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Preface
Under a general concept of new scientific structure of the International
Union of Soil Sciences (IUSS) four main divisions of soil scientific discipline
are recognized. These include Soils in Space and Time, Soil Properties and
Processes, Soil Use and Management and Soil Policies and Environmental
Issues.
The keynote lectures included in this volume touch upon some realities and
challenges at present and give some new thoughts and encouragement on the
direction of soil science in the 21 s ' century. There are five keynote lectures.
Four of them are very much under the four divisions of the IUSS structure. One
additional lecture is on some thoughts about tropical environment and tropical
soil science.
We believe these lectures can serve as guiding steps for future endeavor in
soil science to mark the beginning of the century of more realistic and more
careful handling of our soil resources.
Amnat Suwanarit
Irb Kheoruenromne
1 August 2002
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"Soil is the pellucle of life on the earth. Preservation of soils for the
current and future generations is a difficult but honorable task. There
is no life without soil, just as there is no soil without a soil scientist."
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Soils in space and time:
realities and challenge for the 21st century
URUSHADZE Tengiz F.
Georgian Society of Soil Science, 52, Rustaveli av. 380008 Tbilisi, Georgia
Abstract
Soil is an essential part of the biosphere. Owing to the soils major mass of
organic substances are produced on land. Soils are the basis for land plantations
which use solar energy 9 times as intensively than ocean organic substances.
Many significant elements in the biosphere flow through the soils: carbon,
oxygen, nitrogen, potassium, magnesium, phosphorus, sulfur etc. The main
peculiarity of soils is to accumulate organic substances, various chemicals as
well as energy. Soils function as biological adsorbent, distracter and neutralizer
of different pollutants.
Soils as natural-historical body have two alternative ways of development:
1. Natural or
2. Anthropogenic
For the natural development of soils a period of one hundred years is
immaterial and may not cause radical changes of soils and soils cover.
More important way of development is the anthropogenic one. As a rule
this way is negative and is connected with the influence of different extents on
soils. This leads to the violation of natural processes, degradation and final
destruction.
In the process of scientific and technical progress, development and
opposition of different political systems, permanent bloody conflicts our planet
has considerably changed its appearance. The 20lh century was the era of
spontaneous, planes and scientifically ungrounded stage of development of our
civilization.
In the 21 s ' century no natural drastic changes of soils in time and space are
expected. But anthropogenic changes of soils may be intensive. This process is
extremely negative today and beyond our control. Decisive measures must be
taken in this direction.
The first stage-the world database on the conditions of soils and soils cover
must be created.
The second stage-to systemize world experience of soils protection and
their rational use.
The third stage-to organize effective worldwide monitoring of soils and
soils cover.
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Keywords: Anthropogenic changes, soil degradation, soil protection, soil
function, world soil database
Introduction
Soil is an essential part of the biosphere. Owing to the soils major mass of
organic substances are produced on land. Soils are the basis for land plantations
which use solar energy 9 times as intensively than ocean organic substances.
Many significant elements in the biosphere flow through the soils: carbon,
oxygen, nitrogen, potassium, magnesium, phosphorus, sulfur etc. The main
peculiarity of soils is to accumulate organic substances, various chemicals as
well as energy.
Soils function as biological adsorbent, distracter and neutralizer of different
pollutants. According to Kovda (1989) soil is an indispensable part of the
general mechanism of the biosphere. If this biosphere link is destroyed then the
biosphere functioning will be considerably violated. Soil cover is a "life screen"
as an ozone screen of stratosphere.
Soils as natural-historical body have two alternative ways of development:
1. Natural or
2. Anthropogenic
For the natural development of soils a period of one hundred years is
immaterial and may not cause radical changes of soils and soils cover.
More important way of development is the anthropogenic one. As a rule,
this way is negative and is connected with the influence of different extents on
soils. This leads to the violation of natural processes, degradation and final
destruction.
In the process of scientific and technical progress, development and
opposition of different political systems, permanent bloody conflicts our planet
has considerably changed its appearance. The 20th century was the era of
spontaneous, planes and scientifically ungrounded stage of development of our
civilization. According to Vernadsky (1926) biosphere has turned into
noosphere - the sphere of mind and anthropogenic press.
The 20lh century was the era of considerable decrease of natural soil areas.
Soils of the world differ according to their histories and the speed of soil
formation (Lobova and Chabarov, 1983).
More ancient soils are formed in a tropical zone. According to Leneuf
(1959) the formation of one meter of soil pedosphere in tropics takes 20-77
milleniums. The soils in tropics vary according to the extent of weathering.
Tropical soils are ferrallitic, kaolinite and iron. The general properties of soilss
are acid reaction, low adsorbing capacity and desaturation, fulvates, weakly
polymerous humus, a small amount of mineral reserves. Soils are also
characterized by intensive accumulation of kaolonotes on acid rocks and slow
accumulation - on basic rocks.
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Since the Tertiary period tropical soils areas have been decreasing. This is
proved by kaolinite derivatives and latente soils not only in subtropical, but in
boreal and subboreal zones as well. Though even nowadays tropical soils are
considered as the most spread type in the world. For example, allitic and
ferrallitic acid soils of humid tropical climate make 15.83 percent of the entire
land on our planet, while shallow acid and neutral soils of dry tropical climate
occupy - 7.74 percent.
Subtropical zones inherited from products zones allitic and mainly kaolinite
products of weathering, which are not fertile and are resistant to weathering.
Wide zone of subtropics is especially developed on Eurasian continent. The soils
cover of the subtropical zone is quite diversified, due to the fact that the
intensity of weathering is not high enough to smooth out rock influence.
Subtropical zones are the territories where agriculture has existed for
milleniums. The influences the development of soil erosion and deteriorates soil
properties.
Subtropical soils are mainly used under food and industrial crops.
Subtropical soils occupy a considerable part of the land. For example,
fersiallitic acid, less frequently neutral soils of humid subtropical climate occupy
3.42 percent of the entire land on our planet, while neutral and weakly leached
soil of dry subtropical climate occupy - 5.46 percent.
Subboreal zone mainly embraces young soil zone formed in post-glacier
epoch or a bit earlier in Pliocene. Subboreal zone is spread in Western America,
Eastern Europe, Central and Eastern Asia. It involves steppe, semi-desert and
desert soils. The main characteristics of these soils are isohumus profile, humate
humus, weak weathering of the mineral part of soil profiles. This zone also
occupies considerable areas. For example, neutral or leached soils of subboreal
moderate warm climate occupy 5.25 percent of the entire land.
Desert zones occupy considerable areas in Africa, Australia, Central Asia
and Middle East. Comparatively small areas of deserts are observed in South
America. In this zone fully developed soils are formed both on more ancient
surfaces and on alluvial rocks; on solid rocks clay crust of the same content is
formed. Carbonate salinized desert soils occupy 6.22 percent of the entire land
of our planet.
In the borreal zone soils are mainly formed under forests and marsh plants.
The age of these soils is 5-10 milleniums. Acid and low acid soils of borreal
moderate cold climate occupy 8.47 percent of the entire land, while acid frosting
or frost soils of borreal cold climate occupy 3.19 percent.
Soils of subarctic and arctic zones are generally full of base saturation,
mainly carbonate and salinized, low capacity and stony. These soils occupy
considerably small areas - criogenic neutral and shallow acid and acid soils of
subarctic climate - 2.63 percent of the entire land.
All the above refers to the natural ecosystems and considerably virgin soils.
Unfortunately, we witness an intensive process of the destruction of ecosystem.
5

17'h WCSS, 14-21 August 2002, Thailan

URUSHADZE Tengiz F.

Forests are cut down on vast territories. Besides many forest in the world
disappear due to mass destruction of trees. Besides Africa desertification
involves some regions in South America and South-East Asia. The process of
salinization of irrigation soils is strengthened and extended. Most of the rivers in
the world are mineralized and polluted. Deforested mountain slopes, fields,
pastures, plains are destroyed by torrents, landslides, erosion, floods and
sediments. Total number of nature disasters of various types doubles every 20
years, consequently increases the number of victims. Infant mortality and
various diseases (cancer, lungs, heart) have become more frequent. The
investigations have shown (Elinder, 1999 in Agroecology, 2000) that
immigrants from England to the USA get diseases with this disease is much
more frequent. In the USA heart diseases make 35 percent due to the high
content of CO (Beevets et al., 2000, in Agroecology, 2000). Military operations
have permanent character in many countries of the world.
The role of soils and soil cover in the biosphere is constantly increasing.
Soil cover is an ecological niche, asylum and place of concentration of organic
substances. The plant in the ecosystems with soil cover annually state nearly
n.1017 kcal of chemically active energy. Soils themselves accumulate and retain
as organic substances about n.1019 kcal energy. Soil and plant covers retain the
accumulated energy in humus, peat, sapropel and carbons for hundreds,
thousands and millions of years. According to Kovda (1989) energy of humus
and debris serves as a base of existence and soil-forming activities of animals
and microorganisms as well as the basis of soil fertility. Soil and plant cover in
the process of their development acquire the ability to fix air molecular nitrogen
and turn it into amino acids and albumens.
The formation of biomass is followed not only by the fixation of clemically
useful energy but by the mobilization and carrying-out to the surface and to
upper horizons huge masses of chemical elements and compounds.
The role of soils is very important in earth hydrological cycles and
hydrosphere, in the gas regime of planets and the formation of air composition.
Photosynthesis, connection of carbon dioxide, nitrogen fixation, emission of
oxygen, hydrogen, denitrification, respiration, oxidation and the age of the part
of carbon dioxides in air - all these processes, characteristic for soil and plant
cover ecosystems, determine both minor local and global cycles.
All the components of biosphere and major biochemical processes are
closely interrelated. Soil cover is a special cover of our planet and is a vital link
in the bioenergetic balance of the biosphere.
In the second half of the 20th century production of corn per capita
decreased in some countries of Africa and Asia. As a result processes of importexport became more intensive (Figure 1). In the middle of 1980s total amount of
export by western countries reached 200 million tons per year.
In most countries of Africa, Asia and South America the only available
means of heating is wood. More than 1.5 billion people in the world use wood
6
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for heating. Cuttings of wood in many countries prevail annual increase of wood
biomass. Thus, about 140 million people in 30 countries suffer from food and
fuel shortage. Wood cuttings for heating is an essential factor causing erosion
and desertification of soils. Low soil fertility, famine, lack of fuel, insanitary and
extreme poverty are main reasons for low life expectancy, high mortality rate
both of adults and infants in many developing countries.
The population of the world and the rate of its growth is permanently and
systematically increasing (Tables 1 and 2).
In 1982 the average rate of increase was 146 people per minute i.e. 77
million per year. In 1986 total number of population amounted 5 billion, in 1993
- 5.5 billion, in 2000 - more than 6 billion, by 2025 it will reach - 8.5 billion, by
2050- 12.5 billion.
In 1990 the majority of the population was rural, by 2030 urban population
will have exceeded rural population twice. By 2100 population of Africa will
have increased 6 times compared with 1985, population of South Asia - 3.5
times, Latin America - 3.2 times, North America - 1.3 times, Europe - 1.1.
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Figure 1 The world export-import of corn (% from produced).
Table 1 Population of the world (Baade, 1968 in Agroecology, 2000).
Period
7000-4500 BC
4500 - 2500 BC
2500- 1000 BC

Grow, million people
from 10 to 20
from 20 to 40
from 40 to 80
7

Time of doubling
the number, years
2500
2000
1500
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1000 -0BC
0 - 900 AD
900-1700
1700-1850
1850- 1950
1950-1990
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from
from
from
from
from
from

80 to 160
160 to 320
320 to 600
600 to 1200
1200 to 2500
2500 to 5000

1000
900
800
150
100
40

Between 1965 - 1970 the rate of the growth reached its maximum in the history of
mankind - 2.1 percent per year.
Table 2 The dynamics of the population growth (million people) in the second
half of the 20th century (Brown, Kane et al, 1994 in Agroecology,
2000).
Years

The whole world

1950
1955
1960
1965
1970
1975
1980
1985
1990

2555
2779
3038
3345
3704
4086
4457
4856
5295

The increase of population and food problem are interrelated. This problem
is connected not only with the biosphere reserves but social and political
problems as well.
Unfortunately the reserves of arable lands are decreasing, cultivation of
new lands is rather difficult due to unfavorable climatic conditions and hard
relief conditions.
In 1980s the decrease of the area of irrigated lands per capita was observed;
from 0.053 ha in 1980 to 0.049 ha in 1990. The difference in the level of feed is
very noticeable. More than 1 billion people live in extreme poverty, hundreds of
millions are starving. Summary on food in different part of the world is in Table 3.
According to FAO data the increase of gross harvest of corn in the world
till the middle of 1970s was by 75 percent due the grow of agricultural crop
harvest and the expansion of sowing areas - by 25 percent. In the following
years the growth of food production was conditioned by 90 percent, due to the
growth of agricultural crop harvest and only by 10 percent due to the expansion
of sowing areas. Although in 1950-1990 provision of corn per capita increased
by 40 percent, in the following years it began to decrease. World stock of corn
considerably decreased. This led to the price rise in the world market at the
beginning of 1990s. As a result average food consumption per capita in the
countries of Africa decreased by 17 percent, in Latin America - by 7 percent.
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Table 3 Food in different parts of the world (Agroecology, 2000).
Region
Consumption per capita per day
Food stuff in whole
Protein, t
Asia
2244*
55.3
161**
9.6
Africa
2238
56.8
171
12.2
3327
95.2
West Europe
1042
51.8
USA
3514
10.5
1301
71.0
2541
South America
65.5
453
27.9
* - in numeral - total amount of food stuffand protein,
** - in denominator - the same of animal origin
At the conference of the UN dedicated to the issues of environment held in
Rio-de-Janeiro in 1992 the representatives of 179 countries worked out "The
agenda for the 21st century". It noted the necessity of the realization of two aims
- high quality of the environment and strong economy for all the nations of the
world.
By the year of 2000 annual increase of corn harvest made about 1 percent,
it is supposed that in 2000-2030 more than 40 million ha land will be withdrawn
from the agricultural turnover (3 % area under corn from the end by 1990s). In
the countries of European economic community the reduction will make about
50 percent.
At the worldwide summit on the problems of food stuff (Rome, 1996) the
participants noted that 800 million people in the world regularly are underfed.
The problem of food stuff can still be solved. In China where population makes
22 percent of the entire population (more than 1.1 billion people) and the share
of arable lands makes only 7 percent of the total arable land in the world the
problem of food stuff is being reasonably solved. China occupies the first place
for the gross production of wheat (100 million tons per year).
The population of the world is constantly increasing, hence the problem of
food provision remains still urgent. Production of food-stuff in the world is
permanently increasing though in many countries food provision is very poor.
Increasing number of population results in higher demand for food. The
latter causes great anthropogenic influence on the nature and ecosystem.
The most ancient way of using natural resources on the earth is man's
agricultural activities. Man tries to consume natural resources to a greater and
greater extent. This is the only way to meet the increasing demand for food-stuff
in the world. As a result man is violently disturbing ecological equilibrium of
9
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nature formed during millenniums. In the 20' century man's intrusion into
nature became even more severe. The process of forest cuttings became more
intensive, the area of ploughed lands increased, new gigantic hydrotechnical
constructions started to appear at a higher rate, the amount of chemicals
(fertilizers, pesticides) applied in plant growing increased, pastures were also
greatly affected. As a result the process of degradation and pollution of soil
cover has intensified. Man' s influence on nature and soil has turned into a
global influence on the entire biosphere.
According to the data the production of food stuff per capita has increased.
Though in many countries of the world hundreds of millions of people are
underfed and hundreds of thousands die to hunger. At the conference of the UN
dedicated to the environment and held 10 years ago it was noted that 1.1 billion
people in the world earned less than 1 USD per day. The conference stated that
the model of the national development of advanced countries was destructive for
our planet.
In different parts of the world the living conditions of people varies
considerably. The point is that historically formed soil and climatic zones and
higher belts in the mountains possess diversified conditions for plant growing.
To receive sufficient amount of food stuff basically depends on soil and climatic
conditions.
The total area of the continents on our planet makes 14.8 billion ha, among
them arable lands and perennial plants occupy 1.5 billion ha (about 11%),
pastures - 3 billion ha (about 22.3%) and forest - nearly 4 billion ha (30%). The
rest of the land - moors, sands, badlands, rocks, glacier, etc make 4.9 billion ha
(36.6%o). The above figures makes it possible to judge only general picture of
land utilization. This picture varies on the continents and in the countries due to
the different natural conditions and socio-economic systems of the countries.
Though, the main changes in the structure of land utilization take place as a
result of expanding farming activities by the increasing population of the world,
growth of the number and size of cities and other populated areas. It has been
stated that annual loss of arable lands in the world makes from 5-6 to -9 million
ha. Their replenishment for agricultural needs is made mainly at the expense of
forest cuttings and ploughing natural pastures.
To maintain life of one person on average requires 1.75-2.00 ha, among
them 1.2 ha pastures and hay fields, 0.46 ha agricultural fields (to feed on), 0.07
ha forest (to absorb carbon and produce oxyden). Besides man needs different
types of living accommodations and premises (0.01 ha), the infrastructure also
takes 0.01 ha (roads, electric transmission lines, communication etc.)
On average 3 ha comes per capita in the world. Arable land per capita in
the USA makes 0.7 ha, in Hungary - 0.5 hectares, in France and the Netherlands
- 0.3 hectares each, in Russia - 11.5 hectares, in other countries of CIS - 3 ha.
The effectiveness of use of every ha varies in different countries. For example.
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in 1986 in India 16 tons of corn was received per 1 ton applied mineral
fertilizers, in China and the USA - 18 tons of corn, while in the USSR - 8 tons.
In some countries of Western Europe the process of soil degradation has
been due to balanced doses of organic and mineral fertilizers, against erosion
and other soil protective measures (Kuznetsov and Glazunov, 1996).
As a result of human activities the growth of population causes the
permanent increasing loss of arable lands. The most sensitive towards different
types of anthropogenic influence proved to be weaker ecosystems in hot, arid
and semiarid regions and farming territories in tundra, forest-tundra as well as in
high mountainous zones with short vegetable periods. Hence, the most
vulnerable soils are the following: arctic hums, cryptogenic, cryptopodzol,
tundra mor-like glei, tundra eumulosol, high mountain, cinnamonic, greycinnamonic, grey-brown desert, reddish prairie, reddish-brown forest, reddishbrown (steppe), paved, humus calcareous, andosols etc.
The extent of influence on the natural ecosystems - ploughing new
territories, erosion and deflation of soils, salinization, drying and pollution with
chemicals (pesticides), soil compaction with heavy mechanisms while
processing - is the same as other anthropogenic influence such as forest cuttings,
pollution of atmosphere and oceans.
About 950 million hectares or one third of cultivated lands in the world is
characterized by high salt concentration. Besides, 120-150 million hectares of
irrigated land were salinized for the second time and deserted (Egypt, India,
Iran, China, USA, Mexico). In the GIS half of the 20 million ha irrigated lands
lost their fertility due to salinization. In African countries the loss of agricultural
lands is in liniar dependence on the growth of population.
Salinization, erosion, degradation and exhaustion of soils lead to the
increasing loss of the productivity of agricultural lands, which in many
countries, particularly in developing ones (Mexico, Costa Rica, Mali, Malawi
etc.) reach 0.5-1.5 percent of their annual gross national product.
Forest ecosystems occupy nearly 30 percent of land. Forest play essential
role in the ecological equilibrium of biosphere as well as in the protection of
soils and soils cover.
Total area of forests on the earth is more than 4 billion ha (among them 3
billion ha closed forests) (Table 4). More than half of them is tropical and
subtropical forests. Forests grow on all the continents except Antarctica.
Though, their distribution on our planet is not even.
According to the UN-ECE/FAO contribution to the Global Forest
Resources Assessment (2000) average changes of the territory under the forests
between 1990-2000 is shown in Table 5.
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Table 4 Total data about forests in the World (Forest Resources, 2000).
Forest areas million ha

Continents

Forest
Euroasia
Africa
Australia
North America
South America
Whole world

1,615
800
96
750
800
4,061

Covered with
forest
1,388
760
92
630
750
3,620

Timber resources billion m3
Total
137
35
5
59
123
359

Among them conifers
83.0
0.5
0.3
40.0
3.0
126.8

Table 5 Average changes of the territory under forests
Continent
Annual change
Annual change rate (%)
(thousand ha)
-5,262
Africa
-0.78
-364
Asia
-0.07
Oceanic
-365
-0.18
Europe
+881
+0.08
North and Central America
-570
-0.10
-3,711
-0.41
South America
Total World
-9,391
-0.22
Forest area changes 1990-2000 in tropical and non-tropical natural forest (million ha y" )
Domain
Net change
Tropical
Non-tropical
Global

-14.2
+1.7
+12.5

1948 1963 1980 1990 2000
Global forest cover 4.0
3.8
3.6
3.4 3.9*
(in billion ha)
*95 % - natural forest and 5 % - forest plantations.
The overall area of forest plantations increased by an average of 3.1 million
hectares per year during the 1990s, including the 1,5 million hectares converted
from natural forest and 1.6 million ha of afforestation on land previously under
non-forest land use.
According UN-ECE/FAO contribution to the Global Forest Resources
Assessment (2000): in Latin America, large scale direct conversion of forests
dominates. It also dominates in Africa, but on a smaller scale. In Asia, the area
of gradual conversions is equal to the direct conversions from forests to other
land uses. At the global level, direct conversions dominate the picture,
accounting for about three-quarters of the converted area. Most tropical
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deforestation is thus a result of rapid, planned or large-scale conversion to other
land uses, mainly agriculture.
Decrease of forest areas has several reasons: natural aridization and
desertification (very few rains), rise of acidity of toxic matters of anthropogenic
origin in air. The main reason is forest cuttings, using wood for heating,
building, industrial raw materials etc.
The most urgent problem is the influence of technical progress on soils.
Each year biosphere loses its active parts as well as territories with plants and
soils producing biomass, and oxygen and turning carbon dioxide into biological
nitrogen. The process of urbanization is also worth mentioning. In the middle of
the 20' century there were 15 gigantic cities with the population 7-8 million
people, 190 cities with about 1 million population and more than 25 million
towns. Nowadays a new term "hyperurbanization" has entered the vocabulary.
Big cities interflow. Superagglomerations and conurbanizations have already
formed. In the near future the number of such huge cities will exceed 150.
A city is the most developed form of space organization. It is an industrial
and social infrastructure with communication systems, wide range of
professions, education etc.
As a result of urbanization it is impossible to meet biological demands of
population. A city changes all the natural components - atmosphere,
hydrosphere, soil climate, plants etc. In big cities physical conditions are
deteriorated. Solar radiation is 15 percent less here, average wind speed
decreases by 25 percent, the temperature is 1-5 percent higher etc.
In large cities medical and demographically indexes are considerably
changed.
The following criteria (Table 6) are recommended for the estimation of
ecological conditions of urban territories in the Russian Federation
(Agroecology, 2000):
Any urban area is a source of great amount of industrial wastes (raw
materials wastes, food production wastes) and consumption wastes (domestic
wastes) (Table 7).
Table 6 Indexes and criteria recommended for estimation of ecological
condition.
Zone
Indexes

Extreme ecological
situation

Ecological disaster

Mortality growth
Infant diseases
Analogous diseases
Genetic disturbance
Children with mental disorders

1.3-1.5 times
1.3-1.5 times
1.5- 2 times
about 3 times
10 - 20 %

1.5 and more times
1.5 and more times
2 and more times
3 and more times
20 % and more

1 Th WCSS, 14-21 August 2002, Thailand
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Table 7 Production of solid wastes in different countries (Agroecology, 2000).

Country
USA
Australia
Canada
Holland
Denmark
Switzerland
Great Britain
Japan
France
Germany
Sweden
Spain
Italy
Austria
Portugal

Per capita, kg

Total,

744
681
635
449
423
383
355
344
327
318
317
275
263
228
211

178.0
10.0
16.0
6.5
2.0
2.5
18.0
41.0
18.0
19.0
2.5
10.5
15.0
1.7
2.5

Both types of wastes are the main source of biotic, mechanic, chemical and
other kinds of pollutants.
Among main types of wastes such as solid, liquid, gas and energetical, the
significant place is occupied by solid domestic wastes.
Solid domestic wastes are dispersed negative factor, when moved away
from urban areas they turn into a concentrated factor of negative influence on
the nature.
In the cities with 1 million population after consuming 625 thousand tons
of water, 2 thousand tons of food stuffand 9.5 thousand tons of fuel per day 950
tons of gas, 570 thousand tons of liquid and 2.5 thousand tons of solid wastes
are formed.
Wastes occupying vast areas are the sources of soils first of all as well as
atmosphere and water.
About 29 percent of refuse is burnt on the earth, more than 60 percent is
dumped, 4 percent is composted and about 6 percent are processed differently
(Table 8).
Another destructive factor causing the decrease of soil and biosphere
fertility is desertification or aridization.
The primary form of aridization is high dryness, increase of surface runoff,
deepened groundwaters. The following stage of aridization involves frequency
of droughts, decreased precipitation, risen average temperature and others.
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Table 8 Refuse utilization in different countries (Agroecology, 2000).
Country
Refuse share, %
burnt
dumped
composted
processes
differently
USA
8.0
82.0
0.0
10
Great Britain
2.0
98.0
0.0
0
93.0
Canada
6.0
0.0
1
Denmark
64.0
32.0
4.0
0
80.0
18.0
2.0
Switzerland
0
Japan
72.0
24.5
1.5
2
Germany
28.0
69.0
2.0
1
Spain
5.0
76.0
19.0
0
France
36.0
47.0
8.0
9
Italy
18.5
35.0
41
5.5
Natural deserts are widely spread on the earth. Their total area varied
during the Quaternary epoch having the tendency to increase. This is the process
of natural desertification of former meadows, prairies, steppes, alluvial plains.
According Kovda (1997) the process of desertification involves
considerable decrease of fertility of semiarid and subhumid landscapes to the
level of desert fertility. The following processes also take place; changes in plant
cover (substitution of species, plant sparseness and final disappearance of plant
cover), animal world (changes in the composition and number of animals) and
especially in soil cover (deflation, salinization, washing etc.).
Dry climate of desert is spread on 37 percent of land, while actual area of
desertie soils and plants reaches 43 percent. On about 6 percent of land area
(more than 9 million km2) temporary soil and plant conditioned do not coincide
with the climatic ones and all this has an anthropogenic nature. Besides, there
are also areas of partial desertification. High speed of desertification is observes
along the south border of Sahara Desert.
It was proved long ago (Pabot, 1960; Kassac, 1970), that all the deserts of
the Near East are manmade. Vast territories in the Lebanon, Syria, Egypt,
Tunisia were under plant cover 2-3 milleniums ago but now they are semideserts
and deserts. Destruction of plant cover in semiarid and arid regions is the result
of its use not only for cattle but for heating as well. It has been stated that in arid
zones of the world about 1.5 billion heads of cattle graze. This cattle grazes in
extremely weak and unsteady ecosystems of the world. The major way out is to
regulate the process of grazing.
In particular arid zones do not occupy vast territories, but they are areas
with permanent possibility of droughts, for example 10-15 percent (i.e. 10-15
years per century). If we consider them as the areas with variable aridization
then the total area together with the zones of stable aridization will make 50-60
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percent of land. The number of countries interested in the solution of the
aridization problem reaches 70-80. Historic tendency of desertification is well
observed on the example of the climatic history of North America (Darrow,
1961) (Figure 2).
On this continent from the end of the tertiary period and especially in
pleistocene and holocene the territories occupied by deserts and semideserts,
savannas and steppes considerably increases. Moreover, it is believed that in
various period the level of aridity was even more than now.
It has been stated that in the third millenium B.C. the borders of the Arctic
and Subarctic were much more northern.
Besides powerful anthropogenic factor, land aridization, according to
V.Kovda (1977), is also influenced by natural factors: 1) progressive decrease of
groundwater level, 2) slow general tectonic rise of plains, 3) the increase of
draining role of rivers, 4) the rise of borders of permanent snows in mountains.
According to the National Academy of the USA (1985) the variation of average
annual precipitation has a negative influence on land. (Figure 3).
The process of aridization encourages intensive use of ground waters for
domestic, industrial and transport needs.
The process of aridization is facilitated by dust storm the number of which
is rising catastrophically. In the 18th century the number of dust storms was 7
times as more than in the 17th century, while in the 19' century it was 3 times a
more than in the 18th. Such an intensive growth of dust storms is closely linked
with the disappearance of plantations. Wind erosion causes the complete
destruction of soil cover or its more fertile higher horizons.
Arid zone soils are relict soils. Their absolute majority was formed in
different natural conditions - as a result they are not stable and their equilibrium
is very conditional. They are easily influenced by anthropogenic factors and are
easily destroyed.
Another serious problem is the problem of secondary salinization of soils.
This is the problem facing the Near East and the Middle East, Middle Asia,
Transcaucasus, Latin America, North America. It can be explained by absence
of draining or poor drainage systems, poor quality of irrigation waters etc.
Soil is a complicated system. Its main functional components are living
organisms.
Soil cover is an independent component of the earth - the pedosphere. Soil
is the product of the joint influence of climate, plants, animals, microorganisms
on geological species. Complicated process of synthesis and destruction of
organic substances as well as circulation of different elements, decomposition of
injurious substances, etc take place in soils. The following phases are
interrelated in soils solid, liquid, gas and organic.
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1 - subtropical forest; 2 - forest of moderate warm climate
3 - subtropical savana; 4 - forest of moderate climate; 5 - dry forest
6 - grasses; 7 - polar and subpolar zone; 8 - desert
Figure 2 The changes of the main species of vegetation (Darrow, 1961).

Figure 3 The changes of average precipitation (% from norm) (National
Academy of the USA).

17

URUSHADZE Tengiz F.

17"' WCSS, 14-21 August 2002, Thailand

The major function of soils is to provide life on the earth. Realization of
this function depends on the composition of chemicals in soils in available
forms. Essential biogenes (carbon, nitrogen, phosphorus, potassium, calcium
etc.) are involved in soils.
Soil regulates the flow of substances in the biosphere. It also regulates
biological and geological circulation of elements in the biosphere.
The most significant global function of soils is to accumulate in the upper
part mantle of waste connected with it with the chemical energy.
Soil is essential in agriculture and is a basis of agroecosystems. Soils
provide mankind with about 95 percent of all the food stuff. Soil is a living
space giving life to different living organisms.
Soil is a mechanic basis of all the plantations growing on it.
Analyzing the importance of soils in eco- and agroecosystems it is also
worth mentioning that its abilities are limited. Soil functions can be violated by
man's activity (Table 9). One example of this is soil sickness. Such soils do not
provide effective agricultural harvest. This is the result of permanent cultivation
of the same crop on one and the same area. In such cases different toxic
substances are accumulated in soils. These substances are secreted from the
plant roots and microorganisms.
Total area of soils exposed to destruction and degradation during the whole
history of mankind makes 20 million km2. This is more than total area of
temporary arable soils of the world 0 15 million km2. At the UN Conference on
the Environment and its development the participants noted that the extreme
degradation of soils was observed on 1 percent area, strong - 15 percent,
moderate - 46 percent and weak - 38 percent. Degradation of soils is caused by
water erosion by 56 percent, 28 percent - by wind erosion, 12 percent - by
chemical degradation and 4 percent - by physical degradation. The XIX special
session of the General Assembly of the UNO (June 1997) adopted the program
for further activities to realize "The agenda for the 21st century". This program
involves sustainable use and protection of lands.
Deterioration of soils resources and decreasing fertility of soils threaten the
lives of millions of people and food safety in future as well as water resources
and maintenance of biological diversity.
Heavy metals are main pollutants from the view of the pollution extent and
influence on biological elements. Many of them are necessary for living
organisms, though as a result of intensive atmospheric dispersion in the
biosphere and considerable accumulation in soils heavy metals become toxic
(Tables 10 and 11).

IS

PLENARY SESSION

KEYNOTE LECTURE

Table 9 Ecological consequences of anthropogenic changes in soils (Rozanov
and Rozanov, 1990).
Anthropogenic influence
Agriculture on border areas of different
landscapes
Irrigated agriculture in arid and semiarid
zones
Irrigated agriculture in subhumid
conditions
Non-balanced (irregular) application of
chemical fertilizers
Application of biocides in agriculture
Agricultural mechanization
Pasture livestock breeding with irregular
grazing
Intensive stall livestock breeding

Soil degradation processes
Erosion, deflation, dehumification
Swamping, salinization, alkalinisation
Destructurization, alkalinisation, soil

compactness
Increase of acidity, chemical pollution of
soils, dehumification
Chemical pollution
Heavy compactness of soils, erosion
Erosion, deflation, dehumification
(humification)
Chemical pollution, decomposition of
plant and animal wastes in the
conditions of oxygen shortage and
secretion of methane
Forest cuttings on plains
Swamping,
dehumification
Forest cuttings in mountains
Erosion
Operations at the place of oil origin
Soil pollution by oil products
Operation at the place of mineral origin
Physical destruction of soils, chemical
pollution
Thermoenergetics
Chemical
pollution, rise of acidity
Transport
Soil destruction, chemical and oil
pollution
Metallurgy
Chemical
pollution, rise of acidity
Chemical industry
Chemical
pollution, rise of acidity
Building material production
Chemical
pollution
Urbanization
Chemical pollution
Surplus agriculture on arid areas
Complex degradation
At the beginning of 1990s total annual amount of heavy metals in
atmosphere caused by different industrial activities in North America and
Europe made: lead 370 thousand tons (among them due to etiolated petrol - 280
thousand tons), arsenic - 31.2 thousand tons (ferrous and non-ferrous metal
industries, glass production, cement production), cadmium - 7.6 thousand tons
(non-ferrous metal industry 6.2 thousand tons) etc. In non-ferrous metal industry
while producing 1 ton production 40-60 kg lead, about 3 kg arsenic, about 280 g
mercury and 13 g cadmium is dispersed in the atmosphere.
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Table 10 Average content of heavy metals in soils in back ground areas of the
world, mg kg"1 (Monitoring of Back Ground Pollution of the
Environment, 1986).
Region
West Europe

Lead
3.8-80(16)*

European part of the CIS

2.8-38(13)

Asia (without Russia)

3.0-40 (14)

Asian territory

2.5-38(16)

North America

5.2-73(17)

North Afririca
South Afririca

3.0-24(15)
1.1-71(18)

Australia, New Zealand

14-20(16)

Average content in
world soils(according to
various authors)

(16)
(10)
(12)
(20)
(10)
(29)

Cadmium
0.01-1.4
(0.22)
0.01-0.97
(0.28)
0.04-0.40
(0.12)
0.028-3.2
(0.26)
0.05-0.56
(0.19)
0.08-0.81
(0.25)
0.15-0.20
(0.17)
(0.21)
(0.50)
(0.35)
(0.08)
(0.50)
(0.62)

Arsenic
0.10-11 (2)

-

Mercury
0.001-3.0
(0.07)
0.025-0.32
(0.11)
0.040-0.33
(0.11)
0.004-0.018
(0.01)
0.002-0.16
(0.02)
-

*

-

(2.9)
(5.0)
(6.0)
(10)
(ID

(0.04)
(0.01)
(0.06)
(0.04)
(0.10)
(0.098)

0.8-8.6 (2)
3.5-12(7)
0.5-7.3 (3.8)
1.0-7.5(4.1)

* - average significance
Table 11 Estimation of agricultural soils according to the extent of pollution by
chemicals (State Committee for Nature, USSR, 1990).
Soil categories

Characteristics of
polluted soils

Permissible pollution

Content of chemicals exceeds
back ground, but not MPC
(maximum permissible
concentration)
Content of chemicals slightly
exceeds MPC

Moderate dangerous
pollution
Heavy dangerous
pollution
Extremely dangerous
pollution

Content of chemicals
considerably exceeds MPC
according to main indexes
Content of chemicals exceeds
MPC according to all the
indexes
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Possible use
Under any crops

Under any crops as long
as the quality of
agricultural products is
controlled
Under industrial crops
without using them for
food stuff or forage
Not for agricultural needs

PLENARY SESSION

KEYNOTE LECTURE

Heavy metals play important role in exchange processes, though they cause
heavy pollution of soils and have negative influence on ecosystem.
Heavy metals do not easily excrete from soils. Period of semiexcretion is
for Zn - 70-510 years, Cd - 13-1100 years, Cu - 310-1500 years and Pb - 7405900 years.
Heavy metals undergo chemical changes in soils. Hence they become even
more toxic.
Heavy metal mobility in soils depends on the content of organic matters,
soil acidity etc.
Among toxic substances of anthropogenic origin dioxines are the most
dangerous. Dioxines are as threatening to mankind as a nuclear weapon. The
period of semidecay of dioxines in soils is about 10 years, in water - 1-2 years.
Dioxines are mainly situated in soils at depth of 5-10 cm. Dioxines actually do
not excrete from a human organism.
Even in small concentration dioxines cause immunity depression and
violate the ability of adaptation in organisms.
Nowadays there are very strict norms of dioxine composition. Daily
consumption of dioxines must not exceed 0.1 pg kg' 1 (1 pg=10"' g)
In Germany dioxine concentration on pastures must not exceed 5 ng kg"'
soil, in the Netherlands and Italy - 10, in the USA - 27 ng kg"1 soil (1 ng = 10"9 g).
Field fertilization has practiced since long ago. Fertilizers were of great
importance even in Ancient Rome in the 1st century A.D.
According to the US experts the influence of different factors on the yields
of agricultural crops on estimated the following way (%):
Fertilizers
Herbicides
Favourable soils
Hybrid seeds
Irrigation
Other factors

41
15 - 20
15
8
5
11-16

Nowadays every fourth citizen of our planet is provided with the food
received with the help of fertilizers.
Wrong application of fertilizers is a very negative factor. Application of
organic and mineral fertilizers with other agrotechnical and biological fertilizers
is a reliable basis for high fertility of soils without any harm to nature.
Soils as the most significant component of biosphere undergo the following
tendencies of changes: almost everywhere soils are destroyed and fertility is
decreased. Inhabited areas, roads, storing areas etc. occupy about 2 billion
hectares. About 40-60 percent of arable lands and pastures are eroded and
deflated annually. About 40 percent of irrigated soils are salinized. Bioenergetic
resources in soils are decreased (low humus content), soil fauna and
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microorganisms die out (soil sterilization). Toxic biocides and surplus fertilizers
are accumulated. Soil acidulation is a wide-spread process (acid rain).
This brief review of soils and soil cover shows that in the 21 st century no
natural drastic changes of soils in time and space are expected. But
anthropogenic changes of soils may be intensive. This process is extremely
negative today and beyond our control. Decisive measures must be taken in this
direction.
The first stage - The world database on the conditions of soils and soil
cover must be created. World soil scientists must understand one another. In this
connection new world classification of soils (WRB classification) must be
spread in many different countries. The experience of its spread turned to be
very effective. One can cite as on example the new Soil Map of Georgia (1999).
The second stage - To systemize world experience of soil protection and
their rational use.
The third stage - To organize effective worldwide monitoring of soils and
soil cover.
The future of our soils - the main riches of mankind - depends on effective
and prompt solution of the above problems.
Time flies.
We must hurry.
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Our future as a discipline and Scientific Union is indeed bright. Soil
scientists are major players in the research frontiers of molecular
environmental science, nanoscience, carbon sequestration, and
biocomplexity. Our efforts in these areas will most certainly benefit
humankind. However, we face challenges in the next decade. We
must preserve the identity of our discipline, but increasingly interact
with colleagues in other fields. Additionally, we must become more
proactive in communicating to policymakers and the public about the
importance of soils and excite young persons about soil science as a
career. We must stay ahead of the curve on developing issues that we
need to be a major player in and identify emerging issues in soil
science. We must all let our legislators and policymakers know that
funding for soil science, and indeed for all of science, is absolutely
essential if we are to continue to have a strong economy and a superb
quality of life.
I am confident that we can meet these and other challenges and build
on the remarkable successes we have had as a discipline and a Union.
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It's about scale and interfaces:
frontiers in basic soil science research
SPARKS Donald L.
S. Hallock duPont Chair of Soil and Environmental Chemistry, Department of
Plant and Soil Sciences, University of Delaware, Newark, Delaware 19717-1303,
USA
Abstract
Contributions in basic soil science research have immensely benefited
humankind, including enhanced agricultural production and the quality of our
environment. This review focuses on recent breakthroughs in the fields of soil
properties and processes and delineates frontiers for the present decade and
beyond. Frontiers will undoubtedly involve multiple spatial and temporal scale
investigations, elucidation of reactions at biological, chemical, and physical
interfaces, and the use of advanced in situ technologies in combination with
interdisciplinary research efforts to unlock important information on: speciation
of contaminants in soils; cycling of trace elements and nutrients and impacts on
global climate change; development of field scale hydrologie and geochemical
models to accurately predict the rate, fate, and transport of contaminants in the
subsurface environment; elucidation of mechanisms for microbial
transformations of contaminants; unraveling the precise structure of soil organic
matter; and enhanced understanding of rhizosphere chemistry in various
environmental settings.
Keywords: molecular scale, macroscopic scale, landscape scale, soil processes,
kinetics
The Critical Zone
Soil is part of the critical zone, "the heterogeneous, near surface
environment in which complex interactions involving rock, soil, water, air and
living organisms regulate the natural habitat and determine the availability of
life sustaining resources" (NRC, 2001). The critical zone is an interfacial region
of mass and energy flux comprising terrestrial, lacustrine, and marine
components of the continental crust and is one of two primary loci of life on
Earth and for most of human activity (Figure 1).
The other major locus of life is the sun (NRC, 2001). The critical zone is
comprised of an array of spatial scales, ranging from the atomic to the global,
and temporal scales, ranging from seconds to eons. The physical, chemical, and
biological processes within the critical zone mediate exchange of mass and
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energy which is required for biomass productivity, chemical recycling, and
water storage. The critical zone is the most heterogeneous and abstruse portion
of the entire Earth (NRC, 2001). However, we must understand the physical,
chemical, and biological processes and reactions in the critical zone over a range
of spatial and temporal scales if we are going to sustain the planet for human
habitation (Hochella, 2002). Processes within the critical zone can be divided
into four categories. Each of these affects the other and includes: biologic
activity, weathering, fluid transport, and near-surface tectonics. Examples of
critical zone processes that are important frontiers in soil science are: the
terrestrial C cycle and its relation to global climate change, including the
temporal and spatial variability of C sources and sinks and the influence of
weathering reactions; and microbial interactions with minerals and their role in
mineral weathering, soil formation, accumulation of natural resources, and
mobilization of nutrients and contaminants (NRC, 2001).

Saline groundwater
from ocean

Figure 1 The Critical Zone includes the land surface and its canopy of
vegetation, rivers, lakes, and shallow seas, and it extends through the
pedosphere, unsaturated vadose zone, and saturated groundwater
zone. Interactions at this interface between the solid Earth and its
fluid envelopes determine the availability of nearly every lifesustaining resource (National Research Council, 2001).
Molecular Environmental Soil Science
The research challenges and questions we face in soil science occur over
multiple scales (Figure 2) and at interfaces where complex reactions occur
involving inorganic and organic and microbial components of the soil. While
we ultimately want to make accurate predictions at the field/landscape scale,
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fundamental mechanistic information at smaller scales, i.e., microscopic,
molecular, and atomistic is required. Presently, one of the frontiers in the
geosciences is the study of nanophases (Hochella, 2002) which involves
materials between one nanometer and 100 nm. The origins of nanoscience can
be traced to clay mineralogy and crystallography (Lower et. al., 2001) when it
was discovered that clay minerals were crystalline and of micrometer size.
Nanoparticles occur in weathering, soil forming, and surface and ground water
environments. The properties of nanosized materials can behave quite differently
than larger sized particles which is related to the notion of scaling first proposed
by the quantum physicist, Richard Feynmann who noted that "all things do not
simply scale down in proportion" (Hochella, 2002). Small scale investigations,
combined with macroscopic measurements, provides the level of chemical,
biological, and physical detail to comprehend contaminant reactivity and
bioavailability over a range of environmental conditions. This information then
needs to be integrated into field scale hydrologie and geochemical models
(O'Day, 1999).

Field/Landscape
Atomistic Molecular!

Figure 2 Illustration of the various spatial scales that soil scientists are
interested in (Bertsch and Hunter, 1998).
With the advent of state-of-the-art analytical techniques, some of which are
synchrotron-based (see discussions that follow), one can elucidate reaction
mechanisms at small scale. This has been one of the major advances in the
environmental sciences over the past decade. Undoubtedly, the molecular
characterization of microenvironments and interfacial reactions will become
increasingly significant in understanding the interactions between chemistry,
physics, and biology in soil environments. The use of small scale techniques in
2<>
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environmental research has resulted in a new multidisciplinary field of study that
soil scientists are actively involved in - molecular environmental science.
Molecular environmental science can be defined as the study of the chemical and
physical forms and distribution of contaminants in soils, sediments, waste
materials, natural waters, and the atmosphere at the molecular level (Sparks,
2002).
There are a number of areas in environmental soil science where the
application of molecular environmental science is resulting in major frontiers.
These include: speciation of contaminants which is essential for understanding
release mechanisms, spatial resolution, chemical transformations, toxicity,
bioavailability, and ultimate impacts on human health; mechanisms of microbial
transformations; development of predictive models; effective remediation and
waste management strategies; and risk assessment. The application of molecular
environmental science will be illustrated throughout the remainder of this paper.
Electromagnetic Spectrum of Light
The use of intense light to understand mechanisms of soil chemical
reactions and processes has revolutionized the fields of soil science and the
geosciences. The electromagnetic spectrum of light is shown in Figure 3.
Electromagnetic radiation has both particle and wave properties such that light at
a particular wavelength corresponds to a particular scale of detection (O'Day,
1999). For example, longer wave radiation detects bigger objects while shorter
wave radiation detects smaller objects. Light employed to see an object must
have a wavelength similar to the object's size. Light has wavelengths longer or
shorter than visible light. On the longer side are radio waves, microwaves, and
infrared radiation. Shorter wavelength light includes ultraviolet, x-rays and
gamma rays. The shorter the wavelength, the higher the frequency and the more
energetic or intense is the light. Light generated at shorter wavelengths such as
x-rays is not visible by the human eye and must be detected via special means
(Sparks, 2002).
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Figure 3 Electromagnetic spectrum of light covering a wide range of
wavelengths and photon energies. From Advanced Light Source
(Lawrence Berkeley Laboratory, 2002).
Each region of the spectrum is characterized by a range of wavelengths and
photon energies that will determine the degree to which light will penetrate and
interact with matter. At wavelengths from 10-7 to 10-10 m, one can explore the
atomic structure of solids, molecules, and biological structures. Atoms,
molecules, proteins, chemical bond lengths and minimum distances between
atomic planes in crystals fall within this wavelength range and can be detected.
The binding energies of many electrons in atoms, molecules, and biological
systems fall in the range of photon energies between 10-10,000 eV. When
absorbed by an atom, a photon causes an electron to separate from the atom or
can cause the release or emission of other photons. By detecting and analyzing
such e- or photon emissions, scientists can better understand the properties of a
sample (Sparks, 2002).
Synchrotron Radiation
Intense light can be produced at a synchrotron facility. Synchrotron
radiation is produced over a wide range of energies from the infrared region with
energies <1 eV, to the hard x-ray region with energies of 100 keV or more.
There are a number of synchrotron facilities throughout the world (Table 1). In
the USA major facilities are found at National Laboratories.
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Table 1 Selected first, second, and third generation synchrotron research
facilities (Schulze and Bertsch,1999).
Acronym

Facility

Location

SSRL
CHESS
LURE

First generation sources
Stanford Synchrotron Radiation Laboratory
Cornell High Energy Synchrotron Source
Laboratoire pour 1'Utilisation de
Rayonnement Electromagnétique
Hamburger Synchrotronstrahlungs Labor

Stanford, CA, USA
Ithaca, NY, USA
Orsay, France
Hamburg, Germany

Second generation sources
Synchrotron Radiation Source
Photon Factory
National Synchrotron Light Source
Berliner Elektronenspeicherring-Gesellschaft
fur Synchrotronstrahlung

Daresbury, United
Kingdom
Tsukuba, Japan
Upton, NY, USA
Berlin, Germany

Third generation sources
Advanced Photon Source
Advanced Light Source
European Synchrotron Radiation Facility
Super Photon ring - 8GeV

Argonne, IL, USA
Berkeley, CA, USA
Grenoble, France
Nishi Harima, Japan

HASYLAB
SRS
KEK
NSLS
BESSY

APS
ALS
ESRF
SPring-8

Synchrotrons are large machines (Figure 4). In the synchrotron, charged
particles either e or positrons, are injected into a ring-shaped vacuum chamber
maintained at an ultra-high vacuum (~10"9 Torr). The particles enter the ring by
way of an injection magnet and then travel around the ring at or near the speed
of light, steered by bending magnets. Additional magnets focus and shape the
particle beam as it travels around the ring. Synchrotron radiation or light is
emitted when the charged particles go through the bending magnets, or through
insertion devices which are additional magnetic devices called wigglers or
undulators, which are inserted into straight sections of the ring. Beamlines allow
the x-rays to enter experimental stations which are shielded rooms that contain
instrumentation for conducting experiments (Schulze and Bertsch, 1999).
Synchrotron radiation has enabled soil and environmental scientists to
employ a number of spectroscopic and microscopic analytical techniques to
understand chemical reactions and processes at molecular and smaller scales.
Spectroscopies (Table 2) reveal chemical information and deal with the
interaction of electromagnetic radiation with matter. A large number of
spectroscopic techniques are a function of both large frequency or energy ranges
of electromagnetic radiation involved and the approach used for probing the
interaction over a given frequency range (Bertsch and Hunter, 1998).
Microscopic techniques (Table 2) provide spatial information and arise from the
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interaction of energy with matter that either focuses or rasters radiation in some
way to produce an image (Sparks, 2002).
X-Ray Absorption Spectroscopy
One of the most widely used synchrotron-based spectroscopic techniques is xray absorption spectroscopy (XAS). Its use has and will continue to revolutionize
our understanding of important soil properties and processes. XAS can be used to
study most elements in crystalline or non-crystalline solid, liquid or gaseous states
over a concentration range of a few mg L" to the pure element. XAS can be used to
probe structural sites ranging from those in crystals and glasses to those at
interfaces such as the mineral/water interface. With second- and third-generation
synchrotron light sources that provide X-ray energies ranging from the infrared to
the hard X-ray regions, higher flux and higher brightness, beamline optics that
produce microfocused beams for spectromicroscopy and imaging studies, and stateof-the-art X-ray detectors, important advances in soil science will surely occur over
the next decade (Sparks, 2002).

Figure 4 Schematic diagram of a synchrotron x-ray source (Schulze and
Bertsch, 1999).
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S u m m a r y of Selected Analytical M e t h o d s for Molecular Soil Science 3
Type of Energy

Analytical Method

Source

Signal

infrared radiation

transmitted infrared radiation

Synchrotron XAS
(XANES and EXAFS)

synchrotron X-rays

transmitted or fluorescent Xrays; electron yield

Synchrotron microanalysis
(XRF, XANES)

synchrotron X-rays

fluorescent X rays

EELS (also called PEELS)

electrons

electrons

X-rays

Electrons

radio waves
(+ magnetic field)

radio waves

microwaves

microwaves

Absorption, emission, and
relaxation spectroscopies
IRb and FTIR

XPS and Auger spectroscopy
Resonance spectroscopies
NMR
ESR (also called EPR)
Scattering and ablation

(+ magnetic field)
X-rays (synchrotron
orlaboratory)
charged ion beam

scattered X-rays

laser

atomic mass

tunneling electrons

electronic perturbations

AFM (also called SFM)

electronic force

force perturbation

HR-TEM and STEM

electrons

transmitted or secondary
electrons

SEM/EM with EDS or WDS
chemical analysis

electrons

secondary, or backscattered
electrons; fluorescent X-rays

X-ray scattering (small angle,
SAXS; wide angle, WAXS)
SIMS
LA-ICP-MS
Microscopies
STM

atomic mass

* From (O'Day, 1999).
b

Abbreviations are: IR, infrared; FTIR, Fourier transform infrared; XAS, X-ray absorption spectroscopy;
XANES, X-ray absorption near-edge structure; EXAFS, extended X-ray absorption fine structure; XRF, Xray fluorescence; EELS, electron energy loss spectroscopy; PEELS, parallel electron energy loss
spectroscopy; XPS, X-ray photoelectron spectroscopy; NMR, nuclear magnetic resonance; ESR, electron
spin resonance (also known as EPR); EPR electron paramagnetic resonance (also known as ESR); SAXS,
small-angle X-ray scattering; WAXS, wide-angle X-ray scattering; SIMS, secondary ion mass
spectrometry; LA-ICP-MS, laser ablation inductively coupled plasma mass spectrometry; STM, scanning
tunneling microscopy; AFM, atomic force microscopy (also known as scanning force microscopy, SFM);
HR-TEM, high-resolution transmission electron microscopy; STEM, scanning transmission electron
microscopy; SEM, scanning electron microscopy; EM, electron microscopy; EDS, energy dispersive
spectrometry; WDS, wavelength dispersive spectrometry.
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XAS is also an in situ technique, which means that one can study reactions
in the presence of water. This is a major advantage over many molecular scale
techniques, which are ex-situ, often requiring drying of the sample material,
placing it in an ultra-high vacuum (UHV), heating the sample or employing
particle bombardment. Such conditions can alter the sample, creating artifacts,
and do not simulate most natural soil conditions. It is important to study soil
reactions in water as it is the principal medium of transport of inorganic and
organic species and biochemical reactions take place in aqueous media and
across biological membranes that are water-based (O'Day, 1999; Sparks, 2002).
XAS is an element specific, bulk method that yields information about the
local structural and compositional environment of an absorbing atom. It "sees"
only the 2 or 3 closest shells of neighbors around an absorbing atom (0.6nm) due
to the short electron mean free path in most substances. Using XAS one can
ascertain important soil chemical information such as the oxidation state,
information on next nearest neighbors, bond distances (accurate to ± 0.002nm),
and coordination numbers (accurate to ± 15-20%) (Brown et al., 1995).
An XAS experiment which results in a spectrum (Figure 5), consists of
exposing a sample to an incident monochromatic beam of synchrotron x-rays,
which is scanned over a range of energies below and above the absorption edge
(K, L, M) of the element of interest. When x-rays inteact with matter a number
of processes can occur: x-ray scattering production of optical photons,
production of photoelectrons and Auger electrons, production of fluorescence Xray photons, and position-electron pair production (Sparks, 2002).
In the x-ray energy range of 0.5 to 100 keV, photoelectron production
dominates and causes x-ray attenuation by matter. When the energy of the incident
x-ray beam (hv) < binding energy (Et,) of a core electron on the element of interest,
absorption is minimal. However, when hv = Eb, electron transitions to unoccupied
bound energy levels arise, contributing the main absorption edge and causing
features below the main edge, referred to as the pre-edge portion of the spectrum
(Figure 5).
As hv increases beyond Eb, electrons can be ejected to unbound levels and
stay in the vicinity of the absorber for a short time with excess kinetic energy.
In the energy region extending from just above to about 50 eV above Eb and the
absorption edge electrons are multiply scattered among neighboring atoms
which produces the XANES (x-ray absorption near edge structure) portion of the
spectrum (Figure 5). Fingerprint information, such as oxidation states, can be
gleaned from this portion of the XAS spectrum. When hv is about 50 to 1,000
eV above Eb and the absorption edge, electrons are ejected from the absorber,
singly or multiply scattered from first- or second-neighbor atoms back to the
absorber, and then leave the vicinity of the absorber, creating the EXAFS
(extended x-ray absorption fine structure) portion (Figure 5) of the spectrum
(Brown et al., 1995). The EXAFS spectrum is caused by interference between
outgoing and backscattered photoelectrons, which modulates the atomic
35

17'h WCSS, 14-21 August 2002, Thailand

SPARKS Donald L.

absorption coefficient (Figure 5). Analyses of the EXAFS spectrum provides
information on bond distances, coordination number, and next nearest neighbors
(Sparks, 2002). More detail on XAS methodology, sample preparation, and data
analyses can be found in a number of excellent sources (Brown, 1990; Brown et
al., 1995; Fendorf and Sparks, 1996; Bertsch and Hunter, 1998; Fendorf, 1999;
O'Day, 1999; Schulze and Bertsch, 1999).
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Figure 5 Co K-edge x-ray absorption spectrum of CaC0 3 recorded in the
transmission mode showing the XANES and EXAFS regions. The
pre-edge region is from a few eV to ~10eV below the main
absorption edge and shows a small pre-edge feature due to a Is —> 3d
bound - state electron transition (Xu, 1993).
Sorption Processes and In Situ Molecular Scale Techniques
Over the past 15 years, major advances have occurred in elucidating
sorption mechanisms at the mineral/water interface. Based on pioneering studies
by Stumm and Schindler and their co-workers, it was assumed that major
adsorption complexes were outer-sphere (a water molecule is present between
the surface functional group and the bound ion or molecule) and inner-sphere
(no water molecule is present between the ion or molecule and the surface
functional group to which it is bound). However, until molecular scale studies
were performed, conclusions about sorption mechanisms were purely
speculative. With the advent of in situ molecular scale techniques such as
Fourier-transform infrared (FTIR), nuclear magnetic resonance (NMR), and
XAS spectroscopies, definitive information on sorption products and
36

PLENARY SESSION

KEYNOTE LECTURE

mechanisms have been gleaned. We now know that sorption of alkali and
alkaline earth elements primarily occurs via outer-sphere complexes while for
most other cations and anions, such as most heavy metals and oxyanions
(exceptions being sulfate and selenate in some cases), inner-sphere sorption
complexes result.
Perhaps the first application of XAS to study sorption mechanisms of ions
on natural surfaces was the research of Hayes et. al. (1987) who studied selenate
and selenite adsorption on goethite. They showed that selenate was adsorbed as
an outer-sphere complex and selenite was adsorbed as an inner-sphere complex.
These findings were later questioned by Manceau and Charlet (1994), who
found that selenate ions form binuclear bidentate surface complexes on goethite.
However, as others have recently shown, the type of sorption mechanism for a
particular ion is greatly affected by environmental factors such as ionic strength
and pH (Hug, 1997; Peak, 1999; Strawn and Sparks, 1999). Numerous studies
have appeared in the soil and geochemistry literature over the past 10 years
employing XAS and other in situ spectroscopic techniques to elucidate
metal/metalloid adsorption complexation mechanisms at the soil mineral/water
interface. Many of the XAS studies are reported in Scheidegger and Sparks
(1996).
Recently, a number of soil chemists and geochemists have shown that
sorption of metals such as Co, Cr, Mn, Ni, and Zn on soil components and soils
results in the formation of metal hydroxide precipitate phases (Chisholm-Brause
et al., 1990a,b; Charlet and Manceau, 1992; Fendorf et ai, 1994a,b; O'Day et
al., 1994a,b; Scheidegger et. al., 1997, 1998; Roberts et. al., 1999; Thompson et.
al., 1999; Ford and Sparks, 2000. In the case of Al-bearing soil mineral
sorbents, the precipitates are metal-Al hydroxides (hydrotalcite type, layered
double hydroxide [LDH] structure) while with non-Al bearing soil minerals, the
precipitate phases are metal hydroxides (Scheinost et. al., 1999). The surface
precipitates occur at metal loadings far below a theoretical monolayer coverage,
in a pH-range well below the pH where the formation of metal hydroxide
precipitates would be expected according to the thermodynamic solubility
product, and at time scales as fast as 15 min (Scheidegger and Sparks, 1996;
Scheidegger et al., 1998). Using XAS, in co mbination with diffuse reflectance
spectroscopy (DRS) and high resolution thermogravimetric analysis (HRTGA),
Ford et al. (1999) found that mixed Ni-Al (LDH) precipitates transform over
time to a precursor Ni-Al phyllosilicate phase, which greatly enhances the
stability of the metal. For example, Scheckel et al. (2000) investigated Ni
sorption on several phyllosilicates, gibbsite; amorphous silica, and a mixture of
gibbsite and amorphous silica for residence times of 1 h to 2 years and
subsequent Ni release using an array of dissolution agents. As residence time
increased from 1 h to 2 years, the amount of Ni released from the precipitates
decreased from 98% to -0%, indicating an increase in stability with aging time
regardless of sorbent and dissolution agent. This enhanced stability is due to a
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combination of substitution of Al for Ni in the octahedral layers of the LDH, Si
incorporation into the interlayers of the precipitates due to weathering of the
sorbent, and perhaps Ostwald ripening (Ford et al., 1999; Scheckel et ai, 2000).
The formation of metal hydroxide precipitates could be an important mechanism
for sequestering metals in soil and water environments such that they are less
mobile and bioavailable. It is also apparent that to accurately model metal
retention/release in soil environments, one must employ sorption models that
can describe both adsorption and precipitation phenomena since sorption is often
a continuum. At low sorption densities, mononuclear, monodentate and
bidentate inner-sphere complexes occur and at higher sorption densities,
multinuclear clusters and surface precipitates can form.
New Frontiers
In the remaining section of this review, I want to focus on what I believe
are some of the future frontiers in soil properties and processes. In my view, the
combination of advanced technologies and interdisciplinary research will
dominate our field and lead to major discoveries and even greater respect and
recognition. Molecular-scale investigations have and will open new frontiers in
soil science. These include: speciation of contaminants in soils and other
heterogeneous systems; cycling of trace elements and nutrients such as C, N, and
S and impacts on global climate change; development of models that will
accurately predict the rate, fate, and transport of contaminants in the subsurface
environment; elucidation of mechanisms for microbial transformations of
contaminants; unraveling the precise structure of soil organic matter; and
understanding the chemistry of the rhizosphere.
Speciation of Metals in Soils
Standard XAS techniques probe an area of several square mm. However,
the most reactive sites in soils have particle sizes in the micrometer range and
metal speciation may vary over regions of a few 100 um2. Therefore, the
derived structural information may be only an average of several contaminant
species. With the advent of third generation synchrotron radiation facilities,
which afford enhanced spatial resolution (<5 |im) and sensitivity, one can
speciate metals in soils at the micro-scale. Thus, one can determine all potential
species within a small area in the soil matrix. An example of this capability is
shown in Figure 6 where Zn and other metals were mapped (micro- synchrotron
X-ray fluorescence spectroscopy, U.-SXRF) and speciated (micro-extended Xray absorption fine structure spectroscopy, (X-EXAFS) in a contaminated subsoil
sample collected around the Palmerton, Pennsylvania, USA smelting facility
near Palmerton, Pennsylvania, USA (Roberts, 2001).
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Figure 6 Synchrotron - based speciation of Zn in a smelter-contaminated
subsurface soil using a) |i-Synchroton x-ray fluorescence (H.-SXRF)
spectroscopy, b) bulk XAFS, and c) |X-XAFS techniques (Roberts,
2001).
Zn concentrations were several thousand parts per million in the soil. From
the u-SXRF maps one sees that Zn is strongly associated with Mn in the center
of the samples, with Fe in other portions of the sample, and with neither Mn or
Fe in some portions of the sample (Figure 6a). This micro-scale heterogeneity in
elemental associations suggests that Zn could be present in different phases over
a small sample area. Bulk XAFS analyses suggested that Zn was bound as an
inner-sphere complex to AI, Fe, and Mn oxides but the data interpretation was
difficult (Figure 6b).
(i-EXAFS data were collected on the three regions of the sample (labeled 1,
2, and 3 on the Zn map, Figure 6a). Spot 1 on the map showed that Zn was
octahedrally coordinated and sorbed to an Al-oxide phase (Figure 6c). Spots 2
and 3, with Zn in a tetrahedral coordination, revealed that Zn was primarily
sorbed to Fe-oxide (spot 2) and to Mn-oxide (Spot 3) (Figure 6c). These results
suggest that Zn2+ could have been released from Zn bearing mineral phases in
the topsoil (containing mainly sphalerite, ZnS and franklinite, ZnFe2C>4) and
transported to the subsoil where the Zn2+ was partially readsorbed to both AI, Fe,
and Mn oxides.
Structure and Chemistry of Soil Organic Matter
With the development of in situ x-ray spectromicroscopy and other stateof-the-art techniques, major advances are and will continue to occur in
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unraveling the structure of soil organic matter and the interaction of humic
substances with soil minerals. This has been an enigmatic area that has baffled
soil chemists/biochemists since the inception of our discipline.
Using
macroscopic solution factors such as viscosity and vapor pressure osmometry,
researchers predicted that humic substances (HS) coil at low pHs and high ionic
strengths while forming linear strands at high pH and low ionic strengths.
Recent studies on soil and fluvial humic substances using x-ray microscopy do
indeed show that pH and ionic strength of the solutions change the
macromolecular structure (size and shape) of humic substances (Figure 7).

Figure 7

Influence of pH, ionic strength, and complexing cations on the macromolecular
structures of isolated fluvial fulvic acid. (A) pH is 3.0 ± 1.0, NaCl is 1.0 M, and
C is -1.5 g liter" . The average sizes of globular and ringlike structures were 0.3
Urn (range 0.2 to 0.45 urn) and 0.65 um (range 0.3 to 1.2 um), respectively. The
ratio of globular to ring structures was 70:30. In addition, sheetlike structures
(average of 3 um, range 2 to 8 urn) were also noticed in concentrated HS
solutions. (B) pH is 9.0 ± 1.0, NaCl is 0.5 M, and C is -1.2 to 1.5 g liter"1.
Average aggregate size is <0.1 urn with little deviation size. In concentrated HS
solutions, globular (average of 0.3 urn, range of 0.2 to 0.5 urn) and sheetlike
structures (average of 1.5 urn, range of 1 to 5 um) were also formed. (C) pH is
-4.0 ± 1.0, CaCl2 is 0.018 M, and C is -1.0 g liter"1. The threadlike structures
had an average length of ~3 urn (range of 2 to 6 urn) and a width of <0.15 urn.
(D) pH is ~4.0 ± 1.0, Fe3+ is 1 mM, and C is -0.1 g liter'. The average sizes of
globular and threadlike structures were 0.3 urn (range of 0.25 to 0.4 urn) and 0.8
Urn (range of 0.5 to 1.3 urn), respectively. Scale bar, 500 nm (Myneni et ai,
1999).
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For example, fulvic acid unwinds and disperses as the two solution
parameters increase. Additionally, different types of structural shapes are
possible at the same solution conditions and the major factor controlling the
behavior is the concentration of the humic substances (Myneni et al, 1999).
The macromolecular structural changes of HS can significantly affect
contaminant solubility, biotransformation, and C cycling in soils and sediments.
In our own group (Nachtegaal and Sparks, unpublished data), we have been
using soft x-ray spectromicroscopy to obtain physical (using scanning
transmission x-ray microscopy, STXM) and chemical (using carbon-near edge
x-ray absorption spectroscopy, CNEXAS) information on metal-humic acid
complexation in soils. The two micrographs in Figure 8 show a natural humic
acid in solution (pH=5 and 1=0.1 M NaNC>3) and a natural humic acid
complexed with a Cu solution (also at pH=5 and 1.0 M NaNOj).
Two images are taken below the C edge (280 eV), where C will not absorb
any energy, and thus only the distribution of elements with L and M edges at
lower energies become visible. The other two images are taken above the C edge
(288 eV) where the distribution of the humic acid or more precisely the
distribution of certain functional groups of the humic acid are visible (Figure 8).
From the Cu-humic acid images (the two on the right), a strong correlation
between Cu (left) and C (right) is observed and indicates that all the Cu in
solution is complexed by the humic acid. The humic acid also tends to contract
upon reaction with Cu (compare the 288 eV images of HA and Cu-HA),
confirming the observations of Myneni et al. (1999) cited above. Figure 9 shows
preliminary results of the CNEXAFS studies on metal complexation with HA.
The assignment of peaks is based on studies of polymers and small organic
acids. Upon metal sorption, both the phenolic (around 287 eV) and the
carboxylic (around 288.39 eV) peaks decrease in intensity compared to the
unreacted HA samples. Also, upon reaction of the HA with Al and Ni, the peaks
shift about 0.1 eV to the right. This shift is due to the metals attracting electron
density from the carboxyl group.
Light Element Chemistry

With the advent of in situ soft x-ray spectromicroscopy we will be able to
obtain unique information on many important low atomic number elements,
such as Al, B, C, CI, Mg, N, Na, P, and S, that are important both agriculturally
and environmentally. Such studies will yield significant information on nutrient
cycling in soils which affects global climate change, nutrient uptake by plants,
and remediation of degraded land. For example, the precise speciation of Al in
soils can be gleaned, an enigma that has perplexed soil scientists since the early
part of the 20th century. Such information would address important questions
concerning soil acidity and its effects on plant life.
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Figure 8 Synchrotron-based scanning transmission x-ray microscopic
(STXM) images of natural humic acid (two images on the left) in
solution (pH=5 and 1=0.1 M NaN03) and the natural humic acid
complexed with a copper solution (two images on the right) at pH=5
and I = 0.1 M NaN03. From Nachtegaal and Sparks, (unpublished
data).
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Figure 9 CNEXAFS analyses of natural humic acid and natural humic acid
complexed with Ni and Al. The peak around 287 eV represents
phenolic carbon and 288.39 eV represents carboxyl carbon.
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Boron, a critical element for plants and animals, is a toxicant at elevated
concentrations, with a narrow range between deficiency and toxicity. The
speciation of B on mineral and organic component surfaces in soils is poorly
understood.
Using elemental mapping at small spatial scales and
spectromicroscopy and microdiffraction coupled with FTIR and pressure-jump
relaxation kinetics, one could understand B speciation over a range of
environmental conditions. Such information would be invaluable in developing
strategies for reducing or managing hazards related to high B concentrations
(Bertsch and Sayers, 1998).
Environmental Molecular Biology
The field of environmental molecular biology could significantly advance
efforts to enhance environmental quality. The uptake and biochemical
transformations of trace elements by plants are important in the production of
food and fiber and in soil remediation. One area that will continue to be of great
interest to soil and environmental scientists is the study of phytoremediation
processes in hyperaccumulating plants. These plants may transform a toxic
species into a less toxic form or produce a volatile species of the toxic element.
However, we do not understand the chemical composition of metal binding sites
within the plant materials. The speciation of the trace elements within the plants
and the chemical structure of metal binding proteins is needed. These are areas
where soil biochemists, soil chemists, and geochemists, using synchrotron based
techniques, and plant physiologists can work closely with plant molecular
biologists, who are employing state-of-the-art genomic, proteomic, and
bioinformatic approaches, to produce better metal accumulating plants,
enhancing remediation efforts (Tonner and Traina, 1998). Such collaborations
can also advance our understanding of biogeochemical interactions and cycling
among organisms, ecosystems, and the environment.
A fine example of using in situ synchrotron based techniques to study metal
speciation on plant roots is the study by Hansel et al. (2002). They investigated
spatial and temporal associations of As and Fe species on aquatic plant roots.
The soil/root interface is very complex, containing both reduced and oxidized
mineral species and organic-metal complexes. It is known that Fe (hydr) oxide
precipitates, or plaques, appear on the surfaces of aquatic plants. These probably
result from the radial oxygen diffusion and subsequent oxidation of ferrous iron.
The Fe-plaques could serve as a substrate for metalloid retention and
sequestration.
Associated with the plaques are iron-oxidizing bacteria.
However, the role of bacteria in iron oxidation within the rhizosphere is not well
understood.
The nature of the plaque mineralogy should indicate the
biochemical conditions within the rhizosphere which may be dependent on plant
species and/or site specific soil and aqueous chemistry (Hansel et. al., 2002).
Hansel et al. (2002) used x-ray fluorescence microprobe and
microtomography to study Fe plaque mineralogy and As speciation on the roots

43

lT WCSS, 14-21 August 2002, Thailand

SPARKS Donald L.

of two aquatic plant species, P. arundinacea (reed canarygrass) and T. latifolia
(cattail). The microprobe analyses provides a vertical average of As and Fe
through the plaque and microtomography gives a cross sectional slice through
the plant root- from the interior of intact roots through the epidermis and plaque.
Figures 10a and b shows microtomographic images of reed canarygrass roots.
As exists as isolated hot spots on the root surface and interior. High levels of
As do not seem to correspond to higher levels of Fe (Figures 10a and b). X-ray
microprobe images of the plaque show heterogeneous precipitation of As and Fe
on the surface of the plant root and elevated levels of As correspond with higher
Fe concentrations (Figure 10b). Using linear combination analyses, the Fe plaque
on reed canarygrass was 63% ferrihydrite, 32% goethite, and 5% siderite
(Hansel et al., 2002). XANES analyses of As in the plaque of reed canarygrass
showed that As(V) predominated with some As(III). The As appeared to be as a
sorbed species on Fe(III) hydroxides.

wmmm
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Figure 10 X-ray fluorescence microtomographic images of (a) As and (b) Fe
distributions within P. arundinacea root cross-sections (slices). X-ray
microtomography images were obtained by translating an unaltered
(intact) root through an X-ray beam and collecting the fluorescence in
order to reconstruct the root cross-section. X-ray microprobe image of
(c) As and (d) Fe distributions on the surface of P. arundinacea roots.
(X-ray microprobe analysis was conducted by physically slicing off a
thin film of the Fe plaque from the surface of the root and obtaining a
vertical average of the As and Fe concentrations within the plaque.)
Scale bar represents 300 urn (Hansel et al., 2002).
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Other soil chemical-biological research areas that will be prominent in the
future include:
understanding the transport and sorption kinetics and
mechanisms of contaminants on nanoparticles; mechanisms of microbialmineral interactions using in situ nanoscale techniques such as biologic force
microscopy (BFM) [Lower et al. 2000, 2001, 2002]; elucidating microbially
mediated redox reactions; effect of biofilms on soil minerals, and metal and
oxyanion speciation and retention; the role of biogenically derived minerals on
contaminant transport and solubility; redox transformations of C, N, P, and S
over different redox boundaries; and real-time biodegradation mechanisms of
contaminants.
A recent example of the use of synchrotron radiation to follow the real-time
biodegradation of organic chemicals is the research of Holman et al. (2002). It
was hypothesized that humic acid accelerates the degradation of polyaromatic
hydrocarbons (PAHs) by enhancing the solubility of the PAH, thus increasing
PAH bioavailability to microorganisms. However, there was no direct evidence
that this indeed occurred until the research of Holman et al. (2002). In the latter
study, the researchers employed synchrotron radiation-based Fourier transform
infrared (SR-FTIR) spectromicroscopy to study the effect of HA (Elliott soil
HA; abbreviated ESHA) on the degradation kinetics of pyrene by
Mycobacterium sp. JLS on a magnetite surface. In Figure 11, time series spectra
are shown by measuring the same location on each pyrene coated sample for
greater than 1 month.
Panels a and c show IR spectra centered on the C-H bending mode of pyrene
at 1185 cm'1 Panels b and d show the pyrene C-H stretching doublet at 3044 and
3027 cm"1 plus peaks from biomass methyl groups at 2921 and 2850 cm" . Panels
a and b spectra do not contain ESHA and panels c and d spectra contain ESHA.
Insets on all panels show spectra for abiotic corresponding samples. With the
bacteria present, the intensities of the 1185, 3044, and 3027 cirf' peaks decrease
over time, showing a reduction in the amount of pyrene on the surface. In the
abiotic systems, irrespective of whether ESHA was added, only small changes in
pyrene absorption peaks occurred over time. For samples without ESHA, the
degradation of pyrene is slow at first and about 168 hours passes before changes
in the spectra are noted. Then, biodegradation increases rapidly and all the
pyrene is degraded in nearly 35 hours. As pyrene peaks disappear, the biomass
IR peaks appear, showing biomass formation while pyrene is being consumed.
Biodegradation of pyrene on samples with ESHA starts immediately (about 1
hour) after the bacteria are added and is complete in 4 hours. During the latter
part of the pyrene degradation, an increase in biomass absorption is noted, again
indicating that biomass formation occurs at the same time as pyrene
consumption.
At the end of the time resolved studies (about 460 hours), the spatial
distribution of pyrene, bacteria, and the ESHA were determined by taking
spectra every 5 um across the center of the bacterial colony containing ESHA
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(Figures lie and d). Figure 12 shows contour maps of spatial distribution of
measured infrared absorbances corresponding to the bacteria, ESHA, and
pyrene.

Figure 11 Time series of SR-FTIR absorption bands corresponding to pyrene
and biomass formation following the degradation of pyrene by
Mycobacterium sp. JLS on magnetite surfaces. Panels a and b are
spectra from a sample without ESHA; panels c and d are from a
sample with ESHA. The time at which each spectrum was acquired
is labeled. Panels a and c are centered on a pyrene absorption band
at 1185cm'. Panels b and d show a pyrene doublet at 3044 and 3027
cm'1 and biomass IR absorption bands at 2921 and 2850 cm"1. Inserts
are time series from abiotic control experiments (Holman et al,
2002).
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Figure 12 Contour diagrams from infrared mapping obtained at the end of the
experiment showing the spatial distribution of the infrared absorption
peaks corresponding to (top) Mycobacterium sp. JLS bacteria,
(middle) ESHA, and (bottom) pyrene. Appropriate spectral regions
were integrated for each point on the maps. The color scales for each
contour plot are red for high integrated IR peak area (high
concentration of the corresponding component) and blue for low
peak area (low concentration); black is an out-of-focus region of the
sample. The center of the map shows a region with high density of
bacteria and high concentration of ESHA where pyrene has been
completely degraded (Holman et. al, 2002).
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The center of the maps shows a region that contains a high population
density of the bacteria and a high concentration of ESHA. Also, at the intitiation
of the experiment there was a high concentration of pyrene in this central region
(the reason this region was studied). At the end of the study, pyrene in the
central region was entirely degraded. Where pyrene was present without the
bacteria, degradation was insignificant.
Need for Multidisciplinary, Interdisciplinary and Multifaceted Approaches
The future of basic soil science research is exceedingly bright. However, to
successfully address and fund the major research needs that have been alluded
to, and others that were not mentioned, multidisciplinary and interdisciplinary
and multifaceted approaches must be carried out. Soil chemists, physicists, and
biologists must and will increasingly collaborate with other soil scientists, and
with geochemists, chemists, microbiologists, molecular biologists,
environmental and chemical engineers, and material scientists. I predict that one
of the major leitmotifs of the field in the 21st century will be the study of
biological effects on soil chemical and physical reactions and processes. This
provides soil scientists with a unique opportunity to combine their expertise with
that of molecular biologists. We must also employ an array of multiple,
molecular scale techniques over a range of temporal scales in combination with
macroscopic approaches and computational modeling to solve complex
questions concerning soil properties and processes.
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Soils are a central component of terrestrial ecosystems and a
determinant of their capacity to produce goods and services. Soil
science research is responsible for 50% of the crop yield increases in
the tropics achieved as part of the Green Revolution. In the decades
ahead tropical soils will continue to play a crucial role in eliminating
hunger and rural poverty while conserving and enhancing the
environment.
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Abstract
Soils are regarded by the international policy community as increasingly
important in world development issues such as food security, poverty
alleviation, land degradation and the provision of environmental services. Soil
science does not have the prominence and visibility in world development as
economics and other disciplines. It should. The way we soil scientists
communicate our knowledge fails to address many of the needs of the
international policy community where major decisions about agriculture and the
environment are made. The global development community is adrift in the
absence of hard, reliable data on changes in soil properties, the consequences of
soil degradation, and practical ways to overcome it. The problem is not lack of
knowledge, but lack of synthesis of that knowledge assembled in ways
policymakers can use it, including the difficulties in extrapolating results to
higher spatial or temporal scales. Soil scientists must do a better job at working
at spatial scales above the pedon or plot at time scales of years and decades. An
IUSS Working Group is proposed, to assess the needs of policymakers and
develop ways to put soil science at the forefront of world development.
Keywords: synthesis of soils information, tropics, policymakers, temporal
scales, spatial scales, food security, environmental services
The Challenge
Soils are regarded by the international policy community as increasingly
important in world development issues such as food security, poverty
alleviation, land degradation and the provision of environmental services (Wood
et ai, 2000). Soils are a crucial component of terrestrial ecosystems and a
determinant of their capacity to produce goods and services. Soils exert
production, buffering, filtering and biological functions. Solar energy, carbon
dioxide and nitrogen from the air, and nutrients from the soil are converted into
plant products that provide animals and humans with food, fiber and biofuels.
Soils hold water from episodic rainfall or irrigation as well as nutrients applied as
organic inputs or mineral fertilizers, releasing them at rates plants can utilize for
longer periods of time. Soil biota decompose organic materials, cycle nutrients,
and regulate gas fluxes to and from the atmosphere. Soils filter non-hazardous and
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toxic compounds through surface adsorption and precipitation reactions and
largely determine the quality of terrestrial waters. Soils therefore deliver many of
our basic needs and play a central role in determining the quality of our
environment.
Nobody in this audience is likely to dispute these statements but how
come the rest of the world relies primarily on other disciplines for science
advice? Soil science does not have the prominence and visibility in world
development as economics, medicine, molecular biology or atmospheric
sciences do. It should.
When I attended the 50th anniversary meeting of the Spanish Soil Science
Society in 1996, I was struck by the opening statement of the Minister for
Agriculture, who in effect said "you soil scientists haven't advanced as much as
other disciplines like plant genetics, therefore you are not as important to us
policymakers". Economist Jeffrey Sachs (Sachs, 1997) who thinks otherwise
and leads a major effort to put tropical agriculture and public health at the
forefront of eradicating hunger and poverty, recently asked me: "how come you
guys (soil scientists) are so quiet in the world scene?"
My son has problems explaining to his colleagues at an advertising
agency in New York City what soil science is and how come his father gets paid
for "playing with dirt".
My son's difficulty is what public awareness people call a "brand failure".
Our lack of visibility is related to our culture as reductionist scientists, operating
largely within our limited scientific circles and with land users who utilize our
extension services. The take home message is that we soil scientists are the
problem. But we can become the solution by undertaking the kinds of synthesis
research that are of direct use to policymakers and communicating to them in a
way they can readily use it.
The soil, since Aristotle, has been recognized as one of the key elements
of humankind—air, water, fire and earth (Hillel, 1991). At the dawn of
civilization about 13,000 years ago our ancestors transformed themselves from
being hunters and gatherers of food into farmers, growing the first domesticated
grain crops and animal feed on cultivated soils (Diamond, 1997). Good soils
were highly respected. Soil science emerged about 150 years ago, and has made
huge impact on agriculture worldwide, initially by the discovery and use of
mineral fertilizers. Soil erosion became front-page news during the Dust Bowl
years of the 1930's in the United States, which resulted in presidential action
that created what is now known as the Natural Resources Conservation Service.
Soil fertility management is responsible for about half of the crop yield increases
attained during the Green Revolution that averted worldwide famine in the
1960's and 1970's (Mokwunye and Hammond, 1992).
Have we not advanced? Soil resource inventories have become
quantitative and geographically based tools. Soil scientists have become
engaged in the environmental arena by initiating or intensifying research on soil
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quality, biogeochemical cycling, soil pollution, conservation tillage,
agroforestry, precision agriculture, and the innovative use of geographic
information systems (Mermut and Eswaran, 2001). The Spanish Minister for
Agriculture, had he known this, would not have stated that soil science had not
advanced much. The problem is that nobody effectively communicates this to
him and many of his colleagues around the world.
Policymakers in many developed countries take soils seriously. National
policies on soil conservation and on controlling nutrient pollution from soils are
in place in Europe, North America and Australia. Governments of tropical
countries, while paying lip service to the virtues of soils, seldom implement soilrelated policies. There are several beautiful exceptions. Brazil produced an
enabling policy environment that made highly productive the infertile Oxisols in
the Cerrado region (Abelson and Rowe, 1987). Kenya has carried a successful
national soil conservation program that is still run from the office of the
president. The NUTMON studies by Smaling (1993) and colleagues have been
extremely effective in pointing out the problem of soil nutrient depletion
throughout most of Sub-Saharan Africa but the governments of most African
countries have not implemented policies to reverse the enormous nutrient
depletion taking place in their smallholder farmers' soils. The low priority
accorded to agriculture by African governments is the underlying cause behind
soil nutrient depletion (Sanchez, 2002). Severe soil degradation is occurring in
25% of the world's agricultural land with major "hot spots" in developing
countries (Scherr and Yadav, 1995). While the challenge to make soil science
more relevant to world development is indeed global, the greatest challenge is in
the tropics.
Soils research has broadened from production agronomy (problem
solving) or basic pedology (puzzle solving) to a more multifunctional character,
encompassing production, human welfare and ecosystem functions (Izac, 1994;
Bridges and Catizzone, 1996). But soil scientists still have a long way to go.
Swift (1999) aptly stated the inward looking state of our science at the 16'
World Congress of Soil Science in Montpellier:
"Soil science has been brilliantly informed by reductionist
physics and chemistry, poorly informed by biology, ecology
and geography and largely uninformed by the social
sciences ".
In this paper I try and highlight examples where soil science can interact
with and influence policy science related to sustainable development.
Our Frustrated Colleagues
Though soil degradation is considered a major threat to sustained
production of ecosystem goods and services, policymakers in developing
countries are generally unable to address soil degradation at local and national
levels (Scherr, 1999). The global development community is adrift in the
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absence of hard, reliable data on soil properties, the consequences of soil
degradation and practical ways to overcome it.
One of the recent, most influential global analyses is "People and
Ecosystems - the Fraying Web of Life" (WRI, 2000). One of its components is
the pilot analysis of global agroecosystems (Wood et ai, 2000). The authors,
Stanley Wood, Sara Scherr and Kate Sebastian—none of them soil scientists—
place high importance on the soil resource, but lament the inability to relate
changes in soil parameters to agricultural productivity, environmental change,
how soils recover from degradation, and the long-term risk of food security.
They expressed frustration in not being able to quantify and predict soil changes
at global or regional scales, the way it is being done with other types of natural
capital such as vegetation and the atmosphere.
The following are examples of some of the frustrations our colleagues in
the development community have encountered in recent years.
The soil erosion conundrum
Economists and ecologists are rightfully anxious to use parameters and
tools that assess soil degradation. Because of lack of better information they
often result to estimates of soil erosion. These scientists are aware of other
equally important soil degradation processes—nutrient depletion, soil organic
carbon depletion, salinization, compaction and waterlogging—but have no
access to adequate data. The GLASOD study (Oldeman et ai, 1990) provides
areal estimates on types and severity of these different soil degradation
processes but the data are a product of expert opinion and at the very coarse
scale of 1:10 million. Until recently there were no country level estimates of
soil nutrient depletion but they are now available at the national level for Africa
(Smaling, 1993) and Latin America (Wood et al 2000) - but this scale is not
useful for making policies or implementing targeted projects to redress this
nutrient depletion.
At least there are data on soil erosion throughout the world. Many
scientists, however often take published data from experimental Wischmeier
erosion plots and extrapolate it to larger spatial scales (Wischmeier and Smith,
1978). Most soil scientists know that this methodology overestimates erosion
losses due to the small size of these plots, and that these values cannot be
scaled-up to assess erosion for a whole catchment. Nevertheless models are
cranked-up using data form these small erosion plots.
What is eroded from one spot is most frequently deposited in another one
in the same field, often leading to few losses at the field scale. Stocking (1996)
estimates that extrapolating erosion rates from field plots to regional or
continental scales exaggerate the results by a factor of 10 to 100 times.
Ecologists and economists are realizing this fallacy. For example,
(Trimble and Crosson, 2000) present convincing data indicating such
exaggerations in the United States. What appears to be a precise indicator can be
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precisely wrong, according to Stefano Pagiola, a natural resource economist
working at the World Bank (personal communication). Pagiola also mentioned
the extensive use of obscure data that when cited from paper to paper become
"icons". One such icon is that erosion rates in El Salvador average 130
tons/ha/year. Pagiola dug back through the literature and found the original
study—in one region of the country where Wischmeier erosion plots in four
sites produced soil losses ranging from 10 to 130 tons/ha/year. Guess which one
became conventional knowledge! Similarly Boardman (1998) traced the oftenquoted low average soil erosion rate for Europe of 17 tons/ha/year cited in
influential journals (Pimentel et al, 1995) to its source, 12 Wischmeier plots in
Belgium, a relatively flat country.
Economists are not interested in soil erosion per se, but in the changes in
crop productivity and sediment loads—the consequences. Models linking soil
erosion loses with decreases in crop productivity are generally weak when
scaled-up beyond the plot or farm spatial scale and at temporal scales larger than
the measurement periods. The blame basically lays with us soil scientists. We
have done a poor job in dealing with spatial scales above the plot level
(Wagenet, 1998; Heuvelink and Webster, 2001). We have not communicated to
other audiences the difficulties in extrapolating results to higher spatial or
temporal scales, and have not effectively linked land degradation parameters
with changes in production and the environment in a sufficiently robust manner.
How to measure soil carbon
Climate change scientists have expressed similar frustration with soils
data, even though soil scientists are very active in soil carbon cycling and
greenhouse gas emission research (Lal et ai, 1998). The special report on Land
Use, Land Use Change and Forestry (Watson et ai, 2000) of the IPCC
(Intergovernmental Panel on Climate Change) considers the inability to
accurately measure changes in soil carbon with time at a reasonable cost is a
major impediment for verification in carbon sequestration projects. These
projects are defined in the Clean Development Mechanism in Article 12 of the
Kyoto Protocol. We soil scientists know that soil carbon has enormous spatial
variability and that an inordinate number of soil samples needs to be collected at
different times and analyzed in the laboratory to provide a reasonable estimate
of changes in soil carbon at the project scale (thousands of hectares). Such
estimates are also crucial for links between the environment and sustainable
development besides climate change. So, what are we doing about it?
The Way Forward
What can be done? In a survey of the global environment The Economist
magazine (6 July 2002, page 6) reported that leading experts could not reach a
firm conclusions about the state of the environment because much of the
information they needed was incomplete or missing altogether. This article goes
on stating that businessmen always say, "What matters gets measured". While
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soil scientists cannot be accused of not measuring soil properties we are perhaps
guilty in the lack of synthesis, integration, and interpretation of those
measurements as they relate to environmental goods and services. We should
certainly take on this challenge.
Policy analysts need data or maps that show changes in important soil
properties with time at spatial scales they can utilize. These needs are
particularly acute for the tropics because this is the part of the world where
hunger, poverty and environmental degradation are most acute and are
inexorably linked. We have the several tools at our disposal.
Soil resource inventories have entered into a new era with quantitative soil
taxonomy (Soil Survey Staff, 1999), a digitized world soil map (FAO, 1995a),
the World Soil Reference Base for soil classification (Deckers et al, 1998) and
the emerging Global Soil and Terrain (SOTER) database (FAO 1995b).
Overlaying these maps with socioeconomic parameters will provide an
increasingly robust base for interpretations and targeting development projects.
The soil quality concept defined as "the capacity of a soil to function
within land use and ecosystem boundaries, to sustain biological productivity,
maintain environmental quality and promote plant, animal and human health"
(Doran and Parkin, 1994). Provides a more integrated framework for assessing
soil processes and properties as they relate to function of the soil. It is an
emerging concept in the tropics. Unfortunately this concept is currently bogged
down with too many parameters. Prioritizing parameters, linking them to soil
functions and setting critical values or 'warning lights' on them to indicate what
soil and ecosystems functions will be impaired is the exciting challenge this new
field is currently exploring.
A recent development is the embracement of an integrated resource
management research framework —in which soil science is one of the players—
by the international agricultural research centers (CIFOR, 2000, Izac and
Sanchez, 2001). The critical issue of assessing tradeoffs between farmer benefits
and soils-related global environmental benefits can be done using this
framework. These tradeoffs provide policymakers with a tool to decide which
land use systems to promote.
Soil scientists have at their disposal a myriad of simulation models and
decision support systems that can predict {he performance of tropical
agroecosystems. These models can be used to simulate soil changes under
different management scenarios and explore critical values for soil quality
parameters.
Linking these models to the geographically references soils
databases can also begin to provide dynamic soil maps. For example, 16 of the
most important crops and one pasture species are now incorporated in the latest
DSSAT system according to Gijsman et al. (2002). Water, light and nutrient
capture by crops and trees in agroforestry systems can be modeled using
WaNuLCAS (van Noordwij k and Lusiana, 1999).
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Gijsman et al (2002) have linked the DSSAT crop models with the
CENTURY model for soil carbon, nitrogen and phosphorus cycles
which
works well in tropical systems—using the more common tropical systems
based on organic sources of nutrients, rather than those developed based on
fertilizer-intensive practices in developed countries. Up to recently, there was
no way to quantitatively characterize organic inputs (from manures, leaf litter,
etc.) The organic matter management decision tree (Palm et al 200lab)
overcomes this gap, adding practical guidelines for managing this important
resource.
Assessments of soil attributes normally rely on laboratory data with large
numbers of samples required to adequately characterize spatial variability.
Shepherd and Walsh (Shepherd and Walsh, 2002) have developed a promising
approach that estimates several soil properties simultaneously directly from
reflectance spectra in rapid non-destructive ways. Soil carbon, effective cation
exchange capacity and clay content can be predicted from the soil reflectance
spectra with accuracy similar to duplicate laboratory determinations.
Because the spectral technique allows large numbers of samples to be
rapidly analyzed, resources can be directed towards thorough characterization of
the soil and its spatial variability within a target region. The problem of large
spatial variability in soil carbon determinations can be overcome by making
many such measurements as each one takes nanoseconds. By returning to the
same site at a later time, it is possible that the amounts of soil carbon
sequestered or released can be quantified in a way that satisfies the verification
requirements of the Clean Development Mechanism of the Kyoto Protocol.
This type of analysis has been done using spectral bands from satellite imagery,
thus permitting larger spatial scale analysis.
Conclusion
As the momentum increases for global assessments that will have impact
on developing countries, soils information in a way policymakers can make use
of it becomes more urgent. Examples of such ongoing studies are the
Millennium Ecosystems Assessment and the United Nations Millennium
Development Goals projects.
The issues mentioned above are subjects in symposia No. 7, 23, 30, 32,
37. 44, 48, 52 and 61 of the 17th World Congress of Soil Science. I call on those
colleagues in soil science who have the expertise on specific pieces of the puzzle
to come together and develop ways to provide solutions to these genuine and
very important questions. I suggest the International Union of Soil Sciences
establishes a Working Group to develop ways to deliver dynamic soils
information in ways policymakers can use them in a clear and timely ways. This
Working Group should involve leading soil scientists from our different
divisions, policy economists to represent the clients, and vegetation and climate
scientists that have been able to provide the needed services to the international

61

SANCHEZ Pedro A.

if WCSS, 14-21 August2002, Thailand

policy community. Soil science can then become a major player in world
development.
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Soils belong, besides air and water, to the most important
environmental assets for sustainable development, but the functions of
soils for sustaining society and the environment are not well
understood, neither by the broad public, nor by politics and decision
making. However, there are clear signs that soils are becoming
increasingly important in national and international discussions. The
World Conference on Sustainable Development (WCSD) in
Johannesburg, August /September 2002 has soil issues included in its
agenda. Moreover, in the European Union, a new soil initiative has
been proclaimed, which shows that in this region of the world soils are
becoming an important social, economic and environmental target.
All this indicates that after many years of struggle, soils are now in the
focus of environmental concern and sustainable development and will
therefore become an issue for international research and development.
The 17th World Congress of Soil Science will contribute to designing
new important goals in this respect.
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The role of soils in sustaining society
and the environment: realities and challenges
for the 21st century
BLUM Winfried E.H.
Secretary-General of IUSS, Institute of Soil Research, University of Agricultural
Sciences, Vienna, Austria
SUMMARY
The main functions of soils for sustaining society and the environment and
actual problems in soil and land use on a worldwide level are discussed, which
can be explained by the temporal and spatial competition in the use of these
functions
Based on this analysis, challenges for soil sciences in the 21 st century are
identified, distinguishing between challenges to science and research on one side
and the bridging between soil science and and the civil society on the other side.
Keywords: soil functions, better understanding of soils, soil remediation
techniques, new concept of soil sciences, soil basic research
The Role of Soils in Sustaining Society and the Environment
The role of soils in sustaining society and the environment is complex and
research findings are constantly contributing new insights into soil functions,
which can be classified in many different ways. In a comprehensive approach,
six main functions can be distinguished, three of them more ecological ones and
three others more related to cultural, social, economic and technical issues.
Soils do not only serve for agriculture and forestry, producing biomass, but
also for filtering, buffering and transformation activities between the atmosphere
and the ground water, protecting the food chain and drinking water against
pollution and maintaining biodiversity. Regarding the latter, soil is the most
important gene reserve, containing more biota in species diversity and quantity
than all other above ground biomass on the globe.
These three ecological functions are in constant competition with the use of
soils for the development of technical infrastructures, such as the establishment
of industrial premises, houses, ways of transport, dumping of refuse, installation
of recreation facilities, and other processes through which soils are sealed and
for which we use soil as a source of raw materials, such as clay, sand, gravel and
mineral materials in general. Moreover, soil is a memory and therefore a
geogenic and cultural heritage, concealing and protecting paleontological and
archaeological treasures, for the understanding of our own history and that of the
earth (Blum, 1998a, b).
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Not all these six functions are used concomitantly on the same site and at the
same time, even though an intensive competition in the different land and soil
uses can be distinguished, which is the main problem for sustainable land use.
Realities
Therefore reality is characterized by a fierce temporal and spatial
competition in the use of the above mentioned six different soil functions. The
way in which competition occurs can be classified in three categories: exclusive
competition between the use of land for the development of infrastructure, as a
source of raw materials, and as a geogenic and cultural heritage on one side, and
agricultural and forest production, filtering, buffering, and transformation
activities, as well as the soil as a gene reserve on the other side. The best
example for this is the sealing of soils through infrastructural development,
which can be seen in the sealing of land for transport networks and urban and
industrial agglomerations (Figure 1).

FigurelSealing of soils by settlements and transport networks (observe the
scale).
A second form of competition is the intensive interaction between
infrastructural land use and its development on one side and agriculture and
forestry, filtering, buffering and transformation activities, as well as soil as a
gene reserve on the other side, because all the urban and industrial
agglomerations and ways of transport put heavy loads into the adjacent
agricultural and forest soils on the atmospheric and water pathways and through
terrestrial transport, mainly due to an excessive use of fossil energy and raw
materials, through traffic and transport, industrial, housing and other human
activities (Blum, 1998c, Figure 2). In this context it seems important to
underline that soils are the most important sink within environmental media
(Crosby, 1982, Table 1). Moreover, physical impacts on soils occur through
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infrastructure! development causing compaction and high surface runoff, with
subsequent erosion (Camarda and Grassini, 2001).

PLAKT PROTECTION PRODUCTS - FERTILIZERS

JSES&
OIL, COAL FOR POWER PRODUCTION
AMD CHEMICAL INDUSTRY
Pb- and salts for Industrial productie

HIKING
PRODUCTS

phosphates for fertiliser product!«

Figure 2

Loads on agricultural and forest soils through the use of fossil energy
and raw materials.

Table 1 Theoretical pollutant distribution in the environment at equilibrium
(Crosby, 1982).
Concentration
(mol m"3)

Compartment
Air
Water
Sediment
Soil
Aquatic biota

2

4xlOlu

40
104
10"
10"
IO4

io- 7
io- 2
10 :

w1

% distribution in
compartment
0.35
0.01

9.1
90.5
0.01

Fugacity capacity can be regarded as the "ecaping tendenca" of a chemical substance from
a phase: it has units of pressure and is linearla proportionl to concentration (at least at most
low concentrations of environmental interest) (MacKay, 1979)

Assumes approximately 100 kg of pollutant (MW 100) introduced into 10 km3 of the
environment.

Looking only into the different chemical pathways and processes, pollution
by inorganic and organic compounds along traffic routes and in the vicinity of
industrial premises and urban agglomerations can be seen, the latter being
caused by the accumulation of goods and materials within these agglomerations,
which are again redistributed by different processes in their near vicinity, often
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in high concentrations. In this sense, urban and industrial agglomerations are
chemical time bombs (Blum, 1998c, Figures 3, 4, 5 and 6). Figure 3 indicates
the deposition of pollutants near traffic routes. Figure 4 shows the flow of goods
in tons per day through the city of Vienna, an administrative city almost without
industry, with about 1.6 million inhabitants, showing that even less
industrialized cities have an enormous daily turnover rate and flow of goods.
Deposition of Pollutants near Traffic Routes

0.0 m

25 m

50 m

Soil salinization and alcalinization through thawing salts

Soil contamination through lead and hydrocarbons

Soil contamination through cadmium

Figure 3 Deposition of pollutants near traffic routes.
Flow of Goods through Vienna (in tons per day)
\

offgas
.000
sewage

550.000
consumer goods

energy
construction materials
disposals, durable goods

35.000
^L^J^

solid wastes

stock: 5 0 0 . 0 0 0 . 0 0 0 t
Lohm and Brunner, 1996

Figure 4 Flow of goods through Vienna (in tons per day).
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Flow of Copper through a City
(in tons per year)

• -100 t/y

solid waste

> 10 t / y
sewage
Lohm and Brunner, 1996

Figure 5 Flow of copper through a city (in tons per year).
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Figure 6 Changes of heavy metal content in topsoils (0-20 cm) between
metropolitan Vienna (Reichsbruecke) and the eastern state border
(Koechl, 1987).
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Figure 5 shows the mass flow of copper in a city, in tons per year,
indicating that only small amounts are leaving the city and are distributed in the
vicinity, whereas the rest remains in the city and is accumulated with time. It is
difficult to foresee what will happen with this copper in the long run. The
distribution of copper in the vicinity of Vienna can be seen in Figure 6, showing
the concentration in the top soil (0-20 cm depth) in a distance of about 40 km
from the city center, clearly showing an exponential decrease of this element
from the city centre towards more distant areas.
From these and other data, it can be concluded that the flow of goods is one
of the main driving forces behind soil contamination and pollution. Whereas in
industrialized countries legal instruments are increasingly controlling the flow of
goods through industrial agglomerations, it becomes more and more difficult to
do the same with the individual use of goods, e.g. batteries, modern electronic
equipment and others, e.g. in large urban agglomerations. Here, new challenges
lie ahead. In contrast, in developing countries, very few industrial emissions are
really under control and therefore the main contamination of land and soil is still
mainly caused by industrial activities.
The third competition occurs between the ecological uses themselves,
through the competition between biomass production on one side and the
production of ground water and the maintenance of biodiversity, on the other side.
This becomes evident from the fact that farmers produce biomass on top of their
soil, but at the same time ground water underneath, because each drop of rain
falling on their land has to pass through their soil before it becomes ground water.
The same is true for the maintenance of biodiversity, because monocultures and
the use of chemical inputs reduce biodiversity to a great extent (Figure 7).
Moreover, agricultural land use is one of the main causes of soil erosion and
compaction due to the physical management of soils (Bridges et al, 2001).
Based on this approach, sustainable use of land and soil for sustaining
society and the environment can be defined as the spatial and/or temporal
harmonization of all these main uses of soil and land, excluding or minimizing
irreversible ones, such as sealing, excavation, erosion, sedimentation,
contamination or pollution, salinization, alcalinization and others. This
definition includes the dimension of space and time, whereby irreversibility is
defined by a time interval of 100 years, which means that impacts which cannot
be leveled out by natural processes or by human interference within 100 years
should be considered as irreversible (Blum, 1998d).
Harmonization is not primarily a scientific, but a political target. Science
can only contribute through the development of scenarios, decisions are taken by
politics. However, the question remains, how to bridge between scientific and
technological knowledge on one side and politics and decision making on the
other side. Even for science it becomes more and more difficult to analyze the
complexity of the land and soil systems and the many interactions occurring in
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them because of the increasing specialization in scientific education, training
and research.

Figure 7 Competition between agriculture and forestry on one side and the
protection of groundwater, surfacewater and the biodiversity on the
other side (compare to Figure 2).
How can soil sciences address those complex issues or, more generally,
what are the challenges for soil sciences in sustaining society and the
environment in the 21 s t century?
Challenges for Soil Sciences in the 21 s 'Century
Challenges for soil sciences are twofold. On one side science has to analyze
and to evaluate the processes and changes occurring in human societies and the
environment. On the other side, science has to bring this knowledge to those
who need it for decision making and politics.
In the following, the two different challenges will be discussed in more
detail.
Scientific-technical challenges:
These challenges can be classified in three different categories, which
correspond to the new scientific structure of IUSS (IUSS, 2000):
- understanding of soil in space and time;
- understanding of soil properties and processes;
- understanding of soil use and management and its benefits for human
society.
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Better understanding of soil in space and time:
Each natural science dealing with concrete subjects which can be grasped
by one's hands or seen by one's eyes, starts by investigating their outer
appearance, in our case by soil morphology. We are still far from understanding
soil morphology and its specific characteristics in time and space, leading to a
distinct insight into their geographical distribution and finally to their
classification in a comprehensive system. The understanding of the geographical
distribution of soil covers and the subsequent adaptation and development of
soil classification systems is a continuous challenge, which fortunately becomes
more and more visible through the World Reference Base of Soil Resources
(WRB), through which we can define our object of scientific research on a
global level (WRB Working Group, 1998).
How can a science be understood, if it is not able to define its own subject
of research by a sound taxonomie system? One of the biggest problems in the
relation between soil science and other natural and engineering sciences is that
soil taxonomy and classification is difficult to understand, because its rationale
is rarely available in a written form but mostly through oral transfer. Without the
development of a more user-friendly soil classification system, which helps to
define quickly and without great efforts the object of soil research, (e.g. on a soil
type or sub-type level), soil science will lose further terrain in the future.
Therefore, new efforts will be necessary in order to develop and to improve the
soil classification systems on a global, regional and local level (Blum and Laker,
2001,Eswarane/a/., 2001).
Paleopedology can be helpful for better understanding historical soil
development and soil classification. Moreover, paleopedology could be an
important bridge between soil science and archaeology (Fuelecky, 2001; Collins
etal, 1995 Scudderera/., 1996).
Better understanding of soil properties and processes
For understanding soil as a complex system, soil physics, soil chemistry,
soil biology, soil mineralogy, macro- and micropedology as well as pedometrics
must closely co-operate. This becomes evident from the simple fact that
physical, chemical and biological processes in soils occur mainly in the pore
space, which means that liquids, gases or biota within the pores react among
themselves and with the constituents of the pore walls, such as minerals (e.g.
clay minerals, oxides), or humic substances (Blum, 2002, Figure 8).
Moreover, biota, especially microorganisms are always and everywhere
present in soils. They may play a more important role in soil physical, chemical
and mineralogical processes than considered so far, especially in the energy
dependent processes of electron transfer (Huang et ai, 1995, 2002).
The methodological basis of all these disciplines was not developed by soil
science, but by basic natural sciences such as physics, chemistry, mineralogy,
biology and by mathematics and statistics. Therefore, soil disciplines can only
develop further if they co-operate closely with basic natural and other sciences.
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For this, the full membership of the International Union of Soil Sciences (IUSS)
in the International Council for Science (ICSU) provides excellent opportunities.
Table 2 lists the 26 international unions, among them many that could be
partners of soil sciences (ICSU, 2000/2001).
Better understanding of soil use and management
One of the most challenging problems is the world-wide sealing of soils by
urban and industrial growth, which is still unprecedented, and will lead to
enormous constraints in many densely populated areas, in the very near future.
Moreover, in countries, which do not dispose of rock material for construction
purposes because their underground only contains river sediments, e.g.
Bangladesh, soil mining for the production of bricks causes severe losses of
fertile agricultural land.
In the field of sustainable use and management of soils, agricultural soil
fertilizing and plant nutrition is of great importance for feeding increasing
human populations. In this field, better understanding of rhizosphere processes
is one of the most important issues, because they are the key for understanding
soil-plant relationships, for improving plant growth and for maintaining or
improving soil fertility. This scientific target is not new, but in recent years new
tools in soil chemistry and physics, plant physiology, microbiology,
biochemistry and gene technology became available, fostering new research
(Pinton et ai, 2001; Tinker and Nye, 2000).

humic substances

macro-pore > lujini
S5-'

clay minerals

small pore < 0.2 pni
medium pore
0.2-10 um

Different pore sizes and Constituante of a pore wall

Figure 8 Different pore sizes and constituants of a pore wall.
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Table 2 Scientific Union Members of the International Council for Science
(ICSU).
Scientific Union Members of the International Council for Science (ICSU)
International Union of Anthropological and Ethnological Sciences (IUAES)
International Astronomical Union (IAU)
International Union of Biochemistry and Molecular Biology (IUBMB)
International Union of Biological Sciences (IUBS)
International Union of Pure and Applied Biophysics (IUPAB)
International Brain Research Organization(IBRO)
International Union of Pure and Applied Chemistry (IUPAC)
International Union of Crystallography(IUCr)
International Union of Food Science and Technology (IUFoST)
International Union of Geodesy and Geophysics (IUGG)
International Geographical Union (IGU)
International Union of Geological Sciences (IUGS)
International Union of the History and Philosophy of Science (IUHPS)
International Union of Immunological Societies (IUIS)
International Mathematical Union (IMU)
International Union of Theoretical and Applied Mechanics (IUTAM)
International Union of Microbiological Societies (IUMS)
International Union of Nutritional Sciences (IUNS)
International Union of Pharmacology (IUPHAR)
International Union of Pure and Applied Physics (IUPAP)
International Union of Physiological Sciences (1UPS)
International Union of Psychological Science (IUPsyS)
Union Radio Scientifrque International (URSI)
International Union of Soil Sciences (IUSS)
International Union of Toxicology (IUTOX)
Also in the field of new biotechnologies, especially gene technologies, new
horizons become visible, e.g. in the field of soil microbiology (Hugenholtz et al.
1998; Moran et al, 1993). Looking at the use of genetically modified plants in
agriculture, the question about gene transfer within the soil arises. Our
knowledge in this field is still insufficient.
New research findings about endocrine disruptors, e.g. Nonylphenol and
Ethoxylates in soils, mainly caused by the spreading of pesticides and refuse
materials, e.g. sewage sludge, show that these are very persistent and therefore
constitute a long term ecotoxicologial risk (Gerzabek and Haberhauer, 2002;
Kvalock, 1996).
Another emerging challenge is the substitution of rock phosphates within
the next decades, because these will then no longer be available, or only in a
much inferior quality, and long before that they will become so expensive that
they will scarcely be available for agriculture. Therefore, we should start now
looking for other P-sources, e.g. through P-recycling.
In the field of soil and water conservation, the competition between
agricultural land use and ground water protection has to be controlled.
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Therefore, fertilizers, pesticides and other inputs for the improvement of soil
fertility and plant growth have to be dosed in relation to the overall
environmental demands. In this context, soil evaluation is very important (Lai et
al, 1998; Lyman et al, 1982; Zehnder, 1995).
Other problems will emerge because of the use of new soil technologies,
causing deep reaching compactions (Horn et al, 2000).
As forests, in contrast to agricultural areas, are filtering gases, dust and
aerosols out of the atmosphere, the protection and management of forest soils
becomes increasingly important, due to soil acidification and contamination and
the subsequent mobilization and leaching of elements, especially aluminium and
heavy metals, endangering drinking water resources (Szabolcs, 1989; Ulrich and
Sumner, 1991).
Another problem for human societies is the remediation of contaminated
sites and soils by physico-chemical approaches or by bioremediation techniques
(Adriano et al. 1999). A core question in this context is the time scale of
bioavailability of toxic compounds, e.g. heavy metals. We still do not fully
understand the mechanisms behind the binding or fixation of those elements by
soil constituents, thus reducing bioavailability with time. In the area of
remediation, soil scientists are often not sufficiently involved, because engineers
have taken the lead. Therefore, more co-operation between soil sciences and
engineering sciences is needed.
Cultural, societal and economic challenges
Cultural, social, and economic features of soils are becoming more and
more important on a local, regional and global level (Karlen et al, 1997).
Our traditional way of looking at soils mainly as a substrate for agricultural
or forest production has greatly changed due to new ecological concepts and
insights (Lubchenco, 1998). Soil issues are playing an increasing role in
international conventions, such as the UN Framework Convention on Climate
Change (UNFCCC, 1992), because soils have sink and source functions for CO2
and store three times more organic carbon than the above ground biomass and
two times more than the atmosphere (Lal et al, 2000). Therefore, the Kyoto
Protocol and other developments in the legal framework of environmental
protection implicate new challenges for soil science in international co-operation
with other sciences, especially in the field of carbon sequestration (UNFCCC,
1998).
The UN Convention on Biological Diversity (UNCBD, 1992) also includes
an important soil component, because there exist by far more biota in number of
species and quantity in the soil than above it. They are highly endangered by
physical and chemical soil degradation. Therefore, soil biology should strongly
cooperate in research for biodiversity and the maintenance of biota in terrestrial
and related ecosystems on a world-wide level. The UN Convention to Combat
Desertification, (UNCCD, 1992) challenges soil sciences through its
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responsibility to find ways against soil degradation in arid, semi-arid and dry
semi-humid areas. It is the only world-wide convention directed towards land
and soil protection, although in a climatically restricted approach, see Table 3.
Therefore soil sciences should co-operate more closely in the field of
international environmental protection (Tutzing, 1998; Blum, 2001b).
Another emerging issue is soil and human health. There exist many
relations between soil and human and environmental toxicology, especially in
the sphere of soil biology, and chemistry, which are not yet well understood, but
very important for the well-being of human societies, as outlined above. Today,
in many regions of the world, soil and environmental toxicology gain the same
importance as food production, or even more, and therefore become an
increasingly important factor (Oliver, 1997; Deckers et al., 2000).
Soil and food security, especially under the aspects of sustainable food
production (availability and accessibility), remain important problems, which are
far from being solved in many areas, where hunger still is an important threat.
In conclusion, it can be stated that new ideas and concepts in soil sciences
are needed in order to promote interdisciplinary research for environmental
protection and sustainable land use. "Novelties come from previously unseen
associations of old materials. To create is to recombine" (Francois Jacob, in:
Keinan and Schechter, 2001).
Finally it can be stated that all these targets cannot be reached in the
medium or long run, if soil sciences are not promoting the teaching of soil issues
at the primary and secondary school levels, in order to improve knowledge
about soils, thus raising interest for soil scientific research. In this context, a
revision of soil teaching curricula at university level seems to be important as
well. Finally, more knowledge about the history of soil science could help to
improve our integration into the scientific community and our acceptance by the
public (Yaalon and Berkowicz, 1997).
In the latter context, the evaluation of soils and the use of indicators for
sustainable soil and land use is a task which should be better understood by the
soil science community (Blum, 1999, 2001a; German Advisory Council on
Global Change, 1995). The approach of the OECD (1997) to identify agrienvironmental indicators within a defined framework of a driving force-stateresponse relationship for an environmentally safer agriculture (Figure 9) was
improved by the European Environment Agency (EEA), extending the OECD
approach to a more comprehensive framework, called DPSIR (EEA, 1999). This
approach includes driving forces, and pressures deriving from them, causing a
state, which itself creates impacts, which further need responses for alleviation
and mitigation (Figure 10). These frameworks aim at bridging between science
and policy, promoting a better steering of complex terrestrial and aquatic
ecosystems.
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Table 3 Core environmental conventions and related agreements of global
significance.
MEA

Date Secretariat
adopted

1) Atmosphere Conventions:
1. United Nations Framework Convention on Climate Change
(UNFCCC)
2. Kyoto Protocol to the United Nations Framework Convention on
Climate Change
3. Vienna Convention for the Protection of the Ozone Layer
4. Montreal Protocol on Substances that Deplete the Ozone Layer

1992

UN

1997

UN

1985
1987

UNEP
UNEP

2) Biodiversity-related Conventions:
1992
5. Convention on Biological Diversity (UNCBD)
2001
6. Cartagena Protocol on Biosafety to the Convention on Biological
Diversity
1973
7. Convention on International Trade in Endangered Species
(CITES)
1979
8. Convention on Migratory Species (CMS)
9. Agreement on the Conservation of African-Eurasian Migratory
1
1995
Waterbirds (AEWA)
10. Agreement on the Conservation of Bats in Europe (EUROBATS)' 1991
11. Agreement on the Conservation of Cetaceans of the Black Sea,
the Mediterranean Sea and Contiguous Atlantic Area
(ACCOBAMS)l
1990
12. Agreement on the Conservation of Seals in the Wadden Seal
13. Agreement on the Conservation of Small Cetaceans of the Baltic
1991
and North Seas (ASCOBANS)l
1971
14. Ramsar Convention on Wetlands (RCW)
1972
15. World Heritage Convention
16. International Coral Reef Initiative (ICRI)
1995
17. Lusaka Agreement on Co-operative Enforcement Operations
Directed at Illegal Trade in Wild Fauna and Flora
1994
3) Chemicals and Hazardous Wastes Conventions:
18. Basel Convention on the Control of Transboundary Movements
of hazardous Wastes Their Disposal
19. Basel Ban Amendment
20. Basel Protocol on Liability and Compensation
21. Rotterdam Convention on the Prior Informed Consent Principle
for Certain Hazardous Chemicals and Pesticides in International
Trade
22. Future Stockholm Convention on Persistent Organic Pollutants
4) Regional seas conventions and related agreements3
23. Global Programme of Action for the Protection of the Marine
Environment from Land-based Activities
24. Convention for the Protection of the Mediterranean Sea against
Pollution (Barcelona)
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UNEP
UNEP
UNEP
UNEP
UNEP
UNEP
ACCOBA
MS Sec.
Ind. Sec.
UNEP
IUCN
UNESCO
ICRI Sec.
KWS

1989

UNEP

1995
1999

UNEP
UNEP

1998
2001

UNEP/
FAO
UNEP 2

1995

UNEP

1976

UNEP
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Table 3 (Cont.).
MEA

Date Secretariat
adopted

25. Kuwait Regional Convention for Co-operation on the Protection
of the Marine Environment from Pollution
26. Convention for Co-operation in the Protection and Development
of the Marine and Coastal Environment of the West and Central
African Region (Abidjan)
27. Convention for the Protection of the Marine Environment and
Coastal Area of the South-East Pacific (Lima)
28. Regional Convention for the Conservation of the Red Sea and
Gulf of Aden Environment (Jeddah)
29. Convention for the Protection and Development of the Marine
Environment of the Wider Cribbean Region (Cartagena)
30. Convention for the Protection, Management and Development of
the Marine and Coastal Environment of the Eastern African
Region (Nairobi)
31. Convention for the Protection of the Natural Resources and
Environment of the South Pacific Region (Noumea)
32. Convention for the Protection of the Marine Environment of the
Baltic Sea Areas(Helsinki)
33. Convention on the Protection of the Black Sea from Pollution
(Bucharest)
34. Convention for the Protection of the Marine Environment of the
North-East Atlantic
35. Draft Convention for the Protection and Sustainable Development
of the Marine and Coastal Environment of the Northeast Pacific5
36. Draft Convention for the Protection of the Marine Environment
of the Caspian Sea5
37. The East Asian Seas Action Plan
38. Protection of the Arctic Marine Environment
39. The Northwest Pacific Acton Plan (NOWPAP)
40. South Asian Seas Action Plan
5) Land Conventions:
4L United Nations Convention to Combat Desertification (UNCCD)

1978

ROPME4

1981

UNEP

1981

CPPS 4

1982

PERSGA4

1983

UNEP

1985

UNEP

1986

SPREP4

1992

HELCOM4

1992

BSEP5

1982

OSPAR5
UNEP2

1981
1991
1994
1995

UNEP
PAME 6
UNEP
SACEP4

1992

UN

The 17 regional seas conventions and action plans are a global mosaic of agreements with
one overarching objective: the protection and sustainable use of marine and coastal
resources. Protocols, amendments and agreements of regional seas conventions are not
listed.
Non-UN regional organizations.
UNEP is providing the secretariat on an interim basis.
Negotiations are expected to be completed in 2001.
Regional body with its own secretariat established by the Arctic Council.
These agreements, while independent treaties, were concluded under the auspices of CMS.
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Conclusions and Outlook
The future development of science will strongly depend on basic research,
but if we look into the actual reality of research funding, we see a rapid decline
on a world-wide level. Governments everywhere are reducing research funds,
with very few exceptions. What is behind this development? An analysis of the
causes shows that sciences are not able to translate their research findings into
comprehensible scenarios in order to convince the public, including politicians
and decision makers about its importance for the cultural, social and economic
development of human societies. Therefore, in contrast to some decades ago, we
must show pro-actively what we can contribute, and especially what the
contribution of soil scientific research might be. Moreover, we should not forget
that problem oriented political discussions take place to an increasing extent on
television, which means that we have to deliver our results and arguments with a
vocabulary, which can be understood by the broad public (Dubois and Gershon,
1996; World Conference on Science, 2000).
The Driving Force-State-Response F r a m e w o r k to Address Agri-Environmental Linkages
and Sustainable Agriculture (OECD, 1 9 9 7 )
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Figure 9 The Driving Force-State-Response Framework to address agrienvironmental linkages and sustainable agriculture (OECD, 1997).
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The DPSI R Framework Applied to Soil
Human population
Land development
Tourism
Agricultural production
Transport
Industry/Energy

PRIAflkFrY PROTECTION
Desertification Convention
Developmenl of a national/
regional soil protection policy

Natural events
Climate change
Water stress

SECONDARY PROTECTION
Reform of agricultural
programmes
pacific regulations or directives

INDIRECT (Effects on
other media)
Changes in population
size and distribution,
Loss of biodiversity.
Climate change,
Water stress

Emission to air. water
and land
Urban expansion (soil sealing)
I nf rast ruct ure
Construction
De forest at ion
Forest fires
Nutrient mining

DIRECT (Changes
in soil functions)

SOIL DEGRADATION
Local and diffuse contamination
Soil acidification
SHlmisal ion
Nutrient load (soil eutrophieation)
Nutrient depletion
Ptiyacri determtnation
Boiogkal determination

Large scale land movements

Figure 10 The DPSIR framework applied to soil (EEA, 1999).
Another challenge is the complexity of our system and the future
development of research through specialization. There is a great danger that soil
science is splitting into disciplinary approaches, like soil physics, chemistry,
mineralogy, biology and others, forgetting that the soil system itself or as part of
terrestrial ecosystems is the main target and not only its single parts, especially
in relation to the many functions of soils for human societies and the
environment. Therefore, new efforts in interdisciplinary and multi-disciplinary
research in soil science are urgently needed, bridging between complexity and
specialization.
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Abstract
The distinct effects of tropical climate are quite unique. They have sets of
characteristics that need to be considered differently as compared to those of
other regions. Such conditions affect soil quality directly, however, the common
practices used so far in producing food crops had been actually developed in
temperate regions. This was clearly seen during the Green Revolution.
Although the tropical production zone met that challenge and relief would be
food shortage worldwide, it has been shown clearly now that there are numerous
long-term drawbacks those need to be looked into seriously. Suggestions are
made to deal carefully with the important issues such as the nutrients
management, the crop rotation and the organic/inorganic balances. Care also
should be taken in dealing with the high leaching and the excessive content of
iron oxides, the difficulty found in soil and fertilizers management of all soils in
the tropics. Furthermore, the new paradigm of sustainable environment and the
ecological sound management should be taken into the operation as well, since,
tropical regions are again being challenged for their abilities of feed the
increasing world population. The King of Thailand has his untiring effort to
help his subject to have enough to eat. His approach truly has the way of
practices that can be accounted for as sustainable. It, therefore, can be used as
part of the guideline to carry out ecologically sound approach in dealing with the
soil quality and environmental fragility under the tropical context.
Keywords: ecological sound approach, food security, tropical difference,
tropical soil science
The Tropics
Humans have long treasured the soil on which they work, play and live as
one of the most indispensable assets that they have. In fact, it is only on soils
that their lives can really depend. Humans, therefore, not only live on soils but
also make a living from them. We are sustained by the plants that grow out of
soil and the animals that in turn feed on them. As human population increased
and the productivity of farmed soils faltered the extra food needed for the
expanding populations was obtained primarily by expanding the area of land
under cultivation not by increasing yields per hectare. This was particularly true
during the so called "colonized period" and the rich and plentiful tropics
89
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throughout the globe were the areas most affected. Food and fiber of numerous
kinds were soon distributed or exported to the food deficient parts of the world.
The effects were very severe for the tropics. Much land was cleared from
native forest for more cultivated area. In the past five decades since World War
II, the population of the world has increased at a phenomenonal rate. The green
revolution has provided means to cope with this. New varieties for crop
production coupled with the intensive soil-water and crop management system
provided an unparalleled increase in food production especially in the
developing countries of Latin America, Asia and with a lower magnitude in
Africa (Sub-Saharan). Most of these countries are located in the tropics.
Soil Science can contribute by clarifying many of the pressing problems
particularly in food production and the conservation of natural resources in the
tropics. Thus, we have to appraise the potential of land to support people
without the deterioration of the environment. Soils are part of this environment
so they are the basis of sustainable development.
It is important to note that in the tropics soil formation and soil-plant
relationships involve biological processes that are activated by living organisms
specific to the tropical environment. Furthermore, soil management practices
are essentially technological sets that have been tailored to particular ecological
conditions. These sets cannot be transferred without their adaptation to the
environment in which they are introduced.
In the tropics, climatic factors play a very important role and strongly affect
the soil formation as well as the use and management of these soils. Deep
weathering commonly occurs in parent materials of various sources, many are
from transported sources far away. The typically rich vegetation cover in humid
tropics necessitates intensive clear-cutting for either shifting cultivation or
permanent crop production of various kinds. Animal activities in the tropics are
always prevalent and include microbial activities as well as the macrofauna such
as termites, ants, etc., which live and proliferate in tropical soils.
Tropical environment
Tropical environment can be delineated by the climatic attributes derived
from its geographic location between latitudes 23° 27' N and S of the equator
(the Tropic of Cancer and the Tropic of Capricorn respectively). This is the
only region where the sun can be directly over head; the high elevation of the
sun above the horizon allows more radiation per unit area to reach the outer
limits of the atmosphere than in temperate regions. And due to the geographic
location of the tropics, the length of the day practically remains unchanged
throughout the whole year. Two conditions essential to the concept of tropics are
the low seasonal variation in temperature and the summer concentration of rain.
The Agroecological Zones of FAO (1987) considers climate as tropical only if
all the mean monthly temperatures, corrected to sea level by subtracting 0.6°C
/100 m. elevation are above 18°C. Those that have one or more months with
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corrected temperatures below 5°C are temperate, the others, between these two
extremes, are subtropical regardless of whether they have summer or winter
(mediterranean climate) rains.
To cover the tropical regions three continents are involved. Following the
accepted geographic location between latitudes 23° 27' N and S of the equator,
the tropics actually range from humid tropics to sub-humid and semiarid at the
far end north and south of the equator. It is a region of plenty, usually hot and
humid and characterized by variable soil conditions, which tend to be deeply
weathered with many relic origins as well as the presence of plinthite, or
ironstone as it's commonly referred to throughout the tropics.

Length of day
,.«. — " " * * • • - . 30-N

_1

I

I

I

ÏJ

Solar radiation received at earth's ivrfece

Figure 1 Three distinct characteristics of Tropical Climate (as compared to
temperate at equator 0° and 30°N): 1) Elevation of sun at noon; 2) Day
length; 3) Solar radiation received at earth surface.
This region covers 117 countries with a total population now at 4,333
million people and an area of 74.9 million square kilometers. Largest area
coverage is in Africa (Sub-Saharan, Congo Basin) and South America (Amazon
Basin). In Asia, area wise may be the smallest but the numbers of population
are definitely larger.
The EI Nino and La Nina phenomena
This is a phenomenon pertaining to the tropical waters of the Pacific
Ocean along the equator region (Figure 2). The satellite image of the Pacific
Ocean was produced using sea-surface height measurement taken by the U.S. French. Topex-Poseidon satellite. The sea surface height is the indicator of the
heat content of the ocean.
El Nino is thought to be triggered when the steady west ward blowing trade
winds weaken and even reverse direction. This change in the winds allows a
large mass of warm water (white strip on the upper circle) which is normally
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located near Australia to move eastward along the equator until it reaches the
coast of South America (Ecuador and Peru). The displacement of so much
warm water produces heavy rains and changes the pattern of the Jet stream
around the world. It can last for several months, resulting in a reduction of
nutrients and a corresponding reduction in the fish population.
La Nina is essentially the opposite where the trade winds are stronger than
normal and the cold water that mainly exists along the coast of South America
extends to the Central Equatorial Pacific (striped gray bordered by dark outline
on the lower circle). La Nina also changes global weather patterns and is
associated with less moisture and less rain. Droughts may occur, which can lead
to bush fires as was recently the case in Indonesia.
There have been at least 10 significant El Nino events in the past 40 years.
The strongest one occurred in 1982-83 and they usually occur about every 3-5
years. El Nino tends to occur off the coast of Peru, while La Nina usually
occurs off the coast of Indonesia and nearby vicinities.

Figure 2 Illustration of El Nino and La Nina phenomena.
Tropical Soils versus Global Soil Regions
Based on global soil regions (World Soil Resources, 1998) units of soils
orders found in the tropics consist mainly of Oxisols, Ultisols, Entisols,
Inceptisols, Aridisols and Alfisols (Soil Survey Staff, 1999) as shown in Figure
3. The vast extent of Oxisols associated with Ultisols are in tropical America
and Africa whereas in tropical Asia, particularly Southeast Asia Ultisols
dominate the agricultural landscape. Entisols also occupy vast areas of northern
Africa under tropical climatic regime and are generally associated with
Aridisols. Inceptisols and Alfisols are minor as compared to the former orders
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indicated. Other soils exist except the ones under ice and very cold climatic
regimes, but cannot be taken as major soils in these regions.
This major soil component in the tropical zone clearly suggests a condition,
if based on the perspective of classic soil science textbooks, of mainly poor
fertility soils. This poor fertility is either caused by high leaching or the
excessive content of iron oxides in the soils making it difficult for soil and
fertilizer management.
In either case, the high leaching or the dispersion of hydrous iron oxide
solids in the soil matrix alone or in combinations generally give rise to the socalled tropical characteristic of the soils manifested by their low activity and pHdependent charge as basic vital chemical properties and generally good physical
properties.
This tropical characteristic of soils commonly necessitates
significant management input and potentially low yields of upland field crops
grown on them. Though not frequently mentioned, the tropical soilscape is also
characterized by high spatial activity variability. All of these defining properties
of tropical soils are disadvantageous for normal farming techniques based on
temperate highly developed soils of the same order.
As indicated earlier, all soils in tropical regions need be considered with
regard to the distinct tropical climate. Ultisols and Oxisols, particularly in
kandic great groups or subgroups, are common soils for the tropical
environment. However, soils of other orders such as those Aridisols and
Alfisols tend to be site specific depending mainly on the extreme climatic factor
or parent materials. Entisols and Inceptisols are generally poorly developed
soils, but their forming environments in the tropics are strictly influenced by
their parent materials or topographic factors. Except when sandy or being
supplied by new materials regularly, soils in these two orders can develop at an
extremely fast rate even in the tropical savanna situation to become Alfisols or
older soils.
An interesting argument on tropical soils versus the global soil regions
regards their response and sustainability towards their utilization for agricultural
production and for sustaining human environment. In general, tropical soils are
readily changing and responding to degradation at a faster rate than that their
temperate counterparts. Being controlled strongly by the semi-constant
temperature, the importance of being upland soils or lowland soils is enormous.
If left under natural vegetation, however the argument would shift towards a
morphostatic form of development on the uplands with leaching in the soils as
the major process responding to the tropical climatic control. In all conditions
of soil and land utilization and soil development under natural conditions, soils
in the tropical lowlands are more responsive to management and more resistant
to degradation. Sustainable land use of food crops, especially paddy rice
practice, is known to exist in the lowlands of tropical Asia. Data on soils and
land use of Thailand can be used to partially support this (Kheoruenromne,
1991).
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The Legacy of Tropical Soil Science
Passed on to the successors by the learned predecessors on indigenous soil
knowledge, people in the tropics have long practiced slash and burn agriculture
in a different cyclic period on the uplands while enjoying the production of
staple food crops in the lowlands. Light implements and domestic cattle were
employed for farming practices. Should these be called tropical soil sciences?
Nowadays, the use of farming technologies developed by scientists in the
developed world are predominant and overriding all of the village practices in
dealing with soils and food production in the tropics. While a lot of pot
experiments in the temperate soils can be applied successfully in the field,
tropical soil scientists found that they quickly failed and were not very
applicable for on-farm practices. Actually, for soil scientists who work long
enough on tropical soils, their conclusions on soil management can appear quite
peculiar to those familiar only with the condition in temperate zone.
Past knowledge and results of research on soils in the tropics has been gathered
and organized in books and research reports (Sanchez, 1976; van Wambeke,
1992). Much of the previous research has focused on the great role of organic
matter in tropical soils, the charge characteristic, the soil system, the exchange
properties derived from clay and iron oxides and general concepts on tropical
soil management. Unfortunately, not much can be found that concerns basic soil
science research on tropical soils. Most trials and errors on soil management
have been turn-key situations on application of soil technologies developed in
America and Europe. Long-term studies on soil management with emphasis on
specific type of soil and specific crop had been very difficult to keep in any
tropical setup. The most critical thing is that the concept of the "tropical
condition" still has not been put into the trials and experiments sufficiently and
interpretation of results does not begin with good thought about the tropical
mandate.
The Tropics: Regions of Plenty
To be realistic, under the varying type of climate from the equator with
humid tropic to the 25° N and S of equator where climate grades toward sub-arid
both north and south hemisphere life varies drastically, vegetation varies from
forest to gazing grassland, and people make a living on livestocks and grazings
as well as cereal crops in this area
What tropics have been utmost can be described in several terms indicated
below.
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Population and poverty
There has been a prolific increase in population and the poverty status in
the three continents. This trend has increased tremendously during the last four
decades, particularly with the surge of population after World War II and the
advancement of technology in consumer goods, communication and electronics.
The surge of population has in fact made the situation even worst for the poverty
status of the tropics. We met these challenges at that time, but we believe now
that, in actuality improper management in the past of the soils and crops
relationship has caused severe deterioration of the natural resources of the
tropics in the long run.
Tropical extremes
Somewhat severe climatic conditions are common characteristics of the
humid and sub-humid tropics either humid or sub-arid climate. In the humid
tropics everything goes to the extreme: heavy rainfall, storms, floods, high
temperature, strong sun radiation, activities of lives are rapid either microbial or
macrofauna decomposition is fast, new ones occur rapidly all the time. While
evergreen and lush vegetation are a common sight in the humid tropics, in the
lower rainfall area vegetation is limited. Normally, savannah types of land for
grazing are still productive and still produce food for the people. When famine
occurs, deficiency and poverty move in and many areas are bare of vegetation.
In the humid tropics, the practice of shifting cultivation is widespread. In such
areas, 300 million people practice the so called "slash and burn" technique of
productions.
Soil coverage
The qualities of soil in the tropics are the most significant factors to be
recognized. While favorable temperature and moisture may enhance growth
physically, the chemical nature of these soils is typically poor. Oxisols, by
nature, are reddish due to sesquosides-rich materials while Ultisols have a
strongly leached profile. Both may be stable and deep, but with repeated use
they will need both organic and inorganic fertilizers to replenish the soils. It has
been shown that intensive use of the land with these types of soils leads to
deteriorated conditions. This was a common occurrence during the green
revolution period throughout the tropics proper.
The African continent has the most area of the tropics, ranging from the
humid tropics in the Sub-Saharan regions, identified by the Congo Basin where
most of the soils are Oxisols mixed with Utisols, Alfisols and spreading toward
the SE and NE of the continent. Further north and south, the area grades into
Entisols and Aridisols with common patches of shifting sand of the desert
proper. And when the areas have less moisture and low rainfall the vegetation
grades rapidly into savanah, although some areas are still suitable for grain
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crops. In this dryer area, problems of plinthite grading to ironstone are noted
throughout Africa.
In South America, large concentrations of Oxisols cover most of Brazil and
in particular the Amazon Basin. Similarly the Oxisols grading to Ultisols
Alfisols and even Mollisols south of Amazon Basin; further south grading into
Aridisols toward the desert in Argentina.
In Asia including Oceania, India, and SE Asia, (which includes Thailand,
Indochina, Myanmar, Malaysia, Indonesia and the Philippines), Ultisols are the
major soil group; a few Oxisol patches occur in Indonesia and Kalimantan.
India is mostly covered with Alfisols and a large area in the central part of the
country is covered with Vertisols with sporadic Inceptisols.
The northern most part of Australia consists of Ultisols, Inceptisols and
Alfisols with some strips of Vertisols in the Inner eastern section of the
continent. The rest of the area is covered with Entisols, shifting sand and
Aridisols. This region is characterized by sub-tropical climate grading to sub
arid region.

Figure 4 Up to 1960 the world population increased to only 3000 M. Less than
40 years (year 2000) we will add the second 3000 M. By the year
2025 population expect to rise to 8500 M. and most of them will be in
the developing countries (From UNFPA, 1992).
Totally, there are about 4,900 million hectares of soil in the tropics, Of
these, Oxisols constitute 1,100 million hectares, as compared to the world total
of 1,120 million hectares, Aridisols for the far end of north and south
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hemispheres, a subarid area of 900 million hectares from the world total of
2,480 million hectares Alfisols and Ultisols follow with 800 million hectares
(world total 1,730 m.ha) and 550 million hectares (world total of 730 m.ha)
respectively. Young soils of Inceptisols and Entisols contribute 400 million
hectares each and the world's total are 1,170 million hectares and 1,090 million
hectares respectively.
A limitation of uses due to excessive leaching and depletion of nutrients is
the drawback of Oxisols and Ultisols and to a lesser extent for Alfisols. When
used, these groups of soils will be subject to erosion at a higher magnitude, as
has occurred in the past three to four decades, during the green revolution
period.
Crop production.
It has been shown earlier that the tropical area played an important role in
feeding the world during to the green revolution period. Intensified agriculture,
which scientists and their farmer collaborators developed and put to use and
intensified soil- water- and crop management systems led to unparalleled
increases in food production, especially in the developing countries of Asia and
Latin America. Due to this, food production increased more rapidly than
population in all regions except Sub-Saharan Africa (Table 1).
Table 1 Percent increase in food production between 1961 to 1963 and 1989 to
1990, both in areas and yield per hectare (FAO data).
Region

Increased

Increased *

areas %

yields %

Sub-Saharan Africa
42
Latin America
30
South Asia
14
East Asia
6
High income countries
2
8
World
* includes increase number of crops and yield per ha.

52
71
86
94
98
92

Nevertheless, poverty still exists and millions still remain hungry, the
majority of them are still in the tropic proper. It appears that more efforts are
needed, particularly the social status and the usual infrastructure which are
indispensable for the basic needs.
Some positive effects of the intensified agriculture are as follows:- Most of
the soils are now rich with macromutrients which come from fertilizers, organic
portion from crop residue can be returned to the soils in form of organic matter.
Furthermore, if such areas give a reasonably good yields, it will have the
indirect effect of reducing the pressure of using fragile lands. In addition, it
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probably helps to maintain or even increase the efficiency of nutrient use. In
general, food production per person worldwide increased only 20 percent, but in
the tropical areas the increase was nearly 70 percent.
Together with the success in feeding the world through the staple diet of
wheat, rice and corn, many long-range drawbacks follow. Less attention has
been paid to the high protein crops of beans, peas and lentils as well as
micronutrient and vitamins that come from fruits and vegetables. Human
diseases related to deficiency of the above-mentioned conditions, commonly
occur in tropical countries. Monoculture of cereals also brought out pathogens
that are toxic to the crop. A decline in the biological productivity of mono
culture systems as against the benefits of the well-known crop rotation definitely
reduce the soil quality in the long run. It has been recorded as well that the high
input intensified agriculture may significantly affect the abundance and
biodiversity of soil organisms.
Excess nutrients such as nitrogen and phosphorus in the soils moved as
pollutants into the runoff or drainage or into the atmosphere. Irrigation induced
salinization is another negative effect of crop intensification on soil quality.
Chemical pesticides are another common negative effect, of which the
integrated pest management system should be emphasized.
Malpractices in the past
At least 300 million poor people, located primarily in the tropics and sub
tropics, depend on shifting cultivation for their foods and livelihood. The
practice is employed on 30 percent of the world's total arable land. In Africa,
about 70 percent of the people practice this type of tropical deforestation.
Increase demand for food has forced the farmers to shorten the fallow period
and as a consequence soil quality has deteriorated along with yields of food crop
and family well-being.
In Africa; When land in arid to semiarid areas has been used due to
increase in population and common periods of drought, over grazing is the result
and the 75 million people who live there have had to suffer. (Sahel region of
Africa)
Population pressure again and again causes the expansion of crop
cultivation into areas that are marginal for agriculture, i.e. erosion prone, rolling
to steep hillsides. Like it or not, 800 million people are forced to produce their
food on forested hillsides.
Finally, there is the contest for land for industrial and transportation
purposes. Global urbanization alone is thought to claim at least 1 million
hectares annually; usually this is prime land for plant productivity.
The challenge for the future
Before we look to the future we should remind ourselves of what we have
done in the past 50 years. During that time some 2,000 million hectares of land
in the world have suffered soil quality degradation. Land degradation leads to
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poor crops, human poverty, and vegetative cover reduction. Thus, soil erosion is
a serious issue for the tropics. The eroded materials (sediment and dust) create
further pollution problems when deposited, bringing enormous economic and
social costs to society.
Reduction in soil quality or soil degradation is most severe for agricultural
lands in Africa (65% of 187 m.ha) and Central America (74% of 38 m.ha),
whereas it is relatively moderate in Asia (38% of 536 m.ha) and South America
(45% of 142 m.ha). Soil quality has declined on 38 percent of the world total of
agricultural land, on 21 percent of permanent pasture and on 18 percent of forest
and wood lands. Soil degradation or agricultural lands has been most drastic in
Africa and Central America, but the problem extends to all continents. Since
humans are primarily responsible for the decline in soil quality, we need to be
more aggressive in reversing this trend as we look to the future.
Sustainable Agriculture and the new paradigm
In order to reverse the trends, 3 global factors must be taken into account:
1. Population - demand for more food and fiber.
2. Encroachment of forests and grasslands.
3. increasing concerns about environmental degradation
In the next 25 years more than 2.5 billion people will be added to the world
and about 90 percent will be in developing countries. The highest percentage
increase will be in Africa, but the largest numbers will be in Asia. And to make
things even worse most of them will be poor, so their outlooks toward
conserving the environment may not be as good as what we hope for. The
demand for food and fiber, therefore will be more severe.
Land under more productive cultivation will continue to be used for
intensive agriculture either trying to increase by having more yield per hectare,
more crop intensity or more areas of arable land. To increase production, it will
be necessary to find new solutions to drawbacks, such as finding better ways to
get more water to an area, conducting research to remedy certain conditions,
discovering a better variety of crop that tolerates high acidity, or introducing
minimum tillage practice, so that erosion can be held in check. To appease the
societal demand that environmental deterioration should be curbed, pollutants
will have to be greatly reduced. This will definitely add new constraints for
future food and fiber production. Irrigation water and chemical fertilizers
cannot be expected to produce successes comparable to 30 years ago. More
research work for better or new varieties may be needed. The challenge facing
farmers worldwide to find a means of meeting the amount of future food
demand is quite crucial. The food production systems will need to be reexamined with special emphasis on environmental quality. A new ecologicallysound paradigm of plant production needs to be envisaged.
Modified intensive agricultural systems
New soil-crop management systems are needed. They should reduce
pollution of soil, water and the atmosphere, increase the efficiency of nutrient
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and water use, maintain or increase the quality and quantity of organic matter,
decrease soil erosion and increase biological diversity. To achieve such goals,
nutrient management will have to be very efficient. Crop rotation, such as
legume and non-legumes will definitely help in maintaining the combination of
organic/inorganic combinations. The active fraction of organic matter and
microbial biomass are becoming stronger ingredients in the soil biomass and
biological diversity. Water management is another factor needing close
attention.
Improving low yielding agriculture systems
Most of this type of agriculture lacks either water or plant nutrients and
such conditions are common in Africa. Fifty five percent of the land use in this
continent is unsuitable for any kind of agriculture except nomadic grazing.
However, 47 percent of the people live on 29 percent of the total land (900
m.ha), where the soil and the soil quality is considered high or medium.
Rainfall is more stable and sufficient for at least one crop a year. Nutrients in
such areas are being removed much faster than they are being added. Organic
and inorganic nutrient sources must be used, so that the rotation or the addition
of nitrogen fixing woody species into the farming systems in this area shows
some promise. In the remote areas where shifting agriculture is practiced,
increasing the use of mixed trees crops or alley cropping in the agroforestry
system is strongly recommended.
All these operations will be very difficult to implement. A concerted effort
will be needed to expedite such a difficult task, since conditions are not so
favorable.
The tropical Asia and South America
Asia : South and Southeast Asia
This is the area where the most remarkable food production achievements
have occurred in the last three decades. It may look as if there are no problems.
Such decline, however, has been masked by the counter effects of increased use
of fertilizers and irrigation water. Research has show that biological production
and soil quality can be improved by combinations of organic and inorganic
inputs into soils in this area. Organic material sources needed to be
complementary to the fertilizers that they can purchase. Community tree lots
may be the answer for the source of organic materials, in some cases green
manure may be more appropriate.
Conditions for the highlands with shifting cultivation and slope land
aggravation need to be corrected as well. Approaches may be differ somewhat,
but the erosion problems are the same. The condition pertaining to Thailand and
the Royal Project activities may be one of the many approaches to deal with this
problem.
The South and Central America
Soil quality decline in this area is similar to Southeast Asia. Care must be
taken to avoid successive use of soil. The case will be even more serious in areas
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of native grassland; in such area the application of combinations of organic and
inorganic inputs into the soils is recommended. Problems surrounding forest
clearance for agricultural purposes are similar to Southeast Asia. Care should be
taken about erosion since erosion rates in Central America are among the
highest in the world. Diminishing the use of sloping lands and naturally infertile
areas in forests would help to provide sustainable ecological systems and would
indirectly help to maintain or improve soil quality. Practices suitable for
Thailand may be applicable as well in South America.
Sustainable Development: the Enough to Eat Principle and Sufficiency
Economy of His Majesty the King of Thailand
More than three decades ago, His Majesty King Bhumibol Adulyadej made
a number of visits to His people in different places throughout the Kingdom. He
came to the conclusion that His subject always had one thing in common. That
is they always had problems with their "enough to eat" process. Their problems
always stem from the lack of water and bad soils for their crops or livestocks.
He then set his aim to help them and set up as early as 1969 the Royal Project in
the north to help the hill tribes to stop the practice of shifting cultivation and to
stop growing the illicit opium poppy. His simple procedure started up quickly
by simply helping them to have enough to eat first. They were taught to grow
different crops replacing opium and to be able to earn a living from them. He
knew even then that the tribes actually did not get much money from opium at
all. Some helps was needed to sell the replacement crops in the market and
return the money to them. Once they were happy and secure, further
improvement became possible. Suggestions were made to them not to move
around, but rather to grow fruit trees and earn from them an additional, regular
income. His Majesty then set up a few simple procedures of implementation
such as helping them to help themselves, quickening the action and cutting
through all the red tape of operation. His Majesty also proposed to the hill tribes
to grow three types of woods for 4 benefits i.e. trees for firewood, for fruits and
for use around the house. The fourth benefit was actually the conservation of all
the wood in the forest. In all, more than 2,000 projects of the so called Royal
initiated projects stemmed from His Majesty's suggestions, statements or
hypotheses. They are projects which needed to be tested to determine their
effectiveness. All of them were operated primarily by various government
agencies. Normally in the early days of the project, His Majesty himself made
visits to monitor all these project sites throughout the country. Nowadays, His
immediate royal family members or representatives still make visits and follow
ups on his behalf and report back to Him on the progress.
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All His projects have stressed the importance of sustainability, even before
the word sustainable become fashionable. The Royal Project was founded upon
this principle more than 30 years ago. It is still going on. Products from the
Royal Projects can be found in markets all over Thailand; mostly fruits,
vegetables and flowers. Also in the market there are varieties of canned foods
and handicrafts. There is no opium any more in the project areas and its
production has been reduced substantially in Thailand. All these hill people
now behave as farmers in the forest, look after trees and use the practices which
had been taught to them, to grow legitimate crops usually in demand in the
market. It is important to note that in the highland, in addition to conserving the
forests, the effects of severe erosion have been reduced successfully due to one
of His Majesty's research and development project which uses plots of vetiver
grass (which has long and plentiful roots) as a means to control slope erosion.
Shifting cultivation has been eliminated at least in the project areas. Landuse
planning has already been set up in all 36 development centers of the Royal
Project Foundation's work. It should be noted that, in this congress, one of His
Majesty's initiated studies on the improvement and management of acid
sulphate soils will also be duly reported. His proposed "Klaeng Din" project,
which involved the aggravation of the soil until it becomes an artificiallyproduced acid sulphate soil will be the highlight of the report. The article will
be presented by soil scientists who worked on this project for almost 20 years.
His Majesty has always stressed the ecologically sound principles, which we
have always practiced in the Royal Project. At present, organic/inorganic
fertilization is being looked into. In fact many "organic" plots of vegetables and
fruits have been set up according to the demand in the market, particularly from
abroad.
His Majesty invents and develops many important items and activities, to
mention a few, they are the Chaipattana aerator to remedy polluted water, the
artificial rain maker project, relief for the flooding problem in Bangkok by
setting up "monkey cheek reservoirs" and a series of check reservoirs further
north, and setting up large ponds to cure pollution by acting as "kidneys" for
Bangkokians.
To assist farmers, His Majesty devised the "New theory" so that the farmer .
will be in a position of self sufficiency in agriculture. Usually, a farmer will
own an area of about 2.4 hectares. His Majesty then proposed a standard for the
allocation of farm plots for different cultivation, self contained set of purpose.
They should have 0.8 hectares of rice, 0.8 hectares for field and garden crops,
0.48 hectares and 4 meters deep pond of 19,000 cubic meter capacity. The
remaining 0.32 hectares will be for housing and other activities. The ratio is
actually 30:30:30:10 and it can vary accordingly. It is in fact, a very self
sustaining agriculture site. A truly conceptual integrated sustainable agriculture.
His Majesty himself said that, healthy soil which is a key component of
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sustainability in the "new theory" set offarm plots; a healthy soil will definitely
produce healthy crops.
This concept of sufficiency emphasizes moderation with an internal
immune system against any impact caused by either external or internal change.
Sufficiency economy is therefore, a philosophy proposed by His Majesty the
King as a guideline for helping the Thai people to lead sufficient live while be
able to adapt to the current globalization and change. It can be practiced at all
levels from the family, community or even the governmental levels.
His own words about environmental problems explain clearly his view of
sustainability: "Environmental problems will cause the world to change. The
problem will be something that everyone will experience but not everyone will
know. It is thus our duty as citizens of the world to have knowledge and a clear
understanding in order for us to find the way to solve the problem correctly".
His view is so clear and truly philosophical. But His vision regarding the
soil is so remarkable because it's from someone who is not even a soil scientist,
let alone being a King, and this is a happening that needs to be recorded in this
globalization world of change.
Conclusion
The tropical region is still the only area in the world capable of feeding the
world habitat, now and for 30 years ahead. The tropical soils and their
capability to produce food and fiber in Asia and South America are still no
doubt, important sources for production. But in a different context.
To meet the challenge, tropical Asia and South America and to a lesser
extent Africa are still on the "handle with care" list to feed the world. Care,
definitely, needs to be taken in the nutrient management; in the balance between
the organic/inorganic sources significant improvement of soil quality.
Concerted efforts need to be coordinated in order to bring about the best
results in this endeavour.
The approach for sustainable agriculture and
sustainable development and the concern for world environment of His Majesty
the King of Thailand may be applicable to all areas concerned. The urgent needs
for the improvement of soil quality and better understanding of all
environmental problems are prime concerns for every one in the world. It is
appropriate to stress again the words spoken by our King, quoted earlier as
follows "it is thus our duty as citizens of the world to have knowledge and a
clear understanding in order for us to find the way to solve the (environmental)
problem correctly ".
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