land.
The land fund of the Republic of Moldova constitutes 3 mil. 384,4 thou ha. The agricultural land surface
amounts to 2 mil. 556,6 thou ha or 75,5% of total surface as follows: arable land - 1 mil. 809,9 thou ha (53,5%);
orchards and vineyards - 370,7 thou ha (10,9); hay fields and pastures - 376 thou ha (11,1%); forests - 422,9
thou ha (12% of the total land).
The share of land plots under agricultural crops being too far big (64,4% from the land fund and 85,3 from the
agricultural land) does not allow the preservation of an ecological equilibrium between the natural ecosystems
and anthropic ones. During 30 years, as a result of soil degradation and unregulated alianation of agricultural
land for social necessity purposes, the agricultural land surface diminished by 120 thou ha.
The last ten years (1989-1999) due to the land reform, an unfavorable alteration of agricultural land utilization
structure is observed. As a result of orchards and vineyards clearing, their surface downsized by 94 thou ha and
this process keeps going on. The number of land holders during that period augmented from 1933 (1989) to
233043 (1999). The privatized land fund has been pulverized into 1 mil. 122 thou plots.
The distribution of land shares without taking any prophylactic antierosion measures on communes' lands, land
plots replacement from hills to valleys and farming on small agricultural land plots impede the land holders to
undertake the actions meant at protecting, improving and sustainable using of soils.
The restrictive factors of the soils productive capacity are shown in the table (See p.2)
The main factor of soil degradation in Moldova is the erosion exercised by water. The eroded soils surface
amounts to 840 thou ha or 33% of the total as follows: slight eroded - 490 thou ha or 19%; average eroded - 247
thou ha or 10%; deeply eroded - 103 thou ha or 4% of the agricultural land. The surface of the affected land
plots (completely deteriorated) by the ravines amounts to 8,9 ha and the number of ravines is of 6200. The
eroded soils surface increases every year on average by 0,5-1,0%.
The damaged caused to the national economy by erosion is colossal. Annual losses of fertile soil constitute 26
mil tons: humus - 7(X) thou tons; nitrogen - 50 thou tons; phosphorus- 34 thou tons; potassium - 597 thou tons.
26 mil tons of soil containing 700 thou tons of humus cost approximately $US 168 mil 455 thou dollars.
The indirect losses expressed in agricultural production constitute 525 thou tons of nutritive units from the arable
land plots and 57 thou tons of fruits and grapes from orchards and vineyards that will cost about $US 52 mil 910
dollars. Therefore the direct and indirect approximate annual losses caused by erosion amount to S US 221 mil
365 thou.
The damage caused by erosion has indirect negative impact on other human activity spheres as a consequence of
silting of lakes and of other aquatic resources; pollution of depression soils and of phreatic waters with pesticides
and mineral fertilizers washed off from slopes; desfruction of communication means, of hydrotechnique
construction and of other social objects, etc.
As a result of erosion enhancement on slops, 119 thou ha of humus soils from big and small valleys are clogged.
The fertility of soils clogged with slight humus layers went down by 10% which represents $US 18 dollars per
hectare and 2 mil 142 thou per total.
A huge damage to the Moldova's economy is caused as well by landslides. The ascendant trend of landslides of
agricultural land plots is as follows: 1970 - 21,2 thou hectares; 1980 - 48,6 thou hectares; 1990 - 79,9 thou
hectares; 2000 (prognosis) - 84 thou hectares. One landslide amounts for 200 ha.
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The restrictive factors of the soils productive capacity in Moldova. Total agricultural land surface 25556,6 thou ha.
No

Restrictive factors

1
2
3

Erosion exercised bv water
Landslides
Periodic excess of moisture of hvdromorphed unalluvial slope and
depression soils (swamped plots and soils)
High level of salt and potassium of unalluvial slope and depression
swamped plots
Excess of moisture of alluvial soils and alluvial swamped plots
High level of salt and potassium of alluvial soils and alluvial swamped
plots
High level of potassium of automorphe soils (black earth saline soils and
alkalized black earth soils)
Swamping
Primary soil compacting (vertical soils)
Secondary compacting (settling) of soils due to agrothechnique works
Small (<3%) and very small (<2%) humus reserve
Soils provided with low and very low concentration of mobile phosphorus
Soils provided with low and very low concentration of mobile potassium
Clogging with sediments of low concentration humus of soils as a result of
deluge and rainfalls
Uncorking of soils
Uncovering of soils (on the artificial terraces)
Soil degradation as a result of irrigation (high level of potassium, high
level of phreatic waters)
Soil destruction caused by excavations
Destruction of soils by ravines
Destruction of soils caused by active landslides
Withdrawing of land plots from the agricultural use circuit
Deficit of essential atmospheric rainfalls and frequent dry seasons

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Agricultural
land
surface,
thou ha
839,7
81,0
60,3
20,0
259,0
99,0
25,0
17,4
60,0
2183,0
1037,0
785,0

M
119,0
546,4

M
12,8
5^
8^
26,6
120,0
1533,0

Source: Data published by the general land cadastre bulletins and by the ecopedological monitoring bulletins
issued by the Institute of Pedological, Chemical and Hydrological Researches "N. Dimo" and data of the State
Scientific Center for Agrochemical Service.
Landslides represent a permanent danger for several social objects as dwelling houses, roads, hydrotechnique
constructions etc. Accordingly to data offered by the general land cadastre as to 1.01.1999, the surface of
landslides with soil completely destroyed amounts to 24,1 thou ha. Last years the landslide surface annually
increased by 1000 ha. Due to the fact that soil coverage is completely destroyed on 20% of that land the annual
losses taking into account the normative price on land plots amounts to $US 18 mil 182 thou dollars.
The soil destruction through excavation works kept going on within the exploitation of quarries till 1990 without
any exploitation plan and any works of recovering of destroyed land plots. The surface of land destroyed by
excavation, plots that could be called today "industrial deserts", is 5000 ha. Departing from the land normative
price, the approximate cost of 5000 ha of destroyed land is $US 405 mil dollars.
The total surface of land with soil coverage completely destroyed by ravines (8,9 thou ha), landslides and
excavation (5 thou ha) constitutes 40,5 thou ha, the deteriorated soil cost of this surface is $US 310 mil dollars.
During orchard and vineyard plantation 546 thou ha of soil were uncorked at a depth of 50-60 cm and that led to
deregulation of natural order of genetic horizons and the drawing of subjacent horizons containing slight
concentration of humus and abundant in carbons. The fertility of uncorked soils sown with field crops is on
average smaller by 10/20% compared to the analogue soil fertility that are not uncorked.
The soil degradation caused by periodic moisture, salt and sodium excess of unalluvial and alluvial swamped
land is widely spread over.
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The total surface of unalluvial swamped land is of 49,9 thou ha: slopes 32,2 thou ha; small valleys - 17,1 thou
ha; alkaline soils - under 20 thou ha.
The swamped places on slopes are land plots of 0,1-0,5 ha. The mosaic of swamped places on arable land creates
the heterogeneity of the soil coverage and deeply impedes the carrying out of agrothechnique works and
sustainable utilization of land plots. Taking into account the approximate annual harvest cost from 1 ha which is
SUS 200 dollars, the annual harvest losses caused the swamped plots on the arable land amount to the sum of
$US 4 mil dollars.
The total surface of alluvial soils is about 250 thou ha: 47% (117,5 thou ha) of them are in satisfactory
ameliorative state and 53% (132,5 thou ha) are in unsatisfactory ameliorative state (swamped, saline, abundant in
potassium etc.). The annual harvest losses from the alluvial soils in satisfactory ameliorative state constitutes 2030% which amounts to SUS 45 dollars per hectare and 6 mil dollars for the total surface affected by the
degradation processes.
The potassium over filled-with automorphe soils and black earth soils partly potassium filled-with cover a
surface of about 20 thou ha and have an isle spreading over hills of the height of Ciuluc-Solonet. The annual
harvest losses from the potassium over filled-with automorphe soils reach 30-40% of the average harvest and
amounts to 60 dollars per hectare and 1,2 mil per total.
Vertical or compact soils cover about 60 thou ha and are characterized by unfavorable physical traits. Depending
on resistance to ploughing there are very heavy and extremely heavy soils that have a low fertility from 10 to
40%. The annual losses caused by the primary compacting amounts to 35 dollars per hectare or 2,1 mil dollars
per total surface of compact soils.
The process of deterioration of arable layer structure is spread all over the surface where intensive
agrotechnique works are undertaken (2 mil 183 ha) and it is caused by mechanized works applied to soils and by
diminishing of humus concentration. The fertility of ploughed soils as a result of structure deterioration and
secondary compacting got reduced by 10% that represent annual losses of 18 dollars per hectare and 39,6 mil
dollars per entire surface of agricultural land.
The impoverishing of soil phosphorus resources is a problem of priority for Moldova. Only utilizing of
phosphorus fertilizers can solve it. At present, 785 hectares of land are slightly provided with phosphorus. Given
the lack of phosphorus fertilizers the surface of soils slightly provided with phosphorus keeps increasing. Annual
harvest losses caused by insufficient concentration of phosphorus represent 20%, which amounts to 36 dollars
per hectare and 28 mil 260 thou dollars per entire surface slightly provided with phosphorus.
The humus emaciating is a global process that is difficult actually to stop. During the last 30-40 years, as a result
of intensive agriculture, the concentration of humus in the soils of Moldova decreased by 1,0%. Within the
period of 1960-1965 the Moldova's soils registered a negative balance of humus - about 1,5 t/ha. During 30
years (1960-1990) the soils got 108 t/ha of manure which reduced the speed of mineralization of humus but the
balance remained although negative - 0,3 t/ha annual losses. The last years the volume of organic fertilizers
applied to soils decreased by 4 times and the balance of humus keeps being negative - 1,5 t/ha.
The surface of soils containing low humus concentration (<3,0%) amounts to 37 thou ha. The annual harvest
losses obtained as a result of low humus concentration constitute approximately 10% that is 18 dollars per
hectare or 18 mil 818 thou dollars per entire surface of soils with low humus concentration.
The irrigation is a radical measure to fight dry seasons that often leads to soil degradation. Accordingly to
cadastre data the surface of irrigated land plots is of 306,7 thou ha but irrigation installations from 70% of this
surface during the land reform were demolished and only 85 thou ha of land keep being in possession of.
During the exploitation the iirigated soils are subject to negative alterations: structure deterioration and settiing
of the arable and subjacent layer; high level of salt, potassium; the increase of phreatic water level and their
mineralization etc. The ameliorative state of irrigated land is: good - 256 thou ha or 83%; satisfactory - 40 thou
ha or 13%; unsatisfactory - 13% thou or 4% from the total surface of irrigated soils. The soils in unsatisfactory
ameliorative state are characterized by low fertility on average by 30%, which represents 55 dollars per hectare
or 715 thou dollars per entire degraded land surface.
The integrated analysis of the restrictive factors of the productive capacity of soils of the Republic of Moldova
allows us to draw certain conclusions. The soil quality during 30 years of intensive exploitation got worse; the
surface of eroded soils increased being affected by landslides, human activities, natural calamities, high level of
salt, potassium, irrigation measures, clogging with sediments of low concentration humus etc.; under the impact
of agrotechnique works the deterioration of structure enhanced the compacting of soils; the balance of humus
and nutritive elements became negative as a result of the lack of mineral and organic fertilizers. All this led to a
permanent decreasing of soil fertility and of pedology diversity.
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Actual direct and indirect annual losses caused by the influence of different restrictive factors of the productive
capacity of soils amount to about 342 mil dollars. The sustainable soil utilization requires a permanent control of
negative process and the undertaking of preventive and fighting measures against them.
The main sociopolitical and organizational causes of the degradation of pedological diversity are:
lack of any state policy and strategy on protection, improvement and sustainable utilization of soils;
carrying out of the land reform on the basis of a land cadastre sometimes qualitatively wrong without
undertaking of preventive antierosion measures at the commune level in keeping with the requirements and
conditions created by the reform;
ignorance of landholders regarding the methods of rationale management of private land property under
market conditions;
lack of economic mechanism on protection, improvement and sustainable utilization of soils;
rushed introduction of regulations pertaining to market economy, liberalization of foreign trade without an
equilibrated policy of protection of agricultural domestic producer;
lack of a set of laws regulating the activity of farms on the privatized land plots and the relations between
the landholders and state administrative and control bodies entitled to ensure the observance of the Land
Code provisions.
Under the present conditions of transition from central planning economy to market economy it is possible
within the limits of the state support to integrate the agrarian policy in the framework of national policy of
protection of environment and soil resources formulated on the basis of modem ecological principles. The
strategy of ecological conservation and reconstruction of Moldova's soils should consider the local pedalogical
peculiarities, the factors of soil degradation, the form of property on agricultural land.
The main measures regarding the fighting of soil degradation are divided into the following categories:
Monitoring and Research Activities:
•

Periodical pedological research on qualitative and quantitative evaluation of the soil resources (once 20
years);

•

Ascertainment of degradation processes and perimeters improvement of degraded land;

•

Agrochemical periodical activities on evaluation of the level of soil nutrition (once 10 years);

•

Establishment and implementation of monitoring and qualitative Land Cadastre;

•

Scientific training of all specialists.

General Activities:
•

Reorganization on the basis of recent pedological research results of communes and agricultural farm land;

•

Reviewing of the agricultural and silvan use structures;

•

Restructuring of agricultural and silvan use structure in accordance with the level of degraded process and
the need of ecological balance between natural and anthropical ecological systems;

•

Soil resource management in accordance with the sustainable agricultural requirements.

Antierosion Activities:
•

Antierosion and hydrological organization of the land in accordance with the land restructuring conditions;

•

Establishment of sloping areas;

•

Observance of the antierosion principles on plant cultivation;

•

Water stream extinction and depth erosion control;

•

Silvan artangements and grass growing over the degraded land.

Prevention and Control Activities on Slipping Land:
•

Establishment of the pluvial water evacuation channels;
Establishment of drains;

278

Water-catchment;
Afforestation;
Fencing;
Wall paling etc.
Soil Improvement Activities:
Rehabilitation and improvement of draining activities over an area of 88.3 thousands ha;
Rehabilitation and improvement of draining activities on the current area;
Provision with activities on the improvement of saline soil and reducing of the level of salinization;
Improvement of the soil physical state;
Reconstruction and reserve maintenance of the soil humus through annual fertilization of lOt/ha of cow
dung;
Application of soil vegetal reminders;
Establishment of a positive result on the soil nutritive elements through balanced chemical and natural
fertilization;
Reducing of the level of soil pollution.
Information, Education and Training Activities:
Provide information to all the levels of society about the protection, improvement and sustainable use of
soils, which is highly necessary for human wellbeing, quality of environment and the whole life as such;
Increase awareness to the environmental consumers from urban and rural areas on the protection of the
quality of the environment and preventing soil deterioration;
Provide information, sensitivity and education to people on soil protection, thus stressing their
responsibilities and action opportunities in order to change their mentality and behavior;
Establish access facilities to education programs, guides, experience, information, and training courses at all
levels;
Co-operation of rural and urban population on the development of a national project that would deal with
protection, improvement and sustainable soil use.
Only applying a strong settlement of the statute of economic agents, the control on the degraded soil and
environment states can be provided.
All economic activities should be settled in accordance with the environment protection norms and standards. In
such a case, the contradiction of economic, social and ecological interests is inevitable. Actually, this situation is
worsening due to economic crisis. Therefore, it is necessary to develop the notion of 'The ecological limits of
the territory", which characterizes the limits of environment renovation. This notion should be placed at the basis
of the strategy on degraded soils and other natural resources control. In accordance with the normative on
"ecological limits", new ecological norms are under the development that are to be adopted by law.

Compulsory Requirements:
•

Damage recover for the use of the soil and other natural resources;

•

Responsibility for non-observance of norms on the exploitation of soil and other natural resources (including
the way of penal punishment);

•

Provide ecological expertise on the use of soil and other natural resources by the economic agents.

There are juridical, social, political, economic and institutional premises on protection, improvement and
sustainable use of the soil resources, as follows:
•

Establishment of an adequate legislative, financial and budgetary framework for the development of social
and economic wellbeing of the population, as well as environment and soil resources protection;
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Establishment of a market policy and adequate prices that would ensure financial means for soil cover
protection;
Granting priority to important activities and actions on the protection of environment and soil resources at
the level of all national economic development programs;
Insurance of the necessary means for scientific research and technologic development on land resource
control and finance monitoring on soil quality;
Establishment of unique norms on environment protection and soil and water resources;
Development and observance of preventive measures of various forms of soil degradation and ecological
systems, including technological and financial responsibility;
Practical development of a system that would include political and juridical mechanisms to settle and
stimulate at the national and local levels the prevention and control of soil and natural resources;
Elaboration and implementation of regional development policies (at the district level) that would observe
sustainable use, protection and improvement of the soils in accordance with the social, economic and
cultural situations;
Control activities on soil degradation, developed on the contract basis between the specialists of agriculture
and silvan spheres, owners, government and/or voluntary associations including the provision with financial
and compensation means;
Establishment of economic and fiscal measures on reducing or exoneration of land taxes and provision with
low rate credits and an excuse period;
Establishment of priorities to organizations, which develop activities on soil protection and improvement;
Provision with restrictive settlements regarding the use of chemicals and potential agricultural experience on
environment pollution;
Development of planning materials, such as plans of summarizing and organizing the land and silvan
arrangements, and sustainable agricultural development plans within the firamework of agricultural
exploitation, etc.;
Granting value to the land plots and marketing of the products related to the land quality;
Recover the management costs of natural resources at the national level;
Adequate use of human activities and soil potentiality and limits at the regional level;
Establishment of landscape arrangement rules that take into account ecological equilibrium where the
protection, improvement and sustainable utilization of soil are prioritized;
Development and maintenance of agricultural and silvan activities and insurance of the long term viability,
equilibrium and social and economic stability;
Structuring of landscape so as to stimulate natural biological processes, soil purifying and revitalizing, and
decreasing of the level of soil pollution;
Development and promotion of research within the pilot-projects in order to establish new agricultural
systems that would observe natural equilibrium and soil capacity of each soil climatic zone and landscape
system;
Compatibility of traditional experience and modem technology regarding sustainable use of the soil;
Application of the principle of responsibility to land owners and public administrative bodies in order to
determine and apply measures of protection, improvement and sustainable use of the soil;
Establishment of adequate infirastructure for training, education and dissemination to enable local people to
learn how to prevent and control degrading process and to protect and use the soil;
Establishment of monitoring in order to determine evaluative soil degrading processes, development of
prognosis and co-operation with decision making factors on development of urgent activities to prevent and
control soil degradation.
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To implement measures regarding protection, improvement and sustainable use of the soil it is necessary to
develop an institutional structure, where the economical and political mechanisms of settlement and stimulation
of activities would be practically fulfilled at the local, national and international levels.
At present, the responsibility for soil cover maintenance in Moldova is distributed among few ministries and
agencies. This fact does not entirely allow an efficient administration of the land fund exploitation and
protection.
The main activities on the improvement of institutional structure in the sphere of protection, improvement and
sustainable use of the soil are the following:
•

Establishment of an unique system of administration, control, settlement and land resource protection at the
republic, district and commune levels;

•

Establishment of a monitoring service and land cadastre;

•

Application of the principle of responsibility to the land owners and public administrative bodies to protect,
improve and use of the soil;

•

Development of politics that would insure sustainable development of the society, protection of natural
resources and prevention of the soil degradation and pollution.

The main legislative activity should be the issuing of the law on protection, improvement and sustainable soil
use and of the law on state control that would observe the land legislation, soil use and protection.
The strategies and programs on sustainable development of the Republic of Moldova and soil resources
maintenance could be practically implemented within the framework of soil arrangements through surveys, plans
and projects that would insure the current and future economic, social and ecological development of the
landscape.
The general and special programs on maintenance of soil variety in Moldova are not developed yet. In 1998, the
National Agency of Cadastre, Land Resources and Geodesy, Planning Institution of Land Arrangements and
Institute of Pedological, Agrochemical and Hydrological Research "N. Dimo" provided requirements on the
development of a "Complex Program of utilization of the new land plots and increasing of the soil fertility". The
activities on the above-mentioned program have started.
Practical implementation of the measures on protection, improvement and sustainable soil utilization should be a
long-term activity. Besides, it requires strong investments provided by the Government, land users, international
organizations that deal with the environment protection and development of human society.
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STATE OF SOIL COVER IN THE REPUBLIC OF MOLDOVA:
SITUATION BETWEEN CRISIS AND CATASTROPHE
Elena BFVOL, Vice-president, Non-Governmental Organization Bios, PC. Box 9931, 98/1 laloveni str. #68,
2070 Chisinau, Republic of Moldavia, elena@bios.moldova.su

The soil cover of any country depends much on the structure of its economy. The economy of the Republic of
Moldova relies to a great extent on agriculture, while its population draws most of its income and means for
sustenance from the land, other sources of income being very unreliable in the country due to the deep economic
crisis of the country.
Although all types of soil degradation exist in Moldova in abundance, soil erosion is among the most significant
ones, followed closely by landslides, pollution, compaction, salinizaton, exhaustion of nutrients, waterlogging,
etc. However, it is extremely difficult to present an exact and clear picture of all the listed degradations due to
the lack of data in some aspects and the inaccuracy of data in others. The mutual exacerbation of some
degradation indices may also be a reason for the difficulty.
In order to describe the state of soil cover, statistical data or data of research performed by institutions in charge
of soil monitoring or other similar task would be used. However, referring to the Republic of Moldova,
whenever data are used on the quality of soils or soil degradation, the image obtained is better than the reality.
The official or research data referring to soil cover state although very somber, are too optimistic. For
illustration soil pollution may be employed.
Fifty percent of the population lives in the rural space. This population due to the backward state of the country
and due to transition side effects is very bad off. Most Moldovan villages are characterized by high soil and
water pollution (no special places for garbage) through disposal of waste into small rivers and alongside roads,
improper storage of agricultural chemicals (often in the open), which run off into rivers and lakes, bad quality of
underground water, high density of domestic cattle (a family of 6 to 7 persons living on a space of 600 sq.
meters often keeps on that space a cow and a calf, 2 pigs, 5-6 sheep, around 60-70 hens, 15-18 geese and duck,
several turkeys). This high concentration of living beings on a small space in combination with the lack of
sanitation facilities, lack of control over the use of chemicals in agriculture conducts to levels of soil pollution
unknown to any of the authorities concerned with the issue.
The figures of the Institute of Land Planning and other state authorities in respect to soil pollution are inexact to
say the least. "I was allotted a smaller plot of land at privatization because the land planning authorities maps
show a high fertility of the land I own. However my land formerly planted with vineyards is so poisoned with
chemicals that nothings grows on it any longer and I have no use for it whatsoever", said Mr. Gheorghe Voronet,
private farmer, 45 years old, father of 5 children from Tomai village, Leova district in an interview taken within
a research performed by World Bank in several villages of Moldova.
Other degradation factors are also difficult to assess from statistics or research performed earlier. Of late almost
no research is performed at all due to the lack of funds in the state budget for state funded institutions and lack of
abilities of such institutions to look for funds elsewhere.
Thus, the data stating that 740,000 hectares, or almost half of the arable land was eroded, of them 410,000 being
eroded to a medium and high degree in 1993, may be underestimating the amount of eroded surfaces, since the
old methodology used for research might have overlooked some of the eroded surfaces and since erosion might
have progressed further since 1993.
Data of the Institute of Soil Science showing that soil compaction is registered on 60 to 65 percent of the arable
land prior to harvesting and 98 percent after harvesting due to use of heavy agricultural machinery might be
more or less accurate, since compaction is mainly a consequence of using heavy agricultural equipment
purchased earlier for collective and state farms. However, it has deteriorated beyond any repair no spare parts are
available to it and most of it, even if operational is useless since the privatization of land has led to a big
fragmentation of land, the plots being unsuitable for the use of such machinery as was purchased by former
collective farms. In addition, the equipment for crop collection (harvest) has a normative loss index of 15%, the
actual losses of grain combines being up to 35%, thus its use is avoided whenever possible. Thus, very little
additional compaction may have occurred.
If the adequate measures will not be developed and implemented, the situation will aggravate more: the
productivity of agriculture and husbandry will decrease further. In this case the poverty of population will
increase and the people will look only for the ways of survival and nobody will care about soils. Moreover, due
to the fact that the legislation in Moldova is often neglected, the population will plow any plot of land, which
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currently is in protected areas for growing the farm crops and will cut the trees for fuel. As a result the main
degradation factors, such as water erosion and landslides will accelerate, the biodiversity suffering most of all in
the process. Wind erosion will damage bigger surfaces of land each year, the desertification becoming not only a
form of soil degradation but also a matter of nation's survival.
The fact is very important that the Parliament and the Government of the Republic of Moldova, being aware of
the danger posed by soil condition, are undertaking efforts to secure at least the legal and policy framework for
soil protection. In our opinion, the legal framework is acceptable for the time being. The main law, which is the
Land Code of the Republic of Moldova of December 25, 1991 provides for protection of various types of land:
1) for agricultural production;
2) land within the built up areas of localities;
3) land for industry, transportation, telecommunication and other special usage;
4) land for nature protection, health protection, entertainment, historical-cultural spaces and suburban and green
zones;
5) forest land;
6) water fund land;
7reserve land.
The Law on Natural Resources of February 6, 1997 and the Law on Secondary Material Resources of March 26,
1996 regulate the use of land for exploitation of resources like minerals, forests, biological resources, including
fauna and the fishes, the air (for technology purposes) (Article 21 Chapter 6 of the Law on Natural Resources),
as well as waste of ferrous and non-ferrous metals, paper waste, rubber waste, building materials waste and
wood waste (Annex to the Law on Secondary Material Resources). There is a specific law regulating the land in
private property of farmers or land rented from landowners, the Law on Peasant's (Farmer's) Farm of January 3,
1992. This law has provisions specific for the agricultural land and it is complementary to the Land Code. It
specifies the responsibility of the farmer for the state of his/her land and the land and water resources adjacent to
it.
Another very important law is the Law on State Regulation of the Land Property Regime, State Land Cadastre
and Land Monitoring of December 12, 1992. It regulates problems dealing with the use of land plots,
maintenance of the land cadastre, quality of land, control of the land utilization. The institutional authorities
responsible for performing these works are: the National Agency for Cadastre, Land Resources and Geodesy at the national level and the regional and local services for regulating the land property regime which report to
mayor's offices - at the local level. There are a number of other laws having provision for soil conservation and
soil protection.
In this respect, it is only desirable that the legislation in Moldova pays more attention to the financial and fiscal
ways of promoting or demoting certain activities. Unfortunately, the main economic factor, used by our current
legislation is fines. There also some provisions in the law for environmental protection requiring the polluter to
restore the condition of the land. But this is an unenforceable provision usually, since in some parts of the
country, the fertility of land has not been evaluated for 20 years. In cases when the land has a new owner, he/she
cannot be held responsible for the exhaustion or pollution of the land admitted by his/her predecessors.
Since the legislation is new and since many of the local or central public administrators do not know it very
well, the only entity that is supporting the conservation activity in the rural area is the Ministry for
Environmental Protection and the State Ecological Inspection, which are governmental agencies, the latter
having local units as well as a number of ecological NGOs, which do not have very good legal knowledge, and
deal mainly with specific emergencies, like the mass logging of trees in the rural space by the local population
for fuel over the last few years, when the income of the population dropped significantly due to transition
difficulties.
National policies in soil protection also exist and were described in a number of documents, such as the National
Strategic Plan of Actions in the Area of Environmental Protection of 1995 and the Program documents of each
new government. Unfortunately, since we are having a new government each year, while some years boast two
governments, the policies scheduled for four or five years never get implemented, documents being modified
with each new government according to its political coloring. The current government has an ecological party in
the majority coalition, so it is favorable to soil protection. However, it lasted only several months and on
November 9, 1999 the Parliament voted for its resignation. Thus, a new government will be formed soon, the
policy of which might be different in the area of environmental protection in general and soil protection in
particular.
Although the Parliament of Moldova, the Government as a whole and the Ministry of Agriculture and Food
Processing Industry undertake annual actions for the improvement of the situation in agriculture, the effect of
these measures is usually very small due to their "emergency" nature. Such actions are usually some kind of
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subsidy, either in the form of small amounts of money for spring or autumn works, or in the form of loans
guaranteed by the state, or donations for those affected by natural calamities, which include landslides, floods,
severe draughts, etc.
An example is the Regulation on the Distribution and Mode of Utilization of the Funds for the Support of the
Agricultural Sector, adopted by the Parliament in early February, 1999, which allotted an amount of 75 million
lei (about US$8 million) for the agricultural works. This aid of the state to the farmers was distributed upon
submission of an individual application to many farmers of Moldova who were the first to apply and the most
insistent (each farmer of the fortunate ones receiving the amount of 150 Moldovan lei (about US$17) for
purchase of fuel, seeds, fertilizers, chemicals for spring agricultural works.
The action was absolutely necessary for the agriculture of Moldova, since otherwise a lot of fields might have
been left unattended or the spring works might be delayed and the yields of the year diminished. To be
underlined, though, that the amount being very small it was by far not enough for the needs of most small
farmers. On the other hand, the action was not sustainable since it poses no criteria and no requirements for
receiving the support of the state. Everybody could theoretically get the aid (although not even a half of the
farmers got it) and use it for buying a certain amount of seeds or fuel or anything else needed for the spring
agricultural works.
In our view, in principle, such aid should be provided only to farmers who apply land protection measures and it
should be denied to those who do not. In this way, the situation may be avoided, when the landslides processes
affected most of the villages of Moldova in early 1999 as a result of forest and protection belts logging and
deforestation of big surfaces over the previous years in combination with abundant precipitation of the winter
and spring.
Another type of support to the farmers adopted by the state almost every year is the forgiveness of loans to
kolhozes and farmers' associations formed on the basis of old kolkhozes. Earlier the state banks were providing
to these agricultural structures big loans for performing agricultural works through spring and summer with a
view of their reimbursing the loans in late autumn after the collection of the harvest. However, due to low yields
in some of the years or draughts in other years and lack of fuel to collect all the yield in still other years, or
through an unfortunate combination of all these factors, these loans accumulated and formed very big amounts in
some of the cases and their fair estimation now seems impossible due to the fluctuation of the national currency
rate through the years.
The Ministry of Agriculture as well as the trade unions advocate for writing off all loans (an amount of 70
million lei of the loans were already written off) guaranteed by the state and accumulated in agriculture (in the
total amount of about 360 million lei), since some of the agricultural companies which took the loans no longer
exist and some have changed their members. It is estimated that kolhozes and inter-farm companies have large
amounts in debt (on the average 2.6 million lei per company). They are followed by Joint Stock Companies and
state owned agricultural companies (an average of over 2.1 million lei per company) and cooperatives (1.5
million lei per company).
This practice is very harmful for the development of agriculture, since it promotes the delay in payment of loans
and makes for a very careful approach of banks in supplying loans to farmers. As a result, good farm managers
have no access to loans and, therefore, work on a very small scale, while bad managers continue with the
harmful practices of making more debts wherever possible and counting on additional support from the state and
on the forgiveness of new debts.
Taxation is also a very good instrument for promoting rural development and sound farming practices and it is
our belief that it is not always used adequately by the Government and the Parliament of Moldova. The farmers
and the members of fanning corporations pay the land tax, the tax on profit in the amount of 20 or 32 percent
depending on the income and a fee in the Social Fund calculated according to the surface of land in ownership.
According to the data of the Fiscal Inspectorate, the individual farmers pay the taxes on time and in cash, usually
in the amount of 100 percent, while the agricultural corporations (either former kolhozes or farmers' associations
created on their basis or the state cooperatives) are paying the taxes less than 37 percent of the amount due in
taxes and they usually pay it in kind, partially at will and partially being coerced into paying through campaigns
initiated by the state, such as the annual campaign for the purchase of grain).
The agricultural sector bears a smaller fiscal load than industry. The tax rate in the non-agricultural sector is 39
percent of the calculated GDP, while the respective figure for the agricultural sector is only 18 percent. If we
add to the above figures the contributions to the Social Fund, the tax load for the non-agricultural sector is 61
percent, while for the agricultural sector it is just 23 percent. However, these tax reductions are applied
uniformly for all the subjects operating in the agricultural sector, while a certain differentiation could benefit and
promote the improvement of the agricultural practices and rural environment.
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A specific benefit, but also problem for Moldova is the privatization of land, that is still on-going and affecting
most of the aspects of the life in the rural areas of the country. According to the Law on Privatization of July 4,
1991, Article 14, the privatization of land became possible for the first time after over 40 years of public
property over the land. The process is difficult because of the resistance on the part of former kolhoz managers,
who are currently members or chairmen of privatization commissions and because of the lack of available
agricultural technique for individual farmers. As of October 1996 11.2 percent of the peasants privatized their
land, as of October 1997 another 16.1 percent joined them, the respective figures for January 1998, April 1998
and July 1998 being 17.0; 19.2 and 21.9 respectively. As of January 1, 1998_82 percent (2.2 million hectares) of
the agricultural land was private property.
The privatization procedure being imperfect and the general economic situation of the country - very difficult,
there are a lot of obstacles in the way of sustainable development in agriculture with the implementation of the
soil protection actions provided for in the above-mentioned laws. Despite a number of efforts, the state has not
found the right strategy to promote sustainable development in the rural sector and is still searching for adequate
solutions to its many problems.
The individual farmers having problems in finding seeds, chemicals, having no agricultural technique and no
transportation facilities to deliver their production to markets, no sales experience, as well as a lot of other
problems dealing with the lack of the necessary infrastructure in villages, lack of services for repair of technique
and lack of consulting services, bear losses and get disappointed in their work. The fact that many of them are
aware of the problems dealing with soil degradation was confirmed by a World Bank study performed in 1996 in
several villages of Moldova with the aim of determining the most acute social problems of villages. For example,
the study performed in Slobozia Mare village, Vulcanesti district showed among other problems like ft-equent
disconnection of electricity, lack of medical services, such problems as lack of potable water, lack of a sewage
system, need for anti-erosion actions, restoration of forest belts, restoration of the ecological balance in the
adjacent nature reserve "Prutul-de-Jos", conservation of the pesticide waste, etc.
However, an unofficial research of NGO Bios among the farmers in Moldova found a high degree of farming
illiteracy even among agronomists, most of the latter being unable to say what contour plowing is, where erosion
and landslides potential is higher and what are the actions to reduce these processes, etc. This illiteracy goes far
up in the agricultural services staff and central authorities. Recently, a high official irom the Ministry of
Agriculture was demanding that actions were taken against the farmers that do not work their land (these actions
are being undertaken according to Land Code). However, over the last years there are good harvests of most of
the crops, while there no markets enough to accomodate the whole of the production, or the farmers do not have
the transportation to deliver the products to the markets or factories, thus much of the crops is lost. In such
circumstances, the fact that some farmers leave the land to rest is not such a bad thing and if the Ministry of
Agriculture will take the position to punish such farmers, there will be even more crops lost and less good land
left.
The scientific work in soil protection is exceedingly important, however, no country may afford now to perform
research for research' sake. The research now should look for solutions to the most acute problems of soils. In
addition, since the revolution in communications made possible a wide access to international information and
provided many opportunities for cooperation between the researchers of different countries, duplication of
research by groups of researchers from different countries should be avoided, since there is too much work to do
in soil research for people to find the same solutions over and over again. The Conference of Soil Researchers of
Moldova funded by USIA/IREX and organized by NGO Bios in September 1999 within the Soil Campaign for
Moldova implemented by Bios for already four years, showed that state-funded research institutions perform
almost no research at all due to the lack of funds and inability of adaptation to work by projects and by
participation in international contests for funds. Many of the representatives of such institutions had no idea of
the latest development in the international soil science and are still operating with old Soviet time models and
theories. Some of the researchers, when provoked by the farmers (invited to the Conference in the attempt to
achieve some level of cooperation between researchers and farmers which was unheard of earlier) with their
needs for easily understandable recommendations on soil protection and with their difficulty in using most
methodical guidelines prepared by the research institutions at the order of the Ministry of Agriculture, said that
they cannot lower themselves to a low level of knowledge of the farmers and somebody else should do the work
of translating the research into accessible guidelines. However, this position is unacceptable in our viewpoint,
since it narrows the scope of the soil science and allows for great losses due to unreasonable use of knowledge.
However, the usefulness of the Conference was that researchers could share various views and could see during
a demonstration tour the practical research and implementation works performed by Bios in the village of
Cretoaia along with training events for the local population.
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The hard work of the farmers in the field brings almost no revenues due to the lack of knowledge in rural
population about sustainable territory planning, tillage, crop rotation, fertilizers, plant protection, irrigation. As a
result, their crops are either destroyed by pests or are very low through soil exhaustion or draught, or are of low
quality through planting in the wrong places or using wrong varieties. Representative examples of this situation
were some cases in Cajba village, Glodeni district, in which a farmer planted on his whole plot winter wheat in
the spring, several farmers planted sunflower after sunflower, etc.
Unfortunately, most of the technical schools and even universities preparing specialists for the countryside
(agronomists, engineers, vets, etc.) do not give them the knowledge needed for specific conditions of Moldova,
but only general information derived from old training programs adopted formerly for the whole of the Soviet
Union, which makes these people almost useless as resource persons for training of the general village
population in environmental protection, sustainable agriculture, modem farming practices, management of a
farm, etc.
A very important factor during the time of transition is the mass lack of elementary soil protection knowledge.
This was not so very important during the kolkhoz times, when the chief agronomist of the kolkhoz was taking
all the major decisions about the land. Now, during and after the privatization of land, farmers take these
decisions themselves. The study performed by Bios members in 1996 has shown that there are several categories
of newly emerged class of farmers: 1. Farmers who were former agronomists, collective farm managers,
brigade leaders, etc., who have the necessary knowledge about the land and crops. 2. Farmers, who worked
formerly in the collective farms and who have rudimentary knowledge. 3. Farmers, who never worked on the
land before and inherited the land from relatives or leased it, knowing practically nothing about land. Only the
first category, which is rather small, is prepared to work the land in a more or less scientific manner. The rest of
the farmers do it by trial and error, which is a very dangerous approach, taking into account the degradation
already incurred to soils.
A solution here would be the creation of free consulting centers for farmers, the establishment of a strict control
over the use of land, other types of initial assistance to farmers, who have to deal with a lot of difficulties,
including lack of knowledge, lack of agricultural equipment, lack of services for purchase and sale in agriculture,
the problem of crops theft and damage by other people, lack of negotiation skills. Such assistance might enable
them to help each other and do things together.
Training should be a mandatory component during the first several years of transition to private farming through
on-site seminars, workshops, distribution of training materials, mass media. In time, the market economy will
help with the solution of some of the above problems through land redistribution by land purchase and sale, land
lease. Now, however, the control should be enforced over the use of land by newly emerged farmers. Also,
other degrading factors should be curbed as soon as possible.
The international cooperation in the area of soil protection is essential for the country now during the stage of
transition, when the adoption is possible of the best practices tested in the West in the soil protection. It requires
the implementation of the main mass of knowledge for the decision-makers, farmers and other concerned parties
with the investment needed for planning, zoning and other works pertaining to the initial phase of transition. In
addition, training methodology in soil protection for different categories of population developed in other
countries could be adapted for conditions of Moldova and employed in a wide campaign. Partnerships with
foreign farmers or organizations disseminating such knowledge among the population could also benefit our
country and achieve good results. The adherence of the country to an eventual Soil Convention might be a
powerful instrument for improving the soil condition.
Regional cooperation is also important due to the common load of problems carried by countries having access
to the same river, sea, natural reserve, etc. We believe that NGOs here have also a very good potential as
opposed to public authorities. The latter while sometimes able to devise very good policies with the aid of
international consultants or projects, have no means and no staff suitable to implement them, the value of the
policies decreasing in time through moral aging. However, it is important that the bilateral or multilateral
agreements on soil protection along borders and transboundary lands be in place for defining the framework for
any future actions by public agencies or NGOs. Another example of NGO Bios cooperation in this respect is a
project developed along with the Bucuresti Institute for Soil Research from Romania, which define a common
problem for both countries, i.e. the lack of models for decision making in the small farm management and
provides for the development of such models. If the project is funded by the Romanian Government as hoped,
the resulting models will be of great use for the small farmers of both countries.
The belief is that a possibility exists even in these difficult times for the country to make a very necessary turn
towards sustainable development in the rural area through a well-chosen set of activities comprising research,
implementation and training activities. NGO Bios performed an attempt at starting this turn through the
implementation of several projects aimed at finding out the real condition of soils in three rural localities.

286

designing tailor-made solutions for each of them based on the research data and providing training to the local
population in sustainable agriculture and sustainable development.
Thus, within the Soil Research Project implemented by three Bios members and funded by RSS Scheme the soils
of Butesti, Cigirleni and Tartaul-de-Salcie villages was studied as to their fertility, erosion potential, contents of
nutrients, pesticides, etc., with the aim of developing a soil loss model applicable for the conditions of Moldova.
Another project funded by the Dutch Foundations Novib and Cordaid (formerly Bilance) comprised: A. Limited
research activities in soil protection, determination of soil humidity, contents of nitrates, nitrification capacity,
mobile forms of phosphorous and potassium in soil, development of the agro-chemical essay; development of
the agro-chemical map and recommendations for soil effective fertility stabilization and increase; determination
of need for organic and mineral nutrients for soil, effective fertility stabilization and increase; development of a
program for biologic diversity conservation and recommendations for fitting up the protection zones of the lakes;
development of the project for territory planning with a system of protection actions (agro-technical, phytoameliorative, hydro-technical); development of biologic plant protection actions; use of biological pest
protection methods, biological diversity protection, B. implementation of practical activities for soil condition
improvement and environmental protection, such as sanitary cleaning and repair of forest belts, planting of forest
belts, planting of trees and bushes on land affected by landslides, change of roads inclination in order to control
the superficial water flow, transfer of arable land into pasture, implementation of soil conservation technologies,
building of dams, channels, implementation of the anti-erosion crop rotation, strip cropping, use of buffer zones,
inter-row grass planting in vineyards and orchards, planting of grass around artesian wells, planting of poplars
along the diversion channel close to the village, cleaning of one lake and partial use of mud for eroded soils
amelioration, pests monitoring and catching in vineyards and orchards using biologic methods of plant
protection, implementation of an integrated system for plant protection and C. Training activities including
workshops with demonstration of the actions implemented, development of a color brochure for dissemination of
said actions effectiveness, issue of soil protection bulletin, etc. The project was implemented in the village of
Cretoaia which has very complicated relief conditions, the soils being degraded by landslides, erosion,
waterlogging to a great extent.
The nearest plans of Bios include further Soil Campaign activities comprising a national contest of older school
age children in soil protection knowledge with focus on research of traditional soil protection methods employed
by people prior to collective farms formation in Moldova, very accessible color brochures for farmers, officials,
children, involvement of various mass media in training in soil protection, etc. The research and implementation
works will continue. The works will be performed in close cooperation with farmers, local authorities, the
Ministry of Agriculture and the Ministry of Environment, other NGOs, research institutions concerned with soil
conservation and environmental protection, individual researchers, teachers, specialists in different related areas.
The combination of research, implementation and training performed locally by NGOs, research institutes,
governmental agencies, individuals, might make a good difference in the condition of soils if implemented in a
consistent way in each of the villages of the country and in some urban localities dealing with agricultural works
or cattle. This approach is true also for other countries with similar low levels of knowledge in soil protection.
Among the priorities for the country the following should be mentioned:
Training and change of mentality. Much degradation is done not through ill will but through ignorance. The
training should be performed in a way close to the land users, mainly through practical demonstration and
involving farmers who adapted sustainable agriculture practices on their plots and achieved good results. For
example, the attitude towards training performed by Bios in Cretoaia initially was that it was time lost and one
should politely attend and patiently wait for it to end. Now, people of the village come up to the respective Bios
specialists and ask questions, visit the Bios office when they need to make changes in their plans and call
firequently to inquire about crop rotation opportunities, certain specifics about tillage, dealing with other
problems. Similarly, when Bios members initially suggested contour farming and strip cropping and planting
grass between vineyard and orchard rows, the answer was short: no funds, no time. Now, after two years of
work and training and official and private conversations with local authorities and farmers and specialists, the
decision was taken to implement all the cheap soil protection actions and to plan for more in the following
years. The change of mentality of the village population is a very significant achievement which while being
intangible and not immediately visible, lays a good basis for further work and is a necessary preliminary
condition of any work for transition to sustainability in agriculture.
Economic development of the countryside. Alternative income generating occupations should be promoted in
the rural areas with a view of lessening the pressure on land currently applied in the Moldovan villages through
intensive crop growth and numerous cattle. Ecologically pure and sustainable occupations should be devised
depending on local traditions, availability of raw materials, markets. NGOs and the respective ministries could
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assist in the process, since the current share of agriculture in the GDP is assumed to be much greater than the
24% for 1990 due to a decrease of industrial activity.
National clear-cut policies in the area of soil protection promoting soil conservation actions and demoting
degradation of any type. The strategies and guidelines devised by our government over the last two decades
made no practical difference in the condition of soils, because they although quite well-intentioned bear no
connection with the reality and show no indication on where the funds will be found for their realization. In
addition, there is no open competition for the implementation of such programs, which lead to their being
implemented with very little efficiency by traditional institutes, in which the most forward idea is that kolhozes
should not have been destroyed and the soil degradation occurred mainly through land privatization.
The improvement of soil condition in any country, including Moldova, is possible only with joint efforts of all
stake-holders and all concerned parties, which should be convinced of soil conservation benefits for each of
them. The task is for us to define in which way and through what means this should be done.
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Among physical resources, land is central in importance. By land we mean not only physical space but also the
characteristics that govern the uses to which land can be put. Mongolia occupies an area of 156441.6 thousand
hectare and by its territory has take eightieth place in the world. About 65 hectare land occupies per person, of
which 56 hectare land belong to agricultural land and it occupies first place at the world average/li. Mongolia
having a distinguish feature by comparatively large territory than other countries in the world, and has a real
possibility to develop on itself.
But we can not deny a real possibility, the provision is of food industry except meat products are faint so
consumed products are imported. Thus, the main reason is that territory use is not satisfactory and natural
conditions are severe and degraded. About 80 percent of total area have using for livestock by pasture land.
Climate conditions are sharply differentiated, dry and vegetable period is short. About 90 percent of total area
involved poor moisture /arid/zone and which of 42.0 percent is in Gobi-desert area. 121
At the last years, soil was ruined considerably and has descended its fertility and was deteriorated capability of
biological produce. These negative processes are relevant to manmade and natural activities. Particularly, total
area are mountainous, relief intensity is short and allocation of precipitation is not regular, so it would be a soil
erosion and desertification from its such of vegetation cover is sparse soil is shallow and light. About 78.8
percent of total area has eroded, including which of 14.01 percent is by water erosion, 58.6 percent is by water
and wind erosion, 5.1 percent is of wind erosion. (Figure 1). The main reason is depending from such as a
ruining by water erosion which is 80 percent of total amount precipitation corresponding only in 7.8.9 months by
this water reaches natural streams, the streams erode more quickly because they are forced to carry substantially
more than their natural flows. Once this type of stream bank erosion begins it normally continues for many years
until the streams are widened and deepened to several times their original size. Also, when the pasture land crop
is 260 kg per year it could not make weak force of average streams and it effects to form a "Line erosion in gully
form.
Especially in spring time, when the vegetative cover of rangeland becomes to be bare, its accompanied with dry
period of soil and air inflowing by an accident of soil deterioration by the wind.
At present, about 5.1 percent of total area of Mongolia have slight sand cover and have involved within
rangeland degradation countries in "The World Atlas of desertification" (1997).
In 1986, O.Chogni has been wrote that about 30 percent of rangeland of Mongolia was deteriorated and also
some scientists are sincerely believe that according to the very past years, about 8.6 million hectare lands were
came to severe change in total vegetative surface. Its out of the degraded lands of caused by water and wind
erosion. In below, we have shown eroded land by water "line" erosion for example in Bayangol sum of Selenge
aimag.(Figure 2)
Large area of rangeland in Mongolia has eroded in such of dry channelsand gullies.
According to the M.N.Zaslavski /1987/ and I.S.Kaurichev /1982/ methodology, the erodibility of soil erosion is
determined by the length 0£ gullies or dry channels in 1 km^. By this methodology, for slight water erosion the
length of the gullies, less than 0.25km in 1.0 km^, for moderate 0.25-0.5 km in 1.0 km^, for severe erosion 0.50.75 km, and for very severe erosion more than 0.75km. By rough estimation, 2.0km length gullies in 1.0 km^
showing that erodibility of water erosion is very severe in Mongolia.
In frame of Mongolia, frequency between the dzut (the loss of livestock in the desert during dry and cold years)
and drought is has became nearly and by the results of a lot of snowstorm and storm days are showing that they
impact to the rangeland degradation.
Between 1960-1990 in Mongolia agriculture has developed rapidly and satisfied all needs of potato, vegetable
and also has exported some of them. In Mongolia only 1.3% of land resources suitable for agriculture. But last
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ten years vegetative industry was felt down and has been satisfied 60-70% of total crop needs by import. By the
fallings of the agriculture industry crop descendent of vegetable is relevant to soil erosion.
At the peak period of agriculture, total area of all arable land was 1.3 million ha. At present, it has deteriorated
46.6% of agricultural land, including 58.9% for slight, 28.2% for moderate, 12.9% for severe. And has observed
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that it is conserved agricultural land. Main reason what agricultural soil deterioration in such form is, first of all
the technology of produce and industries, and at second, soil genesis and characteristics. From the start period of
agriculture development, under the main objectives and function to accumulate the moisture , struggle with
weed, use the soil fertilities we have used the 50% fallow system. Thus, in which time agricultural land has
good vegetative cover in 90-120 days and in other times will be bare. Specially in March, April, May when the
agricultural land does not have an\ vegetative cover and it coincided with the dry period of air and soil, which
are depending into the soil erosion.
However, agricultural land occupies no more percent in Land resources , it has great ecological and economical
value. When the arable land was in natural form, it had neutrilizable value into the Natural system.
But unfortunately, caused by soil erosion of agricultural land is joining a real accident into the hearth of territory.
According to the results of Organization of Land Use Policy Institute research, about 1349.5 thousand hectare
area had been used for agriculture, also 328 thousand ha area was suitable for agriculture in land resource. But
quantity of total abondóned lands are still not identified.
Table 1. Classification of soil fertility of agricultural land
Qualitative
classification of soil
l.good
2.moderate
S.lessmoderate
4. slight
Total

Thousand hectare

119.6
666.0
486.0
90.9
1362.5

Percentage

.

9.1
50.7
37.0
3.2
100.0

According to this, 90% of agricultural soil has moderate and slight quality. At the last ten years. Land Resource
and management Division of Geo Ecology Institute certainly has researched agricultural soil.
Table 2. Genesis classification of agricultural soil
Soil types and
subtypes
Darkchesnut
Chesnut
Meadowchesnut
Meadow alluvial
Total

Thousand hectare

Percentage

141.5
1015.9
38.9
.10.1

n.8
84.2
3.2
0.8

1206.4

100.0

According to this table, water and nutrient substance regime within comparatively good condition of dark
chesnut and meadow chesnut soils are occupying only 15 percent and steppe chesnut soil occupies 80 percent.
The soil texture is a very valuable factor into a vegetative growth in natural features of Mongolia.
Between the natural features of Mongolia, one of the limiting factor is a moisture deficiency of soil. In such
condition, about 88.4% of agricultural land is slight, including 37 % is sand and loamy sand composition. In this
table we have shown soil texture research results of agricultural land.
Table 3. Classification of soil texture of agricultural land
Types of soil texture

thousand ha

percentage

l.Sand
2.Loamvsand
3.Loam
4.Silt
2-SiltClay

11.0
437.0
618.7
132.1
7.6

0.9
36.2
5.3
11.0
0.6

Total

1206.4

100.0
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The humus content is a one of the main features of the soil fertility which is strongly relating from soil texture.
The chesnut soil occupies 84% of agricultural land of Mongolia and we have shown in Table 04 how its humus
content is depending from soil texture.
Table 4. Correlation between humus content and soil texture
Soil texture
1. .Sand
2.Loamvsand
3.Loam
4. Silt
5. Siltclay

number of
samples
14
109
388
97
5

humus content
1.86
2.07
2.63
3.86
4.01

compared
percentage
100.0
111.3
141.4
207.5
215.6

According to this table, soil humus content of the sandy soil is two times more than the heavy soil. The role of
humus in soil fertility and biological activity seems like to mitochondria in the cell. In other, the humus is a
center of the soil power. The main soil types of Mongolia are have low humus, slight texture and they can be the
accident of soil erosion because of no ability to carry out those pressures (5).
In below table, you can see the change of soil fertility of agricultural land of Mongolia.
Table 5. The soil erosion and change of humus content
Soil erodibility

1. Abondoneand
not eroded area
2.Slighteroded
area
3. Moderate eroded
area
4. Severe

Number of
samples

Average
percentage of
humus content

Decreasing
percentage of
comparing with
abandonment

388

2.64

342

2.50

7.2

195

2.08

21.3

88

1.60

39.4

Concerning to this table, the soil humus content of not eroded area was 2.64 percent, then 2.50 percent in slight
eroded area, 2.08 percent in moderate, 1.6 percent for severe, which are noticing that there have more loss of soil
fei4ility. Because of descending humus content of soil and loss of soil fertility, its texture have resolved its role
in the environment and have became to real accident of disturbing charge.
In below, we have shown, because of soil erosion how much physical clay losing , in example of loam chesnut.
About 51.3 percent of total agricultural land, which are involved in this research have loam mechanical
composition.
Table 6. The change of into the texture caused by soil erosion
Soil erodibility

1. Abandonment or
not eroded area
2. Slight eroded
3. Moderate
eroded
4. Severe eroded

Number of
samples

Average
percentage of
physical clay

decrease
percentage of
comparing with
abandonment

347

24.56

393
70

23.07
21.96

6.07
11.7

9

17.8

27.5

Comparing with abandonment soil, the content of physical clay of the eroded loam chesnut, had decreased by
6.07 percent, 11.7 percent for moderate eroded and 27.5 percent for severe eroded area.
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In the last 40 years, which we have used land for agriculture, it has blown about 93.3 tonn dust from each hectare
of slight eroded area, 888.0 tonn dust from each hectare of moderate eroded area and 1299.0 tonn dust from each
hectare of severe eroded area. And also it obvious that with this plenty of dust had blown a lot of fertility
substances of soil.
At this table we have shown how much decreasing the wheat crop caused by soil erosion.
Table 7. An impact of soil erosion in the wheat crop
Soil erodibility
The crop yields of not
eroded area
The crop yields of
Slight eroded area
The crop yields of
moderate eroded area
The crop yields of
Severe eroded area

Crop yields /100 kg per
Hectare/

crop yields
by percentage

14.7
12.9

12.2

10.2

30.6

5.0

66.0

By this rough estimation, in frame of the country, we had lost a real possibility to collect about 200 thousand
tonn crop . This loss of crop is equalent to 30-40 percent of total collective crop of the country.
According to the result of last three years research of Geo Ecology Institute, about 426.9 thousand hectare land
was abandoned, of which 308.3 thousand hectare has being a possibility to re-use. Remained 118 thousand
hectare area mainly do not have any soil surface.
Also among the total abandonment area, about 46.5 thousand hectare or 10.9 percent of total abandonment area
has need to improve by the special technology.
In the feature of our country, the abandonment of agricultural mainly relevant to soil erosion , but the correlation
between total area and moderate and severe eroded area is very high. (r=0.80)
Concerning to this, soil erosion is the main reason of the abandonment of agricultural land.. In the natural feature
before using for agriculture the soil have itself own vegetative cover, which from this often have had
accumulated fertility substance into the soil.
But now it stand exposed that the negative results of the land using which caused by people were stopped by
force its accumulation of soil fertility substances . It has increased that to get free from the total agricultural land
because of poor level of soil fertility and land ruining by soil erosion.
Territory of Mongolia~generally sensible and have a very slight ability to carry its load and side by side the
technology utilization does not satisfied its requirements to increase the land profit and preserve.
Especially, in the last 40 years it had obviously increased the land degradation and soil erosion because of
changing the traditional mode of land using which had been used only for pastoral rangeland.
There are making a lot of work in the frame of the government, non government, scientific, industrial and at
different level to struggle with those negative processes and preserve the land.
The constitution of Mongolia (1992) have determined that "to protect nature and environment, properly use
natural resources and to take measurements of rehabitation" . Also, approved and guaranteed the right and
freedom of citizens of Mongolia that" have the rights to live in healthy safety condition and to protect
environmental pollution and loosing the ecological balance".
In the development conception of Mongolia (1996); the conception of national safety condition of Mongolia
(1994) and is the State policy about ecology (1997) the state policy to protect and properly use the land which is
the basic elements of ecology have been determined.
Especially, approval and passing of the Land Law (1994); Law of land fees (1997) and Law of specially
protected area have built the platform of legal and economical renovation in land relations.
Issues related with social requirements to completely and efficiently use and protect the land are regulated by
about 10 state laws. This expression of that the land relations pr9blem had its own place in the state policy. A
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whole world assumes that protecting the land by taking under special protection is a classic method.
Our country took 11.6 percent of the land foundation under special protection and created a network of specially
protected area as of 1998. Furthermore, it has a purpose to increase a current size of specially protected area to
30 percent of land resource. Mongolia has united in the Convention of UN to complete against drought and
desertification in 1996 and had the "Program to complete against desertification" approved by government. The
event of entitling the individuals and business to own lands during 60 years according to the land law have
created the situation to relate and to protect land with intimate thinking They have created the legal flindament of
spending the collected amount in land protection activity which was collected from rental of the land.
Scientific Organizations are making a number of activities in the direction of developing and strengthening the
land use technology and protecting the soil from erosion. Within the range 6f these activities, they have prepared
the map with scales of 1: 100000-1: 200000 for soil and plants cover of grass land and have determined the
capacity by administrative unit. Also mapped the deterioration of grass land. There are number of research and
analysis materials and documents have collected in the direction of developing the protection activity based on
the studying the soil erosion in crop land and determining the influenced factors. Technologies of protecting the
land from erosion like lowering the number of cultivation , plowing in stripe of land and cultivating the land by
stitching are introduced to agriculture during the last period. Also, activity to determine the basic land value by
giving the economic and ecological evaluation to land is starting . But results of scientific research work and the
most articles of laws and resolutions will not be implemented each time.
The soil erosion and the decay becomes covering a wide range of area and the danger of desertification is facing.
In order to protect land from erosion and desertification, we have an opinion to develop the international
cooperation and take measurements in following directions:
1. Develop the methodology of research and analysis work for land and its soil layer and plantation,
renew lab equipment.
2. Make a research work and mapping of the erosion of grass land and develop the completing
technology.
3. To develop the technology to recreate soil and plantation layer of left to fallow after soil erosion and
create a possibility to use again those lands.
4. To have a fund of multi aged plants seeds with the purpose to protect soil from erosion , to develop
up to date technology to grow up perennial grass on the land with erosion.
5. To develop the method of giving the ecological and economical evaluation to land and determining
the basic land value.
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Soil protection law exists in Poland for many years. Firstly, the rule concerning utilisation of the best soils for
agricultural purposes and the poorest soils for non-agricultural purposes, was formulated. It is the, so called,
protection of physical surfaces of soils. Utilisation of soils for non-agricultural purposes requires the acceptance
of the state administration. Detailed legal regulations are contained in the Act on protection of arable and forest
land (1995). Protection of soils was also considered in other legal acts, first of all in acts concerning
environmental protection, natural protection, consolidation of lands and physical planning.
Besides protection of the physical surface of soils, legal regulations also concern degradation of chemical
properties of soils, deformation of water regime, erosion processes, degradation of biological and physical
properties of soils. Therefore, thematic range covered by protection of soils is very wide. This results in wide
range of scientific and educational issues.
INVESTIGATIONS OF DEGRADATION AND PROTECTION OF SOIL
Such investigations are performed by research institutions, which mostly deal with: soil science, environmental
protection, forestry, hydrology, biology, agro-physics and methods of soil cultivation. These institutions operates
within universities, research institutes of the Polish Academy of Science, institutes which are subordinated to the
Ministry of Agriculture and the Ministry of Environment. It has been estimated that in 1999 about 200 scientific
institutions in Poland performed investigations concerning the environment, including 140 universities and 60
units located within the Polish Academy of Science and at research institutes outside the Academy. Soils became
an independent or auxiliary subject of investigations in about 50 units. However, the number of units which plan
to perform investigations concerning protection of soils as an independent topic of investigations, does not
exceed 10.
Investigations concerning soils science and protection of soils are inspired and performed also by social bodies,
such as scientific associations, for example The Polish Society of Soil Science and by Regional Scientific
Associations. At some universities institutes of soil science operate under the names of "soil science and
protection of soils" or of the "soil environment". In 1999 24 units (institute or similar units) were active in
Poland which performed investigations related to soil science. Particular attention should be paid to activities
performed by the Institute of Agrophysics in Lublin and the Institute of Soil Science in Pulawy.
The following sources of inspiration of topics and financing of investigations occur in scientific and research
works:
I. Individual initiatives of particular scientists and groups of researchers. They results in the widest range of
topics. The main source of financing are grants from the State Committee for Scientific Research (KBN). Every
researcher, independently from age or scientific title, is eligible to submit an application concerning financing of
projects. The State Comminee for Scientific Research spends about 15% of its annual budget for this kind of
projects. About 30% of applications are positively considered and are financed out of these funds. The period of
investigations should not exceed 3 years. Amounts assigned to a topic ranges from 2500 USD, for one-year
project performed by young researchers to 50-70,000 USD for big, three year projects.
In 1998 KBN qualified 25 projects for financing, which main or auxiliary tasks were related to degradation and
protection of soils. These projects covered the following issues: (since only one year is covered by the list below,
it is representative at the limited level.
1. Industrial pollution and degradation of chemical properties of soils, e.g. influence of industrial pollution on
transformations and properties of organic matter in soils, biological activity of soils contaminated by
kerosene and its derivatives, influence of flood sediments on properties of agricultural soils,
2.

Erosion, e.g. water erosion of soils on slopes of diversified land use types, influence of water erosion on
diversification of chemical composition of soils,

3.

Monitoring of soils, e.g. investigations of physical and chemical properties of soils as an element of
monitoring of natural environment, standard soil profiles as the bases for monitoring of soils.
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4.

Heavy metals in soils, e.g. influence of industrial emission on pollution of soils, cultivated plants and water
by heavy metals, methods of mobilisation of heavy metals in soils polluted by emission from copper plants,

5.

Degradation of forest soils, e.g. degradation and re-gradation of soils under the influence of forest
management within mountainous areas,

6.

Pollution of soils along roads and motorways, e.g. investigation of influence of motorways and automotive
pollution on selected components of the environment,

7.

Methods of re-cultivation, utilisation of sediments from sewage treatment plants and other solid waste for
the needs of soil fertilisation,

8.

Methods of management of soils, legal aspects of protection of soils, e.g. conditions, principles and results
of protection of agricultural lands in Poland and in European Union countries, complex methods of natural
valorisation of lands for the needs of management of rural areas, creation of new strategies of development
of legally protected lands as a tool for improving the quality of life of local societies.

Since the success factor of grant applications submitted to KBN equals to approximately 0.3, it may be assumed
that in 1998 about 80 groups of researchers attempted to commence projects related to investigations of
degradation and protection of soils. However, information, which could support the statement whether the
groups which were not financed by KBN, initiated efforts to get financing from other sources and conducted
investigations, does not exist.
II. Permanent (and statutory) investigations performed by research institutes. Each research unit should have
permanent sources of financing, which would allow to continue investigations specified in its statute. They are
usually annual donations from the state budget. It has been assumed in the state scientific policy that these funds
more than three times exceed funds which are planned for individual projects (grants). At the moment this
document was prepared, there is no the complete data, which would allow to state what (and how many) topics
related to protection of soils were planned by soil science and related units, as the basic and multi-year projects.
Such data will be presented during the conference.
III. Research projects inspired by the Minister of Agriculture, the Minister of Environment and by the regional
administration. About 10% of the general volume of budget of KBN is devoted for financing of scientific
research required for intellectual support of activities performed by ministries and the regional administration.
After evaluation and selection, the list of such projects is announced by the State Committee for Scientific
Research and research institutes may participate in an open contest for implementation of investigations. Among
others, the following topics were financed this way during last years:
An information system on marginal soils in Poland (soils of low agricultural usefulness).
Selection and methods of cultivation of non-consumable plants within contaminated areas.
Methods of cultivation of willows on soils irrigated by municipal sewage.
New methods of management of solid waste materials.
An information system on polluted soils in industrial regions (design of the system).
They are 3-4 year investigations, which involve bigger research teams.
rV. Mines, steelworks, power plants and other big industrial plants responsible for degradation of the
environment, including degradation of soils. They finance investigations of the current state (inventory), of
chemical, physical and biological properties within zones of impacts of plants, as well as plans of activities,
which are to improve the situation. It is difficult to estimate the number of topics and volume of funds in this
group.
V. Budgetary means used for the environmental monitoring. The following projects were, among others,
financed out of these funds: methodology of investigations of chemical properties of contaminated soils,
diagnosis of the state of properties of soils in selected regions. Soils are not the priority element in funds utilised
for the environmental monitoring. They are located at remote locations, after water, air and vegetation.
During last years, the Polish Society of Soil Science and the Polish Academy of Science organised dedicated
conferences on degradation and protection of soils. However, we do not have the complete record of research
topics in this field. An example of such a list is presented below:
1.

Interpretation of legal regulations and analysis of losses of arable lands used for the needs of housing, mines
and other investments,

2.

Development of ecological methods of land consolidation which allow to preserve soils and ecological
values of consolidated areas.
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3.
4.

Development of methods of investigations and inventory of chemical pollution of soils in particular caused
by heavy metals,
Investigations of salinity of soils along roads and salinity of soils within areas of cities,

5.

Investigations of biological and chemical pollution caused by utilisation of high doses of mineral fertilisers
and liquid manure,

6.

Investigations of pollution of soils caused by utilisation of solid waste from mines, dumping sites and
sediments from sewage treatment plants,

7.

Investigations of pollution of soils within areas irrigated by municipal sewage,

8.

Investigations of chemical pollution of soils within the vicinities of large industrial plants,

9.

Investigations of acidification of soils caused by acid rainfalls and mineral fertilisers,

10. Investigations of degradation of soils micro-flora caused by chemical and physical factors,
11. Degradation of physical properties of soils, in particular of soils compaction, resulting from utilisation of
heavy agricultural machinery,
12. Investigations of degradation of hydrological properties of soils resulting from over drying caused by poor
quality of water melioration works,
13. Investigation of levels of hazard by water erosion and investigations of results of erosion,
14. Investigations of impacts of flood on changes of properties of soils within river valleys,
15. Methods of utilisation of aerial and satellite images and GIS technology for inventory and evaluation of soil
degradation,
16. Methods of re-cultivation (rehabilitation) of degraded soils and of methods of improvement of the worst
soils,
17. Estimation of impacts of large open mines on decrease of properties of soils within surrounding areas,
18. Investigations of types and ranges of degradation of soils within military grounds,
19. Preparation of the strategy of protection of soils for the entire country,
20. Methodology of utilisation of information systems on soils, for the needs of development of physical
management plans and plans of management of protected areas,
21. Methodology of consideration of soil information for evaluation of impact of investment to the environment.
The range of problems is wide and it covers the most important issues related to degradation and protection of
soils; on the other hand, these topics have been mainly developed by researchers and scientific institutions, with
lower participation of representatives of the state administration. The initiative of the state administration may be
observed now, in relation to development of the strategy of protection of soils; it is possible that it will reach the
same status and gain funds for investigations, as the strategy of protection of water, air and vegetation.
PROTECTION OF PHYSICAL SURFACE OF AGRICULTURAL LANDS
The size of agricultural lands is calculated every year basing on data from the cadastre of lands. As for
December 31,1998 the size of agricultural lands in Poland equalled to 18.4
million hectares. This results in
0.48ha per inhabitant. Within the last 20 years, the size of agricultural lands decreased by 2.4 million hectares
and the factor per one inhabitant decreased from 0.86 hectare to 0.48 hectare.
The size of areas, which are excluded from agricultural production, is published every year in the Statistic
Yearbook and in special thematic publications "Environmental protection". During the decade 1985-1995,
between 6,500 and 7,500 hectares of arable lands were used every year for non-agricultural purposes. The
majority of such lands were used by housing and mining. Analysis of losses of areas covered for non-agricultural
purposes points, that though the best soils are specially protected, areas of very good soil quality are decreasing,
which is not proportional to their percentage in the overall area of arable lands.
This results from the fact that cities are usually located on good soils or close to good soils and new investments
are located close to existing cities. Such investments result in losses of physical surface of arable lands; they also
negatively influence on surrounding areas. Investigations and analysis of such processes warn and point to
negative trends. This results in probably lower disadvantages caused by pressing on arable lands around big
cities, than it could have happened if authorities were not equipped with such data and did not realise results of
such pressing. This issue will be discussed later, when the educational problems are discussed.
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EDUCATION
According to functional approach the following questions may be formulated: who is learned in soil science and
protection of soils? What profession will she/he perform after studies? Basing on information concerning the
future profession, conclusions may be drawn about the scope and contents of education in the field of soil
science and protection of soils.
Answering these questions may be supported by the statement that the profession of "soil scientist" does not
exist on the official list of professions, which are performed in Poland. So, where several hundreds of individuals
who consider themselves to be soil scientists and who act in the field of soil science, should be placed?
Some of them work in the field of education and scientific research, so formally they are teachers or researchers
in soil science. A special educational path should exist for candidates who intend to work within this group; it
should cover the entire knowledge concerning soils: physics, chemistry and biology of soils, genesis, systematics
and cartography of soils, management of soils and modem research tools e.g. remote sensing, and GIS. Such
complete educational path does not exist in Poland. A faculty of soil science does not exist at any university.
Fortunately, specialisation "soil science" for students of geography and biology exists at two universities (in
Torun and Lublin). Students may decide to study this specialisation during the S'"* year of studies. Curriculum
consists of 255 hours of lectures, 510 hours of laboratory, practical sessions and seminars and the diploma; it
allows to educate soil scientist with the good knowledge. However, graduates are better prepared to perform
laboratory tests concerning physical and chemical properties of soils than to perform cartographic tasks (30
hours at soil cartography) and protection of soils (only 30 hours at soil protection and soil monitoring). Though
the number of students is limited, development of this specialisation should be considered as success of soil
scientists in Torun and Lublin.
A large group of soil scientists who operate in education and research completed university studies in
agriculture, forestry, geography, biology, geology, surveying; they developed their knowledge of soil sciences
themselves, by self-educating and performance of investigations. A few soil scientists from the group of
"education and investigations: decided to be fully devoted to protection and management of soils.
The second largest group of soil scientists operates in inventory and cartography of soils. The majority of
works are performed for the cadastre of lands.
The cadastre of lands in Poland contains information on size and owners of parcels and on types of land use
and soils. Two levels of information on soils exist in the cadastre: more complete information is included in
documentation, which is created when soil maps at the scale of 1:5000 (or larger scales) are produced and
simplified information is included on cadastral maps and in the record of lands.
More complete information on soils is included in description of contours on the soil maps (genetic types and
sub-types of soils, texture of soils and layout of layers in soil profiles) and in description of profiles (basic
morphological features, pH, carbonates, hydrological conditions, description of the environment).
Simplified information presented on cadastral maps contains soil classes according to their quality (8 classes).
Preparation of soil maps for the needs of cadastre was called "soil classification", such maps were called
"classification maps" and soil scientists who produced such maps were called "soil classifiers". A classification
map must be produced according to formal procedures, which exist in the state administration. When the
procedure is completed, the map becomes a legal document and it may be used for the needs of validation of
soils, calculation of taxes, expropriation, validation of damages caused by degradation of soils.
Although soil maps for the needs of cadastre have been already produced for the entire country, classifiers are
still needed to update the classification maps and to provide thematic works basing on classification maps. Since
the classification map is a legal document, it may be produced by a soil scientist who is authorised by the
Minister of Agriculture (The Minister of Agriculture is responsible for the cadastre within agricultural areas).
Soil scientists who perform classification are officials of state offices, which perform cadastral measurements
and land consolidation works. The general knowledge concerning soils, which they developed during studies
(agriculture, forestry, geography, surveying) had to be amended during training sessions organised by the
Ministry of Agriculture.
PROTECTION AND RE-CULTIVATION OF SOILS
Protection and re-cultivation (rehabilitation) of soils have administrative and technical aspects. The
administrative aspect is considered when the consent of the state administration is required concerning
utilisation of agricultural lands for non-agricultural or non-forest purposes. Changes of utilisation of lands results
mostly from development of investments. 2 stages occur within the process of investment: 1. Specification of
building conditions and management of lands to be used for investments, 2. Issuing building permits.
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Building conditions and management of lands are specified basing on the physical management plans. The
physical management plan is a document, which is approved by the City Council by voting. Therefore
investments may be located on areas which are planned for these purposes in physical management plans. Thus,
during the stage of development of the plan, soil conditions, soil value and usefulness for agricultural production,
creation of green areas, protective zones etc., are considered in common with other elements. In general, areas
planned for investments should be located on soils of low value. The value of soils is specified basing on
classification maps and specific local conditions. In some zones, which are planned for housing, e.g. around
areas of high landscape values, the plan may specify the maximum permissible size of biologically active areas,
e.g. not less than 70% of a parcel must be biologically active.
During this stage (development of a physical management plan of a location) soil protection is one of factors,
which is not always considered as the most important one, which is opposed to demands of housing,
development of road networks, big shopping centres, big stores etc. Arguments, which are presented by
advocates of protection of soils and economic utilisation of soils for the needs of investments, even in the case of
poor soils, are not always considered. Rapid development of market economy in the 90-ties proved the weakness
of ecology in its fight with the capital and demands for creation of new places of work. Thousands of hectares of
good soils were purchased from farmers and they were used for big shopping centres, parking places, offices,
warehouses, producrion plants.
Decisions concerning new utilisation of lands in physical management plans were made by gminas (communes)
which are independent entities. Communes are interested in attracting investors who may create new job
possibilities and decrease unemployment. Therefore, discussions concerning new utilisation of lands are often
supported by social arguments. Owners readily sold arable lands, since the low profitability of agricultural
production, even the low price of one hectare resulted in much higher profits than in the case of agricultural
production.
Therefore, during development of physical management plans, protection of soils is formally considered, but it is
not the main and deciding factor.
During the second stage, when building conditions and management of parcels planned for investments have
been settled by the local administration, the consent to exclude lands from agricultural or forest production is
required from the state administration. This is regulated by the act on protection of agricultural and forest lands.
In the case when such exclusion relates to soils of low quality, this decision is made almost automatically and the
costs of lost value of agricultural production are not imposed on investors. If soils of good quality are excluded,
the value of lost agricultural production is calculated and the costs, which will be imposed on investors in the
future, are specified.
Approval of change from agricultural to non- agricultural land use is the administrative decision. It is made by
the president of the district (powiat) administration and it is prepared by the inspector who is responsible for
protection of soils within this administration.
What should the professional background of such an inspector be? Should his knowledge be limited to soil
science only or should it also cover environmental protection, urban development and ecology? In practice,
specialists in various professional background (agriculture/soil science, environmental protection, geography) as
well as with various post-graduate diplomas operate in this group.
The technical aspect of protection of soils is mainly related to re-cultivation of degraded areas. Re-cultivation
and management of re-cultivated areas requires initial analysis and inventory of lands (maps of substrate,
chemical and water properties of soils, terrain relief), development of concepts and design of re-cultivation,
implementation of successive stages of the design and investigation of results. Diversification of reasons of
degradation of soils and results of re-cuUivation are the reason that designs of re-cultivation and complex,
ecological and engineering projects. Therefore they require the participation of various specialists. So the
leading role is played by a specialist, who knows the soil.
Re-cultivated areas are mostly forested at present, but projects, which restored such areas for the needs of
agricultural production, may also be mentioned. Location of housing within re-cultivated areas happens very
seldom.
INFORMATION ON DEGRADED AND RE-CULTIVATED SOILS
In the future it should be a sub-system of the general information system on soils. At present, we do not have
such a sub-system or the general information system on soils. Similarly to all EU and the Central European
countries, the Geographical Soil Database at the scale of 1:1000000 have been developed for Poland. Any of
more than 20 attributes, which are recorded in this database, is not directly related to degradation and protection
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of soils. Some attributes may be used for modelling of erosion hazards, resistance of soils to degradation. Such
attempts were undertaken and the erosion hazard model has been developed within the MARS project.
The State Geological Institute has developed and published the atlas of content of metals in soils. 21 maps
produced at the scale of 1:2500 000 present the content of metals, basing on samples systematically taken from
the upper layers of soils. The image of spatial variations of metal content in soils is the synthesis of influence of
geological heritage, industrial activity, agricultural works and periodical ecological disasters.
A concept of regional soil information systems which will correspond to maps at the scale of 1:250 000, which
has been recently developed, contains attributes which are directly related to degradation and protection of soils.
Besides, this scale enables to overlay thematic layers (as sources and ranges of the air pollution) collected from
various systems, with the accuracy which is sufficient for the needs of analysis of soil cover.
In the case of industrial areas, maps of content of various elements, as well as analytical data, exist for selected
fragments of lands. They may become an important source of data for the information system on polluted and
devastated soils. The initiative to develop such a system has been recently presented by the Minister of
Environment. The system will combine the current technological possibilities of GIS, data from the
environmental monitoring, other existing analytical data and data which will be additionally collected for the
needs of this system.
Many statistical data concerning soils, which are excluded every year from agricultural production and on recultivated areas already exist. These data are not geo-coded. Its only location is the administrative unit. This data
may be also supplied to the information system on devastated and re-cultivated areas, after completion of geocoding.
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SOIL DEGRADATION IN ROMANIA
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I. MUNTEANU, M. DUMÏTRÜ, C. CIOBANU, S. DUMITRÜ aad M. LUNGU, Research Institute for Soil
Science and Agrochemistry, Bucuresti, Romania.

1. INTRODUCTION
Romania is medium-size country (23.84-10* hectares), located in the south-eastern part of Europe. Its relief is
varied. It consists of flood plains, plains, piedmonts, hills, and mountains. The maps of major land forms,
regional slopes, and hypsometry point out that the hilly and mountainous lands respectively sloping and steep
lands with local relief intensity higher than 200 m occupy 51.9%, while the level and the ondulating lands (<
8% slopes) represent 48.1% (Munteanu et all., 1998),
The area of arable lands represents more than 39 per cent of Romania's territory, including more than 95 per cent
of the potentially arable use as compared to 44 per cent all over the world.. Therefore, Romania is one of the
countries where the resources of increasing the arable area are practically exhausted. Although the arable area per
inhabitant gradually decreased in the last
70 years, from 0.707 hectares in 1930 to 0.41 hectares, practically,
similar to that of Europe (0.40 hectares per inhabitant), but greater than that of the whole world (0.30 hectares
per inhabitant).
During 1989-1997 the forest area knew an apparent increase, with more than 100,000 hectares, by including the
pasture with forestry vegetation and some degraded lands which are going to be afforested. In fact, important
areas of forest have been illegally deforested, without complying with the forestry regulations and thus giving
free way to soil erosion on the bare slope lands and sandy soils. The 28 per cent of forests (26.36 per cent under
forestry regime) ranks Romania the 11* in Europe. But the territorial distribution of forests is not uniform: almost
10 per cent in the plain area, about 30 per cent in the hilly area and about 50 per cent in the mountainous area.
Besides the agricultural and forestry aspects, it is worth pointing out the surface area increase of derelict lands
(over 100,000 hectares) buildings and yards (over 95,000 hectares), water courses and lakes (over 45,000
hectares), roads and railways (over 25,000 hectares).
2. SOIL RESOURCES IN ROMANIA
As a result of climate conditions, geology, hydro-geology, relief, and vegetation Romania has a large variety of
soils. Indeed, 21 (out of 28) of the major soil groups of FAO/UNESCO Legend and 31 (out of 35) suborders of
USDA Soil Taxonomy are represented here (Munteanu, 1994). Romanian territory is a real museum of soils (Fig.
1). The soil cover is mostly represented by Chernozems, Kastanozems, Phaeozems, Greyzems - 27.30%,
Luvisols, Podzoluvisols, and Planosols - 26.08%, and Cambisols - 19.94%. Other major soil units are: Podzols
and Andosols - 6.14%; Gleysols and Histosols - 4.09%; Vertisols - 1.63%; Undeveloped soils (Leptosols,
Arenosols) - 14.78%.
Table 1. Distribution of the aaxicultural and non-agricultural lands of Romania at the end of 1997

1. Agricultural land,
of which:
arable
pasture
meadow
vineyard and vine nursery
orchard and fruit tree nursery
2. Non-agricultural land,
of which:
forests and other land with forestry vegetation
rivers and lakes
roads and railways
buildings and yards
derelict lands

Total Romania's territory:
23,839,071 hectares
14,793,989

% of the Romania's total area
100.00
62.06

9,341,349
3,409,807
1,490,834
286,314
265.685
9,045,082

39.19
14.31
6.25
1.20
1.11
37.94

6,688,527
886,001
397,155
626.198
447.201

28.06
3.72
1.66
2.62
1.88
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At the present, in Romania, 62.06% of the soils are predominantly used for agriculture, 28.06% for forest, and
less than 10% for other uses (Table 1).
In the last years, between 1989 and 1997, the area of agricultural land decreased with more than 300,000
hectares, and the area of arable land with more than 700,000 hectares. The areas of vineyards and orchards also
decreased. At the same time, increasing of the areas of pastures, meadows, and particularly those of abandoned
agricultural land have been recorded.
The average quality of soil resources used in agriculture is medium - 48 points (on a 100 points scale). According
to the land capability classification (5 classes) for agricultural purposes (Table 2) only 27.5 per cent of
agricultural land and 39.4 per cent of arable land are in the best classes, the 1*' and the 2"'' classes, respectively. A
high percentage (35%), including 4''^ and 5''' classes, respectively, is represented by the marginal arable lands.
From a total of 4.9 million hectares, less than 1 million hectares of pasture and meadows belong to the good and
medium classes and the rest (about 4 million hectares) are of low and very low quality.
Table 2. Capability classes of agricultural lands in Romania (December 31, 1997)

Capability class

Agricultural lands
14,794,989(100%)

Points

class

significance

of which:
%

100 - 80
80-60
60-40
40-20

I
II
III
IV
V

Very good
Good
Medium
Low
Very low

2.8
24.7
20.8
24.4
27.3

<20

Arable lands
9,341,279
(100%)

Pasture and eadows
4,900,641 (100%)

3.8
35.9
25.3
18.4

1.1
4.5
12.2

16.6

35.8
46.4

Vineyard
sand
rchards
551,999
(100%)

0.3
15.0
21.3
24.5
38.9

3. TYPES OF SOIL DEGRADATION
The agricultural soils in Romania are affected by a series of natural and human induced degradation processes.
The main limitative factors are presented in Table 3.
3.1. Frequent drought and periodical moisture excess
Among the most important natural limitative factors for agricultural use are frequent drought (7.1 million
hectares) and periodical moisture excess (3.8 million hectares) (Table 3). To control the drought about
3.2
million hectares were provided with irrigation schemes. However, these irrigation schemes are so degraded that
in 1998 only 10 per cent of this area was watered. We have a similar situation with the drainage schemes which
are mostly out of order due to the wrong application of the Land Law nr. 18/1990.
Aridification is a new soil degradation process in Romania, limited to the areas with lowering of ground water
table for agricultural purpose (e.g. soil drainage). In this country, aridification is a controversial subject. Due to
the fact that the effect of climate change upon soil is unknown, there are opinions that it may be more extensive
than one accepts today (Munteanu et all., 1998).
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Table 3 Main limitative factors of agricultural soil productive capacity in Romania (according to Rauta, 1998)
Factors
requent drought
of which equipped with irrigation schemes
Aridification
Periodical soil moisture excess
of which equipped with drainage systems
Water soil erosion
Wind erosion
Landslides
Excessive stoniness of soil surface
Silting and clogging
Soil compaction due to irrational tillage (plough pan)
Primary soil compaction
Soil sealing and crusting
Low-extremely low humus content
Strong and moderate acidity
High alkalinity
Low and very low mobile phosphorus content
Low mobile potassium content
Low nitrogen content
Micro-nutrient deficiency (especially Zn)
Soil disturbance by various excavations
Land covering with solid wastes
Soil chemical pollution
of which:
— excessive pollution
- pollution with oil and brine
- polution with air-borne substances

Agricultural area
n•10^ ha

Arable area
n•10^ ha

7,100
3,211
362
3,781
3,196
6,300
378
702
300
950
6,500

2,100
273

2,300
8,620
3,437
222
6,258
781
5,088

52
6,500
2,060
2,300
5,313
1,878
134
3,327
312
3,041
1,500

15
18
900
200
20
147

11

oo

82

3.2. Erosion
Water soil erosion on 6.3 million hectares and landslides on 0.7 million hectares are mostly induced by human
activities. The mean annual soil losses are about 20 t/ha, while the soil regeneration capacity does not exceed 2-6
t/ha (Motoc, 1982). By its extension and socio-economic impact water erosion (sheet erosion) is the most
important kind of soil degradation in Romania. It is worth mentioning that with every land reform made in this
century (and there have been at least four) the soil erosion got a new impulse. Although in the last four decades
some erosion control works have been made over about 2.2 million hectares, the deficient application of the
ownership restitution law (18/1990 - the parcels were oriented across the erosion control works terraces) in many
regions these works have been destroyed and the situation became even worse than it was before. In the last years
this problem was almost completely ignored.
Water erosion is present mainly in the hilly and table regions with general lithology consisting of loess and
loesslike (or other slightly layered) deposits and soils of Chemozem-like types. As concerns the intensity, the
light and medium degree predominate (Fig. 3).
Wind erosion has been recorded on sandy and loamy soils. This process is underestimated. No measurements
have been done yet on loamy or sandy loamy soils from the steppe and forest
steppe zones of the south and south-eastern part of the country with long dry periods in summer-fall and often
with snow-less winters.
Gullies and landslides or terrain deformation are less extensive than sheet erosion but have a high intensity. They
are favoured by layered and/or clayey deposits (Fig. 2).
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Soil erosion map of Romania (Fig. 3) shows that on a surface of over 15 million hectares up to 10 per cent of this
area is affected by erosion, while on almost 0.5 million hectares between 51 and 100 per cent of this area is
affected by erosion.
3.3. Physical degradation
The most important kinds of physical degradation of soils in Romania are soil compaction and soil sealing and
crusting (Table 3).
Soil compaction is due to the weight and/or frequent use of machinery and is recorded mainly on clayey loamy,
loamy, sandy loamy, and silty soils of dry and sub-humid regions. An important contributing factor is tillage at
unsuitable soil moisture content.
Soil sealing and crusting occurs mainly on silty and loamy soils, with low organic matter content, destroyed top
soil structure and poor soil cover allowing a maximum "splash" of raindrops (Fig. 2).
Other types of physical degradation are of minor interest. Lowering of the soil surface (subsidence) and human
induced waterlogging occur on small areas in recently drained and embanked agricultural polders and is due to
soil settling and mineralisation of peat.
3. 4. Chemical degradation (degradation of sou fertility)
Degradation of soil fertility is recorded through increasing of areas with acid soils and soils with low and very
low humus, nitrogen, phosphorus, and potassium content. In Table 4 dynamics of soil fertility during 1978-1997
is presented.
The surface of acid soils used in agriculture increased with 90 per cent and that of soils with low and very low
nitrogen, phosphorus, and potassium content increased with 89 per cent, 42 per cent, and 69 per cent,
respectively.
The main cause of this situation is the drastic decrease of fertiliser use. So, the yields are obtained by a "mining"
agricultural system, that is the soils are loosing the plant nutrients without any concern for restoring them. The
consumption of mineral fertilisers in Romania in the last decade decreased almost four times and that of organic
fertilisers - three times (Fig. 4).
Table 4. Dynamics of main agricultural soil fertility parameters during 1978-1997
Parameter

Area (million ha) at the end of years
1978
1992

1997

Low and very low humus content

-

7.11

8.62

Strong and moderate acidity

L81

3.26

3.44

Low and very low mobile phosphorus content

4.40

6.16

6.26

Low mobile potassium content

0.46

0.66

0.78

Low nitrogen content

2.67

4.76

5.09
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3. 5. Soil chemical pollution
The research carried out several years in Romania has had in view monitoring a series of polluting elements and
substances (Table 3). The most important industrial pollution types are: a) pollution with heavy metals in the
areas with non-ferrous metallurgical industry (Copsa Mica, Baia Mare, Zlatna) or with chemical industry (Valea
Calugareasca, Tumu Magurele); b) pollution with fluorine in the areas with chemical industry for phosphorus
fertilisers (Valea Caluigareasca, Navodari) or electrolytic aluminium refining (Slatina); c) pollution with airborne
emissions (SO2, SO, NO^, cinder) from metallurgical and chemical plants and from thermo-electric power plants
and d) pollution with oil and brine caused by eruption, accidents with extraction and transportation, as well as by
accidental leakage from the final products transportation pipes.
In the mining regions, especially surface mining ones, the soil is degraded on small areas. The largest degraded
surface was recori.. J within the Oltenia surface mining region, where 14,890 hectares, of which 12,208 hectares
agricultural land and 2,682 hectares forest, have been disturbed, and only 1,002 hectares, of which 552 hectares
agricultural land and 450 hectares forest, have been reclaimed (Dumitru et all., 1999).
Soil pollution due to application of intensive agricultural technologies was generated by pesticides, mainly
organo-chlorines (HCH and DDT), and by nitrates, as a result of an over-fertilizartion with nitrogen mineral
fertilizers and organic fertilizers. Due to the depletion of mineral fertilizers consumption in our agricultural areas,
pollution with nitrates was recorded on small areas, only in vegetable growing soils (Lacatusu et all., 1999).
The use of HCH and DDT in our agriculture was forbidden in 1985. However, their long persistence in soil has
determined their detection in agricultural soils (Figure 2) and especially in vegetable growing soils, where this
types of insecticides are sometimes used.
The main chemical pollution sources are presented in Fig. 5.
The main limitative factors of forest soils are: shallow soil profile and very small useful soil volume (600,000
hectares); periodical soil moisture excess (600,000 hectares); soil chemical pollution (300,000 hectares), of
which severe pollution on 50,(K)0 hectares; and frequent drought (200,000 hectares), of which severe drought on
50,000 hectares.
3. 6. Causes of soil degradation
Table 5 summarises the causes that are at the origin of soil degradation in Romania, and also their extent and
occurrence. The classification was adapted from Global Assessment of Soil Degradation (GLASOD), 1992.

4. AGRICULTURAL AND ENVIRONMENTAL PROBLEMS RELATED TO SOIL DEGRADATION
Natural and anthropic degradation of soil generates some negative effects upon agricultural production and
environment. Thus, losses from topsoil determine a high loss of organic material (humus) and a drastic depletion
of nutrients. As average soil loss of 20 t/ha/year for a soil with a medium content of organic matter (2%),
nitrogen (0.2%), phosphorus (0.1% P2O5), and potassium (1% K2O), a loss of 400 kg humus, 40 kg N, 20 kg
P2O5, and 200 kg K2O per hectare was estimated. Naturally, these losses induce a significant drop of yield, which
can reach 50 per cent or more of a normal yield.
Negative effects on soil and yield also cause another type of degradation, as physical and chemical degradation.
On the areas polluted with heavy metals high contents of these chemical elements were recorded in vegetables,
fruits, pasture and meadow plants. Within the area affected by the emissions from the metallurgical factory in
Copsa Mica, the contents of Cd, Pb, and Zn in pasture plants are 8.0, 3.9, and 8.8, respectively, times higher than
the normal content (Lacatusu et all., 1993).
In all the areas polluted with heavy metals (Copsa Mica, Baia Mare, Zlatna) numerous cases of animals
intoxication with heavy metals have been recorded (e.g. saturnism, marasmus consecutive to toxico-defficient
syndrome, toxic abortion, gastro-enterites) (Lacatusu et all., 1996, 1997).

R

O M

A

N

I

A

Fip.5.MAP OF MAIN CHEMICAL POLLUTION SOURCES
L E G E
•^

/SatuMcre

N D

1. Heavy metals (Pb,Cd, CU/Zn )
2. a) Sulfur; b) NO^ ;NH3 ; c) Cl
3. Oil contamination
4. Fluorine
5. Spoils: a-spoil banks from surface mining;
b-spoils from roughing flotation;
c-fly ash; d-phosphogypsum
ó.Hallogenoted persistant compounds(OCIT,HCH
7. Manure-waste water and urban wastes
8.a)nitrates; b)phosphates; c)soluble salts
9. Dusts

higti

pollution

moderate pollution
I

I weak

I

I partioly afecfed
area of pollutant

20

0

pollution

20 Wkm

Research Institute for Soil Science and
Agrochemistry
BUCHAREST

316

Table 5. Causes of soil degradation in Romania (according to Munteanu et all., 1998)
Geographic
occurrence
(predominant)

Type of induced soil
degradation

Age of
start
(years)

Plain and hilly
regions

Erosion (water or wind)
- Compaction
- Loss of nutrients
- Pollution by pesticides

> 1.5x10^
0.3x10^
1.0x10^
0.3x10^

Forest and
forest-steppe
zones

Plain, hilly, and
mountainous
regions

- Erosion (mostly water)
- Loss of nutrients

> 1.5x10^

3. Over-exploitation for
domestic use (excessive
gathering of fuel-wood.
fodder, timber)

Locally

Hilly and
mountainous
region

- Erosion (water and
wind)

Unknown

4. Overgrazing and
trampling by livestock

Locally

All regions, but
mostly in the hilly
and mountainous
areas

- Erosion (water and
wind)

> 1.5x10^

5. Industrial activities
(industries, power
generation, substructure
and urbanization, waste
handling, traffic, etc.)

Locally

All regions

- Pollution of different
kinds either point source
or diffuse

> 1.0x10^

Causing factor

Extent

1. Agricultural activities
(e.g. excessive or absent use
of fertilizers and biocides.
absence of erosion control
measures, too frequent use
of machinery, bad
management of irrigated
lands)

All agricultural
lands (62% of
the country)

2. Deforestation and
removal of natural
vegetation (e.g. converting
forest into agricultural land.
large scale commercial
forestry, road construction.
urban development)

- Loss of productive
functions
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5. RISK FOR THE FUTURE IN THE CASE OF ABSENCE OF ADEQUATE MEASURES
It is considered that, if the present agricultural and non-agricultural socio-economic activities continue, the
following negative tendencies of agricultural soil evolution are foreseen:
- extension and intensification of erosion processes, having in view that about 43 per cent of agricultural lands
are vulnerable to these phenomena; a map of soil erosion risk is presented in Fig. 6. One can see that 29 per cent
of the lands are without erosion risk, 15 per cent are weak and moderate risk, 31 per cent - strong and very strong
and 21 per cent are lands with excessive risk of erosion. The risk of landslides is on 4 per cent of the country.
Water erosion may increase due to the poor orientation of peasant plots (i.e. at right angles to the contours),
following private tenure restoration. Many erosion control works have been destroyed. However, many
agricultural lands on slopes were already abandoned, so a natural protective grass (bushes) cover has been
installed. On the other hand afforestation is foreseen over about 1.5 million hectares.
- intensification of soil physical degradation by structure disturbance, compaction, mainly in irrigated/drained
areas, caused by mismanagement and high cost of rehabilitation of systems;
-

stretching of areas affected by acidity if lime is not adequately applied;

-

accentuated deterioration of the soil nutrients regime, as a result of drastic decrease of fertilization;

- stretching of areas affected by salinization, 607,000 hectares of soil being potentially vulnerable to
salinization; increased risk of salinization in embanked areas, mainly in the Danube flood plain, due to high cost
of maintaining the drainage network;
-

stretching of areas of soils affected by different pollution types.

In the areas with forest soils the following negative phenomena will be intensified:
-

stretching of areas with forests managed without complying with the forestry regime regulations;

-

vegetative overloading of some forestry plots by neglecting the timely operation of the forest management;

-

neglecting the optimum forest composition , which leads to unbalanced soil stress;

- premature massive withering of trees due to the ground water table lowering in bottom lands, various
pollution types;
-

decreasing of soil trophic level in intensive forestry systems;

-

neglecting to provide an optimum distribution of forests according to the ecological areas and regions.

6. LAND WITHOUT APPARENT DEGRADATION
Munteanu et all. (1998) include in the terrains which apparently do not show induced degradation in three
groups: stable terrains under natural conditions, stable terrains under human influence, and wasteland (Figure 2).
In the first group 7.1 million hectares are included and it is represented mainly by forest land, some high altitude
grasslands and some zones in the Danube Delta Biosphere Reserve. These areas are often vulnerable to the
present conditions changes. The areas fi-om the second group are less extended (1.2 million hectares) and are
represented by agricultural lands apparenUy not affected by any degradation type. Wasteland represents lands
without appreciable vegetation and with lack of human influence on soil stability. They occupy rather small areas
(0.14 million hectares) and consist of some high (over 2000 m absolute height) mountain zones in which rocky
land and very shallow soils are dominant.
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7. OPTIMIZATION OF LAND USE IN ROMANIA
Based on SAUVEUR project data, Munteanu et all. (1998) drew up an orientative map of land use optimisation
in Romania (Fig. 7). The main goal being reducing cropping intensity as far as the soil and terrain restrictions and
the hazard of human-induced soil degradation increase.
Accordingly, six of "optimum land use" types were identified. Thus, the "intensive" type represents 24% of the
country area and comprises the plains and non-dissected or slightly dissected table lands occupied mainly by
Chernozems and Luvisols. This type requires 10-15% forest. The following types, "semi-intensive" and
"extensive" - 27% of the country area - belong to the low gradient hills and slightly dissected table lands regions.
The soils are represented by Luvisols and Cambisols with important areas of eroded soils, the percent of forests
required here ranges between 15 and 35. The fourth "optimised" land use type - 20% of the country area corresponds to medium gradient hills regions or to areas with strongly eroded soils. The percent of forest
required ranges from 35 to 50. The last two types - 26% of the country area - represent mainly forested lands of
the high gradient hills and mountains regions.
8. CONCLUSIONS
1. The soil cover of Romania is represented by: Chernozems, Kastanozems, Phaeozems, Greyzems (27.30 per
cent); Luvisols, Podzoluvisols, and Planosols (26.08 per cent); and Cambisols (19.94 per cent). Other major soil
units are: Podzols and Andosols (6.14 per cent), Gleysols and Histosols (4.09 per cent), Vertisols (1.63 per cent),
and Leptosols and Arenosols (14.78 per cent).
2. The main limitative factors of Romanian soils are: frequent drought (7.1 million hectares), water erosion (6.3
million hectares), low-extremely low humus content (8.6 million hectares), low and very low mobile phosphorus
content (6.2 million hectares), strong and moderate acidity (3.4 million hectares), compaction (8.5 million
hectares), chemical pollution (0.9 million hectares).
3. The most important kind of soil degradation is water erosion. The mean annual soil losses are about 20
tons/hectare. This means a loss of 400 kg humus, 40 kg N, 20 kg P2O5, and 200 kg K2O.
4. Decreasing of mineral and organic fertilizers consumption determined a drastic degradation of soil fertility.
5. In the areas polluted with heavy metals numerous cases of animal intoxication with heavy metals have been
recorded. Life expectancy for the inhabitants from these areas is 9-10 years shorter than the country average.
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THE SOIL QUALITY SURVEY SYSTEM OF MINISTRY OF
AGRICULTURE AND FOOD IN ROMANIA
Maria Eustenia GEORGESCU, Inspector of Division of Land Resources, Agricultural Cadastre and Territory
Organization. Carol I NR.24. Sect 3, 70044 Bucuresti, Romania.
Alexandru RADULESCU, Division of Land Resources, Agricultural Cadastre and Territory Organization.
Carol I NR.24. Sect 3, 70044 Bucuresti, Romania.

As a governmental institution, the Ministry of Agriculture and Food deals with the soil problem as a regenerative
resource in an interdependence relation with the other natural resources, including the human component.
Romania has limited possibilities of expanding the agricultural land area, especially the arable one. In what
concerns the agricultural land resources, there are 6000 sq.m. of agricultural land and 4000 sq.m of arable land
per capita. Under the circumstances of expanding the land covered with buildings, the area will decrease and the
possibility of increasing the agricultural land remains limited; hence, the necessity of using the existing
agricultural areas according to the society requirements concerning the consumption of the agricultural farm
products according to the soil protection and improvement measures.
As a result of the Land Law application (No. 18/1991), the agricultural area assigned to private property
representing 72% of the agricultural area and 84 % of the arable area was divided into millions of parcels
distributed to over 6 million landowners. The average size of a peasant farm is of 2.5 ha agricultural land.
Nowadays, these farms represent the main share in Romania's agriculture, and 44.5 % of the country's
agricultural area.
The area of the peasant farms is divided in several parcels (on average 5-6 per landowner) and it differs a lot
from one geographical zone to another, situation that is negatively reflected in the production process, the
agricultural output level and its efficiency and especially in maintaining - increasing the soil quality and
protection in Romania.
The average size of the simple agricultural associations is a little over 100 ha, and of about 450 ha for the
agricultural societies. These types of associated farms represent at the moment 25% of the country's agricultural
area. The average dimension of the exploitment in the agricultural societies and in the agricultural autonomous
agencies is of about 1600 ha.
In Romania, the soil resources of agriculture include a very large variety of soils ranging from the most fertile to
the very poor in nourishing elements, integrated in average, in the medium class of productivity. The majority of
the arable land consists of the 2nd and the 3rd quality land. The presentation of the soil / land as regards its
suitability and capability classes, as well as the presentation of the degradation and limitations, is done according
to the principles and criteria of the Research Institute for Soil Science and Agrochemistry, in 1987.
According to this methodology, from the productive potentiality point of view, the land can be classified in 10
classes of suitability for various agricultural crops and purposes, each class detaining 10 points of land rating. For
each point of land rating there is a production in Kg/ha, making possible to estimate the productive potential of
the land for the different crops in the conditions of an average technology. Of the total agricultural area, in
average, the soils are integrated in the medium class of productivity - the 3rd - (46 points of land rating for the
agricultural area and 52 points of land-rating for the agricultural area) and from the suitability point of view
prevail the soils of the 4th and 5th class (51.7%), the best being the soils situated in plains zones of the south and
west of this country.
As regards the soil limitations and the land restrictions for different utilization, the methodology allows the land
classification in 6 classes referring to their suitability and capability. In this way, the first four classes consist of
capable lands for the field crops and other purposes (including from land practically without limitations to land
with
severe
limitations
that
reduce
the
range
of
agricultural
cultures
or
needs
special protection, preservation or improvement measures); the 5th class consists of and with very severe
limitations that cannot be used as such for field crops but can be used after development and restoration for
different utilization.
Under natural conditions, according to the suitability for the agricultural purposes, land falls into the 1st class
only to an extend of 2.8 % and 27.7 % into the 2nd one. The utilization for the agricultural output of the 4th land
class, but mainly of the 5th ones, under the economic and ecological efficiency conditions, imply expansive
measures and land improvement works. Practically, only 3.7 million ha out of 10 million ha of the arable land
meet all the requirements for a long lasting and competitive agriculture.
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The soil, one of the most important natural resources accessible to man, is in Romania too, the most requested in
the agricultural output. In many cases these requirements were done and are done without taking into
consideration the necessity of keeping a balance between the natural ecological systems, leading to the
development of some land weathering processes and to the environment depreciation. The care for the ecological
arrangement and restoration of disturbed (polluted) land, in the natural and anthropic way, was a main concern at
the central level even before 1989. The reason is based on different principles, before 1989 it has in view the
increasing of the agricultural output by an intensive agriculture, nowadays, the setting up of viable agricultural
operating, in the same time with land preservation and restoration measures for a lasting agriculture.
Agriculture is sometimes considered as a polluting agent.
Although in Romania a lot of soil erosion control works carried out, these beneficiated, only occasionally, from
pasturing works and/or protection forest plantings. The result was a non-rational operating , the hydrotechnical
works alone not being able to assure protection or ecological restoration of respective land.
Agriculture partially contributed at damaging the soil erosion control works, either because of the method used
for the unreasonable soil cultivation (ploughing from the uphill to the valley) or because the arrangements were
not adequately maintained.
Uncontrollable mass cuttings of trees (tree felling following blameworthy individual actions) also led to the
intensification of the erosion process, land sliding and to the deterioration of the micro-climate in many zones of
this country (especially in the central area of Moldavia, in the districts of Vrancea, lasi, Vaslui). In the districts of
Bacau, Sibiu, Dimbivita, Buzau, land sliding were produced on large areas.
The drought, the floods and the excess of humidity, that devastate more and more zones in this country, can
intensify the erosion process and/or the growth of the salt in contents by non-rational application of irrigation, or
an incorrect agrotechnics.
The soil suffers from a trend of compactness by the carrying on the mechanized works at an unity not proper that
detains old technology.
The soil, the water and the air are sometimes polluted by overflowing the ordure resulted from the breeding-farm
complexes and by the chemical fertilizers, herbicides, pesticides application.
The unreasonable utilization of the chemical fertilizers, of pesticides and non-application of irrigation led to a
curbing down of the soil output capacity even in certain fertile soils. Sometimes, very big quantities (up to 97%)
of pesticide enters the soil, being unused by the plants and creating serious ecological matters, some of them little
known. But the situations of this kind are many times accidental, because the expensive prices of the chemical
products (chemical fertilizers, pesticides) determine these to be accessible and, consequently used, generally in
the commercial agricultural societies or in the agricultural societies where a classic agriculture is setting up
(performing) and there are specialists managing their correct utilization.
The consumption of the chemical fertilizers curbed down very much during the last years, the consumption
dynamics for agriculture being presented as follows:
Millions of tones active substance
specification
Total N P K

1989
1245

1990
1355

N

829
361
55

906
354
95

1991

1992

1993

1994

1995

1996

1997

1998

464
275
145
44

421
258
133
30

538
346
164
28

479
313
149
17

470
306
150
14

430
266
147
17

329
235
80
14

293
213
67
13

P2O5
K2O
Source: yearly report of Ministry of Agriculture and Food Industry in Bucharest.

It is evident a diminution of the chemical fertilizers quantity used in agriculture and per ha, of about 4 times
reported to 1989 (from 84 kg/ha a.s. to about 20 kg/ha a.s.).
The qualitative depreciation of the soils is mostly favored by the decreasing of the specific actions as a result of
the curbing down of funds, allocated from the state budget or of the subsidies for specific actions such as: the
amendment of acid and alkaline soils, breaking up, scarifings, works setting up for the soil consolidation as:
earthworks, moldings, leveling, as well as the fertilization with pondering doses of chemical fertilizers. In
contrast with the periods previous to 1989 when the area improved by amendment varied between about 150-225
mill, tones ha/year, in 1989 the area decreased at 29,8 mill, tones ha. This matter is correlated to the occurred
difficulties in carrying on actions, due to the crumbling of agricultural areas, of diminution of allocated sums, but
also as a result of the prices rising, especially for the transport of amendments.
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Consequently it is underlined that the crops carrying out after 1990 registered low productivity per ha. These are
obtained on the natural soil fertilization account, reducing considerably its potential, under the circumstances
when the organic fertilizers technologies are not quite those of an alternative agriculture.
Policies against soil deterioration in Romania
The concerns for the agricultural areas and output increasing, during the previous period of 1989, had in many
occasions an extensive and intensive characteristic (in special for irrigation works) this matter usually
determining problems in exploitation, with negative influences on the soil quality.
The oversized system of land reclamation works led, in the following period, to the impossibility of operating
correctly all the arrangements under the economic conditions. In parallel, after 1989, a decreasing of the
investments volume was registered, cause on one hand by an irritations system much too extended and on the
other hand by the budget restrictions in a permanently changing economy.
In this way the carrying on of some arrangements for land reclamation works became unjustified from the
economic point of view and therefore the construction - erection activity drastically curbed down for the land
reclamation works.
In the period 1990-1991, 206 investments objects have been definitively suspended and 378 objects temporarily,
that favored their depreciation like as the afferent lands. Consequently, the erosion reactivation conditions and
soil depreciation on hills were occurred due to the soil erosion control works not carried out and the improper
apply of the Land Fund Law no. 18/1991.
For the prevention and limitation of the risk factors effects in agriculture: the drought, the humidity excess, the
soils erosion and floods - on the lands with agricultural utilization, in order to assure a great and constant
agricultural output,
up-today diverse works have been executed such as:
- irrigation on 3.1 mil ha
- draining - drainage on 3.1 mil ha
- soil erosion control on 2.2 mil ha
- defending measures against floods o 0.6 mil ha
- acid and alkaline soils restoration on 1.7 mil ha
- low breaking up, scarifying on 2.3 mil ha.
In spite of all, on about 12 mil ha agricultural land, of which 7.5 mil ha arable land (about 80% of arable area)
the soils output capability (capacity) is altered by one or more restrictions such as: the frequent drought, the
erosion by water, lack of nourishing elements, acidity, alkalinity, excessive contents of salt, secondary
compaction, chemical pollution etc.
•

In some draining - drainage arrangements, only the first stage works carried out (not all the works provided in
the design documentation have been executed), mainly, the soil leveling -moldings works, draining of zones
altered by the excess of humidity, have been carried out.

•

The soil erosion control works carried out in hydrographic basins, in the first stage, at most, on lands with big
slopes, turned into account by vineyards and orchards planting, as well as for the torrential structures and
later, on a part of arable areas modified by erosion.

•

The works of irrigation, draining drainage and prevention and soil erosion control, are represented in all the
districts of this country, taking hold, as concern the irrigation, over 50% of arable areas and in some districts
even 100%

The measures of environment protection in agriculture taken up-to-now:
- works were carried out for complex arrangements of land reclamation works on about 6.5 mil ha with subsidies
from the state budget
- the expenses for arrangements, maintenance and operating, are partially subsidized from the state budget for the
land reclamation works, in order to keep them in operation;
- perimeters are formed for restoration for the lands that lost entirely or partially their output capability, using
special funds created by the Ministry of Agriculture and Food Industry, also afforestings of weathered lands are
carried out with funds from the state budget;
- purge stations were executed in some zootechnical complexes;
- the beginning of the intensification of the research activity in this field.
- to draw up normative, legislative documents and specific reglementations concerning this field.
Other measures provided to be taken regarding the soil:
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- restoration of physical state of soils modified by compactness process, crusting, clogging and so on, on about 9
mil. ha;
- improvement of soils chemical state by amendments (3.4 mil. ha);
- rehabilitation of humus reserve (8.6 mil. ha);
- providing of a positive balance of the nourishing elements by a ponderable fertilization with natural and
chemical fertilizers and by crop rotations;
- limitations of soil pollution with elements and chemical substances (heavy metals, noxes, acids, oil residues,
pesticides, wastes and liquid residues);
- technologies performing of turning into account the residues (mud) and recultivation of drumps;
- updating of technologies of the mining workings and rehabilitation of altered soils;
Actions proposed to carry out these targets:
- soil resources evaluation, stressing their vulnerability in pollution process and pollution impact on other
environmental factors (high contents of salt about 1.8 mil. ha, moderate and strong erosion about 2.5 mil. ha,
strong and moderate acids about 2.5 mil. ha, etc.);
- avoidance of utilization as arable land of the land with slope greater than 12%;
- maintenance of traditional agriculture in mountainous zones;
- supporting of semi-intensive agriculture in zones under favorable pedo-climatic conditions;
- obligatory character of antierosion agrotechnical apply on the lands with slopes;
- limitation of the soil and water pollution risk in connection with the not proper use of the chemical fertilizers,
pesticides and herbicides having in view:
- periodically reestimation of existing regulations regarding homologation, manufacturing, selling, transport and
utilization in the framework of the European Union reglementations;
- limitation of damages caused to the environment by the intensively breeding of animals;
- training of farmers for a better knowledge of the technologies utilization for harmonization of agriculture with
the environment;
- supporting the efforts of economic and public agents for drawing up of a reorganization program of the output
process in order to reduce pollution, beautification landscape and setting up of a recuperative zone.
The short time strategy application, in the field of the land reclamation works, have in view:
- the maintenance of subsidies from the state budget for maintaining, operating activities and investments;
- the beginning of investment program concerning the restoration of viable irrigation arrangements;
- the beginning of restoration works for defending dams against the floods, dangerously affected by border
erosion;
- association and stimulation of farmers for performing of a lasting agriculture;
- making up in perimeters of land restoration that entirely or partially lost their output capability;
- elaboration of soils policy, taking into consideration the protection and restoration of their quality as well as the
maintenance of bio-diversity;
- the updating land implements, being at different stages of depreciation and pollution in order to establish a
better solution for turning into account;
- performing and improvement of work eificiency in the system of the fund evidences in accordance with the
present legislation as regards the operation in the fund registers of the specific elements;
- the essential of agricultural technologies on the elements of ecological agriculture;
- the finding of viable solutions in the field of the harmonization of agriculture with the environment, stimulating
the research activity in the field of environment protection in agriculture, taking into consideration: the soil, the
technologies and new or perfecting measures:
•enlarge of the turning into account of the solid residues;
•storage of wastes under controlled conditions and other actions.
The mentioned strategy implementation meets the Order no. 49/1997, of the minister of agriculture and food
industry, according to which " The Study Regarding the Polluted Lands Implements of the Agricultural and
Forest Land Fund in order to Bring the Land in order to Bring the Land in the Productive Circuit".
That is welcome due to the seriousness of depreciation process of areas, in a great extension and worsening.
In accordance with art. 134 of Romanian Constitution, the state should provide with natural resources operatings,
regarding the national interest, the restoration and protection of the environment as well as the maintenance of the
ecological balance.
At the governmental level there are exact concerns for the maintenance and increasing of soils quality, its
protection, as well as the soil monitoring.
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Thus, in conformity with the Law no.18/1991, reprinted, the state supports the setting up of the soil preservation
and restoration works, entirely and partially supporting the expenses, limited to approved allowances irom the
budget. The same law ensures the facilities for the depreciated and polluted lands, included in restoration
perimeters , these being exemption of tax, while their restoration last. The works carried out for lands
consolidation as : earthworks, mouldings, leveling, soils fixation, afforestings, roads, bridges, foot bridges ( with
permanent characteristic) are achieved on the state expenses, according to the restoration projects.
Also the state assure: grass grains, seedlings, amendments and technical assistance for the setting up the works,
for the owners with depreciated lands, even if these are not included in the restoration perimeter, different of the
property form or association, if the owners want to make by their own initiative the restoration of their lands.
The studies and projects for organization and rearrangement of agricultural lands are supported from the state
budget for a better utilization of the land.
The new property structure, configuring after 1991, in Romania, as well as the priority programs referring to the
land productive potential increasing, restoration of land fund, preservation and environment protection in
agriculture, lead inevitably to the setting up of an adequate policy for protection, restoration and rational
utilization of land resources.
Consequently, the solving of tasks which depends on the Ministry of Agriculture and Food Industry ( according
to the Law no.7/1996 of the cadastre and real publications) in the inventory an the quantitative and qualitative
evaluation of lands for bringing in and the maintenance of agricultural cadastre, in the framework of a correct and
coerent lands operating, is done by an organized system, by public institutes, having as purpose the national
interest in this field.
The problems of the land reclamation fund is observed at the central level under special circumstances. Thus, for
the setting up of the agricultural cadastre as a subsystem of systematical inventory of (real estates) land
properties, under the technical and economic aspect, for a correct implementation of the fiscal obligations of the
tax payers in the identification, registration and quantitative description on cadastral documents for lands, are
necessary specific elements that are obtained of the pedological studies and agricultural lands rating. Such studies
are also used in the projects elaboration for organization and management of agricultural lands and can offer, by
an adequate processing the necessary information:
- the basis and elaboration of programs concerning the soil, plants, animals and environment protection;
- the implements of soils altered by weathering, pollution, the nature of negative facts and necessary measures;
- the achievement and updating of certificates as regards the economic part of the land fund register in order to
tax the leasing, the granting and establishing of other taxes and fiscal obligations of the tax payers, elements often
used in evaluation of afferent sizes of the mortgaging etc.
- the identification of new resources of agricultural lands;
- the carrying out of the informative system of agricultural lands with assurance of the technical consulting in situ
for all the landowners, different of the property form, for an efficient improvement of the agricultural operatings,
only in accordance with the legal provisions regarding the soil protection and rehabilitation.
The organizations involved in implementing the new policies of land fund.
The proposed targets regarding the soil protection are obtained by a system of gathering and processing of data
and information about soil /land organized by the Offices for the Cadastre and Agricultural Land Management
(O.C.A.O.T.A.) and the Districtual General Management for Agriculture and Food Industry (D.G.A.I.A.), which
act (run) as state institutes, technical depending on the Ministry of Agriculture and Food Industry.
The Offices for Agricultural Cadastre and Agricultural Land Management have tasks connected to : the setting up
of the quantitative and qualitative agricultural cadastre works, of its bringing in and maintenance of management
of the informational system of the agricultural land, of territorial management for agricultural operatings of the
inventory of the rehabilitation of the existing land reclamation works, of the identification of the new agricultural
resources.
As regards the Law no, 18/1991, reprint, the Offices for Agricultural Cadastre and Agricultural Land Management
analyses : the documents drawn up by the beneficiaries, necessary for the obtaining of the approval for out of the
agricultural production, lands interchanges and the modification on the utility category of the lands, have in view
the utilization of the rehabilitation fund of the land fund for finance of the land protection and rehabilitation
works.
The Districtual Offices for Pedological and Agrochemistry Studies are technically subordinated to the Research
Institute for Pedology and Agrochemistry (I.C.P.A.).
The Research Institute for Pedology and Agrochemistry (I.C.P.A.) together with the Districtual Offices for
Pedological an Agrochemistry Studies (O.S.P.A.) draw up methodologies in an unique system of gathering.
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processing and interpretation of the data. The specialized studies carried out by the Territorial Offices for
Pedological and Agrochemistry Studies are used in soil/land monitoring system at the country and district level.
In the country there are 37 Territorial Offices for Pedological and Agrochemistry Studies (O.S.P.A.), which are
organized in a national network and act as self-financed units, subordinate to General Management for
Agriculture and Food Industry and technically to the Management for Land Fund, Agricultural Cadastre and
Territorial Organization in the framework of the Ministry of Agriculture and Food Industry.
The specific works, respectively pedological and land rating studies of agricultural lands, in order to elaborate
the economic part of the information system, is accomplished by firm contracts between the Territorial Offices
for Pedological and Agrochemistry Studies (O.S.P.A.) and the Offices for the Agricultural Cadastre and
Agricultural Land Management (O.C.A.O.T.A.) which function at the district level as public institutes financed
(subsidized) from the state budget, subordinate to the Ministry of Agriculture and Food Industry.
According to the Law no. 137/1995 of the Environment protection the soil preservation is a target (task) of the
local and central public administration authorities, as well as of the juridical and private persons and the
responsibility regarding the Environment protection, belongs to the central authorities for the environment
protection and to their districtual agencies (The Ministry of Water, Forests, and Environment Protection and
respectively to districtual agencies for the environment protection).
Some of the principles and strategical elements which lie at the basis of the environment protection Law in order
to assure a lasting development are : the principle of the prevention of the ecological risks and damages, the
principle of the preservation of biodiversity and ecological systems, specifical to the natural biogeographical
framework, the principle of elimination with priority of polluters that seriously endanger the people s health, the
setting up of the national system of the Environment integrated monitoring, the principle of the lasting utilization,
the principle of the maintenance and rehabilitation of the environment quality and reconstruction of the
depreciated zones, the principle of creating of a framework for participation of the governmental organizations
and of population to the elaboration and apply of decisions, as well as the principle for the development of the
international collaboration for the ensuring of the environment protection.
Also, the Law stipulates, in exclusivity, the protection of soil, of subsoil and terrestrial ecological systems as
having an obligatory character for all the owners no matter on what titie.
According to these principles the Ministry of Agriculture and Food Industry, the Ministry of Waters, Forests and
Environment Protection together with the Agricultural and Forest Sciences Academy of Bucharest have the task
to take the measures for the national system development for supervision (survey), 'evaluation, prognosis and
warning as regards the agricultural and foresting quality soils on the basis of an informational system assuring
plenty of data at the country and district level and will propose the necessary for the protection and rehabilitation
of lands in order to maintain and increase the output capacity (capability), these being provided in the Fund Land
Law no.18/1991, reprint.
The central authorities for agriculture and forest land and the Ministry for Agriculture and Food Industry have
precise tasks concerning the soil protection in the agriculture such as:
- to draw up regulations regarding the agricultural systems, the technologies for plants cultivation and animals
breeding, and the standards of soils quality for their maintaining and rehabilitation, limiting the negative
consequences upon the terrestrial and water ecosystems, and to let them know to the central authorities for the
environment protection;
- to keep accounts of the lands become improper for agricultural production, to offer to the owners requests, the
technical assistance specialized for the rehabilitation or changing of utility;
- to advice and to practice the specialized technical control for the land reclamation works and agro-pedorestoratives;
- to advice and to offer the technical assistance, at the landowners" request, as
regards the most adequate
technics and technologies for soils management and rehabilitation, tasks set up at the greatest part by the
institutes with specific attributes in subordinate.
According to updating legislation the control upon the regulations observance as regards the soils protection and
preservation rehabilitation and judicious utilization, is organized and carried out by the authorities for the soil
protection and (in case of) in certain cases by other authorities of competent public administration.
At the scientific and research level the Academy of Agricultural and Forest Sciences is the leader (main) which
coordinate the activities of research, prognosis, monitoring and professional training in the field of agricultural
and forest sciences. This leader represent the main element of the national policy of a lasting development of
society in our country.
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The Research Institute for Pedology and Agrochemistry has the mandate for promoting a fundamental and
strategical research applied in the pedology and agrichemistry field and the long term prognosis for the soils and
lands in Romania.
In this context we mention that the Research Institute for Pedology and Agrochemistry dispose of an antire
national pedological data, set up during the last 40 years, together with the Offices for Pedological and
Agrochemistry Studies, (institutes under methodological guide (advice). The data basis was permanently enriched
and updated, especially beginning with 1977, when the National System of Soil Quality Monitoring was legally
created. The costs were assured by the research funds obtained from the budget and by economic contracts with
the big economic enterprises that by their activities profoundly altered the soils quality (mining exploitation iron
and steel industry, chemical industry, thermo-energetics, oil digging out, constructions, etc.). At this basis of data
it is reproduced not only an inventory of depreciated lands but also the causes that determined the deterioration,
the high extend with polluted elements, the fertilization state, the risk for the suiroundings and the remedying
measures.
The Research Institute for the Pedology and Agrochemistry and the Offices for Pedological and Agrochemistry
Studies as owners of the basis of the data at the national districtual level, dispose of the necessary equipment for
the establishing of a large range of polluters heavy metals, oil residues, fluoride, sulfur, pesticides residues, PAH
etc.). These institutes have the most trained personal in the field, that one of the Research Institute for Pedology
and Agrochemistry, in special, being recognized abroad too. There are permanent participation to many
international projects of this field, financed by FAO, European Community, AIEA, NATO and other
organizations.
In the frame work of Romanian agricultural (education) training the soil problems referring to the soil quality as
well as the protection and restoration measures are not advantaged by a direct and special broaching. The specific
problems regarding the soil are treated in the framework of specialized disciplines (pedology, agrochemistry,
agrometrology) and by inter-disciplinarity relating to other educational disciplines).
The educational reform begun in 1998 and continued in 1999, is a fond reform that permit intensification of
changes an perceptions in this field.
The educational plans reprojected by a reform, included at all the training level (vocational education, secondary
education, higher education) as disciplines : ecology and environment protection.
In the higher agricultural education there are specialisations for the soil protection. The problems of soil
knowledge, of environment protection generally speaking, especially of the soil, although is a real concern at the
governmental and state institute level, may not be considered for this moment as a main concern, of the civil
society. These are let totally on the state institutes account that although have concrete obligations, in this way,
can do less due to the limited fund (expenses).
The utilization of land resources is made, in this moment in the great part by the private producers (on 44,5 % of
the agricultural area that perform an agriculture of subsistence, consequently, producers that often have neither
the knowledge nor the material resources necessary to carry out an ecological agriculture or to take individual
measures for the soil protection and restoration.
Being obliged to practice an alternative agriculture due, at first, to small investments ,the premises have been
created to an ecological agriculture. In this moment it is necessary to set an up an institutional legal plan that
might assured a stimulating income to the producers in case of practicing of the technologies of the ecological
output, destined to promote the protection, the rehabilitation and the higher turning of the soil and water
resources into account, by ponderate utilization of fertilizers and wastes and residues recycle, with advantageous
consequences.
In order achieve these desideratums at the institutional level of the technical units subordinated to the Ministry
of Agriculture and Food Industry, to the Districtual and General Management for Agriculture and Food Industry,
the Territorial Offices for Pedological and Agrochemistry Studies and especially at the agricultural consulting in
situ level carrying out mostly (mainly) by the districtual branch offices of the National Agency of Consulting, it is
possible to action for the supporting and determining the farmers to be conscious, generally the civil society,
upon the importance of the transition from an agriculture which followed the maximum technical achievement to
an alternative (biological) agriculture, that should be perceived as an improved system of the efficiency by
ecological technologies, assuring in the same time the protection and the rehabilitation of soils.
Therefore it can be achieved ;
- food safety for the population
- the protection and rehabilitation of soil resources
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- labor and income places even in the lack of financial resources to be able to assure costly loans.
The Agricultural Consulting Agency at the national level through the Districtual Offices for Agricultural
Consulting and Local Centers of Agricultural Consulting are realizing:
- free training and special courses for the agricultural producers, of the specialists and farmers of agriculture in
diverse problems, having in view the diverse fields of agricultural activities, correlated to the problems of the
environment protection;
- free courses and technical assistance of speciality in the environment protection and agricultural field;
- publish, multiply and costless distribute, territorial, specialized materials such as: reviews, cart, booklets,
movies and other audio/video materials, some of them having as object the environment protection.
Non-governmental actions or associatives concerning the problems of the environment protection, of soil in
special, or of an ecological agriculture often resume at projects that seldom remain unfinalised.
The knowledge of Romanian specialists is large in this field and, in many situation, in accordance with the
international organizations "requests, in this moment lacked only the necessary fund for : popularization, and
implementation at least some of the existing projects, for future researches in the field for the consulting, in order
to render sensitive the public opinion upon the importance of the measures regarding the soil protection.
In this way, the measures of great importance, necessary and useful are :
- publishing, multiplication and distribution of a guide of good agricultural practices in Romanian language;
- material support and technical assistance ( hardware an software) necessary to upgrade the classical system (to
adapt it for digitization) regarding soil monitoring at districtual level ( for the argumentation of this demand
there are the specifical data and information hold by the institutional system - Offices for the Pedological and
Agrochemistry Studies, on classic support, of the almost entire territory of Romania, on scale 1:5000 - 1:10000);
- lab equipment for the endowment of the Offices for Pedological and Agrochemistry Studies, in view of the
quality improvement of the analysis in order to harmonize with the European system of the soil monitoring and
for the efficiency in assuring the specialized consulting (the carrying on the PHARE program/1995);
- Romania can get financial support in the next step of implementing in provocation and Opportunities of 21
Agenda, considering the soil protection as following:
1. The identification and monitoring of the parameters and indicators which make the quality increasing
of the area resources and the quantification of their impact in different ecological systems.
2. The drawing up of the methodologies for the evaluation of the ecological systems flexibility subject
to stress and the implementation of the preventive measures to stop the degradation.
3. The drawing up of a conceptual frame integrated for a lasting management of the areas and its
validation for different purposes in lands utilization.
4. The drawing up and the use of strategical instruments and the analysis, based on the systems for the
evaluation of the agricultural practices impact upon the area resources and for the establishment of
the options in lands utilization, viable from the environment point of view.
5. The drawing up of the methods and modalities of the broach for the evaluation of the impact of the
area changed utilization upon the total climatic and upon the soil resources.
6. New broaching for the soil resources inventory and monitoring, using the recent technologies
assisted by computers, in order to make the information regarding the resources at the agricultural
operating level more accessible to the customer
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ECOLOGICAL FARMING - AN ESSENTIAL CONDITION
FOR ENVIRONMENTAL AND HUMAN HEALTH
Dr. Nina MUSAT, Mama Terra Organisation "MAMA TERRA" Baiculesti NR. 19 BL. D9 AP.57 Sect.l,
78401 Bucuresti, Romania, gmusat@hotmail.com

Meetings like ours are usually organised when, in the respective field, things are not going well; as for the theme
of our symposium, we must admit that things are so far from going well, that we have to ring the biggest bells, to
be heard everywhere, by everybody. Among the first for whom those bells should ring, as an invitation to
reflection, should be those specialists who continue to persuade farmers that the way leading towards increased
harvest yields passes necessarily through the use of chemical fertilizers and pesticides.
Reality shows that "abundance" lies in inverse ratio to quality, which is one of the explanations why the hospitals
are crowded, and why the state of our environment becomes less adequate for life.
It is hard to believe that somebody ever succeeded in estimating the amount of the damage caused by the present,
dominant farming system, but any such study will certainly show it is much bigger than the achievements in
increasing harvests.
Before showing the current state of agriculture and soil degradation in Romania, I would like to make a short
discussion on the meaning of "ecological agriculture."
We know that ecology is the science of the environment, and after E. Hekkel, who in 1866 said that the term
refers to the relationships between living matter and the environment, K. Rualie considered these relationships as
governing laws of nature. If we accept his point, we should also assume the burden of studying these laws and
complying with them in all respects, because in all domains, the disobeying of laws produces negative
consequences. In the social sphere the punishment for disobeying laws can be more or less severe, subjected to a
biased human judgment, that can amplify, diminish, or cancel altogether the guilt or it's punishment. In nature,
though, the punishment for disobeying the laws - which have a strictly objective character - is severely reflecting
the degree of deviation from the law.
In this context, we can say that V. Verdeanskyi, who has a substantial contribution to the understanding of the
meaning of the term "Biosphere" was too excited when, in 1926 he was talking about "the reconstruction of the
Biosphere, in the interest of humans." Reconstruction can be beneficial to the environment, and thus to humans,
only providing it works in compliance with the same laws. But in order to act according to the law, one must
study the law, which was not the case, considering the level attained by European science at the beginning of this
century. Currently, carrying out productive activities while ignoring the knowledge acquired by biological and
environmental sciences is the evidence of either malice or incompetence- All human activities, especially
fanning, which covers more of the Earth's surface than any other activity, should therefore be subordinated to the
laws of Ecology, as valid for our back garden as they are for our country, continent and for the whole planet.
According to the essence of these laws, humans must make sure that their existence is governed by a harmonious
equilibrium with the environment, with the system in which we are structurally and functionally integrated.
Therefore, we have to eliminate all activities, which have any negative impact, and by restoring broken local
balances, to be allowed to hope for the restoration of a global balance. Therefore, the only way to secure a
sustainable existence is to guarantee that all our activities, in our case agriculture, have a sustainable - which
eventually means ecological - character. In the present stage, more precisely in the last few decades, due to
advanced investigative methods at our disposal, we managed to decipher more and more secrets about the
complex interaction between the components of the natural world, integrated in dynamically balanced
ecosystems.
All our knowledge, which represents the alphabet needed to read the book that life has written along its millions
of years of existence, is enough to show us that the road we are on is mistaken and that it leads nowhere.
In order to give just a few examples of the effects high doses of chemical fertilisers have on ecosystems, in the
soil-plant-animal circuit, I have chosen the results of research done by dr. Vasu A. in 1989 on the meadows
ecosystem, comparing the changes brought by the application of two different doses of nitrogen: 250kg/ha in one
ecosystem (El) and 60 kg/ha in another (E2). The analysis of the components of the circuit shows that high
nitrogen doses produced several chain reactions: a change in soil conditions (pH, Eh), which generated changes
in the mobility and ionisation of the chemical elements, and in the relations between them; at the plant level,
these changes were reflected in the absorption and accumulation of the introduced elements (found in the
resulting hay), which, through metabolic processes determined an increased synthesis of proteins, and a
decreased synthesis of cellulose. At the animal level, changes in fodder quality influenced especially blood
composition. The analysis showed a quantitative increase in most of the elements, and a decrease only in Mn and
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Fe. These changes disturbed the metabolism, and eventually determined the decline of protein and lipid synthesis,
and an increase from 4.4% to 21% in blocked methemoglobine, which reflects the increase in nitrogen and the
decrease of iron in the fodder (see Table 1). All these show that high doses of nitrogenous fertilisers lead to an
increased intake of nitrates by the plants (this is also the result of passive absorption by plants, more than their
metabolic requirements'), transferred, through fodder, in the organism of animals.
For the question of fertilisers and pesticides to be regarded more seriously, one should not forget their synergic
effect on the living world: it was observed that herbicides increase the toxic potential of pesticides.^ The danger
is also amplified by the fact that from the total amount of applied insecticides, only 3% act upon the pest, the
remaining 97% being wasted eventually reaching the ground, the plants, and the other components of the
ecosystem.''
Fertilisers and pesticides are responsible not only for chronic diseases or acute toxemia; some herbicides for
instance contain one of the most dangerous toxic substances, dioxin, whose slow accumulation in the organism
can disturb the transmission of genetic information, causing mutations or cancer." European legislation (CE
Directive 80/788, July 15 1980) regarding drinking water quality, qualifies nitrogenous and phosphorous salts, as
well as pesticides as toxic substances. In Romania, according to the results of the Institute for Public Health and
Hygiene, the levels of chlorinated compounds in adipose tissues and in breast milk were one of the highest in
Europe^. This can only be the consequence of the presence of residual pesticides in the soil.^
The dominant farming system, practised on 90% of the farm land in the countries Romania wants to align with, is
the intensive, chemical one, in which the average quantities of nitrogenous, phosphorous and potassium fertilisers
distributed on one hectare can be higher than 700kg.
Given the general context, Romania finds itself at a crossroads. Prior to 1989, because the state virtually
eliminated small scale commercial and local service activities and severely restricted rural initiatives and
markets, the dual structure of the Romanian farming economy had a very unbalanced character. On the one hand
there were large-scale, capital-intensive and relatively modem state farms, which covered 90% of the total farm
land, and on the other small-scale, labour-intensive, traditional, private fanning.
The Land Fund Law, issued in 1991, has brought a major structural change in Romanian agriculture: the transfer
of land and livestock assets to their previous private owners. Different types of farm organisations developed.
The private sector now runs 80% of the available farm land, with individual properties covering 58% of it and the
remaining 22% in associations. About 20% is left in the state's property. This shift caused the production patterns
to be modified too. Driven by production maximisation targets and enjoying easier access to modem inputs
(control over much of the mechanical fleet and use of most of the fertilisers and pesticides, and dominance over
the food processing industries and the storage capacities), the state supported farming units continued to be input
intensive. On the other hand, the greatly increased amount of land operated by private farmers is becoming less
intensively used. The restitution of formerly state owned land to private owners transferred the control of 9 mln
ha of farming land from 4,000 state farms to 6 mln individual owners, and thus, the average holding size was
brought down to 2.2 ha or, led to 80% of the farming land being divided into properties not bigger than 10 ha.
The lack of mechanical equipment suitable for small-scale agriculture, combined with the increased retention of
rural labour and urban migration to the mral areas (due to the retention of rural youth, the infusion of old, retired
labour, and the increasing urban unemployment) made fanning, once more, labour-intensive.
Therefore, although the political changes determined a desire to strengthen the intensive character of the fanning
practices and get closer to the results achieved in the EU, the conditions set by the transition period (which
extends far beyond the prediction of the specialists) led to a declining trend on productive activities, including the
farming ones. In such conditions, a large part of the farmland is covered with extensive agriculture which,
because of the lack of resources, is far from the required technological standards, as well as by an emerging
altemative agriculture, which still lacks experienced human resources and any form of support from the state.
In these conditions, chances that farmers go one way or another are equal, but for a decision to be made, each
producer should know clearly which are the general and particular perspectives offered by each altemative, and
which will be the opinion of the ones who will benefit from his work. Not only to compensate for the limited

' Musat, N. 1974
^ Olinescu, R. & Greabu, M. 1990
^ Ispasoiu, E. 1999
" Greenlee W., PoUand A. 1979
^ Cucu, M. 1992
^ VintUescu , M. 1994, Rauta, C. 1992
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access to inputs - which is an actual motive - but also for a longer term compliance with the care with which soil
and, generally the environment should be treated, a less intensive approach, at least in the private sector, could
lead to good results.
The present condition of soils in Romania is similar to the one in all the countries who tended to adopt intensive
farming practices: pollution, as shown by the depreciation of soil's normal functions affects 80% of farmland,
with fertilisers (nitrogenous and phosphorous) and pesticides as the main polluting agents.
The economic damages caused by the depletion of soil's reserves in humus and natural nutrients, as well as the
destruction of the soil structure, were estimated at around $4bn in 1990.
In the last decade, because of the economic difficulties, which brought a decline in all domains, the use of
chemical fertilisers and pesticides experienced a steady decline; the average of 156 kg/ha of fertilisers spread in
1989 was gradually diminished to 31 kg/ha in 1998. But mean figures do not reflect the mosaic image of
management patterns; in 1993, only 39% of the land operated by private farmers, which amounted for 80% of the
available farming land, received an average of 82 kg/ha, while state farms spread 126 kg/ha on 82% of their
arable land.
In 1999, pesticides were used on only ten percent of the cultivated land, but 80% of the water samples taken from
surface waters and wells showed that their presence in the soil was beyond the allowed levels. The contribution to
the decline in water quality does not belong only to Romania, considering that the Danube collects residues from
lands where chemicals are used in agriculture on an even larger scale; ground water, who is not aware of national
borders, carries away all that was administered on the farming surfaces and was neither assimilated by the crops
nor retained in the soil.
Fortunately, the soil, like any other living system, is endowed with a buffer mechanism, prepared to support
unwise anthropogenic management. The buffer mechanism is more successful in humus rich soils, while poorer
soils have a smaller buffer capacity, with reduced levels of assimilation. In poorer soils, like sandy soils, a large
part of the chemicals applied drain away and reach the ground water, and from there they reach the surface
waters, meaning their harmful effects reach humans and the environment at greater distances. Therefore it is
necessary that, at least for poorer soils, some regulations concerning farming practices should be imposed.
Considering all these facts, we (Romania, as well as the other countries in similar conditions) ask a legitimate
question: shall our road to recovery take the same path or, aware of the tendency of developed countries to
increase the share of alternative farming practices, shall we make the necessary efforts to apply these practices?
Comparative studies regarding the two types of practices show that the only management option for the soil to
return to its natural fertility is the use of alternative farming practices, which is also a method of preserving a
healthy environment for healthy humans.
Any alternative practice can be chosen from: organic, biologic, biodynamic, macrobiotic, or others - these are all
based on the respect for the laws of nature. Each of these practices has its own particularities, determined by the
concepts of their initiators and influenced by the farming traditions in the countries from which they originate.
We think that all these practices can be called Ecological Practices (EP), because they all take into account the
conservation or restoration of the ecological balance in which a main function is played by soil's natural fertility.
The training of future EP farmers, based on the understanding of its theoretical foundation, will enable them to
achieve a creative approach in choosing and applying any individual agricultural practice they decide. In the
present circumstances of agriculture in Romania, the promotion of actions relating to soil rehabilitation can only
be achieved with support from the state. This does not involve the demand for the $25bn-$30bln estimated to be
required for the ecological rehabilitation of the productive capacity of the 15 mln ha of arable land', but only the
promotion of the legislative support: a legal framework for the recognition of ecological practices, according to
the IFOAM task book, and the granting of certain subsidies to those farmers who wish to practice nonpolluting
agriculture. Although the state did not take any initiative, there are several civil organisations which make an
effort to create a favorable environment for the promotion and acceptance of such laws, and to raise the
awareness of the population for healthier food and for sustainable agriculture. Some specialists involved in
research and education contribute to the sharing out of information regarding EP, and to the promotion of
sustainable agriculture. If we could also receive help from those who are more advanced on the way to legal
recognition, there will be more chances to save the health of our collective house - planet Earth, because the
principle that the whole is made by many, and each individual component reflects the state and the quality of the
whole, applies to our case too.

' Rauta, C. 1992.
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Brief presentation of some methods through which EP manage to achieve clean products, tasty and with good
nutritional qualities, while rehabilitating the soil:
1.

Soil fertilisation with manure, compost, biohumus and with the inclusion of grassland and leguminous
plants in the crop rotation sequence;

2.

Good nutrient balance and pH adjustment, with the use of rock granules or rock powder;

3.

Gentle soil treatment, avoiding excessive compacting;

4.

Proper planning of crop rotation, which can reduce or even eliminate some maintenance works applied
in classic farming;

5.

Preventive pest control by increasing the resistance of the main crop, and the accurate appliance of
farming technologies and crop rotation;

6.

Pest control with the use of natural treatments: manual or mechanical weeding, nontoxic pesticides
(bearing in mind that EP only require the pest to be under control, and not their complete removal,
because in agricultural ecosystems the main crop should have the dominant share, but not replace all
other species).

A management plan incorporating these provisions can acquire both the protection of the main crop and its
quality; the opponents of alternative technologies, though, argue with the size of the crop yield. Data gathered so
far show that there is no need to worry. In European countries, the reduction by 10-15% in production on natural
farms, only brings its level within the CEE recommendations regarding overproduction^, and in the US the
average crop yield on organic farms is 6 t/ha for wheat, 10 t/ha for com^, which can be considered as sufficient,
considering this is an average. In Romania, where the area covered with EP farming is only 0.01% firom the total
agricultural land"*, the results are also encouraging: 3.5-4 t/ha wheat, 35 t/ha for various vegetables, and for
tomatoes, production reached in some farms 130 t/ha." We can also mention the words, which concluded the
Olomouc symposium: "the Earth can satisfy all our needs, but not our greed".
One other benefit from EP is the trapping of heavy metals in the soil. The trapping process consists in a limited
intake by the crop, enough only to fulfill the metabolic requirements; therefore heavy metals will not be stored in
the plants' tissues, remaining for conservation in the soil, away from the food chains involving the main crop.
This question is very important, especially for very polluted farmlands, because heavy metals are poisonous and
tend to persist in living organisms once consumed, accumulating in selective organs, particularly in the brain,
liver and kidneys, being responsible for neural disorder, or diminished mental capacity in children.
In the end we underline, once again, our conviction that the only efficient way to fight against soil degradation is
the implementation of ecological technologies, the only way to give a sustainable character to agricultural
practices. Only such technologies can secure a systemic harmony to our life and to the environment, can
guarantee the restoration of the ecological balance, and offer us healthy food and a clean environment. But EP
promotion is associated with the overcoming of subjective blockages, caused either by inadequate information or
by conflicting interests. Both barriers can be defeated by joining the efforts of making the public more aware of
the value of ecological products, informing the farmers of the importance of EP for the health of their farm,
fellow humans and the environment. Many festive or lucrative meetings, congresses and symposiums finished
with resolutions which included most of these points, but not always and not everywhere they were applied; we
consider, though, putting forward some concrete measures which might be regarded as acceptable:
1. An appeal to be made to the civic conscience of researchers and specialists in each country, and demand
them to make information - about their work, and about the importance of removing pollutants from agricultural
products - accessible to a wider public (actual proposals can be made to the participants at this conference by the
coordinators).
2.

Media can be solicited to include such information in wide circulation publications and programs.

3. A selection should be made with the best information, and proposed to each country to be published. Media
should be solicited to signal the publication and the importance of the subject.

^ Balascuta, N. 1993
'Idem
'"Idem
" The Catalogue of Sustainable Agriculture in Romania. 1997.

333

These actions should be regarded as educational campaigns directed towards those who should be able to make a
choice in matters, which are related to their health and life. We should agree with those who say that not
informing people in matters of vital importance is a type of genocide, because without taking protective measures
they are exposed to a process of degeneration and extinction.
Without such measures aiming to raise the public understanding, scientists will continue to work in a closed
circle, and the population will continue to be exposed to risks without even realising. For instance, there is a lot
of current debate on atmospheric pollution, but it is seldom mentioned that 10-15% of the total amount of
nitrogen distributed in agriculture is lost in the atmosphere.'^
As a conclusion, I would like to express an opinion which, hopefully will be shared by many others: It is
officially accepted that humans are the only creators in the biosphere endowed with reason, which should reflect
their individual and social conscience, therefore they were described as the "Crown of Creation". It is, then,
necessary that we all live up to the altitude of this responsibility and guard all what was given to us as
environment, because its protection is the only chance of our survival.
Before it will be too late.
List of abbreviations
IFOAM - International Federation of Organic Agriculture Movements
EP = Ecological Practices
Ppm = parts per mm
Al = Aeration level
Nt = Nitrogen, total
Ct = Carbon, total
Hbt = Hemoglobin, total
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Table 1. Dynamically balanced components in the soil-plant-animal circuit.

'^ Ispasoiu, E. 1999
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Figure 1. Dynamic equilibrium of
terrestrial ecosystems

a = all energo - informational sources
CO = human integrated scheme
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DEGRADATION STATUS OF SOILS IN RUSSIA ON THE EDGE OF

MILLENIA'

Dr. Igor SAVIN, V.V.Dokuchaev Soil Science Institute. Pyzhevsky per. 7, 109017 Moscow, Russia.
savin@aha.ru

INTRODUCTION
Usage of land resources hitherto is one of the basis for existence of mankind. As a result, during lands transformations for the satisfaction of their own need (land use) it is necessary to do some directed efforts for the maintenance of balance of changed landscapes. On each of stages of its development, a mankind was able to support a
balance of only certain portion of transformed lands, which part was defined by its development level. Constant
attempts of additional (over this optimum) involvement of the lands in the usage brought to the situation, when
in conditions of insufficiency of efforts, directed on the maintenance of balance of changed landscapes, processes of land degradation were developed. The main feature of such processes is soil degradation. Thereby, soil
degradation acts as an integral correspondence indicator of land-use system to the level a development of society, indicator of land-use systems sustainability.
Degrading soils have appeared, probably, much long ago. But most urgency a problem has gained in last decennial events 20 age only.
Main reason of this was the following. As a result the growing of population of the Earth and scientific and technological development, borders of land using are powerfully increased, including the lands with the low resource
potential, what is expressed in the reinforcement of processes of soil degradation. Besides, reinforcement of anthropogenic press on the nature become to take a global nature that too obliquely could bring soil degradation to
the reinforcement of processes.
As one of the main reasons of intensification of attention of the public to the problem of soil degradation some
researchers name a politician-economic (ruling and industrial-financial oligarchies often consciously exaggerate
a degree of spreading and danger of degradation for getting the financial remedies for International organisations
on the struggle with it).
In these conditions one of the most actual problems at present is an analysis of actual soil degradation of a World
as a whole, as well as for separate countries and regions.
SOURCES OF INFORMATION
The study of soil degradation status at global and regional scales is realised in last years within the framework of
number of international scientific projects (GLASOD (Oldeman et.al.,1991), ASSOD (van Lynden,1995), LUCC
(Stolbovoy and Fischer, 1998), SOVEUR (Batjes,1997) and others). Practically in all mentioned Projects
V.V.Dokuchaev Soil Institute took a direct participation, as has served a start spot for making GIS "Soil Degradation in Russia" (Stolbovoy et al.,1999).
Technology to compiling our Georeferenced Data Base (DB GIS) accumulated an experience of work on studying of soil degradation within the framework of preceding international projects, and is their further development
and improvement. Based on W.E.H.Blum notation of soil degradation (1988) it seems possible to define anthropogenic soil degradation in more details as a process of directed or mediated changing the characteristics of
soils, bringing to arising the additional restrictions on the realisation of their production, ecological and
global-biospheric functions.
It is necessary to note a broad using the expert evaluations when making DB GIS. For each concrete event was
developed algorithm of expert evaluation, based on presentations of expert on running of degradation processes,
as well as taking into account presence of information, required for DB compilation.
A number of paper maps have been used as a main source of information for DB GIS compilation. These maps
had been compiled by different authoritative scientific institutes by request of the State Committee of Russian
Federation on Land Resources and Land-Use Planning during preparing of the Government report "'Status and
Use of Land in the Russian Federation" (Government Report, 1993). The following source maps were used:
•

Map of Soil Water and Wind Erosion in Russia (scale 1:4 M), compiled by the V.V.Dokuchaev Soil
Institute, 1992;

' Article have been prepared based on information of GIS "Soil Degradation in Russia", which is a result of mutual work of a number of scientists from V.V.Dokuchaev Soil Institute (B. Sheremet, V.Sizov, S.Ovechkin, Rojkov v., Rojkova S) including author, as well as V.Stolbovoy (IIASA). Partly, data for DB compilation have
been collected within co-operation of V.V.Dokuchaev Soil Institute with ISRIC (The Netheriands) and IIASA
(Austria).
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•

Map of Soil Salinization in Russia (scale 1:4 M), compiled by the V.V.Dokuchaev Soil Institute, 1992;

•

Map of Recent Land Status of Forest Fund of Russia (scale 1:4 M), compiled by the All Russian Research Institute of Forest Resources, 1993;

•

Map of Natural Grassland Degradation in Russia(scale 1:4 M), compiled by the All Riissian Research
Institute of Fodder, 1992.

The database contains soil degradation attributes describing type and extent of degradation, rate of degradation
status changes, causative factors, and protection measures. Degradation types include water and wind erosion,
secondary salinization, aridification, soil waterlogging and compaction, disturbances of soil organic horizons
caused by industrial cutting, and disturbances caused by fires, as well as thermokarst and surface corrosion were
shown.
RESULTS
According to brought above determination, soil degradation can be expressed in first, in deterioration of their
production functions. Herewith falls crop yield, forest bonitet, as well as life supporting capacity of the lands.
Secondly, soil degradation can bring to worsening of an ecological situation in regions, negatively tell on health
of people. And, in-third, at degradation global-biospheric functions of the soils are broken, that as a result, can
will be reflected on the operation of biosphere as a whole.
Types of soil degradation, fixed in DB GIS have been classified according degrees of influence upon the functional potential of soils. So, in the group of types, influencing upon the production function of soils (group A)
were referred erosion, soil compaction, secondary salinization and aridification of soils. To the group of degradation types, influencing the ecological situation of regions (group B), referred soil waterlogging, aridification,
termocarst and chemical soil deterioration. And finally, the most influencing upon global-biospheric functions of
soils (group C) were recognised erosion, aridification, termocarst, as well as soil degradation due to forest cutting and conflagration.
Analysis of BD GIS information has shown, that production function near 6% of all soils of Russia is violated as
a result of degradation (fig. 1). Herewith, main reasons of deterioration are an irrational land using in agriculture
(both in the husbandry, and at the pasturage of live-stock). Very small part of degraded soils is connected with
the forest cutting and with industrial activity. Anti-degradation protection measures are practically realised on
only 1/4 territory of degraded soils, that is expressed in that that on more then half of these soils processes of
degradation speed develop. From the other side, more than 40% of degraded soils were stable during last 10
years. It means, that part of degraded soils were stable without any protective measures. On the Figure 2 shown
spatial distribution of soils, which production function violated as a result of their degradation. In most degrees
types of soil degradation of group A wide-spread in forest-steppe and steppe areas of Russia, as well as places in
tundra area, where this is connected with soil compaction due to overgrazing.
Environmental, ecological soil functions are violated beside less only than 5% of the soil of Russia (fig.l). Main
reasons of such deterioration are industrial activity and overgrazing, degraded less is connected with the husbandry, forest cutting and conflagrations. Protective measures against such soil degradation practically is not
conducted, that brings to the prevalence of regions with the speed development of processes of such degradation
types. Part of the degraded soils (near 16%) was stable during last 10 years too in spite of absence of protective
measures. Processes of soil degradation of group B unlike A more localised geographically, but share of degrading soils in the separate soil mapping units as a rule is higher (fig.3).
Near 7% of all soils in Russia is characterised by deterioration of its global-biospheric functions as a result of
their degradation (fig.l). In this case reasons of soil degradation development can be the most different, though
overgrazing and industrial activity is slightly dominate. In spite of that, on 1/4 territory of all soils with violated
of global-biospheric functions protective measures are conducted, in the last decennial event was observed trend
of further speedup of development of degradation processes, what indicate low effect of protective measures on
soil degradation status. Deterioration of global-biospheric soil functions is possible to meet practically in any
region of Russia (fig.4). They have a spreading on any territory, where presents anthropogenic activity in one or
another form.
It is necessary to note, that beside one and same soil can be violated simultaneously by several groups of functions. As a result, at the time of studies, near 10 % of all soils in Russia have violated functions in one or another
degrees. This soils are evenly distributed throughout all territory of Russia. Dominating reasons of soil degradation, trends of degradation status change and share of degrading soils to which protective measures are realised,
are provided in generalised form in table 1, as well as a geography of degrading soils of Russia is presented on
the figure 5.
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According to expert evaluations of specialists, trend of shortening industrial and agricultural activities, as well as
increasing the areas of forest cutting in Russia will be saved for nearest 10-15 years. Besides, in established economic conditions state expenses for the struggle with soil degradation will hardly grow. Basing on these total
evaluations of driving forces of soil degradation changes, as well as take into consideration fixed in DB GIS
rates of degradation change, scenario of change of soil degradation status of Russia on nearest 10 years was
built.
On the figure 6 shown the map with trend of degradation changes according to the developed scenario. The
squares of degraded soils of steppe and forest-steppe zones of Russia have tendency to decreasing (more in Syberian part of Russia, and less in European part). The squares of degraded soils in northern half of European part
of Russia have tendency for increasing. The degradation status of soils in main part of Syberia will not change
during next 10 years according scenario. Main part of units with degraded production function of soils has trend
for shrinking (fig.2 and fig.6). Half of units with degraded ecological functions will be stable according scenario,
another part has tendency to shrink too(fig.3 and fig.6). Soil units with deteriorated global-biospheric functions
have different trends of its squares changes (fig.4 and fig.6).
CONCLUSIONS
In spite of the fact, that only near 10% of soils in Russia are degraded, the spatial distribution of degraded soils is
very spread. The most degraded are soils in European part of Russia, where the main soil functions were violated
due to irrational land using.
Productive function is violated for near 6% of soils in Russia, but due to specific of economical situation in Russia, squares of soil with such type of degradation have tendency to shrink.
Above 5% of soils in Russia have degraded ecological functions. According elaborated scenario, the squares of
such soils partly will be stable, and partly will shrink during coming 10 years.
Global-biospheric soil functions are deteriorated for near 7% of soils in Russia, and different regions have different tendency of degradation status changes.
In our view, only realisation of value of problem of soil degradation by the society, by concrete landowners, can
bring to real results in warning and preventing further soil degradation of soils in Russia.

Figurel. Degradation status of soils in Russia
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Figure 2. Soil mapping units with violated production function of soils (the more reddish the unit, the more degraded soils it contains).

Figure 3. Soil mapping units with violated ecological functions of soils (the more reddish the unit, the more degraded soils it contains).
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Figure 4. Soil mapping units with violated global-biospheric functions of soils (the more reddish the unit, the
more degraded soils it contains).

.4 n
i

""#;|p^.;-;-

$.00^\

'•l\

•i-

-\

-V;

Figure 5. Soil Mapping units with degraded soil in Russia (the more reddish the unit, the more degraded soils ii
contains).
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Figure 6. Trends of squares of degraded soils changes for next 10 years (dark red units - increasing of squares;
light red - slightly increasing squares; dark grey - without changes; dark green - decreasing of squares; light
green - slightly decreasing squares).
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LEGAL PROTECTION OF SOILS IN THE RUSSIAN FEDERATION
Prof. Irina KRASNOVA, Russian Academy of State. Administration Department of State and Law.
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THE STATE OF SOILS IN THE RUSSIAN FEDERATION
Being the largest country in the world as to its territory, Russia has not managed escape the problem of land sufficiency in face of challenges connected with the modem social development. One of such problems relates to
the loss of the fertile layer of the land surface known as soil. The causes of these negative processes seem to be
widely known and similar for many countries. However, some of them are directiy related to the modem economic reforms in Russia. One of most serious soil degradation problem is connected with urbanization, uncontrolled sprawl of settlements and competition for already developed land areas with most of them having best
productive and economically feasible soils situated in geographically favorable regions, bioldiversity rich, best
suit for agricultural production, forests or plantlife rather than for construction purposes. In Russia, over 60% of
the whole population is concentrated in the central European and south-western part that makes only 1/5 of the
whole territory of the country having the best productive soils. Some 90% of them are urban residents. The same
area is responsible for over 50% of industrial production. (Official data from Rossiyskaya Gazeta, 10.06.2000).
In addition to physical loss of soils due to urbanization and industrial development, general degradation of soils
is connected with pollution from industrial enterprises, waste disposal, open space deficit and other negative
consequences of the urban lifestyles. One can hardly talk about biodiversity or landscape diversity in these areas.
Agricultural regions^ face another kind of serious environmentally related soil problems. They include erosion,
salinization, desertification, and pollution by pesticides and agrochemical, and to much extent are conditioned by
application of inappropriate methods and technologies of agricultural production. These processes have been
aggravated for the recent time in Russia due to loss of governmental control over land use, dramatic cut of governmental subsidizing of land improvement measures, disbalanced market and pricing policy when expenses on
maintaining environmentally sound land use practices cannot be covered by profits obtained ft-om trading in agricultural products. However, there is another side of the medal. Due to agricultural production fall, large areas
of agricultural lands have been abandoned or remain unused, where slow processes of natural reforestation go
on. In soil protection terms, it seems to be favorable, however, it puts additional responsibility on farmers, state
and other land users to ensure productive, efficient use of agricultural lands that should meet demands of the
population combined with sufficient environmental protection of lands involved into agricultural production.
State of soils covered by forests can be estimated as rather decent.^ Most of forested areas are situated in remote
regions of the North, Siberia and Far East not that much susceptible to pollution, erosion or other forms of degradation. However, this is not the case with areas of intensive commercial timber-cutting. Violation of the obligation by timber-cutting companies to reforest the sites after works, causes exhaustion and erosion of soils.
Economic reforms in the Russian Federation are also associated with another problem connected with soil degradation. Production fall, aged industrial equipment, low labor discipline have become a cause of a growing
number of industrial accidents with severe environmental consequences. The most frequent are accidents at industrial objects and accidents with leakages at pipelines. As a rule, pollution of soils caused by oil leakages,
renders soils unfit for further positive use and requires expensive and long-term measures for their rehabilitation.
LEGAL MEASURES OF SOIL PROTECTION
Soil degradation arouses concern in Russia and various legal, institutional, technical and economic measures
are taken to maintain soils in an appropriate state. Soils protection is regulated within environmental and land
use law and develops in several directions.
There is no legal definition of soils in the Russian legislation, however, routinely soils are understood as a fertile
layer indivisible of the land surface. In most instances, the terms "soils" and "land" are used in law as synonyms.
Soils are protected against various negative impacts connected with economic activities. Measures of soils protection differentiate depending on the designation of lands. According to the Land Code of the Russian Federation lands are classified into 7 categories depending on the officially established principle use. The categories of
lands include agricultural lands, urban land areas, lands used in industry, for road construction, minerals extrac^ Lands designated for agricultural purposes make in total some 39% with arable lands making 12%. {State of
the Environment in Russian Federation, 1998)
^ Forested areas make in total some 49% of the territory of the Russian Federation. {State of the Environment in
the Russian Federation, 1998)
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tion and other purposes, lands of specially protected areas, forested lands, lands of water bodies and reserved
lands. Within each category of lands, soils have different social value and play different roles. They are also
subjected to different negative impacts, and are susceptible to different forms of degradation.
Land lots are relegated to this or that category upon the results of state registration and are divided from each
other by frontier signs. Under general rule, lands within each category may be used only for the purposes established by law. Land lots may be transferred from one category to another only by a special decision, in some
instances, of the Government of the Russian Federation, and in others - of the governments of the member-units
of the RF. It is forbidden to change the designation of lands by land owners or land users in selling or making
other deals with land lots. Designation of land lots, permitted uses, land owners or land users are registered in the
so-called state land cadastre. The mandate to keep the cadastre is imposed on the recently established agency the
Federal Service of the Land Cadastre.'' Procedures connected with registration of land lots and keeping of the
land cadastre are determined in the Law on Land Cadastre of the RF (2000).
Most intricate protection is accorded to soils of agricultural lands. Soils in agricultural production are viewed
predominantly as an economic resource, and soil protection measures are aimed to prevent loss of areas of agricultural lands and to raise their fertility and productivity. Although, it is also provided to protect soils against
pollution and other forms of degradation caused by agricultural production, such measures are aimed at preserving the quality of soils fit for growing agricultural plants rather than at protecting other values of soils.
The above objectives are attained through establishing various legal mechanisms. For the purpose of preventing
loss of agricultural lands, it is forbidden to use agricultural lands for purposes other than agricultural production.
Agricultural lands may be taken from agricultural land users only in exceptional cases and may be granted to
other users for purposes connected with implementation by the Russian Federation of its international obligations, development of deposits of valuable minerals, construction of cultural and historic objects, roads, pipelines, electric lines, should there be no other alternative for placing of such objects. The Land Code of the RF
establishes a land-taking procedure that includes conducting of EIA, ecological expertise of the projected activities, reaching agreements with local administrations, interested land users, etc. It is in no case allowed to take
primary arable lands and use them for purposes other than growing of agricultural plants.
The agricultural land users are obliged to raise the fertility and productivity of soils and to prevent their pollution, as well as pollution of other natural objects while engaged in agricultural works. For this purpose, they may
apply necessary chemicals, however, only in conformity with legal requirements. Under the Law on Safe Handling of Pesticides and Fertilizers (1997), provision is made for the state registration and certification of pesticides and fertilizers, their appropriate marking, for an obligation of producers to follow the established technical
standards, and an obligation of traders to provide customers with recommendations on their use. Only those pesticides and fertilizers shall be registered and thus permitted for use that proved that they are safe for people's
health and the environment. The Law does not mention possible impacts on soils meaning that any negative impact on all components of the environment shall be taken into consideration. There are no criteria for determining the safety of pesticides or fertilizers for the environment that opens a high level of discretion for respective
state decision-makers.
The Law on Land Improvement (1996) establishes legal requirements for irrigation and drainage of agricultural
lands, forest-planting against erosion, and other forms of degradation, cleaning of agricultural lands from bushes
and trees, improvement of soils through application of chemicals. The Law envisages that land improvement
shall be a function of respective state agencies, who shall be obliged to develop plans and projects of land improvement, construct and operate land improvement systems. The so-called improved lands assume a special
status. They cannot be taken from agricultural users and granted for other economic purposes and may be
granted to interested persons in ownership or use on condition that they assume an obligation to operate and
maintain the land improvement systems properly in accordance with technical rules.
The Law On State Regulation of Ensuring the Fertility of Agricultural Lands (1998) provides for an obligation of
land users to grow agricultural plants by ways that may not cause loss of fertility of soils, to observe requirements for land improvement measures, and for notification of the respective state agencies about the use of pesticides and fertilizers. The state is mandated to support and regulate activities aimed to raise the fertility of soils
through licensing of agro-chemical activities, encouragement of scientific research, financing of activities aimed
at raising the fertility of soils of agricultural lands, monitoring of the state of fertility of soils, standard-setting,
and state supervision.

* The Federal Service of the Land Cadastre was established on 13 May 2000 according to the Presidential Decree
'On the Federal System of the Executive Power".
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The laws are supplemented by several federal state programs and governmental regulations designated to ensure
implementation of legislative requirements. For instance, the State program "On Raising the Fertility of Soils in
Russia" determines concrete activities, funds, and responsible organizations.
Lands designated for location of cities of other human settlements or of industrial entities, for road construction
or extraction of minerals have different value, as predominantly are used as a territorial basis. Protection of soil
fertility has no significance and is not required. Here protection against pollution by solid wastes, chemicals,
radioactive substances takes the lead. In conformity with the Law on Environmental Protection solid wastes may
be disposed of in places specifically selected for that. It is prohibited to place toxic wastes on lands close to cities, and other human settlements, in specially protected areas. Storage of radioactive wastes should be effected in
accordance with technical standards ensuring their safety for people's health and the environment. The Law on
Industrial and Communal Wastes (1998) gives details of procedures for handling solid wastes. In particular, it
provides that waste sites may be located only upon a state permit. The appropriate land areas are selected on the
basis of scientific studies and after the positive assessment of the ecological expertise. Owners or operators of
waste sites are obliged to monitor the state of natural objects, including soils, so that to prevent their pollution.
Soil protection against pollution is also taken into consideration by the Law on Air Protection. For the purpose of
avoiding pollution of the environment, including soils, all sources of pollution are allowed to emit pollutants
within established limitations and upon a state permit.
In using lands for mineral extraction land users are obliged to remove and keep the soils, and to rehabilitate lands
by relaying them.
The ecological values of soils are prevailing for lands designated for location of specially protected areas, forested lands, and lands of water objects. The main objective of legal regulation of soil protection is to ensure
preservation of soils in their natural state. This is achieved through restrictions of their uses. The most stringent
regime of environmental protection and use is established for specially protected areas. According to the Law on
Specially Protected Areas (1995) activities that may cause degradation of protected natural objects or ecosystems
are not allowed. Such activities as agriculture, farming, minerals extraction, storage of wastes, industrial production are prohibited in certain types of specially protected areas.
The forest legislation is based on the comprehensive approach to forests as ecosystems and is aimed to ensure
sustainable use of forests in accordance with the principles of raising the resource potential of forests, protection
of biological diversity of forest ecosystems, meeting the demands of the society in forest resources. According to
the Forest Code of the Russian Federation (1997) forest users are entitled to use forests freely unless it causes
degradation of forests and forested lands. The responsible state agencies may suspend or restrict forests uses if
this is necessary for the protection of forests or forested lands, as well as for bioldiversity protection and environmental protection generally. The state permits determine the allowed methods of timber-cutting depending on
the category of forests and their principle designation. There are three categories of forests with the first category
having the highest ecological value and thus most stringent timber-cutting restrictions. Provision is made that in
timber-cutting the ecological functions of forests should not be impaired.
The state of lands adjacent to water bodies is viewed as an important factor for water protection against pollution. In accordance with the Water Code of the Russian Federation land uses that may cause degradation of water
bodies are prohibited. In particular, provision is made that water drainage areas shall be subject to protection
against pollution and littering. Chemical substances may be applied only in cases when they do not impact negatively the state of water bodies. Provision is also made for the establishment of water protective zones with a
restricted regime of land use along the water bodies. Within such zones it is not allowed to plow lands, to cut
timber, to locate cattie farms. Land use may be performed in the established procedure, but only upon agreement
of the specially designated water protection agency.
In response to soil pollution problems, the recently adopted legislation provides for the procedure of conservation of degraded lands.^ It means that if the lands are recognized as degraded in the established procedure, they
are subject to soil rehabilitation measures. These measures can be taken either by the land owners or by the state,
on condition of their compensation by those who caused the damage. During the period of rehabilitation, such
lands shall be taken firom use.
The land use, civil and financial legislation provides for necessary funding mechanisms. It particular, the Law on
Land Use Tax establishes that all land users are obliged to pay regular land taxes and such payments shall be
concentrated on a individual budget line to be spent exclusively on land protection and land improvement measures. The recently established Agency of Land Cadastre and the Ministry of Property Relations share responsibilities for implementation of the land use and land protection legislation.
^ Regulations on the Procedures for the Conservation of Degraded Agricultural Lands and Lands Polluted by
Toxic Industrial Wastes and Radioactive Substances. Approved by the Governmental Decree on 5 August 1992.
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EFFICIENCY OF THE LEGISLATIVE SOIL PROTECTION MEASURES
The state of legislative regulation of soils protection seems to satisfactory in Russia. One can hardly find an area,
at least among Russian experts, that is not covered by the legal regulation. Generally, the approaches and legal
mechanisms of soil protection seem to be advanced. At the same time, the span between the level of legislative
regulation and the actual state of soils remains quite wide. According to the data, all the soil degradation processes in Russia grow. Poor implementation and enforcement of law may be stated as one of the principle causes
of this phenomena. In its turn, poor implementation is conditioned to a great extent by underfunding and general
mismanagement of soil protection activities. For instance, only 5% of the required funds required under the federal program On Raising the Fertility of Soils of Russia was financed from the budget. The land use taxes are so
low that hardly cover the primary needs connected with land management, and mostly are channeled to bureaucratic expenses. The rules on economic encouragement, which provide for release from land use taxes of farmers
and other land users who invest in improvement of lands, do not work, because of high inflation, other economic
barriers that in fact make soil improvements unprofitable.
There are also doubts about the feasibility of some legal approaches. For example, the strict rule about the removal and storage of the fertile layer in cases of mineral extractions seems to be economically and environmentally poor-grounded in many instances. If it is favorable for highly productive soils, it appears to be inefficient
for others. In cases of mineral extractions in regions, where lands are not appropriate for agricultural uses, soil
rehabilitation, that is quite expensive, is not necessary and practically inefficient. It has been proved that rehabilitation of lands makes the industrial process and the end product more expensive, while rehabilitated lands
never give the returns.
The civil mechanism of compensation of losses in cases of land takings in most cases does not encourage soil
protection, despite the legal declaration. When agricultural or forested lands are taken for industrial purposes
with compensation, the money the land users receive is hardly spent on development and improvement of new
land areas. If the lands are taken from such land users, they purely abandon lands and move to cities, switching
to other businesses. The taken lands are used as a territorial basis for location of roads, settlements, industrial
enterprises, and soils with all their values they had before are lost. However, there is no evident answer as to
whether one has to preserve the available soils as they are, for all sakes.
Governmental regulations that are vitally necessary for implementation of legislative requirements are often
lacking, thus leaving many provisions of laws inefficient.
In addition, since beginning of privatization, some 60% of agricultural lands have been privatized, and the state
in fact released itself from the responsibility to take care of such lands. All the above legal land improvement
measures are quite expensive and cannot be fulfilled by farmers themselves.
In environmental terms, laws frequently demonstrate the economic rather than environmental concern about the
state of soils of lands especially those used in agriculture. Interestingly that non-use of agricultural lands that
leads to spread of bushes and trees, is recognized as degradation of lands, qualified as a misconduct and is subject to punishments, although environmentally in terms of e.g. wildlife and habitat protection such processes
seem to be favorable.
PROSPECTS OF DEVELOPMENT OF SOIL PROTECTION LEGISLATION
The legislation regulating soil protection tends for consolidation. A draft law on soil protection ,is not under consideration in the State Duma of the RF. However, at this point, it has been seriously criticized by the Government for repeating many of the rules already established by the legislation and lack of well-grounded financial
accountings of the implementation of certain soil protection measures, like creation of the data base of soils,
monitoring of the state of soils, development of the state education and dissemination of knowledge in the field
of soil protection.
The State Duma of the RF is also going to consider another draft of the Land Code, which is supposed to provide
for soil protection. On this way, the legislators face a serious challenge - to establish a well-balanced set of legal
mechanisms that shall be able to overcome the available legal problems and to ensure efficient protection of
soils. To which extent the legislators are ready to solve this task, is not clear. Improvement in the actual situation
will also much depend on the political will of the Government, the economic conditions, and the availability of
financial resources necessary for the implementation of legislative requirements.

TAJIKISTAN

^1
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THE SITUATION OF SOIL DEGRADATION
Desertification is occuring on the global scale in arid, semi-arid regions.The processes of desertification began to
disturb the experts rather recently, 25-30 years ago because of their intense development. It turned out that this
complex process is widespread all over Tajikistan.
That is why from the point of view of different experts - geologo-geomorphologists, hydrogeologists, soil
reclamative specialists, botanist, agriculturists and ecologists - term "desertification" has many different
meanings. The best of them is "degradation" - gradual deterioration, degeneration, decline, movement back.
First of all degradation of lands means process during which the fertility of soils is getting worse,water holding
ability of soil lowers and potential productivity of plant is greatly lowered. In more narrow sense it is a process
of structure destruction, loss of humus and changing bases, and sometimes washing away of silt, etc. And
desertification is understood as some characteristic attributes which appear in soil formed in deserted landscapes.
Taking in account analysis of Tajikistan territories on desertification signs and soil characteristic we can say that
soil is "a mirror of a landscape", in which both as negative, as positive results of environmental processes are
reflected and collected. Therefore desertification - soil degradation, means degradation of all biogeocenoze or
ecosystem.
The definition of desertification which was accepted in UN Conventions (1994) says: "Desertification means
degradation of soils in arid, semi-arid and dry subhumid areas as a result of various factors, including change of
climate and human's influence". Such complex definition of processes hidden in the terms "desertification" and
"soil degradation" allows to estimate various spheres of environment according to their various attributes.
However before to estimate degradation processes which seized territory of the republic, it is necessary to
mention that Tajikistan is one of the most mountainous countries. The standard estimation is: 93 % of its
territory are mountains and only 7 % of it are leveled valleys.
Data received as a result of calculation of soil resources and natural-economic regional division of Republic of
Tajikistan (Kuteminskiy and Leontieva, 1966; Bonchkovskiy, Kuteminskiy, 1963) show a little bit other figures.
As it is seen from these data, Vakhsh natural-economic area is situated in the less mountainous part of Tajikistan.
Thus there is no high mountains. Nevertheless more than 55 % of its territories is considered to be mountain
lands. More mountainous is the territory of Leninabad natural-economic area - almost 73%. The most
mountainous are Kulab and Hissar natural-economic areas - 84% and almost 91 % accordingly. First of them
contains territories concerning lowland plains (Kizilsu-Jahsu valley). The territories of Harm and GomoBadahshan Autonomy Region are whole inside mountain systems. The levelled sites of their territories are small
in mountain hollows in the bottoms of mountain rivers gorges and on cone of sediments of their tributaries.
Exception is East Pamir plateau with its extensive river valleys of Murgab, Alichur and bottoms of Karakul,
Rangkul and other lakes. However the plateau is raised on the height more than 3500 m above sea level and that
is why the whole territory is in the high mountains.
Mountain ranges, foothills and intermountain valleys are in continuous physico-geographical interconnection. Its
factors are water drain, gravitational field and atmosphere circulation. Each of them is specific in economic as
well as in agricultural relation. Thus analysis of orographic data shows that almost 90% of republic territories are
covered with mountain ranges, spurs and foothills. Rest 10% are so-called lowland valley of such large rivers as
Amu-Darya, Sir-Darya, Pianj, Vakhsh, Zeravshan and their tributaries.
However, in economic relation the picture looks different. All irrigating agriculture is concentrated in rivers'
valleys, and nonirrigated agriculture, gardening and part of forestation (phistash bushes) are in the foothills. 90%
of agricultural production is produced in these zones and more than 9/10 of RT population live there.
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Table 1. Area of vertical zones of Tajikistan (1000 ha)
Vertical
zones

Regions
Leninabad

Hissar

Garm

Kulob

Vahsh

FBAO

Mountains

1864,2

961,4

1805,1

1098,2

630,3

6417,6

Lowland

692,2

97,5

-

203,4

509,7

-

High
mountains

703,5

293,8

1136,1

162,9

-

6034,4

Medium
mountains

820,9

563,6

669,0

709,6

100,1

374,5

Low
mountains

339,8

104,0

-

225,7

530,2

8,7

Desert,

131,9

-

-

13,9

135,6

-

Foothills

560,3

97,2

-

185,5

364,1

-

Total

2556,4

1058,9

1805,1

1301,6

1140,0

6417,6

valley

The complex analysis of oro-climatic and soil parameters shows wide distribution of desertification-degradation
phenomena in Tajikistan. According to soil data and existing classifications the most part of its territories should
be referred to various types and subtypes of deserts and semi-deserts. Each of them is characterized by an
originality of natural condition complexes (climate, edafitic condition, high-altitude location) and by highaltitude belts location.
General review of Tajikistan territory shows that the country is situated between two different leveled desert
belts - lowland and high-mountain, very hot and cold. The specification of features of these deserted belts
together with humidification allows to consider that there are two types of desertification process: arid hot
subtropical and arid cold high-mountainous (frozen). In landscapes with ground humidification and poor
draining of both types of deserting salt accumulation in soils, and underground waters develops. If the
managment of this irrigated land is inappropriate, salt accumulated on the ground surfase, making it impossible
to continue cultivation on such land.There are 4 types of deserts and 1 type of semi-deserts on Tajikistan territory
which are subdivided on 10 subtypes . Undoubtedly, during more detail researches the number of them can
increase according to hierarchical attribute. They are different size on the occupied area from several thousand
hectares and less, up to several millions hectares, totally making 54 % from the area of RT.
In geographical aspect they are either fragments of vertical soil-climatic belt or the whole belt itself. However
one of desert types - gravitational, by its expanding fragments is extended from below (lowland plains) up to
snowy and glacial tops, where super high-mountain district forms.
Genetic feature of deserts and semi-deserts is that all of them are of natural origin, which are appeared and
developed as a result of Pamir-Alai and Tian-Shan mountain systems formation. According to geobotanical
attributes (kserofility of vegetation) deserting began to form on the territory of republic since of "Tetis" sea
deviation.
Special feature of Tajik deserts (number of them are complex) is when "one desert sits on the other". Such are
takyr-like deserts which are the very small sites in sandy deserts of lowland valleys. In high mountains of East
Pamir takyr-like areas can be small as well (in "chukurs") or can occupy some hundred km^ . The areas of
distribution are higher than areas of named deserts and semi-deserts. They make 1,9; 8,4; 18,0; 19,1; 6,1%, of the
republic territory. Total area is 53,5%.
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The rest low-middle mountain part of Tajikistan according to existing classifications can not be called deserted
territory. The quantity of deposits there is more than 500 mm/years. The processes of soil and landscape
degradation which are strengthening under the human's influence change this classification. So at present these
high-altitude belts can be referred to deserting and it agrees to definition which is given in UN Convention.
So, the researches show that most part of Tajikistan territory is already deserted by geological processes. And the
smaller part is still deserting territory. Thus the whole territory of RT is influenced by this or that desertificationdegradation processes.
The human role in deepening of desertification processes increases from year to year and is commensurable with
the natural factors of degradation. Cutting of woods and bushes on the large areas for construction and fuel, for
field and animal industries, overload of pastures with cattle, destruction of grassy cover, burning and salinization
of irrigating massifs results in increase of albedo of the Earth, lead to reduction of water infiltration into ground,
increase of water evaporation, development of dusty storms, water erosion, moving sand and other. All this leads
to reduction of ecosystems' bioproductivity and decrease of population life level. It is necessary to add different
kinds of technogen pollution (factories, plants) and destruction of environment (transport), harmful for people's
health. The special attention should be paid to degradation of water springs for drinking as well as for irrigating
purposes, and also exhaustion of springs.
Developing potential of deserting is dangerous because of the combined mountain and deserted ecosystems.
They are rather susceptible to deviations of ecological balance under the human's or natural processes'
influence, to fast erosion and landslides, to reduction of genetic and biological variety, to narrowing of
environment. Last fact, in the social aspect, is bad for the population as it leads to poverty. In connection with
these reasons deserting of mountain countries and territories adjoining to them was consider to be especially
dangerous, not identifying it with analogues of plain subtropical belts.
SOIL DEGRADATION OF GEOLOGICALLY DESERTIFIED TERRITORIES
Deserts of lowland plains. Here we have deserts clearly deal with natural phenomena of horizontal zonality.
According to substrata (edafitic conditions) these deserts are subdivided on sandy and stony, and last are
subdivided on pebble. Thus sandy are dated for an extreme south-west of republic, and stony, basically, are
widespread on left and right parts of near Sir-Darya region.
Being typical arid and extra-arid deserts they are influenced, basically, by wind erosion. For irrigation of this
deserts it is needed in 1,5-4 times more expenses and resources to get high yield crops of agricultural plants
(irrigating water, agricultural machines, fertilizer etc.). Superfluous waters infiltrating in grounds and
underground water stimulate salinization process on low-situated lands. On irrigating subtypes of soils of these
deserts the process of lessivazh is fixed. Lessivazh means washing away of silt and dusty particles from field to
subfield horizons of soils or insoil kind of irrigation erosion. General annual loss of infiltrating meliorative
waters from irrigating fields of sandy-pebble deserts is estimated in 400 mln. m^ with which up to 2(X)0 tons of
nitrogen-potassiym fertilizers are washed away.
For the territory of RT as for the mountain country so-called gravitational deserts are usual (Kovda V.D., 1984).
Such deserts are inaccessible for agricultural activity. They are rather poor with vegetation, but rare kinds of
animals and birds attend them or live there. Their feature is that they are widespread on the territory of RT as
large and small fragments, beginning firom lowland mountain-valley regions up to the maximal heights of ranges
(0,6; 1,8 and 15,6%).
Semi-desert belt covers two subtypes of soils, which are included in zone of lowland irrigating agriculture.
Deserting as irrigation erosion and secondary soil salinization on newly irrigating fields pasture degradation of
vegetation and soils on virgin parts are characteristic for this belts. In newly irrigating virgin soil belts (Dangara,
Yavan) there were centers of ravine erosion. It is necessary to mention that the belt almost fully is on loess cover
which have no anti-erosion stability. For the last years antropogeneous loading strengthened deserting processes
mentioned above.
East Pamir plateau is a complex desert. This area is isolated from damp cyclonic (from west) and monsoon
(from the south) air masses by outskit ranges. It creates high aridity of climate. As a result Pamir turned out to be
the driest region with an annual amount of deposits from 60 to 240 mm/years and with desert-steppe vegetation.
High mountains and coldness create conditions for ever frost in hydromorph humidifying landscapes.
The prevalence of slowly growing tersken vegetative associations, which cover only 10-15% of horizontal
surface, is an originality of East Pamir deserts. Tersken is completely cut down for usual fuel around the
settlements and cattle stoppings. As a result of such degradation of vegetation soil forming processes lose main
biological factor. So there is a threat of loss not only of soil humus, but the soil itself, as absence of humus
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makes them weak during wind erosion. Number of days when the wind is more than 15 m/sec makes 120
(Murgab) and 70 (Karakul). East Pamir is a field of defilation.
The slopes of ranges covered with products of physical defilation with poor vegetation and almost have no soil
formation. They are so-called gravitational kind of deserts.
At the foot of meridionally orientated Sasik-Kul range on the area of some thousand hectares there are developed
massifs of sandy deserts - sands of Shadput and Koshagil.
SOIL DEGRADATION ON DESERTING TERRITORIES
The factors of soil deserting in areas which are outside the deserts mentioned above are different kinds of
stoneness and erosive processes.
The calculations of the areas with stony soils show that 56% of soil cover are stony (tab.2).
Table 2. Stony soil in Tajikistan
Soil

Stony soils %

Soil with stony stretch

1. Grey - brown desert

65,0

11,5

a) light

28,1

9,3

b) ordinary

22,4

12,1

c)dark

41,4

4,1

a) calcareous

34,8

5,8

b) ordinary

71,9

1,2

c) light cinnamonik

85,6

2,2

a) meadow - desert

96,1

0,5

b) desert

98,0

0,3

c) rocky soil

100,0

-

2. Serozem

3.Mountain- cinnamonic

4. High mountain

In geographical aspect these data show wide development of stony variants. Combination of stony and unstony
soils is characteristic for its structure. This feature should influence the solution of any ecologo-reclamative
questions.
S.S. Neustruev (1913) gave such formulation of stone's role in soil formation: "Stoneness of soils transfers soil
formation in more dry and more warm stage". The researches of soil stoneness phenomenon in Tajikistan show
that this formulas does not reflect the whole role of stony separateness in soil formation of different soil-climatic
belts. The presence of skeleton-stony separateness in soil is not indifferent for plants' live, microflora and
pedofauna, for all soil formation in general and for deserts, of course. Besides skeleton-stony separateness is a
good parameter of soil finding in young phases of development.
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Table 3. Erosion of soil in nonirrigated regions of Tajikistan
Soil

No erosion

poor
erosion

medium
erosion

high
erosion

water
erosion

windy
erosion

Total

Grey brown

-

-

-

-

-

100

100

Light sierozem

15,6

11,8

6,0

4,7

22,5

62,0

24,5

Ordinary
serozem

20,6

18,8

14,9

13,6

47,3

32,1

79,4

Dark serozem

28,0

20,5

28,9

16,1

55,5

16,5

72,0

Serozemicmeadow

81,0

-

-

-

-

19,0

19,0

Mountain
cinamonic
calcareous

15,7

16,7

33,2

34,4

84,3

-

84,3

Mountain light
cinamonic
calcareous

15,4

12,3

23,2

32,5

57,9

16,7

84,6

Mountain light
cinamonic

7,2

3,7

21,2

67,9

92,8

-

92,8

Mountain
cinamonic
ordinary

17,4

13,1

25,2

44,3

82,6

-

82,6

Mountain
forest-steppe

0,6

13,7

58,4

27,3

99,4

-

99,4

High mountain
meadow-steppe

5,5

13,4

23,4

57,7

94,5

-

94,5

High mountain
steppe soil

0,5

4,2

21,6

44,2

70,0

29,5

99,5

Total

17,7

14,8

30,1

23,9

58,8

23,5

82,3

Among different desertification processes water erosion prevail in mountains. From table 3 we see that nonirrigating zone of all soil types are influenced by erosion. If there is no water erosion on sandy soils, then greybrown ones are partially touched by them.
Soils of serozem-desert belts are influenced by water erosion as well as by water-wind one. Certain law of
expressing are observed that in process of absolute height increase water erosion grows too. Scale of water
erosion increases from subbelt of light serozem to serozem from 22,5 up to 55,5%. In soil-climatic belts of
middle mountain (mountain brown soils) it increases more (77,7%). Relief effects on the increase of soil areas of
steep lands on mountains slopes.
Comparing general factors of erosion (weak humusness of soils, bareness, strong wind activity, etc.) of lowland
deserts and semi-deserts with East Pamir it is possible to assume water-wind and even wind erosion.
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Table 4. Eroded soil in arable land in Tajikistan
No erosion

Extent

of

erosion

poor

medium

high

Water
erosion

Wind
erosion

Total
of
eroded soil

Arable
land

41,2

19,6

18,6

12,8

51,0

7,8

58,8

Pasture

11,1

17,7

23,1

20,2

61,0

27,9

88,9

Badland

6,0

6,0

15,4

39,0

60,4

33,6

94,0

Total

17,7

14,8

30,1

23,9

58,8

23,5

82,3

General results of data mentioned above show that in republic 82,3% of soil cover are influenced by erosion:
water erosion is on 58,8 and water-wind is on 23,5 %. A significant part of soils which are influenced by water
erosion are submitted with middle- and strong-washed differences (tab 4).
Table 5. Stop of land in Tajikistan, %
Slope in degree

Total

Arable land

Grassland and badland

2

9,1

24,1

6,4

2-5

15,4

40,6

11,0

5-10

12,5

17,3

12,2

10-15

11,4

8,7

11,9

15-20

12,7

6,0

13,9

20-30

21,5

3,3

24,6

30-45

13,8

-

16,3

45

3,2

-

3,7

AGRICULTURAL AND ECOLOGICAL PROBLEMS OF SOIL DEGRADATION
Variety of deserted and deserting soils, which are distributed all over the territory of the republic is reflected on
economic activity. First, it is loss of the soil itself or deterioration of its quality. Soil is a basic national treasure,
object of the human's labor. Secondly, any kinds of soil degradation influence ecological condition in all spheres
of environment (air, water and soil), directly or indirectly. Third, degradation leads to decrease of quantity and
quality of soil bioproductivity on 30-70-1(X)% and that conducts to decrease of welfare of the population and to
the poverty. Fourth, soil degradation distributes its influence in areas which are far away from the center of
degradation. It harms at the same time agricultural fields, cultures, irrigating and drainage network, transport
communications, mining industry, aircraft, health improving objects, settlements and cities.
The significant role in development of deserting processes has man's economic activity, especially agricultural.
Historically there were 4 directions of agriculture in Tajikistan (Barotov, Aliev, Sanginov, 1998): irrigating
lowland, bogar, irrigating middle mountain and pasture territories. Three first of them are of field type and the
forth is of non-field. The fifth type of agriculture, east-pamirien, appeared recently, so it is in the stage of
experiment. The generalized data of soil erodity in section of three territories are given in table 5.
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As we see, half of areas of all types of agriculture territories are influenced by water erosion - from 51 up to
61%. Mixed water-wind erosion is shown on 7,8 - 33,6%. Thus middle-strong degree of soil erodity is higher on
pasture and unsuitable territories. It is explainable as unsuitable territories are the result of erosive processes
development. That led to their formation. It is an evidence of former predisposition of farmland soils to erosive
processes.
Degradation-desertification processes and their various combinations cause different damage to the whole
territory of the republic. Complex estimation of it, probably, was not made. Only few attempts are known to
estimate influence of soil salinization and stoneness on the total crop of cotton in republic (Vaksman, 1976), on
soil erosion in zone of nonirrigated agriculture (Yakutilov, Sadriddinov, 1987), on water loss and washing away
of soluble nitrogen-potassium fertilizers from irrigating grey-brown stony and sandy soils (Aliev, 1989; Aliev,
Ergashev, 1995). Washing away of fertilizers for serozem irrigating soil was estimated by Sanginov (1998).
According to this calculations the country annually loose 70-100 thousand tons of cotton, 100-150 thousand tons
of grain, 400 mln. m^ of irrigating water and 2,5 thousand tons in drain water of nitrogen-potassium fertilizers.
Degradation processes in connection with irrigating of grey-brown stony soils except for the negative problems
mentioned above cause also other problems. For reception of planned crops of agricultural plants on stony soils
it is needed in 1,5-4 times more resources then for stoneless soils (irrigating water, fertilizers, agriculture
technics, petroleum products and intense watering work).
Irrigating of 100-110 thousand hectares of given soil resulted in ground water level increase and salinization of
soil on the adjoin lower located territories. So it was necessary to review 2 or 3 multimillion expenses on
ecologo-reclamative projects. So it was necessary to review 2 or 3 times multimillion ecologo-reclamative
projects in a number of irrigating massifs, for example Khojent-Kuliab, Nau-Proletarian and others. For these
massifs the situation was aggravated by water pressure from the bottom level of relief created by Kairak-kum
and Farkhad reservoirs.
And some more words about irrigation of 90*. Salt balances of many irrigating massifs had neutral or negative
saldo. Especially it concerns Vakhsh valley which was the typical example of desalinization and was
propagandized in world's literature (Kovda, 69). However in next few decades, as a result of old as well as of
new factors of agriculture decrease signs of secondly soil salinization appeared. Such kind of salinization seized
more then 10 thousand hectares of lands. The total area of salinized soils is 109,6 thousand hectares; 7,6
thousand hectares of them are strong salinized or solonchaks.
For the last time for irrigating soils worsening of humus conditions by quantity as well as by quality is
characteristic. It happens because of the agriculture decrease mentioned above. In a local aspect damage from
irrigating erosion for Javan valley is estimated by 6 thousand hectares of territories, complex scheme of
agriculture works on adjoin to ravine territories, and losing of 2 thousand hectares of lands for ravines, which
then transfer to "badlands".
Of damage sizes caused by degradation processes we can judge by one example: the mudflow in Asht region in
July 1999, 20 people died, 15 mlrd. roub. - material damage.
POSSIBLE RISK OF FUTURE SOIL DEGRADATION OF TAJIKISTAN
Degradation-desertification processes in arid and mountain Tajikistan have features which are peculiar "to chain
reactions". It is like one or two stones rolling down the slope and causing large stonefall. Therefore, such
processes being complex agriculture-natural systems will be inclined to develop according to scheme of
bifurcation - catastrophic development in several ways.
Potential to further degradation is high in all types of deserted and deserting territories. If the measures on
degradation preventing aren't be taken, then the loss of food safety, sovereignty and poverty of population
expects Tajikistan.
In sandy desert which have eolin genesis, the expansion of areas of deflating sand is expected. It happens
because of the destruction of fragile soil cover on half-fixed and fixed kinds. Almost complete loss of their
bioproductivity is expected too. In its border part of semi-deserts with sierozem soils a destruction on normal
rhythm of work and stopping of irrigation-collector networks, transport communications, distraction of irrigating
fields, and also dusting of atmosphere will begin and get stronger.
In semi-desert, in its newly irrigating part irrigation erosion and its most dangerous kind - ravine formation
(Javan valley; Dangara valley which is able to become such center of degradation) will amplify. On virgin parts
of serozem semi-desert, which are rangelands bioproductivity will decrease because of cattle, aridity of soil
profile will raise and water-wind erosion will get stronger.
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If the existing irrigating scheme and negative influence of neighboring deserts will be preserved than area of
salinized and bogging irrigating soils can increase up to 200-250 thousand hectare. Than further increase of
irrigating water mineralization will take place.
Strengthening of water-wind erosion and aridization of soil climate is expected in bogar agricultural zone which
is located in territories with loess cover. In non-irrigating part of bogar, which is transitive pastures, the
impoverishment of vegetative cover and soil aridization, strengthening of all kinds of water erosion and
appearance of local centers of mudflow formation (top part of bogar zone) will take place.
For the top part of bogar zone and for middle-altitude belt using of steep slope soil parts for crop of grain is
extremely dangerous. Such territories in one-two year are influenced by erosion which distributes on neighboring
areas.
Because of the fuel problem in villages forest belt is influenced by intense degradation. So water-protection role
of this belt decreases. It is necessary to say that trees and bushes are used for fuel on all territories very
intensively (dark wood, shiblak, tugai wood, phistash bushes).
The danger of soil cover degradation in middle mountain is high in connection with small power, steepness of
relief and its fragmentariness. As a result erosion carries away the most difficultly restored mineral part of soil
and exposes eluvio-deluvy and radical breeds. Gravitational desert is a limit of such erosion. By the way, this
type of deserts in examined belt occupies almost 16 % of its area. The doubling of radical breeds of rocks area,
defilation deterius lead to poor stability of soil against destruction of its cover fragmentariness.
So-called irrigating agriculture of middle mountain is conducted on the local leveled sites in the bottoms of
gorges and on slope soils of ranges. Because of the distinction of relief first have high potential of stability, and
second - low one. For mountain slope soils the wide development of side currents of soil moisture is
characteristic. The soil moisture are caused by significant steepness of slopes and by good water-penetration of
thickness of breeds, spreading the ground. These features of mountain soils and originality of conditions in
which they are formed together create the large opportunities for their erosive destruction.
There is unique degradation process on East Pamir - total cutting of vegetation, mostiy of teresken and
wormwoob which are very difficult to renew. So the appearance "of lunar landscapes" on which the dusty winds
are blowing is expected.
ATTITUDE TO SOIL DEGRADATION IN THE COUNTRY
Policy and institutional level
The attitude of governmental departments is understanding, but not active. First of all it is connected with deep
economic crisis situation in Tajikistan. Ministries receiving special subsidies from the outside carry out different
measures on preventing of desertification. Ministry of Melioration and Water Managment, Ministry of
Agriculture, Tadjik branch of International fund of Aral sea rescue (IFAR), Ministry of environment protection
and its laboratories work in the field which is connected with natural degradation, water and land using and their
organization-technical aspects. The last organization carried out 4 regional and 2 interstate seminars on problems
of deserting and began to develop the national program of actions (NPA). It also published the collection of
reports of the conference which was held in June 1999. The experts from many organizations, including
scientists from Scientific Institutes and Universities participated in it. Authors of this article also participated in
some of them.
Scientific, technical level and educational level. Nongovernmental organization attitude
By all means one of the national program of actions directions (NPA) will be the desire to deepen knowledge
about degradation processes in mountain-valley conditions and development of methods system of soil
protection in RT. For this purpose it is necessary to have completed staff, and laboratories and institutes
equipped by modem techniques and office equipment. One of them should be Soil Scientific Institute. Besides
the research-demonstration network as stationary sites for natural researches is necessary. This work should
cover all deserted and deserting natural high-altitude zones of Republic.
Educational level of experts, including scientists who are engaged in problems of deserting, mostly does not
agree modem skills of English language and computer, and new generation speaks Russian poorly. Experts
working in this field require financial support. It is very important for attraction of young experts.
The attitude of ungovemmental organizations (NGO) to problem of deserting preventing can be estimated as
satisfactory. NGO "Civil initiatives" carried out two conferences involving other NGOs. Abstracts of one of
them was printed. A number of representatives of this organizations participated in conferences and seminars
which were spent by the Ministry of nature protection. Some of seminars were held outside the country.
Different NGO are working among population, schoolchildren, students in villages.
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The perspectives of concrete further actions
Collection and analyses of all earlier scientific works on degradating soil (salted, sandy, stony, eroding,
frozen and others) and their generalization in a light of new complex tasks and new decision.
Statement and beginning of scientific-research work of strategic character within the frameworks of NPA
and their cooperation with the programs inside the national (biovariety, agriculture, etc.) and interstate
programs - "Mountains of Central Asia countries", "Ecological crisis of Aral sea basin and its overcoming",
"Development of agriculture in arid zones of Earth - ICARDA".
Statement and beginning of scientific-research work on development of adapt-landscape system of
agriculture which is characterized by nature protection qualities of all soil-climatic belts of the country.
Beginning of scientific-research work on programs of actions against soil deserting and ecological crisis of
Aral sea basin.
Publishing of nature protection magazines, booklets and newspapers.
Organization of soil protection programs via Mess Media.
Organization of seminars and conferences on preventing and protection of soil coverfi-omdegradation.
Local monitoring of soil cover of different regions which depends on intensity of researches.
Working on of methods of agroecological estimation of farmland quality.
Monitoring of soil cover of some regions on technical pollution.
Rehabilitation of experimental territories for observing of degradating bogar and irrigating zone.
Organization of demonstrational areas in all nature-agriculture zones for soil protection from degradation.
Teaching foreign languages for farmers; organization of interstate exchange of specialists.
Solving of food safety and fuel problems on base stable development programs.
Role of regional and international organizations in decision of soil degradation problems in RT
Support of soil protection programs and directions of actions, consultations on solving of questions, effective
help in preparation of experts and, what is more important, financial help for expansion of scientific-research
work are needed.
In national program of actions the strategy of investment on protection and rehabilitation of soil cover should
base on well-known funds:
The international fund of Aral sea rescue (IFAR);
-

ICARDA
Fund of association of Asian-Pacific region mountains.
Swiss development agency.
The international mountain society - IMS.
The international center on complex development of mountain areas - ICDM.
Institute of forest s mountain - IMW.
Aga-Khan foundation, etc.

Priority directions against soil degradation and rehabilitation of degraded soils in RT
The strategy and tactics of actions in warning and prevention of soil degradation and rehabilitation of already
destroyed ones should have in priority biologization of using measures and augmentation of biovariety. It is
based on conception of conducting role of biological factor in soil formation, on doctrines about biosphere and
alive substance. They - biologization and biovariety - are the most accessible ways to solve this problem in life
conditions of RT.
The measures on soil protection and rehabilitation should be directed on creation of intensive systems of adapted
agro-forest-landscape land using, especially agriculture. They should stimulate efficiency of biological
circulation and constrain the geological one. These statements go with concept of model of high fertile soil.

UKRAINE
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SUMMARY
The present day state of soil cover in Ukraine in respect of its development, its main genetic - productive properties, technogenical pollution, geoecoanomalies display is analyzed. It is postulated the presence of many problems, connected with the facts of irrational soil use (unnecessary ploughing up, insufficient extend of improvement influences, absence of clear land-use strategy and others). The program of perspective and primary measures directed at the uplifting of stability and the efficiency of soil cover use in the country is proposed.
THE HISTORY OF SOIL COVER STUDY IN UKRAINE
The soils in Ukraine came to be systematically studied more than 100 years ago. The most widely known
works during last century and in the first half of the current century were done by V.V.Docuchaev,
A.N.Sokolovskiy, K.K.Gedroits, G.N.Vysotskiy and others. The first soil map was made under the guidance of
G.I.Makhov in 1934. After the war, in 1957-1961, the large scale field soil-mapping was fulfilled. This resulted
in each agricultural enterprise received a soil map on a scale of 1:2000-10000 and the recommendation on rational soil use. At the same time the soil maps of administrative districts (M 1:10000-50000), regions
(1:200000) and the whole country (1:750000-2500000) were created. During the following years on the grounds
of received analytical and cartographical information the soil classification as well as different kinds of zonations - soil - geographical, agrosoil, lands types put into the basis of zonal and regional agriculture - were worked
out. In 60-90-ies in Ukraine there were developed broad researches of soils properties, soil formation processes,
fertilizers efficiency, ameliorative methods, the results of which were used for the substantiation of the cultivation technologies, the application of agrochemicals, the protection of soil cover.
Skilled soil and fertilizers scientists of highest qualification are trained in two higher educational establishments
in Ukraine. There are also specialized scientific-research Institute of soil science and agrochemistry, independent
soil-agrochemical departments in other research Institutes (of agriculture, sugar beet, maize and others), regional
experimental stations. In Ukraine a net of stationary long-term experiments of soil, agrochemical, ecological
direction is successfully functioning. Some of them are held during more than 50-60 years. They are unique
objects for studying of soil properties changes in conditions of intensive anthropogeneous pressing. To our
opinion, as a result, soil cover in Ukraine is fully analytically and cartographically studied.
GENETIC-PRODUCTFVE SOIL CHARACTERISTIC
The most distinctive features of soil cover in Ukraine are the domination of chernozems (more than 60%), its
high degree of tilled (portion of agricultural lands varies from 37% in Zakarpatskaya region to 89% in Zaporozhskaya region). Another pecularity is in underdevelopment of such ecologically stabilized categories of agricultural lands as forests and perennial stand (table 1).
Table 2 gives an idea about soil cover structure on agricultural lands and ploughland. It shows that in Ukraine
ordinary chernozems (27,7% of ploughland total area), grey forest soils (21,3%) and typical chernozems (18,1%)
are dominating, that these types of soils are potentially fertile and suitable for cultivation of many field crops and
effective farming on the whole .
As a genelized index of soil values in Ukraine soil rating is widely used. In 60-70-ies soil ratings were calculated
according to many years data of field crops productivity. About the quantity of the latter one can judge by the
cartoschemes (fig. Ib-f) for the chemizationally and agrotechnically stable period of the end of 80-ies. Now
during transition period the yielding level has fallen 1,5-2 times. Last years soil rating is calculated according to
the soil properties (humus content, physical clay, humus horizon capacity, depth of gley horizons bedding, agrophysical, physico-chemical and other indices). Cartoschem of soil rating is shown at the fig. la. The soils of
Cherkasskaya, Kirovogradskaya, Odesskaya, Kharkovskaya and Donetskaya regions received the highest soil
rating . But high ratings of the soils don't always mean high yields. By the of soil ratings the tax quantity is

362

calculated as well as land value which will be used in its (land) sale and purchase when the corresponding law
will be adopted.

I. Structure of agricultural lands of administrative regions of Ukraine
(without the autonomous Republic of Crimea)
Total of

Including % from the area of agricultural lands

agricultural
Region

perennial

lands, of % from ploughland

hayings

pastures

]
]

plants

the area of the
region
[Zacarpathian

37

42

21

30

7

Ivano-Frankovskaya

47

65

12

20

3

Lvovskaya

60

67

12

19

2

Volynskaya

54

64

15

20

1

Rovenskaya

47

71

13

14

2

Chernovitskaya

60

72

9

13

6

Zhytomirskaya

54

77

9

12

2

Chemihovskaya

68

71

14

14

1

Cherkaskaya

75

88

4

6

2

Temopolskaya

78

84

3

12

1

poltavskaya

80

84

7

8

1

h/innitskaya

78

86

3

8

3

KJimelnitskaya

78

81

8

8

3

Sumskaya

73

77

n

10

2

Luganskaya

73

73

3

22

2

Odesskaya

83

80

2

14

4

pKievskaya

64

84

6

7

3

Kharkovskaya

79

81

5

12

2

IZaporozhskaya

89

85

4

9

2

pChersonskaya

82

90

1

8

2

pnepropetrovskaya

83

84

1

12

2

bonetskaya

78

81

2

14

3

kirovogradskaya

86

87

1

11

1

pvlikolaevskaya

87

84

1

13

2

1

1

1
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2. Areas of main typical soils, including of arable lands
Types of

Soils area

Type of soil

OOOhec

zones

Ploughland area

%
.OOOhec

%

%

total

plough
land

Soddy-podzolic loamy
sand and clay sandy

1573,0

3,5

1015,0

64,5

3,5

Soddy podzohc gleysolic

1916,9

4,3

1140,7

59,5

3,6

Marshy, black bogs

2061,8

4,6

78,5

3,8

0,2

Forest

Grey forest

7924,0

17,8

6719,1

84,8

21,3

Steppe

Chernozem typical and

6272,2

14,1

5731.4

91,4

18,1

10395,0

23,4

8760,0

84,3

27,7

6237,9

14,1

4662,4

74,7

14,8

1489,9

3,4

1241,0

83,3

3,9

956,4

2,2

192,7

20,1

0,6

41,8

0,1

7,2

17,2

0,02

Meadow chernozemic

1124,9

2,5

700,7

62,3

2,2

Meadow mainly on

1936,1

4,4

663,0

34,2

2,1

537,8

1,2

256,1

47,6

0,8

Soddy soils

1627,1

3,7

396,3

24,4

1,3

Exposure of rocks and
ashes

311,0

0,7

21,6

6,9

0,1

Total

44406

100

31586,3

Polessiye

podzolic on loess
Chernozems ordinary on
loess
Chernozems southern
Steppe

mainly on loess
Dark chestnut and
chestnut on loess

Mountains

Brown, soddy-brown
Brown mountain,
mountain meadow

Azonal soils

alluvial deposits
Solonetz and solod

71.7

99,9
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In the table 3 average agrochemical soil indices according to the data of the fifth round of researches are represented. Owing to systematical fertilizers application during 60-80-ies the soils in Ukraine became equal in content of mobile phosphorus, and even in Plosive its value in higher than the soils of Steppe and Forest Steppe
(correspondingly 11,8; 9,8; 10,6 mg/lOOg of soil). Differentiation in potassium and humus content in more noticeable.
Further we represent other most important characteristics of soils in Ukraine (fig.2). The most typical are the
soils with relatively considerable capacity of a root layer from 70 in Steppe to 120 cm in Forest Steppe, medium and heavy loamy granulometric composition, equilibrium bulk density near 1,3-1,4 q/cm' , pH kcl within 5,16,3, not deep bedding of the first from the surface of soil water horizon (fi-om less than 2 to 10 m) under mineralization less than 7,5 q/1. Hydrothermical coefficient is mainly within the interval of 1,0-1,3. Average perennial
storage of productive moisture in a layer of 0-20 cm when sowing early small crops and even sugar beet is 40
mm, when maize, sunflower and potato is planting it is 30-40 mm and seldom is 20 mm. The storage of productive moisture when winter wheat is sowing is considerably lower, especially on unfavorable fore-runners. In Forest Steppe and Steppe it is usually less than 20 mm, in southern dry Steppe - less than 10 mm. Average moisture
content in a meter layer during the period of generative organs formation is within 120-160 mm almost for all
cultivated crops.
ESTIMATION OF MODERN STATE OF SOILS
General conclusions made in the Institute for Soil Science and Agrochemistry UAAS testify that during last decades the state of soil in Ukraine considerably deteriorated and assumed a menacing character.
Water erosion - is one of the most essential factors which causes the tension of ecological situation in the country. Actual soil erodity is very high on considerable territories of the country (fig.3).
Wind erosion of soil arises in consequence of the dust storms which almost every year can be observed in Donetskaya, Zaporozhshskaya and Khersonskaya regions. There is a great possibility of wind erosion in Luhanskaya ,
Nikolaevskaya, Dnepropetrovskaya regions and in the Crimea. But such storms can heavily damage the soils in
Polessiye. Their average durability exceeds 115 hours in these regions.
The analysis of information about the soils contamination by different toxic combinations testifies that 20% of
the territory of Ukraine is in un satisfactory conditions. So in Kiev, Zhytomyr and Chernigov regions the considerable areas are polluted by radioactive isotopes. Even today when the lack of toxic chemicals is observed, there
are considerable residua of pesticides in the Republic of Crimea, Zacarpatskaya and Sumskaya regions.
The frequency of toxic chemicals exposure sometimes doesn't depend upon the intensity of their application. On
the soils near large cities with the developed industry, the contamination by heavy metals is observed. Thus on
the territories adjoining Dnepropetrovsk and Mariupol it was determined 22 times exceeding of phone lead concentration in soils. The high concentration of manganese which exceeds the level of permissible concentration
(LPC), was revealed around Kommunarsk, Kramatorsk, Krivoy Roh, Zaporozhshie; the concentration of cadmium - around Donetsk, Zaporozhshie, Kharkov; the concentration of chrome - around Donetsk and Zaporozhshie.
In other words, the soil contamination by heavy metals in the zones of activity of industrial enterprises has mainly
an impact character. Besides in industrially saturated districts (Donbas; Dnepropetrovshchina; Kharkovshchina),
soils, as a rule, are highly buffering, near to neutral pH, when aggressive combinations are composed into inaccessible forms for plants. The plosive Zone in quite different. There the influence of heavy metals is the most
dangerous for soil and as well for the plants. The high level of pollution is illustrated by the lead gross content
forms in the soils.
The area of irrigated soils in Ukraine is 2,6 mln hec. Besides during last three years unsatisfactory (critical) ameliorative soils condition was marked on 6-7% of the area or 145000-169000 hec (the main areas in Kherson,
Odessa and Nicolaev region and in the Republic of Crimea).
The area salined irrigated soils is 200-220 thousand hec. (Dnepropetrovskaya, Donetskaya, Nikolaevskaya and
Odesskaya regions, and the Republic of Crimea), among them there are 1-2 thousand hec of medium - saline
soils. The area of solonetzs in within the range 800-850 thousand hec (more 30%), among them there are 100110 thousand hec of medium and strongly solonetzic soils (the largest areas are in Kharkovskaya, Odesskaya
regions and in the Republic of Crimea).
Unfortunately the cause of all this negative phenomena still remains the quality of irrigation water: on the 4050% of the irrigated territory water of the second class is used, "of restrict use" (Donetskaya, Dnepropetrovskaya,
Nikolaevskaya, Odesskaya regions). It's marked the local pollution of the irrigated soils (near the source of
wastes in suburb zone) by heavy metals and fluorine.
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3. Average agrochemica! indices of soils in Ukraine
according to the data of fifth round of observations
Content index

Region

Volynskaya
Zhytomirskaya
Zacarpatskaya
Ivano-Frankovskaya
Lvovskaya
Rovenskaya
Chernihovskaya
Vinnitskaya
Kievskaya
Poltavskaya
Sumskaya
Ternopolskaya
Kharküvskaya
Khmelnitskaya
Cherkasskaya
Chernovitskaya
Republic of Crimea
Dnepropetrovskaya
Donetsk ay a
Zaporozhshkaya
Kirovogradskaya
Luganskaya
Nikolaevskaya
Odesskaya
Khersonskaya

humus,
% .
1,8
1,5
2,6
2,9
2,4
2,2
2,2
2,8
2,8
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4,6
3,0
3,2

275
472
3,4
4,4
4,2
3,3
3,8
2,3

P2O5,

K2O,

acidity.

mg/lOOg
11,5
. 11,7
8,5
8,7
10,4
14,5
12,7
9,2
10,0
12,4
10,8
10,8
10,2
8,9
13,2
7,1
7.7
10,2
10,7
11,1
9,1
9,3
9,5
9,5
11,3

mg/lOOg
9,5
9,4
12,9
14,6
12,2
10,3
9,7
11,1
8.4
14,4
8,1
10,7
12,8
6,5
10,5
15,2
12,8
11,6
17,7
17,0
14,1
11,5
16,7
13,5
9,0

pHkci

6,2
5.9
5,1
5,6
5,6
5,9
5,8
5,8
5,8
6.1
5,9
6,1
5,8
5,7
6.1
5,9
neutral
tc
ct

"
((
It.
l(
it
(L
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Deptti of humusitied root layers (cm)

Soil bulk denaty g/cm*

Granulometric composilion of soils
in Ukraine (1 - light clay: 2 - heavy loom; 3 - m e d u m loam:
4 - light l o a m : 5 - loamy sand; 6 - sand)

Soil solution reaction (pH)

Fig. 2. The most important agronomical characteristics of soils in Ukraine

Productive moisture storage (mm) in a layer of 0-20 c m
during barley, oats and sugar beet sowing

Productive moisture storage (mm) in a layer of 0-20 c m during
sov/ing on non-fallow predecessors under winter grain crops

Continuation of fig. 2

Productive moisture storage (mm) in a layer of 0-100 enduring maize and sunflower flowering

Hydrothermic coefficient (HTC) for the period with
air temperature > 10 'C
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<8.5
8.6-17.0
« 17.1-25.0
• 25.1-50.0
• 50.1-65.0
• >65.1

Water erosion
of a r a b l e l a n d , %

<1.0
2.0-3.0
4.0-10.0
11.0-20.0
21.0-50.0
>51.0
A n n u a l durability
of d u s t s t o r m s (hours)

„^

Fig, 3. Present-day state of Ul<rainian soils

Soils p o l l u t i o n b y
t h e residue of
pesticides
(1992 a., % of
polluted lands
from total area)
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The total area of the drained lands in Ukraine is 3120000 hec. But because of the absence of proper control for
the drainage net work and also because of soils degradation only 2200 thousand hec or 71% of the total area of
the drained lands are used in agriculture. Within the mentioned area only 40% (880 thousand hec) are used efficiently, the rest of the territory are under hay-mowings and pastures of low productivity (with the yield of the
perennial grasses - 15-20 c/hec) and bushes such unsatisfactory usage of the drained Isnds was determined by the
getting out of action of the drainage systems and the second bogging up of soils (now approximately 1 mln hec
of the drained lands needs reconstruction of the the hydrotechnic constructions and the improvement of their
ameliorative state) soil degradation even to crisis situations (as a result of mineralization and peat wind erosion
almost to 160 thousand and drained peat has already been transformed into bairen sand soil), second podzolization, soil salinization and radionuclear pollution (critical agroecological situations are oberved on the territory of
170 thousand hec of the drained lands). It is difficult to renew these soils and only their renaturalization can be
spoken about. In the result of industrial extraction of peat and peat fires there were formed to 75 thousand hectares of peat pits, which need the recultivation under the purposeful use (ponds construction and fishfarming,
forest and bushes planting, huntings and so on).
Negative state of almost 70 thousand hectares of drained mineral lands was caused by the aluminization of the
part of drainaged surfacely gleysolic soils and the absence of liming. These lands are almost lost for agriculture:
their fertility is almost bronght to nothing, they are neglected and are overgrown with weeds and bushes.
High expenses on deaquation and hydroameliorative systems exploitation are not effective, the culture of fanning
is very low, the stock of ameliorative land is depreciating.
It should be especially marked unfavorable humus and nutrients balance (tables 4,5), deterioration of physical
properties under the effect of numerous passes of heave machines, soil specific pressure of which considerably
exceeds the permissible level. But the constant decrease of work volumes on the soil fertility increasing in now
of the greatest anxiety (table 6). These volumes are considerably smaller than they were by the end of 80-ies.
Geological anomalous phenomena (volcanic and neo-tectonic activity, karst, creeps, avalanches, screes and others) are rather widely spread in Ukraine, but they are not sufficiently studied and aren't almost taken into consideration in agriculture. From time to to time they negatively effect as it happened in Predcarpathie and Pridnestrovie in 1993 and 1998 and almost every year in the Crimea.
SOILS PROTECTION CONCEPTION AND WAYS OF ITS REALIZATION
During last year a new soils protection conception was worked out in Ukraine. It takes into account shortcomings
and positive sides of the previous period. The conception is based on :
- the increasing of importance and actual areas for ecologically stabilized lands (forests, meadows, pastures, reserved areas and so on) and consideral reducing of areas which are under ecologically destabilized lands (first of
all tilled area). Unfortunately today in Ukraine the ecologically stabilized importance of forests, pastures, reserved areas and even cultivation crops of complete seeding is underestimated. As a result erosion is spreading
out, small rivers are vanishing, biological diversity is reducing, aesthetic attractiveness of landscapes is losing,
ecological abilities of soils for restoration in respect of water, heat and gas regimes are destroying, the climate is
deteriorating and getting more strict and contrasting. The progressive point of view about inadmissibility of
ploughing up of agricultural lands in present day size has been already formed in scientific and industrial circles
of Ukraine. It is necessary to work out differentiated according to zones well-grounded long-term plan of reducing ploughland areas. They should be substituted for different ecologically stabilized lands. Taking into account
the difficulty of the work, the plan should be fulfilled immediately;
- exceptionally strict observance of ecologically grounded standards for all types of anthropogeneous pressure on
land resources - ameliorative, mechanical, chemical and others. In Ukraine land resources are suffered mainly
because of excessive ploughing out, contamination and not always grounded amelioration. Soils condition as a
result of so-called agricultural intensification has been considerably changed, the character of negative changes
unexpectedly has acquired considerable spreading. The main cause of this phenomenon is disregarding of parameters of permissible pressure levels onto land resources. Unfortunately now the standards concern only some
chemical pressures. The standards of mechanical and other pressures are absent at all. It is necessary to work out
such ecological standards relative to any aspects of human activity, also differentiated according to soil-climatic
and econoinic conditions;
- providing of large scale reproduction of soil fertility of plough land, productivity and protective properties of
forests, meadows, pastures, creating favorable conditions for making stable agrolandscapes, developing biological and adaptive (less exhausting for land resources) agriculture, complete realization of land-climatic resources
potential, kind of plants, types of trees. Modem world tendencies in land use (effective use of lands without
negative ecological after-effects) should be adopted in Ukraine. Such harmonious conserving land use can be
reached by the realization of territorial potential and as well as by maxim resource investments on the back

4. Dynamics of humus content and its balance in plowing soils
Zone

Steppe
Forest Steppe
Polesiye
Total in
1 Ukraine

Average annual humus
losses on non-fertilized
soils, t/hec
0,59
0,68
0,80
0,66

Humus balance for periods t./hec, + -

Organic fertilizers application average
for year periodically, t/hec
1996
1981-1990 1991-1995
4,4
1,4
6,6
6,2
4,5
9,4
7,8
4,9
11,8
5,7
3,2
8,6

1981-1990
-0,12
-0,08
-0,10
-0,10

1991-1995
-0,24
-0,25
-0,27-0,25

1996 1
-0,38
-0,40
-0,43
-0,40

5.Nutrient balance in the agriculture of Ukraine

Application, kg/hec
Removal, kg/hec
Balance, kg/hec
Intensity of balance, %

1993

1986-1990

Items of balance
N
91
65
-4
96

P2O5

K2O

52,5
31,9
20,6
165

79,5
92,0
-12,5
86

Sum
223,0
218,9
4,1
101,9

N
69
96
-27
72

P2O5

K2O

29
32
-3
91

59
90
-31
66

1996
Sum
157
218
-61
72

N
31
72
-41
43

P2O5

K2O

10
24
-14
42

21
67
-46
31

Sum
62
163
-101
38
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6. Average annual volumes of work on the soils fertility increasing
(numerator - the required level, denominator - real level)

Mineral fertilizers application, NPK kg/hec

160-180/20-30

Organic fertilizers application, kg/hec

10-12/2-3

Liming, min hec

2/0

Gypsuming, mln hec

0,5/0

Irrigation, mln hec

2,6/1,3

Deaquation, mln hec

3,1/1,5

Field protecting planting, thousand hec

2/0,5

Forresting, tliousand hec

30/ 0

Conservation of degraded lands, thousand hec

150/0

Hydroengineering constructions, mln hec

100/2-3

Recultivation, thousand hec

8-10/0

Agrochemical certification, mln hec

8-9/4

Culture - technical works, thousand hec

350-400/0

Agrotechnical antierosion methods, mln hec

7-8/1-2
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ground of optimum farming. All that favor soils fertility increasing, their defense from erosion and other kinds of
degradation which exhausts soils less and maintains no deficit balance of elements is now of great importance.
Each technological method (as well as the system of land use itself) should be estimated from energetical point
of view. It should be provided minimum loss of potential land fertility (that is perspective fertility). Generally
speaking, balance method should be used in all levels of administrative and productional structures;
- differentiation of the principles of land resources use, the basis of witch is landscape and geochemical properties and climatic peculiarities as well as detailed microzonation of a country (instead of generally used now
macrozonation). Modem land use is based on the principles of macroecological zonation. The use of land resources is excessively unified on rather large areas. Such approach doesn't completely take into account mottling
character of natural and economic conditions. So this approach needs to be elaborated. It should be developed in
the direction of detailed microecological zonation, that is more accurate knowledge of the the local peculiarities ,
indices of quality of soils compositions, rocks, water resources, throw out of enterprises, character and directions
of geochemical migrations, weather peculiarities;
- making economic stimuli for ecologically fixing rate of land resources use, forming mechanizms of economic
and administrative responsibility of land-users for the breaking of ecological demands. Declaration about ecological priorities should be supplemented with mechanizms of realization. And what is more, it is advisable to
work out the system of measures which on the one hand encourage competent (normatively grounded) activity on
the environment protection on the other hand - prohibit (with the introduction of resolute economical, administrative and even criminal responsibility) activity which causes ecologically negative after-effects as for land use;
- systematical and monitoring active use of their results when management decisions are made, working out of
long - and short-term programs for perspective and operative methods of the improvement of the land resources
conditions and especially of elimination or stopping crisis phenomena. Ecologically safe land use is impossible
without organization of systematical, especially crisis monitoring, formation of automatized state and regional
combined data bases, mastering by practice system of methods as to improvement diagnostic (distance and
ground) ways, norms, expert management decisions. The current information will make possible optimal planning (perspective and operative) and investment, methods of management of resources aimed at their protection
and use, including as the object of market relations;
- using of world experience of protection of environment and land use .There are a lot of examples of progressive
land use in the world, which are worthy of studying and maximally possible spreading in Ukraine. It is evident
that it is advisable to carry out additional substantiation. Meanwhile it known what should be done first:
* to work out General scheme of protection and rational use of land resources including trade schemes for all
categories of lands and to give it the status of the law of Ukraine;
* to realize complex ecologo-economic estimation of the territory of Ukraine and according to this estimation to choose lands for differential use, introduction of the methods of conservation of degraded lands;
* to improve the distribution of agricultural production taking into account modem tendencies of specialization;
* to revise adopted by the Government of Ukraine in previous years the Conception of land use development
till 2(X)5 with regard of the demands of land reform and modem state of lands, especially their degradation
and pollution.
Realization of the mentioned above, of course, will create prerequisites for the stable development of Ukraine no
more than in 7-8 years.
The general program of action is given above with the purpose of elimination of negative phenomena and degradational processes. But today the most important factor of preservation of land resources and their rational use is
the mechanizm of realization and introduction of the mentioned proposals irrespectively of forms of land property. During very last time positive experience of such work has been accumulated, for example, in Lvovskaya
and Zaporozhskaya regions. The main point of this experience is as follows.
Appropriate works begin with the elaboration of the project.
The project is made by the regional center of monitoring of land resources or regional land resources department
as technico-economic substantiation (TES) orientated to concrete territory and type of crisis (erosion, chemical,
ameliorative and others), with the reference to the size and kinds of work as well as to those who will fulfill this
work. When it is necessary for the preparation of TES research and designing institutes of the corresponding type
can be involved.
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Proposals are examined and approved by the Executive Council and then they are included into the plan of
works.
The source of financing is a special fund where the means from land taxes, payments for the land rent and other
types of payments connected with land use are accumulated.
Such kind of fiind is created is state as well in regions. These means are concentrated in the State Land Bank and
its regional branches. Land users besides the state should take part in financing of concrete project. Share of their
payment is determined by the volume of calculated profit from the introduction of the project according to the
rule adopted in western European practice: the more compensation and shorter the time, the more is the share of a
land user and the less share of state in financing of the work.
For the financing of large projects the means of state funds or united means of several regions are used, for the
smaller projects - means of a regional fund.
Taking into account the importance of the problem and the reality of modem economic conditions and resource
and energetic possibilities in Ukraine, the realization of soil protecting projects is gradual and fulfilled in several stages.
The first stage. On the ground of prerequisite investigations and information from different departments the
bank of data about land resources and their quality is created. It is carried out prerequisite zonation of regional
land resources with marking out the lands of different conditions (good, satisfactory, crisis). Special attention is
paid to the lands in crisis conditions. According to existed norm base it is determined the type of crisis, its degree. TES of elimination of crisis is worked out.
The second stage. The executor of the work are selected. Additional more accurate investigation is held. The
experimental works are set going.
The third stage. The recommendations and obligatory regulations for land users irrespectively of property form
are given for futher use of lands which are in crisis condition.
The fourth stage. Effective control for the fulfillment of the projects is set going.
The peculiarities of the conducting of the work depend upon the type of crisis.
Land crisis condition connected with erosion. This type is the most susceptible to ecologo-economical aftereffects. Measures of control are planned with obligatory fulfillment of such demands: the decreasing of the degree of the plugging up of the agricultural lands and grassing of the extracted lands from the tilled areas and the
change of the structure of sowing area. The branches of the Institute of land exploitation are charged with designing (with account of regional standards). The realization of the projects is carried out by appropriate regional
departments under the control of managing department of monitoring.
Land crisis condition connected with chemical pollution. This type of crisis spreads out on the large territory,
but it is manifested locally (near source of pollution). Measures of control are planned by appropriate departments - and scientific establishments with account of permissible levels. Among the measures it should be used
the method of deactivation of contaminators or re-orientation of the activity up to its prohibition. The further use
of the polluted lands is determined by the regional land resources departments.
Crisis condition of ameliorative lands. Appropriate departments have the most developed net of observations and
great experience in the lands improvement. But in spite of this standard and the degradational processes are actively developing.
Detalization of work for elimination of different types of crisis is considered in regard of concrete objects before
such projects will be included in the corresponding plans.
Today the question about the creation of the Department for protection, monitoring and rational use of the lands
in Ukraine is practically settled in the Ministry for Agriculture and Food Production. This Department should
eventually transform into the Soils Protecting Service, the main task of which will be in the realization of the
mentioned above conception.
THE EXAMPLE OF THE CONCEPTION REALIZATION ON A REGIONAL LEVEL
The object is ICharkovskiy district of Kharkovskaya region where the Institute for Soil Science and Agrochemistry Research (the elaborator of the conception) is situated and where there is the support of the administration
(the head of the administration V.I.Pugatchev). The area of the district is about 73 thousand hectares. The number of the collective farms is more than 30. Individual farming is very weak. The main direction of agricultural
production is grain, vegetables, meat and milk. There are about 6,0 thousand of irrigated lands. During last years
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the sunflower production increased, it is because of the greater demand on the market. The characteristic of district soil conditions is like this.among the total area approximately 35th. hec are eroded by water, 1500 - by wind,
approximately 32th. hec are acid lands, in 6,0th. hec are of both saline and solonetz lands, 2,4th. hec are of overmoistening lands. According to granulometric composition light and heavy loamy soils are dominated, according
to humus content - about 4,0%, on movable nutrients belong to the medium fertility level.
As the given data show it is soil needed regular systematic work on the protection and maintaining soil fertility.
The elaborated program of soil protection and increasing its fertility includes a number of measures of perspective and immediate character. Up to 2010 the perspective measures are:
- optimization of the land use by the reducing of the plough land and the increasing of the area of forage lands,
and of forest;
- optimization of the structure of the branches of agriculture and cattle-breeding with the purpose of harmonization and stabilization of their development;
- designing and gradual formation of soil-protecting ecologically balanced agrolandscape, stopping all types of
soils degradations especially erosions;
- to reach no deficit balance of nutrient elements in soil;
- ecologization and biologization of agriculture, the production of full value output;
- gradual formation and increasing of export potential of the main kinds of agricultural output.
The immediate measures are:
- taking out from the plough land all the slope lands with the slope angle more than 2° and their grassing;
- temporary conservation of the degradated lands;
- using of all available organic fertilizers, obligatory resting on the fields part of the straw of grain crops and its
further covering;
- reconstruction of crop rotations in the direction of reducing the amount of row cultures, introduction of the
bastard fallows, grass, using of green manure cultures ;
- obligatory using of mineral fertilizers according to crop cultivation technologies and methods providing their
highest compensation;
- using chemical matters for amelioration of acid soils on the base of local calcium contained materials;
- selection and sowing special solonetz - and salt stable crops on the floodpain saline lands for the improvement
of sward;
- complex reconstruction of the existed irrigated lands, improvement of their ameliorative state, improvement of
seeding structure and technologies, increasing of the amount of grass, vegetables, potato and intermediate seeding.
The enumerated measures are concretized for each farm of the district. The program is ready for consideration,
approval and inclusion into the code of the district, subjected to realization. But even this year can be considered
as the beginning af active studying of the program and its realization.
CONCLUSION
For more than 100 years soil cover of Ukraine was studied rather fully. Different cartographical and analytical
material has been accumulated. Soils of Ukraine mainly belong to chernozem and have considerable fertility potential. But because of excessive ploughing out, negative balance of nutrient elements, the erosion and other
kinds of degradations development, insufficient moistening in critical periods of plant development and what is
the most important - inobservance of crop cultivation technology, their real fertility isn't very high. Moreover
last years when the country economics were changing and this process was accompanied by the economical crisis, soils fertility decreased, greatly the productivity of main crops fall almost two times as much as in 19851990. Today in the country much is done for the correction of the situation: it was created a new conception of
soil protection in modem conditions and the preliminary variants of national and regional soil protection programs were prepared. Part of them is now realized, the new law about soil fertility protection by all land owners
is prepared, the works on soil cover monitoring (in connection with realization of Government decree about agrochemical certification of lands) are carried out. After all the question about the creation of Soils Protecting
Service is now actively discussed. Such Service can become a body able to change the situation and to work out
the base for new strategy of stable land use.
Such it should be state policy in Ukraine in XXI century.
The authors of the report believe that the participation of the Ukrainian delegation in the Conference "Soils in
Central and Eastern European Countries", studying soil protection experience of other countries would help to
overcome negative tendencies in the land use in Ukraine.
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SOIL DEGRADATION IN UZBEKISTAN
Ergach KURBANOV, Chairman of the State Land Committee of Uzbekistan, State Committee on Land
Resources Chapovata Street, block C, Tashkent, Uzbekistan. m.suleimenov@icarda.org.uz

Gaining independence by the Republic of Uzbekistan offered an opportunity to pay closer attention to issues
related to efficient use, preservation and increase of fertility of soils and especially of irrigated lands representing
the "golden fund" of the country. A clear example of this approach is the establishment of the State Land
Committee at the Cabinet of the Ministers of the Republic and approval of the Land Code by the Oliy Majlis
(Parliament). At the present time one of the most important issues of the agricultural policy of a country
requiring a constant attention is the issue of preservation, protection and reclamation of fertility of soils, efficient
use of the land fund in the different natural and economic regions of the Republic so that the environmental
equilibrium would not be disturbed.
In the past century, especially in its second half, the human technogenous influences on the soil cover
dramatically gained on intensity. Analysis of various processes of this phenomenon indicates that the most
dangerous processes for our Republic are desertification, increase of salinity flow to drainage water, increase of
soil salinity, erosion, contamination, soil compaction, etc., leading to soil degradation.
One-sided increase in land exploitation led to deterioration of quality of especially irrigated lands. In the past 15
to 20 years the amount of salinised lands grew by 0.8 million ha reaching at the present moment the level of 2.0
million ha, including 0.85 million ha of mid- and strongly salinised soils. The lands of Karakalpakstan, Bukhara
and Syr-Darya regions are salinised almost completely - 90 to 95% of lands are effected, as well as 60 to 70% of
lands in Kashkadarynskaya and Khoresmskaya regions. The total area of low-fertility arable soils (strongly
salinised, contaminated with lime, eroded, stony, etc.) amounts to 0.5 million ha.
We experience a systematic consumption of fertile lands by urbanisation, construction of plants and other
industrial premises, roads, etc. The area of lands consumed by the abovementioned facilities increased sixfold in
the past 30 years. During this process fertile culture soils were consumed and low fertility lands were cultivated
at the cost of huge melioration modifications having highly negative impact on the fertility level of the irrigated
land fund of the Republic.
Global decrease of the level of Aral Sea and desertification related to it triggered many negative factors
influencing fertility of soils of the Asian region, e.g. initiation of processes of alkalisation of irrigated soils, to
name just one.
The trend of secondary salinisation, water and wind erosion is permanent. In 1965 the area of irrigated lands
suffering from irrigation erosion amounted to 395,100 ha, where as in 1990 it reached the level of 851,900 ha. In
1975 there were 2,030,800 ha of irrigated lands exposed to wind erosion, in 1990 it was 2,904,200 ha.
There are well-founded concerns related to the increase of area of soils with low and very low humus content (up
to 40% of the total area) and nutrients, a majority of soils irrigated for long periods suffers form lack of general
and degradable forms of calcium.
Quite pressing is an issue of contamination of soil, water and agricultural products with nitrates, residues of
elements used for protection of crops, heavy metals, and radionuclides. There is not sufficient information on
relations between the residues of chemical substances, heavy metals, radionuclides and toxic levels of nitrates in
soils and their transformations within the "soil-plant-animal-human" system. Explanation of mechanisms of this
relation would allow to point out the factors influencing self-purification processes in soils and find ways to
control these processes.
The past practises of mono-cultural grow of cotton, tendencies to get "the harvest at any cost" not only hampered
introduction of crop rotation - being the major method of soil protection in agriculture - but also resulted in a
need to use excessive amounts of mineral fertilisers and chemicals substances (e.g. insecticides) disturbing the
natural biocenosis of soils and lowering their fertility.
At the present moment the issues of use of organic and mineral fertilisers in agriculture are not addresses on the
appropriate level. There is no effective agrochemical control of the soil conditions, as well as the status of
agricultural products, irrigation drinking water and quality of fertilisers.
The issues of irrigation demand close attention. Given the overall deficit of water, the irrigation quotas in many
regions are not met. Cotton fields are excessively watered and the time periods between the individual waterings
are getting longer. The over-watering leads to even greater depletion of humus content and content of other
nutrients in the soil. Erosion processes, often initiated by anthropogenic activities, have long-term negative
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effects. Irreversible harm is done by groundworks. Important part of the irrigated land fund of Uzbekistan is
represented by soils introduced to the agricultural use in the recent decades, very often euphemistically described
as "newly cultivated". Now the time has come to cultivate soils rather problematic from the point of view of
melioration and low in fertility. Mainly desert groups of soils are in concern - takyrs, sands and grey-brown
soils. Unfortunately, the approaches used for their cultivation are old-fashioned, formed during the period of
cultivation of chernozems and meadow soils, when it was sufficient just to plough, fertilise and water the soil.
Thus, one of the sharp problems jeopardising the operation of the agriculture and the economy of the Republic in
general is the quite clear tendency of loss of soil fertility.
To a certain extent, these processes can be controlled and prevented. In order to do that we must exclude the
single-crop approach on the fields, introduce crop rotation of pea family cultures and perennial grasses, develop
measures for cultivation of irrigated soils, and substantial improvement of low quality soils. Special attention
should be paid to anti-erosion territory management of individual farms, treatment of soil, construction of
drainage preventing flooding, swamping and salinisation induced by large dams and other water systems, and to
phytomelioration of natural pastures, especially in the mountain regions.
To carry out comprehensive measures with the aim to reclaim, preserve and enhance fertility of soils, their
protection and improvement of their quality it is necessary to carry out the following:
First of all, it is inevitable to collect accurate information on the complete characteristics of irrigated and nonirrigated soils of the Republic based on large-scale mapping.
Introduction of extended rehabilitation of soil fertility including all its components - crop rotation, growing of
intermediary cultures, green manuring, balanced introduction of mineral and organic fertilisers. This includes
also agrophysical measures leading to alleviation of compaction, improvement of soil structure and optimising
the watering pattern.
On the newly cultivated soils only long-term cultivation measures, including desalinisation, increase of
biological activities of soils, liquidation of spottiness of the soil cover must be used.
Taking into account the analysis of the current soil meliorative, physical, chemical and environmental status it is
necessary to prepare agrotechnical measures and agricultural systems aiming at recovery and increase of soil
fertility.
Prepare expeditious methods for development of large-scale soil maps, diagrams and automate the process of
compilation and preparation of maps, and evaluation of soils.
Develop effective measures to prevent water, ravine and wind erosion, methods of erosion prognoses, system of
recovery and improvement of fertility of eroded soils.
Develop new, more efficient measures of desalinisation and melioration of salinised soils.
Conduct targeted analyses of pollution of soil cover with various toxic materials, i.e. heavy metals, radioactive
elements, pesticides, etc., and prepare measures to prevent pollution of soils with the abovementioned elements.
Taking into consideration the policy of grain independence of the Republic prepare and implement scientific
systems of crop rotation into the agricultural production as well as scientific patterns of location of individual
crops based on water consumption and soil conditions.
To preserve and improve soil fertility and regulate the balanced mineral nourishment of plants, revise the system
of use of different mineral fertilisers in various agricultural crops paying attention to the latest forms of organic
fertilisers (lignin, composts, organic-mineral mixtures, bio-fertilisers, etc.) and the local mineral resources.
'The National Programme on Improvement of Use of the Fund, Preservation, Improvement and Recovery of Soil
Fertility" currently prepared by the State Land Committee of Uzbekistan and the planned measures to establish
and implement monitoring of soils and land resources of the Republic shall support implementation of the
aforesaid measures of soil degradation prevention.
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SOIL DEGRADATION IN YUGOSLAVIA
Prof. Dr. Stanimir KOSTADINOV, Faculty of Forestry, Belgrade University, Department of Erosion Control
1 Kneza, 11030 Viseslava, Belgrade, Yugoslavia. kost@eunet.yu

ABSTRACT
The main types of soil degradation in Yugoslavia are: soil erosion, chemical degradation, soil degradation by
surface mining, soil salinization and physical degradation. Soil erosion causes the most serious degradation of
soil. More than 87% of the territory in Yugoslavia is attacked by water erosion. The wind erosion is the
significant problem in the Vojvodina Province.
The concentration of heavy metals and other potential pollutants in the soils of Yugoslavia are not near the levels
permitted by law.
The society understands the problematic of soil degradation and its significance, which is manifested in
newspapers, electronic media, etc. Unfortunately, this public support lacks the adequate financial investments,
because of the economical crisis in the country.
Key words: soil degradation, soil erosion, heavy metals, surface mining, salinization
1. INTRODUCTION
Soil, like air and water, is essential to support life on earth. Over 90% of all human food and livestock feed is
produced on the land, on soils which vary in quality and extent. Of the earth's 13,000 million hectares of ice-free
land surface, only 3% is covered with highly productive soils, 6% with moderately productive, and 13% with
slightly productive soils. The remaining 78% of the land has limitations which normally prevent its soils from
being used for cultivation; even grazing is limited. It is here, however, that most land and soil degradation occurs
(Humi,H.,etal, 1996).
The notions concerning land and soils are defined as follows (Humi, H., et al, 1996):
• LAND DEGRADATION is the reduction in the capability of the land to produce benefits from a particular land
use under a specific form of land management.
•
SOU. DEGRADATION is a process which lowers the current and/or the potential capability of the soil to
produce goods or services. Six specific processes contribute to soil degradation: water erosion, wind erosion,
water logging and excess salts, chemical degradation, physical degradation and biological degradation.
•
SOIL PRODUCTIVITY is an intrinsic value of the soil, expressed by such factors as soil quality and health, or
physical, chemical and biological properties as a potential for biomass production. Long-term soil productivity is
an indicator of soil sustainability.
•
PRODUCTION is a measure of the economic yield of a soil under given input systems. Production can be
maintained by technological inputs - at least to a certain degree - even while the soil degrades, but at an
economic cost, and with much uncertainty and future risk.
A distinction should be made between land degradation and soil degradation, as these terms are often incorrectly
used interchangeably. Land degradation includes the degradation of soil, fauna and flora, water, (micro-)climate,
and losses due to urban/industrial development, and is likely to have impacts in entire ecoregions, such as the
areas of the world affected by desertification. This is a much broader concept than soil degradation, which
includes:
•
•
•
•
•

soil erosion by water and wind
desertification
chemical degradation (i.e. accumulation of persistent substances such as heavy metals)
physical degradation (i.e. trampling and mechanical compaction)
biological degradation (i.e. organic matter decline)

2. TYPES OF SOIL DEGRADATION IN YUGOSLAVIA
2.1. General characteristics of the pedogeographic regions
Yugoslavia is situated in southern Europe. Its total area is 102,173.0 km2. Out of the total surface area of FR
Yugoslavia which amounts to 102,173 km^, 62,260 km^ belong to agricultural land (according to the statistical
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yearbook of 1996), out of which arable land occupies 48,530 km^ (Table 1). According to population census of
1991, the total number of inhabitants in FR Yugoslavia amounted to 10,395,026. Based on this, in Yugoslavia
there is about 0.60 ha of agricultural land, or 0.47 ha of arable land per capita.
Some calculations indicate that on average, for each inhabitant of the planet Earth at the present level of the
average crop yield, i.e. for a modest level of development, 0.4 - 0.5 ha is needed for food production and about
0.1 ha of territory for housing, roads and other infrastructural needs not of agricultural character (Kadovic, R.,
1999).
According to the data quoted, it can be stated that the area of Yugoslavia with respect to the total agricultural
surface area, i.e. within the limits of the quoted standard, there is at disposal the surface area per capita for a
modest level of development. If looked per republics, the situation is somewhat more convenient in Montenegro
(0.84 ha of the agricultural land per capita, while in Serbia there is 0.59 ha per capita).
Table 1. Land Use in Yugoslavia
Area
No Culture
1.
Arable fields and market gardens
2.
Orchards
3.
Vineyards
4.
Meadows
Cultivable land area
5.
Pastures
Marshland, reed tracts, fish-ponds
6.
Total agricultural area
7.
Forests
8.
Other
Total area
Source: Statistical yearbook of 1996

ha
3 708
267
86
792

%
36.30
2.61
0.84
7.75

1335
38

13.07
0.37

2 8202
1 171.0

27.60
11.46

ha
4 853

%
47.50

6 226

60.94

10,217.3

100%

These data clearly indicate that FR Yugoslavia is not so rich in agricultural land as to allow its degradation and
destruction. Different forms of aggression upon the soil are present, from partial damage and different forms of
pollution to total destruction and permanent disappearing. By his activity in the intensive vegetational
production, through land utilization the man directly or indirectly seeks to maintain and preserve, or improve its
properties, but frequently the opposite effects and deterioration of the productive properties occur.
The territory of Yugoslavia is divided in sixth pedogeographic regions (Resulovic, H., 1991) (Fig. 1).
The first region covers the northeastern part of the country (province Vojvodina). It is a lowland called the
Pannonian Plain in which a few mountains are scattered. The dominant geomorphologic forms are loess plateaus
and alluvial terraces. Aeolic sands cover a limited area. The mountain parts are mostly on silicate rocks and loess
on limestone. The following soil types are present: chernozems, fluvisol and a series of hydromorphic soils,
arenosol, halomorhic soils and district and eutheric cambisol. The region has a moderate continental climate. The
dominant crops in the region are cereals (com, wheat, sugar beet, sunflower). Orchards and vineyards take a
small area.
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Figure 1. Pedogeographic regions in Yugoslavia
The second region adjoins the first taking the north-west part of Serbia. It is mostly flat too. As it has a higher
rainfall than the first region, its climate is defined as humid moderately continental. Its major part is used for
agricultural production but there is also a pan covered with forests.
In the region, calcareous loess with chernozem, eutheric brown soil and fluvisol are present. Pleistocenic loams,
found on a limited area, have given rise to the development of acidy soils such as a pseudogley and fluvisol.
Eutheric and distric brown soils are present in the hilly-mountain part of the region. Swampy soils are
encountered in the lowest parts of the plain.
The region is known for an intensive agricultural production, with com, wheat, sugar beet and sunflower as the
dominant crops. Orchards occupy a certain portion of the agricultural land of the region.
The third pedogeographic region, covers the central part of the Republic of Serbia which tertiary lake sediments
are dominant. Climatically, the region is drier than the second region but more humid than the first one. There
prevail the eutheric brown soil (locally called 'gajnjaCa') while the smonitza soil (vertisol) had developed on
heavier substrates. Loess and initial chernozem are present on a limited area. Fluvisol and other hydromorhic
soils are found in the river valleys, the agricultural production is fairly intensive, with wheat, com and sugar beet
as the main crops. Orchard and vineyards are present too.
The fourth region covers the southern part of Montenegro, including Adriatic islands. This is the so-called kartsMediterranean region in which all phenomena pertaining to karts are encountered (small and large karts fields).
A significant portion is under bare karts (holokarts). Geologically, limestones and dolomites are prevalent while
marine sediments (fluish) take a small percentage. Only the karts field and mildly inclined fluish sistes are
suitable for agricultural purposes. The karts field vary in size and form. Most of them are periodically flooded (in
winter-spring period , lasting 5-9 months). The region has the highest rainfall, ranging over 3000 mm (the
location with the highest annual rainfall in Europe, 5,317 mm is situated in this region). Despite the high rainfall,
a severe water deficit occurs in summer months. Red soils (terra rossa) developed on calcareous substrates and
eutheric brown soils on fluish. The karts fields are alluvial-colluvial in origin, so that fluvisol and swampy soils
can also be found.
An intensive agricultural product has been organized on ameliorated karts fields, with field crops, orchards and
vineyards. Tobacco is grown on a limited area. Mediterranean crops such as olives and citruses are grown in the
lowest parts of the region. Mountain slopes have been terraces in some parts, chiefly for the production of
tobacco and grapes.
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The fifth region takes the south-western part of Serbia and northeastern part of Montenegro. The entire area has
the mountain relief. Limestone-dolomite rocks, silicate magmatic and metamorphic rocks are present there.
Almost 50% of the area is covered by forests. A series of soil types had developed on limestones, from the black
soil on limestone to the brown eutheric calcocambisol and luvisol; rankers, brown distric soil and luvisol had
developed on silicate rocks. Fluvisols and eugleyic soils are encountered in river valleys. Intensive processes of
colluvialization had taken place too. The agricultural land in the region is used for growing cereals, com and
potatoes. The mountain areas are turned into pastures and a limited area is used for orchards.
The sixth pedogeographic region covers eastern part of Yugoslavia in which the mountain relief prevails. The
region is highly heterogeneous according to the geological structure, from limestones to silicate rocks. Regarding
the climate, the region is relatively dry, with average rainfall of about 600 mm. Annual temperature extremes,
from severely dry and hot summers to very cold winters, are fairly frequent. Soil erosion is pronounced in the
region so that a number of locations resemble a stony desert. Eutheric calcocambisol, and terra rossa in some
parts, had developed on limestone substrates. Distric brown soils and luvisols had developed on silicate
substrates. Distric brown soils and luvisol had developed on silicate substrates. Distric brown soils and luvisols
had developed on silicate substrates. Alluvial soils encountered in valleys are partually salinized (halomorphic
soils). The agricultural land is used for growing cereals but particularly for orchards and vineyards. Tobacco is
grown on a considerable portion of the available agricultural land. Rice is grown too.
2. 2. Soil degradation types in Yugoslavia
According to the International Soil Research Information Center (ISRIC, L. R. Olderman, Wageningen, 1990) in
the paper a global estimation of soil degradation types of Yugoslavia is given. There are 6 distinguished areas,
and the basis for the distinguishing a chart of pedogeographic regions was used (Resulovic, H., et al., 1991).
The folowing soil degradation types have been established:
• Area 1: wind erosion, loss of top soil, loss of nutrients, pollution from bio-industrial sources, salinization,
etc
• Area 2: water erosion, loss of top soil and terrain deformation, loss of nutrients, pollution from bio-industrial
sources, compaction, waterlogging, flooding
• Area 3: water erosion, loss of top soil and terrain deformation, loss of nutrients, compaction, soil structure
deterioration, waterlogging, pollution from bio-industrial sources, flooding
• Area 4: water erosion, loss of top soil and terrain deformation, wind erosion and loss of top soil, loss of
nutrients, pollution from bio-industrial sources, flooding
• Area 5: water erosion, loss of top soil and terrain deformation, loss of nutrients, pollution from bio-industrial
sources, flooding
• Area 6: water erosion, loss of top soil and terrain deformation, loss of nutrients, pollution from bio-industrial
sources, other chemical problems, structure damage, salinization
Soil erosion by water and wind is present on considerable areas. In consequence to the growing of com and
potatoes on steeply inclined plots, there have been developed torrential furrows and ravines in region 5.
Deforestation and land reclamation have also been causes of the erosion processes (Region 3 and 6).
In Yugoslavia, processes of soil contamination and degradation are fairly intensive. The different soils have
suffered various degrees of damage.
Regarding soil contamination with heavy metals in the vicinity of industrial facilities, increases have been
registered particularly of lead and zinc. Waste dumps are extremely detrimental for the soils as well for
agricultural crops when contaminants are carried by wind. Extreme forms of soil degradation have been
registered around power plants fuelled by coal, because of the emission of aerosols and gases ladden with SO2
and NO3. When carried by wind, fly ashes from power plants damage both soil and plants. Fluor damages have
been registered around aluminum plants. The expressed examples of soil degradation due to negative impact of
the industry are the regions of Bor, Trepöa and Pljevlja, as well as the municipalities of Pristina, Kosovska
Mitrovica, Obilic and Kosovo Polje. At Kosovo, the soil in the vicinity of mines and industrial plants is being
rapidly degraded in an uncontrolled manner by the dugouts, mining residues, ash, slag, heavy metals, waste
waters and gases, and the measures of protection and sanation and recultivation are lacking but at the smaller
areas. Some municipalities are in expressly difficult situation.
The introduction of the system of intensive agricultural production, which implies the use heavy agricultural
machines, is another factor which has brought about soil degradation, i.e., which has caused deterioration in
physical and chemical soil properties. Another consequence are reductions in the humid content which has
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reached the figure of 50% in some regions, especially in the chernozem zone (Region 1). The irrigation practice
has caused salinization of surface soil layers and aggravation of physical and chemical soil properties in the
irrigated areas.
Particularly serious forms of land damage have been caused by surface mining for various minerals and ores.
These processes have taken place in Regions 3,5 and 6. The excavation of wide and deep craters has produced
moon-like landscapes in some locations (so-called industrial deserts). Another form of land damage has resulted
from depositing overburden from excavation sites over the fertile soil. When industrial dumps, those with fly
ashes from power plants and red mud from aluminum plants are added, it becomes obvious that these forms of
land damage are severe. Moreover, they keep increasing.
Yet another form of land damage has resulted from the construction of hydro-power plants and their reservoirs
which have irrevocably turned tracts of highly fertile soils into artificial lakes.
Urban and industrial expansion also contribute to the reduction of agricultural land. Housing projects and
industrial facilities are frequently erected on flat and highly fertile alluvial soils. On average, the productive
surface areas (agricultural land) in Serbia are reduced annually by 117 km^ (11700 ha), with the greatest
reductions in Vojvodina (74 km^), and the largest part in redustion of the productive surface areas belonging to
the transformation of the better bonity classes (1 - 3), making the problem even more serious (Kisgeci, J., 1993).
As the consequence of NATO bombardment of Yugoslavia (from March 24 to June 10, 1999), because of the
destruction of refineries, fuel tanks, factories and other facilities, harmful substances were discharged to
watercourses. There was also the release of injurious gases. All the above by all means increased the
contamination of the soil near the destroyed sites. In some parts of the country, the bombardment also caused the
higher radioactivity.
The intensities of water, air and soil pollution was measured in the field by the group of OUN experts during the
second half of August 1999. The information on the types and intensities of pollution was not reported to the
official authorities and expert services in SR Yugoslavia to date (October 1999). So the scope of destruction and
soil degradation will be reported later on and will be presented at the Conference in Tbilisi.
Extensive measures have been introduced in Yugoslavia with respect to soil protection. First of all, soil
reclamation projects have already reclaimed several thousand hectares for agricultural production. Drainage and
flood control are enforced in lowland to reclaim considerable areas exposed to surface and ground waters
(pseudogleys and swampy soils). Attempts are made to reclaim erosion-endangered areas by important volume
of erosion control works ( forestation and landscape designing, i.e., by constructing terraces, torrent control and
other), especially in Regions 3, 4 and 6.(Kostadinov, S., 1998).
3. SOIL EROSION IN YUGOSLAVIA
3.1. Water erosion and sediment transport in Yugoslavia
Water erosion is the dominant type of erosion in upland regions of Yugoslavia (about 75% of the total area of
Serbia and more then 90% of the total area of Montenegro belongs to hilly-mountainous regions.
Water erosion depends on a number of physical-geographical and antropogeneaus factors, consequently in order
to define the state of water erosion in Yugoslavia have been analyzed: parent rock, composition relief, climate,
vegetal cover (land use). All the analyzed factors of presents the favorable conditions for water erosion
processes. The survey of water erosion in Yugoslavia has been given based on the data of erosion in the
Republics (Table 2). As the consequence of such natural conditions 86.41% of teritory of Serbia is under
erosion processes of different intensities, whereas 95.10% of territory of Montenegro is attacked by soil erosion
(in Yugoslavia 87.59% of the territory is under erosion processes).
Table 2. The rate of erosion in Yugoslavia
Republic

Total area
km^
88,361.0
Serbia
13,812.0
Montenegro
102,173.0
Yugoslavia
Source: Djordjevic,M., Jovanovski,S., 1987

Attacked by erosion
km
76,354.43
13,135.20
89,489.63

%
86.41
95.10
87.59
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Table 3. Gross erosion and sediment transport in Yugoslavia
Gross erosion
Total
Specific
Republic
m^-yr''
m'-yr"'-km-Serbia
37,249,975
421.57
3,799,352
Montenegro
273.08
Yugoslavia
41,149,327
401.76
Source: Djordjevic,M., Jovanovski,S.,1987

Annual sediment transport
Specific

Total
m^-yr-'
9,350,765.0
2,101,600.0
11,452,365.0

3

-1 .

|
1

-">

m yr -km
105.80
152.20

112.10

|

1

The above scope of water erosion in Yugoslavia is the consequence of natural features and antropogeneous
impact. The share of certain categories of erosion intensity, i.e. erosion intensity in stream channel and in
watershed, according to S. Gavrilovic's classification, has been analyzed based on erosion map prepared by S.
Gavrilovic's method (Gavrilovic, S., 1972)( Table 4).
The share of certain categories of destructiveness, i.e. intensity of erosion processes in stream channel and in
watershed, has been calculated from the erosion map for Serbia and Montenegro. From the erosion map it can be
seen that 35.55% of the area in Serbia has been attacked by erosion of the I, II, and III categories (excessive,
intensive and medium erosion). In Montenegro 47.5% of total area has been attacked by erosio of the I, II and III
categories, which illustrates the significance of the problem and the amount of damage erosion causes to
agriculture i.e., to economy and to the society in general in Yugoslavia.
Water erosion causes great damages, such as: soil loss, water loss, loss of nutrients, dusturbance of runoff regime
in the watersheds, catastrophic floods, reservoirs siltation etc.. Damages initially caused by erosion is the loss of
the upper fertile soil horizon, coupled with loss of organic and mineral nutrients from steep and ploughed land,
leading to inadequate air and water relations in the soil. The damage caused by water erosion results from
detaching and transporting the fertile soil horizon from the slopes, as well as from torrential flows. Erosion
removes organic and mineral nutrients from the top soil, the soil structure is destroyed leading to the disturbance
of soil characteristics of air and water relationship.
Sediment transport related to gross erosion (total erosion production), is also considerable( Table 3). Total
average annual gross erosion in Yugoslavia amounts o 41,149,327.0 m', i.e. specific annual gross erosion
amounts to 401.76 m^-km"" while annual sediment transport is 11,453,365.0 m' and specific annual sediment
transport is 112.10 m km"'. If annual gross erosion is turned into equivalent hectares of soil 20 cm thick, it can
be concluded that every year 20,525 ha is endangered.
Table 4. Distribution of Water Erosion Processes in Yugoslavia
REPUBLIC
SERBIA

MONTENEGRO

Eroison
Processes
Intensity
Excessive Erosion
Intensive Erosion
Medium Erosion
Weak Erosion
Very weak Erosion

Category
km"
%
I
2.888.0
3.27
II
9.138.0
10.34
III
19.386.0
21.94
IV
43.914.0
49.78
V
13.035.0
14.75
Total
88,361.0
100
Source:Water Resources Management Basic Plan of Serbia, 1996

km^
180.0
1,354.0
5,027.0
6,367.0
884.0
13,812.0

%
1.3
9.8
36.4
46.1
6.4
100

Table S. Mean annual losses of humus and nutrients with suspended sediment
Watershed

Period

Mean annual losses in kgha"'

1

Humus

N

P

K

Ca

Mg

Dubosniéki Potok

1986-1988

84,98

6,12

1,14

3,52

27,09

13,94

Lonjinski Potok

1984-1988

39,55

1,90

0,37

2,37

4,53

3,20

Durinovac Potok

1984-1988

68,80

3,16

0,97

3,93

8,40

6,80

Ljestarska Dolina

1981-1985

73,63

6,73

1,29

9,32

18,55

16,08

Source: Kostadinov, S., Topalovic, M., 1995 and Kostadinov, S., et al. 1997
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In Yugoslavia, erosion regions with the most disastrous torrents are in Serbia, e.g.: the gorges GrdeliCka Klisura
and Ibarska Klisura, Vranjska Kotlina valley as well as the watershed of the river Timok. In Montenegro the
most erosive regions are the watersheds of the rivers: Cievna, Ibar, Zeta and Moraöa.
Table 5 shows mean annual losses of humus and nutrients as the consequence of water erosion in four
experimental watersheds in Serbia. The largest value of losses was recorded in the waterheds of torrents
Dubosniéki potok and Ljestarska Dolina, where the soil erosion and sediment transport has been more intensive
than in the other two watersheds. (Kostadinov, S., at al. 1995; Kostadinov, S., et al. 1997)
Wind erosion also causes losses of humus and nutrients together with wind erosion sediments.
Table 6 shows the values of average annual losses of humus and nutrients with the suspended sediment in Serbia
(based of research in the experimental watersheds in Central Serbia and wind erosion experimental stations in
Vojvodina).
The results of research show that the losses of humus and nutrients are, first of all, determined by the intesity of
erosion and the quantity of gross erosion. The losses was also affected by the level of protection works and soil
conservation. In addition to the impacts of water erosion, great losses of humus and nutrients are also result of
wind erosion.
The soil erosion (by water and wind) and sediment transport in addition to ather damages, also causes the nature
resources (environmental) damages (soil loss, water loss, mechanical and chemical pollution of water,
degradation of landscape etc.). (Kostadinov, S., et al 1997)
Table 6. Average annual losses of humus and nutrients with the suspended sediment in Serbia
Region erosion type

Area
(km')

Losses of humus and nutrients (t yr ' )
Humus

N

P

K

Central Serbia
-Water erosion

66850.0

352793.84

18050.85

2714.31

13076.84

- Vojvodina

21506.0

227533.48

22108.17

1118.31

1290.36

88361.0

580327.32

40159.02

3832.62

14367.20

- Wind erosion
TOTAL

Source: Kadovic,R., Kostadinov,S., Letic,Lj., 1994
3.2. Wind erosion
Wind erosion predominating in the northern part of Serbia i.e. province Vojvodina, and on the right side of
Danube river (the region of sandy areas, Deliblato, Subotica-Horgos and Ram Sands). Also other lowland
terrains are also exposed to occasional severe actions of winds, causing, serious erosion.
In the Water Resources Management Basic Plan (WRMBP) for Vojvodina using the method of V. Pasak, an
estimation was made of potential dangers of wind erosion for the Vojvodina region. On the basis of the result of
this calculation a map of isolines was constructed showing potential wind erosion for Vojvodina is about 1
t/ha/year, and for the Deliblato and Subotica-Horgos Sands above 2 t/ha/year. According to these results, taking
into account the degree to which particular soils are endangered by wind erosion, it is possible to clasify them in
three categories. About 6% of the Vojvodina area belong to the first category, and these soils may be considered
as safe from wind erosion. These are mainly forest areas: Fniska Gora, Vr§acki Breg, lowland woods along the
riverbanks, protective forests in Deliblato and Subotica-Horgos Sands, etc. To the second category belong the
areas under perennial cultures of trees and shrubs, whereas to the third category belong the soils disturbed by
wind erosion, making about 84% of agricultural areas with field crops and vegetables, which are periodically
without vegetation. The third category form the soils that are very disturbed by wind erosion, which are
unprotected or poorly protected. Here belong the areas of the Deliblato and Subotica-Horgos Sands, and sandy
riverbanks and sundbars on larger rivers.
In some areas of Serbia there appear erosion damages caused by combined action of wind and water. Namely, it
is not an uncommon occurrence that extremely dry, warm and windy periods that are favoring wind erosion, are
usually alternated by the periods of very strong and heavy rains, causing water erosion, so that the damages of
both sorts of erosion are added. Hence, the measures to reclaim the situation become more complex and more
costly. In 1981, near the village Tavankut (Subotica-Horgos Sands) a stormy northwest wind took off about 194
t/ha of sandy soil from a newly-established orchard during only one day (Letic,Lj.,1995)
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• According to Letic (1989), in the region of SubotiCko-HorgoSka Pesöara in summer of 1981 a stormy wind
of 10 m/s speed (at the height of 5 cm above the soil surface) blew over 24 hours out of the "Pescara" orchard a
sand layer of average 13.4 mm thickness (in some places even up to 100 mm) and strewed the local road D.
Tavankut - Cikerija. The deposits on the road ranged to a height in excess of 1.0 m and made traffic impossible.
On this occasion, the wind blew out the excessive form of the wind erosion of the intensity of 199.79 t/ha. The
above data on the observed damages are very indicative and require our full attention.
Wind erosion causes damages in practically all the branches of economy, especially in agriculture, forestry,
traffic and water resources management. Besides, wind erosion has unfavourable (direct or indirect) effects, on
the general state of the environment, that is on all biotopes, humans, animals and plants. The experience shows
that the most important damages caused by wind erosion are manifested through the following phenomena: soil
run-off and deterioration of the most fertile surface layer of the soil; covering of the most productive soils with
poor-quality wind sediments; the run-off of seeds, artificial fertilizers, and plant protecting agents from the
agricultural fields and forest areas and etc.
3.3. Assesment of the present -day state of soil erosion problems in Yugoslavia
In the field of soil and water conservation (erosion and torrent control) in YugosIavia,especially after the Second
World War in Serbia, significant results have been achieved. Many roads and railways, settlements, industry,
agricultural soil and storage reservoirs have been protected (fully or partially) from sedimentation and from
torrent floods. In the period 1907-1996 in Serbia the volume of biological works in the watersheds was
106,025.0 ha (1,178.0 ha annua! average) and the technical works amounted to 1,486,167.0 m"' (16,512.97 m^
annual average). Included in the group of biological works were: afforestation of bare land, grassing,
establishment of orchards, shelterberlts, wattles, coppice reclamation, terracing, contour farming, etc. Included in
the group of technical works were all the construction engineering works made of concrete and stone masonry in
the channel transversal and longitudinal works (Kostadinov, S., 1998). Still, this is not enough, considering the
present conditions and requirements.

Figure 2. Soil erosion in the Juzna Morava river watershed
The scope of the problem, which should be solved in near future, can be seen from the following data:
• a network of torrents is distributed throughout Yugoslavia. In the regions of almost all our rivers (and
especially in the watersheds of the rivers Juzna, Zapadna and Velika Morava), spreads the network of more than
15 thousand torrents. Circa 90% of the territory is attacked by different categories of erosion. Erosion control
works has been insufficient, resulting in serious consequences and further intensifying and extension of erosion
processes, worse state of water regime, and other branches of economy, as well as the ecological future of the
next generations;
•
erosion also attacks a high number of industrial facilities and settlements, even when they are distant from
the eroding area. Erosion, through its exponential factors - floods and droughts - reaches the regions which are
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not connected with erosion processes. More than 500 settlements are endangered by torrential floods, even the
houses are destroyed;
•
soil loss due to erosion in mountain regions results from soil washing down the steep slopes to the streams,
and in the valleys it is the deposition of sterile erosional sediment brought by the torrents. In this way, soil loss
caused by erosion of sloped land also affects the valleys. Consequently erosion control is required not only to
improve the water regime but also to protect the soil as the factor of food production;
•
erosion control and watershed management offer significant solutions of the present-day problem - lack of
water, as well as water quality, which is related to the intensity of runoff, i.e. the state of the soil and the type of
plant cover on the slopes;
•
although recently sheet erosion has been stagnating at the prevailing part of Yugoslav territory, this state is
only apparent and unstable, as it is not the result of the active erosion control, but the result of some social
changes, i.e. people abandon their arable land, which is economically unfavorable, because the balance should be
achieved - minimum erosion together with maximum plant production. That is why organizations for erosion
control must be mobile, as erosion may be the hidden enemy which can always surprise us, due to some natural
phenomena or due to social changes.
Such a situation of social changes has been happening within the last seven years, i.e. wing to the economic
crisis, war in the neighborhood of FR Yugoslavia, UN sanctions, and the bombardment of Yugoslavia in 1999
year, many people are reduced to poverty and the consequence is a pressure on the growing stock. In this period,
the extent of erosion control works significantly decreased compared to the previous period. The consequence
will be the intensifying of erosion processes.

Figure 3. Gully erosion on the arable land in the Juina Morava river watershed
For more than 90 years of ECW in Serbia, it is characteristic that erosion control works were not performed on
farmland on the slopes, except in the period 1955-1966 when there was a small extent of these works.
Considering the importance of farmland in food production and also almost equally as a factor affecting the
regime of water courses and water quality in them, the absence of soil and water conservation works for
sustainable agriculture should not be allowed. This is very important, because together with topsoil, erosion also
removes fertilizers and pesticides, leading to chemical pollution of water in streams and reservoirs (storages).
If adequate measures for the control of erosion are not applied, the processes of water and wind erosion will be
intensified, which will lead to:
•
•
•
•

irreparable loss of the productive soil layer resulting in serious shortages in food production,
loss of soil fertility,
deposition of sediment on arable soil, resulting from water and wind erosion,
siltation of water storages by erosion sediment and consequently shorter periods of their exploitation.
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• more serious environmental disturbances (landscape degradation, mechanical and chemical contamination
of water in watercourses and storages),
•
disturbed regime of runoff from watersheds and catastrophic torrential floods, destruction of settlements,
industrial facilities, roads, and even human lives.
If the soil is not protected from pollution with heavy metals and pesticides, serious ecological problems will
occur. The soil contaminated above the permissible limit will have to be excluded from plant production, which
will lead to additional reduction of food production.
4. CHEMICAL AND OTHER TYPES OF SOIL DEGRADATION
4.1. Heavy metals and pesticides in the soils of Yugoslavia
The chemical substances are ever more numerous which can be found every day in the nature (soil, air, water).
By their origin they can be natural products, often synthetic, or those obtained by chemical transformation of the
natural products. One kind of these substances are the elements contained in very small quantities in the soil,
therefore called "trace elements" or microelements.. The other elements, found in traces in the soil and not
essential for the plants, in larger quantities can be harmful and dangerous for plants, man and animals. This
group of elements is made up by the toxic elements, and both groups quoted consist of so-called heavy metals.
These two terms include the group of metals which can pollute the soil - the environment. Nowadays these
elements are by far more abundant in the agricultural soil, although their contents was not as high in the original
substrate at which the soil was formed. The cause of that is the ever increasing number of metal processing
plants - there are ever more furnaces, power plants from whose chimneys large quantities of individual metals
are emitted in the form of gases, soot and smoke expanding into the atmosphere, most frequently to land at the
soil with the precipitation, polluting the environment and destroying the vegetation.
Heavy metals most frequemly mentioned as the environment pollutants are: Cd (cadmium), Pb (lead). As
(arsen), Cr (chromium), Ni (nickel), Cu (copper), Zn (zync) and Hg (mecrury).
Environmental pollution is widely present and even dangerous in some regions. It has affected all segments of
the boisphere, air ,water, and soil. Numerous natural resources and cultural artifacts are endangared. From the
point of agricultural production, the main danger is the pollution of soil, a substrate through which pollutants
enter the food chain and jeopardize human health. In the 1991 start the project: "Soil Fertility Control and
Evaluation of the Harmful and Dangerous Substances Contents in the Soils".
The project started in Vojvodina Province, and continued in the part of Serbia to the south of Sava and Danube.
The samples ar being taken from the representative, regularly distributed localities, and subject to the analyses
are the basical chemical properties, the harmful and dangerous substances contents (inclusive of the heavy
metals and pesticides), the number and enzyme activity of the microorganisms, the residues of the pesticides and
their decomposition products, with particular respect to the salinity within water provision systems. Up to now
2,900,000 ha were examined. The project was finished in Vojvodina and the results published in 1992 and 1993
at Novi Sad. On the basis of all the investigations performed it has been concluded that the soil in Vojvodina is
still convenient for production of the high quality food which is also safe from the health aspect. The idea of the
authors was to identify the sources of soil pollution and to outline thair effect on the animate world and soils of
the Vojvodina Province.
A separate part presents the results of a study of chemical properties, provision with essential macroelements, the
contents of heavy metals and pesticides,and salinization of the soils of the Vojvodina Province. To make a global
estimate of the parametres studied, 1,600 soil samples were gathered and analyzed in the course of 1991. The
sampling was done from the soils layer 0-30 cm, in representative locations regularly arranged over the territory
of the Province. The following conclusions were drawn.
The results of the study of the chemical properties and contents of essential macroelements in the most frequent
soil types, those that make more than 80 percent of the total agricultural land, were compared with the results
compiled in 1972, which has served for the making of a pedological map of the Vojvodina Province (R= 1:50
000). The comparison showed that the soil quality was not impaired bu acidification or alkalinization. There was
no leaching of CaCOs from the surface layer of the dominant soil types. However, there did occur a reduction of
humic content. The reduction ranged from 0.2 to 0.81 percent or 0.38 percenr on average. The values compared
cannot be taken as absolutely accurate for several reasons, but they may nevertheless serve as a general indicator
of the negative trend evidenced with this parameter. On the other hand, the 1991 results show that more than 8o
percent of the plowable land in the Vojvodina Province may be ranked as medium to well-provided with humus
(69.9 and 27.1 percent, repsectively). According to the parameters studied, the productivity of the dominant soil
types of the Vojvodina Province is good.
Concentration of heavy metals and other potential pollutants in the soils of the Vojvodina Province were also
studied. The elements studied varied largely from one soil type to another as well as within the soil types. The
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highest variability was found for copper, from 1.85 to 380.2 mg • kg

.. The mean values of Pb, Hg, As, Cr, Ni,

F, Cu, Zn and B were 17.17, 0,012, 2.19, 29.98„14.77, 1.26, 17.11, 60.32 and 3.49 mg-kg~^, respectively.
A general statement can be made that the concetration of heavy metals and other potential pollutants in the soils
of the Vojvodina Province are not near the levels permitted by law. Exceptions were Cu and Ni. The former
exceeded the alowed concetration in ten or 0.62% of the samples tested, the latter in two samples from one
location.
The collected soil samples were also analyzed for residues of the following pesticides: organoclorine insecticides
- 4,4'-DDT (4,4'-DDE, 4,4'-DDD), alpha and beta HCH, lindane, chlordane, heptachlor, heptachlorepoxide,
aldrin, dieldrin, endrin, endrin aldehyde; an organophosphorus insecticide - diazinon; herbicides - atrazine,
simazine, prometrine, terbutrine and alachlor. The most frequently detected residues were those od 4,4'-DDT,
4,4'-DDE, 4,4'-DDD, lindane and atrazine. They were found in 82.83%, 98.06%, 53.67%, 97.30% and 64.25%
of the samples, respectively.
The values of the herbicide residues tested were for most part in agreement with the data found in foreign and
domestic literature, but the mean and maximum values detected in this study were much lower. This proves that
the organochlorine insecticides are not while diazinon and the herbicides are rationally used. Pesticide residues
and metabolites do not exceed the values set by regulation.
The study of the heavy metal contents in other soils of Yugoslavia (Serbia to the south of Sava and Danube and
Montenegro) up to now was considerably poorer, at some localities only.
The research performed in the region of Cmi Vrh near Bor (mountain forest of beech at podzolized dystryc
brown soil) and at Golija (the forest of spruce at brown podzolic soil) indicated that deposition occurred of lead,
copper, cadmium and zync in the Oif- horizon. According to results of research, it can be concluded that in both
localities the rate is very expressed of pollution by lead and by copper at Cmi Vrh. The most convenient
situation is with zync at both profiles.( Burlica, C., et al. 1997).
According to the results for the total contents of heavy metals in the examined soils of the Morava river
valley(the central part of Serbia) it can be concluded that :(Jakovljevic, M., et al., 1997).
• The examined soils in the river Velika Morava valley show mostly natural, normal values for the total heavy
metal contents, indicating that they are not polluted and that as such they can be used for production of food safe
regarding health.
•
Considerably higher contents of majority of heavy metals investigated have been found in the alluvial soils
than in the samples of eutric brown soil and smonitza soil. This relates in particular to Ni, followed by Cr and
Pb, but it has been found that they are contained in the form of compounds which are hard to be diluted, and so
these soils are not included into polluted ones even though the contents (natural) are increased.
The chemical pollution of soil happens also through air pollution, since after precipitation these harmful
substances reach the soil surface as well as the leaves and branches of the vegetation.
The results of measurements of pollutants from precipitation show that today already the forest ecosystems of
GoC are loaded by sulphates, several times above the critical level for natural ecosystems, even with respect to
the pollution scenario up to the year 2000. The deposits of Ca and Mg are also several times higher. The reason
for high sulphate concentration is the high emission of SO2 from the power plants at Kosovo, the metallurgy
complex "TrepCa" (Kosovska Mitrovica), chemical industry, coal-fired central heating plants of cities and other
minor pollutants. Since there is no official estimate of the emission from the power plants, (Knezevic M., et al.,
1994) quotes the estimated data for the year 1988, according to which "Kosovo" power plant is characterized by
the annual emission of 15,000 tons of SO2, and the "Trepéa" complex by the annual emission of 30,000 tons of
SO2. Bearing in mind the planned increase of power plant power in Serbia, the SO2 emission will increase
considerably, and without application of the control measures it will have as a consequence, among other things,
the negative influence upon forest and other ecosystems, i.e. upon the soil as well.
4.2. Summaries of some research of chemical degradation of soils
The presence of different pollutants in the dominant forest communities of beech, fir, spruce and pine in the
National Park Durmitor were researched largely in 1988 and 1989 in order to expalin the role of pollutants in the
processes of forest dying in this region. The quantity of SO2 emission and sulphur deposition were critical in the
wider region of Durmitor. By the original research, it was observed that the presence of sulphur in the
assimilation organs of the most important species of trees was at the normal level and critical pollution. Also the
value of the index of air pollution (lAP = 4-5) was determined based on the presence of epiphytic mycoflora
(lichens), as the bioindicator of air pollution, as well as by morhometric characters of beech leaves. The anlysis
of daily precipitation showed 17.3% acid daily rainfall with the presence of certain components (Ca, Mg, Na, K,
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NH4, Cl, SO4, NO3), Heavy metal content (Pb, Zn, Cu, Cd) in forest soil, determined by the method of micro-site
indicator values, range within natural limits.
The effects of pollutants acting together with other harmful agents were determined, i.e. 39.9% trees were
damaged in 1990, diameter increment was reduced up to 42.4% in the zone of very intense damage,
malnuitrition of beech leaves with phosphorus (P), and fir and spruce with potassium (K) and magnesium (Mg)
were observed at some localities. Beech leaf area is averagely 8.4 cm^ (f=0.68), which is in correlation with
certain types of pollution in this region. Air pollution is in interaction with other abiotic and biotic harmful
factors and cannot be observed separately. (Vujanovic, V., Karadzic, D., 1994).
The results of investigation of how much some termal p'ower plants in Serbia add to environmantal pollution
with mercury and arsenic have shown the following: one milion tons of coal originating from the Tamnava
basin, as utilized by the "Nikola Tesla A" thermal power plant at Obrenovac, which averages 40 ng of
mercury/kg and 27% of ash with 4|i.g mercury/kg, will contribute 29 kg of mercury to the atmosphere. Also, the
same one million tons with 6 mg of aresnic/kg and its ash with 17 mg of arsenic/kg gives the atmosphere 1410
kg of arsenic.
Comparative investegations of mercury contant in soil and paint materials from the surroudings of the Kostlac
plant, which has been ranning for years, and the Drmno plant, which was put into operation only recently, have
shown certain differences. Namely, the level of mercury in sample sfrom Kostolac was somewhat elevated in
relation to the Drmno samples. Considering that both examined localities are dominated by the same type of soil
(mostly alluvial deposits), it is clear that most probable observed differences in their mercury contents are not
due to the different geochemical composition, but rather to different length of exposure of the soil to gases which
contain mercury originating from the coal utilized by the Kostolac power plant (Stojanovic, D., et al. 1994).
The research of the factory influence on soil contamination showed that:
1. The industry of fireproof materials "Magnohrom" in Kraljevo did exert certain influence on chemical
properties of nearby soils. This influence is best seen through increased soil pH and increased content of total Pb,
Zn and Cr, especialy in the soil samples at a distance of 500 and 1000 m from the factory. However, the content
of the investgated metals are below maximum permissible values for these elements in the soils.
2. Maize plants at a distance from a 500 and 1000 m from the factory have higher content of Mg, Pb, Zn and
Cr in roots, stem and leaf in relation to control plants. The content of aforementioned heavy metals is highesty in
roots of the investegated maize plants.
3. The "Magnohrom" factory in Kraljevo did not exert significant influence on content of the most important
cationes and anions in the river water. However, due to the release of waste materials into the river, the content
of lead, zinc, and especially chromium increased considerably. Lead and chromium are present in concentration
that surpass maximum permissible values for these metals in waters of quality class I and II (Zarkovic, B., et al.
1996)
Prof. S. Manojlovic has researched problems of the utilization of fertilizers and the main point of this report is
that, with exception of great pigs farm, which are the possible cause of pollution in Agricultural on the first
place, the fertilizers are on the tenth, last pake in the cataster of pollutants in AP Vojvodina as a possible cause
of pollution, only in cases of incorrect application of not needed irregular highest doses of ogranic and mineral
fertilizers, causing undesirable changes in soils, water and air, and in agriculture, in generally. Soil fertility and
fertilizers use control System is really sceintific basis not only for rational application of fertilizers, but for
control of ecological factros from parcels to farms and plant production and for liasons between Agrochemical
industry and Agriculture in whole (Manojlovic, S., 1988).
4.3. Salinization of soils
The Vojvodina Province faces a potential risk of soil salinization in irrigation systems. Altough only about 5-6%
of the arable land are presently irrigated, it is planned to intensify the construction of irrigation systems in the
nearfuture.( Dragovic,S., 1993)
Soil samples from 14 irrigation system were analyzed for the content of total water-soluble salts, composition of
cations and anions, percentage of adsorbed Na, electroconductivity of saturated soil, etc. Quality of irrigaton
water was also analyzed. An increase in the content of adsorbed Na was registered in 35% of the systems
analyzed. This means that the increase in salinity wa scombined with an increase in alkalinity.
The analysis of irrigation water quality showed not a single irrigation system was supplied with first class
irrigation water (Ci). Second class (C2) was found in 43% of the systems. According to the values of SAR, i.e.,
the ratio Na vs. Ca/Mg, first class (SO was found in 78% of the systems, S2, S3 and S4 in the remaining 22% of
the systems. The problem of increased salinity was more pronounced than the problem of alkalinity.
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The analysis of the effect of individual parameters of irrigation water quality on the chemical properties of soil
showed that positive correlations existed between most parameters. Conspicuous increases were registered in
EC, pH, SAR, chloride content, and the percentage of absorbed Na.( Dragovic,S., 1993).
4.4. Soil degradation by surface mining
In Yugoslavia there are several power-generating complexes: Kolubara Basin, Tamnava, Kostolac, Kosovo(
Serbia) and Pljevlja( Montenegro).
The Kolubara Basin is one on the largest. It covers the area of 600 km^ of opencast coal mines. For recultivation
of soil by Mining-Energy- Industrial Combine "Kolubara" the project was established " Recultivation by
afforestation of minespoil banks of opencast lignite mine -Kolubara".The project conceived in this way and
carried out on more than 1100 ha, in the period 1977-1993, has the character of a model for the successful
carrying out of works on the recultivation of sterile, biologically inert areas created by human interference. One
of the potential methods of development of this region, after the coal exploatation has been terminated, can be
the establishment of private mini-farms on biologically revitalised land, with a good offer of catering and
agricultural products.
For deposition of residues from the coal fields and of ashes from the power plants at Kostolac 1942 ha have been
engaged so far, and a total of 3000 ha will be engaged by the year 2007. In the 1970 - 1991 period 505 ha were
recultivated (371 ha of forest, 86 ha of land for agricultural production, 46 ha of grassland and 2 ha of orchards)
(Dordevic-Miloradovic, J., Durakovic, G., 1997).
Due to human activity ( first of all surface mining), in the area of town Pljevlja (Montenegro) a surface of 2,409
ha has been damaged, where so called permanently damaged soils participate with 1,892 ha, and 517 ha being
the category of temporary lost soils which, by measures of recultivation may be returned to basis purpose, that is
to plant production. In the category of temporary lost soils a high share belongs to surfaces damaged by surfacial
excavation pits of coal rating 400 ha, and in coming 10-15 years their extension to new 700-1000 ha of the most
fertile soils in the region of Pljevlja is anticipated.( Fustic, S.,1989).
5. CURRENT ATTITUDES TOWARDS SOIL DEGRADATION IN YUGOSLAVIA
5.1. Legal activity
The problems of agriculture, forestry and water management until recently in Yugoslavia have mostly been dealt
with at the level of the republics. In the republics of Serbia and Montenegro there are Ministries of Agriculture,
Forestry and Water Management, while in recent years the Ministry of Agriculture has been established in the
government of the Federal Republic of Yugoslavia.
At the federal level the problems of protection of soil from degradation were dealt with in 'The Resolution on
the Policy of Protection of the Environment in the Federal Republic of Yugoslavia", adopted by the federal
government on June 4th, 1993.
The resolution has been adopted as a consequence of the necessity for protection and conservation of the
environment in the Federal Republic of Yugoslavia and also starting from the existing obligations of FRY
resulting from the adopted international documents (The Declaration on the Environment and Development - the
Rio Declaration, Agenda for the 21st Century etc.).
In Section IV, Programmes, the Programme of Land and Soil Protection is givem. Within the frames of this
programme, the Federal Republic of Yugoslavia will provide the conditions for performing this policy in the
parts relating to:
• the development of the integral protection and rational utilization of land and soil,
•
setting up and performing an integral programme of protection of the land resources, defining the measures
for decreasing the soil degradation due to the inadequate utilization of chemicals, as well as the pollution by
heavy substances,
• introduction of the biological methods for pest suppression,
• recultivation and utilization of the derelict and degraded areas (RadiCevic, P., 1997).
The soil issues are much more dealt with and the laws and legal documents of the republics of Serbia and
Montenegro. Here are listed some of the most significant lega documents of the Republic of Serbia:
•
•
•
•
•

The Spatial Plan of the Republic of Serbia, adopted in 1996;
Water Resources Management Basic Plan of the Republic of Serbia;
The Law on Farmers" Ownership of Arable Agricultural Land in Hilly-Mountainous Regions( Serbia);
The Law on Protection of the Environment( Serbia and Montenegro);
The Law on Agricultural Land (Serbia and Montenegro);
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• The Law on Transformation of the Social From of Property on Agricultural Land into other Property Forms
(Serbia);
• The Law on Expert Agricultural Services( Serbia);
• The Law of Water Resources ( Serbia and Montenegro).
There are more than 40 laws dealing with issues of pesticide utilization at the federal ,republic and local levels.
The society understands the problematics of soil degradation and its significance, which is manifested in
newspapers, electronic media, etc. Unfortunately, this public support lacks the adequate financial investments.
Sometimes good legal solutions were adopted, but they were not strictly obeyed in practice because of the
absence of penalties.
In early sixties, a voluntary organization was formed - Youth Nature Conservation Club. By its activities, it is
directed to nature conservation, first of all soil conservation. Seminars and lectures are organized in the aim of
comprehensive education of the young, who should support nature conservation and primarily soil and water
conservation. In addition, every year throughout the country, members of Youth Nature Conservation Club
organize actions on bareland afforestation, shelterbelt establishment, in the function of soil erosion control.
The above actions are under professional leadership and supported by forestry experts, graduated engineers and
professors of the Faculty of Forestry in Belgrade.
5.2. Scientific and educational activity
The subjects Soil and Soil Protection are studied in detail at some secondary schools and at some Faculties, such
as: School of Agriculture, School of Forestry, Faculty of Agriculture and Faculty of Forestry.
In Yugoslavia, there are several secondary schools of agriculture, and there are three schools of forestry. Their
curricula include the study of soil characteristics, as the major factor of plant production, the adverse factors
threatening the soil and the methods of protection and reclamation of already degraded soil.
There are four Faculties of Agriculture where, through the study of Pedology, the soil is studied in detail, its
degradation and methods of protection.
At the Faculty of Forestry in Belgrade, along with the Departments of Forestry, Wood Industry and Landscape
Architecture, there is the Department of Erosion Control. At the Department of Erosion Control, the soil is
studied in detail, types of soil degradation, as well as the methods of protection and reclamation of degraded
soils. The soil is also studied rather exhaustively at the Departments of Forestry and Landscape Architecture.
The basic ideas on the soil are acquired at elementary school through the subject The Study of Nature, as well as
at high school (secondary school).
The scientific research in Yugoslavia is directed largely to the study of soil and the problems related to its
degradation and reclamation. In this sense, the projects related to the soil are continually carried out. The highly
qualified scientific staff works at the Faculties and Institutes (Forestry and Agriculture). In Yugoslavia there are
three Scintific Institutes where the soils are the the subject of research:
1. Institute for Soil Sciences in Belgrade,
2. Institute of Field and Vegetable Crops in Novi Sad,
3. Institute of Forestry in Belgrade.
On the basis of the Law on Agricultural Land, the Fund for Protection, Utilization, Promotion and Organization
of the Agricultural Land of Serbia has set the task for the Commission of Experts in 1991: "Setting up a basic
plan of protection, utilization and organization of the agricultural land".
The Commission of Experts has drawn up the Instructions for Setting up the Basic Plan, and for purpose of their
analysis the borough of Baöki Petrovac (Province Vojvodina) was chosen.
For setting up the basic plan also a consortium was formed of the scientific institutions, including: the Institute of
Field and Vegetable Crops, Novi Sad, as the contract coordinator, the Institute for Soil Science, Belgrade, and
the Institute for Research in Agriculture "Srbija", Beograd. The pilot basic plan was made for Baöki Petrovac,
and the new methodology will serve for setting up the basic plan for all the municipalities and boroughs in
Serbia. Within the next period the setting up is due for each individual municipality and borough in Serbia.
By the end of 1996 the Fund ceased, and its activities were transferred to the Ministry of agriculture, forestry and
water management of the Government of the Republic of Serbia, which will entrust the competent institutions
with the relevant duties. (Manojlovic, S., 1997)
By setting up the basic plan for the whole Republic of Serbia the fundamental pedological map would be
obtained, as well as the site class map at the 1:25,000 scale and the other maps which would represent the basis
for the national utilization and protection of the soil in Serbia.
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Yugoslav Society of Soil Sciences, in addition to its other activities, also organized the scientific symposia titled:
"Damaged Soils and Problems of Their Protection".
In the period between 1975 and 1991, 9 Yugoslav symposia (in the former SFRY) on the subject were organized.
The symposia were held on the biennial basis in different republics and regions. The first one was held at Pec
(Kosovo and Metohija) in 1975, and it was dedicated to the protection of the soil from erosion. Two of the
symposia, in 1977 in Tuzla and in 1979 in Lazarevac, were at the surface collieries' terrains. There the idea
emerged to prevent by the legal actions, at least partially, the disappearing of the fertile land and even of the
whole settlements. It was demanded that for each ha of the agricultural land loosing its original assignment and
becoming unagricultural, a compensation should be sought amounting to a thousand years' land register income.
The motion succeeded, although unfortunately it has to be concluded that according to the most recent law again
the compensation for transformation of the agricultural land into non-agricultural surface has been drastically
reduced.
At the following symposia, in addition to the general considerations of the damaged soil issues, attention was
paid to the land policies, to the damages and recultivation of the soils and to the different materials deposition, as
well as to the problems of the soil utilization in the primary biological production. The problems of soil
salinization were also considered. (Manojlovic, S., 1997)
However, due to the known events occurring in Yugoslavia since 1991 (wars, UN sanctions, practical isolation
of the country), the investments in scientific research have become increasingly lower.
5.3. Priority actions for soil protection
The priorities in the struggle against soil degradation and efforts on reclamation of degraded soil in Yugoslavia
are as follows:
1. Control of water and wind erosion is the first priority. Water erosion is dominant to the south from the rivers
Sava and Danube in Serbia and in Monte Negro, while wind erosion dominates in Vojvodina. Yugoslavia has
qualified experts for the design and realization of the erosion control works and there are specialized enterprises
for erosion control works. However, there are no financial means.
2. Permanent control of soil contamination by diverse contaminants (chemicals, heavy metals, radionuclides,
etc.). The research carried out until now shows that the soil in Yugoslavia is not polluted by heavy metals and
other chemicals above the permissible level, therefore it can support the production of healthy food. The
exception is the land in the vicinity of large industrial plants, as the land adjacent to factories is contaminated
above the limit in the diameter of 500 - 1,000 m. Therefore it is necessary to install filters in factories.
3. Care should be taken not to change the land use of fertile agricultural soils for other purposes (settlements,
industrial facilities, etc.) and thus to reduce the acreage of agricultural land use.
The main problem in Yugoslavia, regarding its total development, as well as regarding the difficulties caused by
soil degradation and reclamation of degraded soil, is its isolation from the international community. During the
period 1992 - 1996, UN sanctions followed by USA and European Union sanctions,- caused the economic delay
and economic crisis in Yugoslavia, which was reflected to all the spheres of life. The situation was worsened by
the bombardment of Yugoslavia by NATO air raids in the period between March 24 and June 10, 1999. Many
vital structures were destroyed and they are being reconstructed in the difficult conditions of international
economic isolation and sanctions. In such conditions, there are no financial means for the works on soil
conservation (primarily soil erosion control) and for reclamation of degraded lands. In addition, the financial
support for the scientific research in this field has been severely reduced.
Consequently, the greatest help by the international community would be the lifting of all sanctions to
Yugoslavia and its inclusion in international financial institutions. The controversial problems should be solved
by the politicians and their discussions (which is the only possible solution) and absolutely not by sanctions
which might only deepen the misunderstanding.
After lifting the sanctions, it will be possible for the Yugoslav experts to participate in joint scientific projects
related to soil conservation and reclamation of degraded soil, as well as in an unrestrained exchange of
experiences. This would lead to the improvement of work in this field.
6. CONCLUSION
Soil erosion (by water and wind) is the most serious factor of soil degradation in Yugoslavia. More than 87% of
total area of the country is attacked by soil erosion. Control of soil erosion is the first priority for the prevent of
soil degradation in Yugoslavia.
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A general stetment can be made that the concentration of heavy metals and other potential pollutants in the soils
of Yugoslavia are not near the levels permited by law. extreme forms of soil degradation have been registered
around power plants fuelled by coal. The problem also exists in the area around the big factories.
Serious forms of soil( land) degradation have been caused by surface mining for various minerals and areas. The
processes taken place in Kolubara, Tamnava, Kostolac, Kosovo ( Serbia) and Pljevlja (Montenegro).
In lowland areas and soils with descendent soil water regime, ground water pollution, by nitrates is possible,
although there are no systematized data on the subject at present. By chance, most of the livestock production in
Yugoslavia is extensive and run by private farmers, and this is probably one of the reasons why there is no major
nitrate and phosphorus pollution.
On the basis of the survey of the results of the research into the possibilities of utilization and preservation of the
soil in the new concept of the so-called sustainable development, the traditional agricultural concepts will suffer
numerous changes especially in the subsystem relating to the application of the agrotechnical measures. Thanks
to the more rapid development of biotechnology founded on the environmental principles, the important changes
will happen first of all with the crop rotation, land treatment, fertilizing, protection and improvement of the
plants. The transition to the new technologies is not simple and it implies the creation of certain prerequisites:
• for the new conditions of the decreases investments, crop rotations have to be adapted. The seeding structure
has to be changed in favour of higher participation of one-year and multiyear leguminoses, with the higher
importance for the crop growing in seeding associations. With such a change, the crop rotation will again obtain
the role objectively belonging to them, especially with respect to the beneficial influence upon the soil,
•
in the traditional treatment of the land there are the bases for certain reductions which can go up to the
complete abandoning. The higher importance will be obtained by the conservational treatment because of its
positive influence upon the soil and a more rational energy consumption,
•
in fertilizing a reduction should be expected in the consumption of the mineral fertilizers and wider
application of the organic ones.
In addition to the quoted agrotechnical measures, the new technologies have to be based on the integral
protection of the plants, which will result in the reduced application of the pesticides. Such a change firom a
wider aspect will be reflected in the reduced pollution of the soils and waters as well as in the quality of the
products obtained.
The agricultural land has to be protected against the irrational and inappropriate utilization and the pollution by
the dangerous and harmful substances above the permitted level. Also, the land utilized for exploitation of the
mineral raw materials has to be revitalized and made feasible for agricultural production.
In order to utilize the agricultural soil as rationally as possible, it is also essential to reconstruct the old and
construct the new irrigation systems, and utilize them to intensify the agricultural production, at the same time
changing the seeding structure.
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THE TREATMENT OF SOIL DEGRADATION IN THE MEDIA
IN FR YUGOSLAVIA
Branislav GULAN, Journalist, SJU BORBA Ekonomska Politika Yugoslavia. Beogradn Trg Nikole Pasca 7
p.fah: 629. Yugoslavia. gulan@ptt.yu

Water is a bad master and a good servant. This popular proverb expresses everything that water can bring but
also remove from the world. In the year 2000, ground waters and then floods caused great damage to crops in
Serbia and FRY. Only in the north province Vojvodina, floods and ground waters reduced the yield for about a
milliard dinars. Due to exceptional rainfall in April 2000, the rivers Tisa, Nera, Karas, Begej, Brzava, etc.,
flooded, so the crops in the Banat part of Vojvodina were destroyed over more than 10,000 hectares. These were
the greatest floods in Vojvodina in the last three decades. Although in Serbia there are large areas that can be
protected, the complete flood control is still impossible.
The drainage system and flood control system throughout the world is constructed for the control of floodwater
occurring once in 25 years. As nothing can provide a complete protection, floods endanger even the much richer
countries than Yugoslavia. Only in Serbia, as the largest part of Yugoslavia, it is necessary to drain more than
2,675,000 ha. Various drainage systems, about 400, cover about 2,082,000 ha. Drainage occurs with two
problems, i.e. only a very small portion is protected with agricultural drains (only 58,270 hectares) and also the
main function of a great part of the existing systems is endangered due to improper maintenance.
The investments in water engineering infrastructure in Yugoslavia resulted in embankments, drainage and
irrigation systems, multipurpose water-engineering structures and storage reservoirs, including the system for the
protection and enhancement of water quality. In the scope of protection structures, such as embankments, dams,
channel regulation structures, multi-purpose hydro-systems and torrent control dams, in Yugoslavia there are
3,450 kilometres of embankments, 39 storages, 930 kilometres of canals and 25 floodgates in the hydro-system
Danube- Tisa - Danube. There are also 826 structures used for water regulation and other structures which
protect about 1.6 million hectares of arable land, many towns and settlements, as well as highly valuable
economic buildings.
THE HYDRO-SYSTEM AND BENEFITS
Excess water is removed from more than two million hectares in Yugoslavia by 400 systems, which include 210
large pump stations and a considerable number of small pump stations. Drainage is performed by 22,643
kilometres of canals for collecting surplus water, agricultural drains cover about 58,000 kilometres, and 543
cubic metres of water per second can be removed by the pumps from endangered places into canals and rivers.
The greatest part of the drainage system is located in the cereal producing part of the country - Vojvodina, but
still the high level of ground water on about 2,000 hectares caused great damage at the beginning of 2,000.
Although drainage canals were half-empty in most cases, many croplands were flooded and overlogged, about
390,000 hectares. The main reason for this situation was that because of negligence, the ditches in the
settlements, as well as many smaller canals in the area, were filled up. Water had no place to go to, so it flooded
the cellars, houses, stables and farms. The hydro-system Danube- Tisa - Danube is very important. The water
regime along 930 kilometres of primary canals is managed directly by the dam on the river Tisa, seven pump
stations, 27 water intake, regulation, and safety gates, 17 waterlocks and other structures in Backa and Banat. In
this way, arable land is protected from floods, the settlements, fishponds and industry are supplied with water,
water is improved to be used for multiple purposes. The system also provides drainage and the navigation for
ships, carrying capacity from 100 to 200 tons. Attention is also focused to the development of tourism and
recreation along the canals.
Taking into account the different age of the water engineering structures in Serbia, it was necessary to
permanently invest money for maintenance. However, since the date when the sanctions were introduced on May
30*, 1992, most often there were no investments at all. Still, the media are silent about the fact that a concealed
aggression of Europe on Yugoslavia has been going on for already three decades, more precisely since the dam
"Djerdap 1" was built. For three decades, from Golubac to the Djerdap Dam, about 500 million tons of mainly
European sediment has been deposited, with a high content of toxic and harmful materials, which have already
penetrated into the underground water of the Danube riparian country. These underground waters are used in
water supply of about three million inhabitants in Serbia. To illustrate more vividly, from Golubac to the Djerdap
Dam, almost the entire volume of the Avala Mt. (mountain near Belgrade) has been deposited, containing even
the most toxic substances. Thanks to the accumulation at the Djerdap Dam which purifies the water, the Danube
is cleaner at its exit from Yugoslavia than at its entrance to the Yugoslav territory. This huge amount of about
500 million tons of sediment is one of the reasons of floods in Yugoslavia in 2000. Excess water could not be
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discharged by the Danube. Also the greatest hydro-system Danube - Tisa - Danube was not maintained and
cleaned. Due to the excessive sediment, it could not accept the surplus water which occurred in Yugoslavia since
1965.
Due to the shortage of money in Yugoslavia, only the most significant structures are maintained, and the
consequences are already evident in 2000. Before the NATO aggression on Yugoslavia in 1999, regular flood
control was carried out on almost all watercourses in Yugoslavia. After that, in July 1999, extremely high
rainfall caused torrential floods, which caused the overflowing of sewerage conduits in many towns, while at
several places even the embankments could not hold back water. Only during last year, excess water caused the
damage amounting to more than 400 million DEM. This year, the damage caused by underground water and
floods was more than 500,000 DEM only in Vojvodina. The consequences of water force were 434 destroyed
houses, while 5,000 buildings were more or less damaged. Water penetrated into 126 settlements (in Vojvodina
there are altogether 440 villages), and the state of emergency required immediate action in 24 communities
(there are 44 communities). Underground water waterlogged 400,000 hectares and flooded more than 120,000
hectares of arable land and removed the yield from 50,000 hectares of wheat. Also, in early April 20(X), in
Romania the Tamis river flooded. The floodwater reached Yugoslavia and in the poorest community Selanj, it
removed the yield from 10,000 hectares. The complete annual harvest also disappeared in another five districts.
In addition, the drainage systems were destroyed on several tens of thousands of hectares. After the flood in
2,000, a complete reconstruction of the canal network must be performed along the length of about 400
kilometres in Vojvodina.
Drainage and irrigation should improve the unfavourable natural conditions in the aim of the most efficient
utilisation of land resources for the yield of the maximally possible, stable and economically justifiable harvest
of all agricultural crops in the given soil, climate, and economic conditions. Drainage ensures a stable
agricultural production and it, in turn, provides the economic and political independence of Yugoslavia.
Drainage can change the natural conditions of a territory, it can increase the hectarage of fertile land in
agreement with economic development and the state of production relations. Drainage can change the processes
in the soil, it affects soil formation. It also causes the changes in plant nutrition, soil cultivation, terms and norms
of sowing and planting and crop rotation, organisation of work and production. To achieve the above aim, until
the year 2020 in Serbia, as a part of Yugoslavia, the building of various drainage systems is foreseen on the area
of 1,127,000 hectares, of which 325,000 hectares will be agricultural drains. The most important systems are
planned in the Danube riparian area, in the zone of the Hydroelectric Power Plant "Djerdap", the river Sava
riparian area, the valleys of Velika Morava and Juzna Morava, Podrinje, etc. During the reconstruction, a great
number of drainage systems should get a special purpose in drainage, i.e. dams on canals, reversible aggregates
at pump stations. It is necessary to reconstruct and modernise the systems on 45,000 hectares, in order to prevent
river flooding in Yugoslavia.
SEDIMENT AS THE CAUSE OF FLOODS
More than half a century ago, the idea of a visionary Nikola Mirkov started to be realised, i.e. the construction of
a multiple purpose hydro-system Danube - Tisa - Danube started in our country. By the construction of 930
kilometres of the main canal network, the preconditions were created for the protection of fertile arable land
from surplus water on 1.6 million hectares in Vojvodina. However, the maintenance of the canal network was
evidently neglected which was also caused by the lack of money and the sanctions, which have been going on
for eight and a half years at the moment of writing this article. As the network is poorly maintained and
neglected, this was the major cause of the floods in 2,000, because the system could not receive all the excess
water. On the other hand, from the time it was constructed, it fulfilled its main function - the drainage of excess
water from about a million of hectares - there were no floods until this year. However, its other function - to
irrigate 510,000 hectares - has never been performed for more than 10%. When it was built, this hydro-system
was the greatest investment in Europe. About 700 million dollars was spent for its construction.
The hydrosystem Danube - Tisa - Danube is one of the greatest undertakings, and when we take into account its
multiple purpose, it is also unique world-wide. It is especially important that it should be permanently
maintained, like a living organism, if it is to be in the function of, first of all, drainage and also of irrigation. The
complete system, although it has not yet been finished, has been used for more than two decades. In the case of
drainage, it has fulfilled the requirements. However, in recent years, and especially since the UN sanctions to
Yugoslavia, it has not been maintained properly. The key hydro-structures were not overhauled in time and the
enormous amounts of deposit were not removed from the canal network. The fact that at least 10 million cubic
metres of sediment were not managed was the reason why the canal could not receive the huge waves of water
ft'om the rivers Tamis and Tisa. As the consequence, fertile fields were flooded and also many settlements. New
undertakings are indispensable, so that the potentials of this unique canal - whose significance is not less than
that of the Suez Canal or Panama Canal or the Canal Rhine - Main - Danube - could be utilised more completely
in Europe.
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THE STRUGGLE WITH WATER
The idea of the creation of the unique system such as Danube - Tisa - Danube is a relatively new one. However,
the struggle with water at the place of the Pannonian Sea, has been going on for centuries. So, for example,
Backi Canal from Bezdan in the North of Vojvodina to Becej on the Tisa, was built two centuries ago and the
partial solution of this problem started much earlier. The solutions which were offered, of course with the
adequate maintenance and investments, enabled the efficient and especially economical drainage of surplus
internal water, but also the supply of water for irrigation, fish ponds, and finally the link of Vojvodina with the
international waterway from the Black Sea to the Atlantic Ocean. The canal Danube - Tisa - Danube used to
provide the efficient drainage of a million hectares, but also offered the opportunity to use artificial rain and
ensure economic farming even in dry periods. It is interesting that Danube - Tisa - Danube is a "valve" which
provides the intake and removal of surplus water from about million and a half hectares from the neighbouring
Romania and from 160,000 hectares from Hungary. However, the above is possible only under the condition of
regular maintenance.
Thanks to Danube - Tisa - Danube, the defence on 103 out of 400 kilometres of defence lines of average
watercourses ceased almost completely, while on the remaining part, the conditions of flood control improved
significantly and flood hazard has been reduced to a minimum. During the construction of the canal network
Danube - Tisa - Danube (between 1957 and 1977), of which about 600 kilometres are navigable, about 126.7
million cubic metres of earth was excavated. Natural and hydrological richness in Vojvodina has always been the
source of welfare, prosperity, but also of great disasters in cases of catastrophic floods (the worst floods occurred
in 1965 and in 2000). On the other hand, despite the abundant water, the drought takes away the complete crop
every five years. The statisticians calculated that in this century, flood disasters occurred even in 32 years.

THE PROFITERS KILLED THE RFVER
A wave contaminated with poisonous cyanid in Romania, about ten kilomefres long, passed through Yugoslavia
by the river Tisa in February 2000 and killed this international river to the length of more than 6(X) kilometres. It
has been estimated that this is the greatest ecological catastrophe in this part of Europe, after Chernobyl. Cyanid
left behind itself tens of tons of dead fish floating on the surface, and fishermen and inhabitants of nearby
villages had black flags because of the extinction of life in their river.
During the night between January 30"' and 31*' 2000, the dam was broken and the poisonous cyanid escaped
from the lake of the gold mine in Transilvania, near the town Baya Mare in Romania. About 100,000 cubic
metres of wastewater contaminated with cyanid which is used in the technological process of gold separation,
leaked to the river Lapas. Wastewater also contained heavy metals, such as iron, copper, manganese, etc. Via the
river Samos, poisonous water then reached the river Tisa, and continued its way through the largest European
river the Danube. Unfortunately, the 70-kilometre long wave contaminated with heavy metals happened again in
almost the same way when the dam in Romania was broken again, so the wave passed through Yugoslavia again
in March 2000. Namely, after the dam of a storage was broken near the mine of coloured metals in the northwest Romania, great quantities of lead, copper and cadmium reached Yugoslavia. By the end of March 2(X)0, a
new fissure 5 metres long and two metres thick opened on the dam of the Mine combinate Baya Borsa, in northwest Romania and the third fissure discharged almost 100 litres of water per second with a high concentration of
heavy metals.
All the above confirms that carelessness, in the chase for profit, gold and silver, killed a beautiful river - Tisa,
significant for hundreds of thousands of people who live along its banks. The responsible enterprise for this
ecological catastrophe is the joint enterprise "Aurel" in Romania, which was formed in 1999 by the Romanian
firm "Remin" and the Australian company "Esmeralda Exploration" which has 55% of actions in the Romanian
mine. A stormy public reaction was caused by the statement of the officials in the company "Esmeralda
Exploration" that fish (only in the part of the Tisa in Yugoslavia several tens of tons of dead fish was removed
from the river) was killed by low temperatures. In this way the Australians tried to evade the responsibility for
poisoning the river and they blamed the major force - cold weather and floods. According to expert opinion, the
catastrophe could be prevented if the mine was not using the obsolete methods of gold and silver extraction and
if the adequate measures of protection were undertaken.
It was assessed that the consequences of this damage caused by this catastrophe would not be cures for another
15 years. By the cyanid in the river Tisa, numerous international conventions have been violated. This shows
that the rivers are like the blood system, in nature they are bom clean from the inside of the Planet, but they are
killed by humans by wastewater from towns and industry. It is estimated that already in 25 years, one third of the
world population will be faced with the shortage of water owing to reduced supplies in the springs, lakes and
rivers. Low supply of water is the greatest danger which threatens the environment in general. It is also a threat
to peace, because serious conflicts might be caused because of the lack of drinking water.
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DRAINAGE INCREASES FOOD PRODUCTION
Hydrotechnical melioration is necessary for the development of agriculture in the given natural and other
conditions. Drainage provides a safe agricultural production, enables the real planning and progressive
development of agriculture, which is endangered in flooded regions. Drainage, which is not paid sufficient
attention to, can change the natural conditions, increase the area of fertile land. It changes the processes in the
soil and promotes soil formation. It also enables the production of healthy food, which is possible in Yugoslavia
because 80% of the land is healthy and still uncontaminated. However, the floods in 2000 affected not only the
agricultural crops, but also the total environment, making it unfavourable for human activities. A measure to
prevent flood impact on croplands is the construction of the adequate drainage system.
The total area of all melioration systems in Yugoslavia is 8.52 million hectares and the drainage area is about
2.08 million hectares. There are about 400 drainage systems with 210 larger pump stations. In Serbia, 2.5 million
hectares of lowland can be used productively only if drainage measures are applied. However, this is not the
case, as the most efficient agricultural drains exist on only 58,270 hectares.
The plan till the year 2021 in Serbia is to construct the drainage systems on 1,127 hectares, of which agricultural
drains on 325,000 hectares. The most important systems are planned along the Danube in the zone from the
hydro-electric Power Plant Djerdap, systems within the Danube - Tisa - Danube, along the rivers Sava, Velika
Morava, Juzna Morava, Podrinje, etc. The drainage systems should be realised in such a way that they fit within
the integral spatial management and the future construction of irrigation systems should also be taken into
account. During the reconstruction, a great number of drainage systems should get a special purpose in drainage,
i.e. dams on canals, reversible aggregates at pump stations. Until 2010, the system is going to be modernised by
the introduction of agricultural drains on about 154,000 hectares. It is necessary to reconstruct and modernise the
systems on about 45,000 hectares annually. However, bearing in mind the blockade on Yugoslavia, and the sum
of money necessary for the above undertakings, it is hard to believe that the plan is going to be fulfilled.
As for the Republic of Montenegro, surplus water of various origin endangers the fertile land near the Skadarsko
Jezero (lake), along the rivers Bojana and Zeta, in the Plavska Kotlina and in the valleys of the rivers Lim, Tara
and Cehotina. In this Yugoslav Republic, the area of about 33,000 hectares is drained. It has been planned to
build the drainage system on about 35,000 hectares till the year 2021.
The floods in Yugoslavia destroyed 1.2% of the national income both last year and this year and the investment
in flood control is only 0.4% of the national income.
Drainage and irrigation in FR Yugoslavia (irrigation covers about 180,000 hectares or 1.6% of the area, but
water is supplied to only 40,000 hectares) should improve the unfavourable natural conditions in the aim of the
most efficient use of land resources and the maximal, stable and economically justifiable yield of all agricultural
crops in the given soil, climate, and economic conditions. Stable yield is important for the general stability of the
country, both in peace and in war. The present UN sanctions can be survived with less difficulty thanks to
relatively sufficient quantities of agricultural crops for food.
INSUFFICIENT PUBLIC TREATMENT
Floods and droughts (which remove the complete annual production of food every five years) are treated by
Yugoslav media, newspapers, radio, television, only at times when the country is endangered. This happened last
year when ground water took away a large part of the yield, and also this year. The year 2000 in Yugoslavia will
be remembered by the fact that, in one year, there happened a great flood which was followed by one of the most
intense droughts in the country.
None of the above problems was treated adequately and the public was not sufficiently informed. When a wave
of floods happens, it becomes the topic but only for the time being. What happened afterwards, sometimes only
the data on the damage are recorded. This topic disappears from newspaper columns, from radio and TV. This is
usually just a seasonal theme in the means of communication. There is no monitoring, no reports on what should
be done or what was undertaken in the field of drainage and irrigation. These issues become the topics in the
media again only when the new wave of problems occurs.
This attitude was confirmed by the recent conference on soil degradation held in Prague. The author of these
lines was the only journalist from Yugoslavia who participated. The National Yugoslav Agency "Tanjug"
reported a contributionfiromPrague and this was also reported by several other media in FR Yugoslavia.
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