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A bstract: Soils are indeed the root o f the life. They are used for road building, construction, 
ceramics, and many industries such as aluminium production which are known to mankind for a 
long time. Therefore, soils are most important to mankind. In the international Geosphere-Bio- 
sphere Program (IBP) the soil sytem especially its carbon dynamics is the central between the 
physical climate and bio-geo-chemical sytem. In the past decade, increasing awareness o f  C 0 0 
build-up in the atmosphere and the threat o f global wanning has instigated society to find means 
to reduce atmospheric COv Multiple benefits o f terrestrial sequestration o f carbon are also well 
documented. Erosion removes soils and sediments from the landscape on one hand and while 
soils continue to form from the stable part on the other. To quantify changes in the soil system, a 
new concept, which is now called pedometrics, is now introduced. Environmental pollution and 
its effects on human health and other living beings has become quickly a veiy serious public 
concern. Spectacular w'orks helping to feed ever-growing population. About 50,000 soil scien
tists are active studying the soil composition and dynamics o f soils in greater details.

INTRODUCTION

Historically, geology as a modem science was evolved much earlier than soil science. 
In many countries soil science evolved from geology and it took quite some time to 
become an independent discipline. It did not evolve only from geology but also from 
other sciences as well, such as agricultural chemistry activities of Justus von Liebig 
(1803-1873) who was interested in plant nutrition and crop production. Field works by 
geologists stimulated the development of two major ideas that were essential for 
understanding the soil system. These were the dependent relationships with the 
underlying rocks and theories of soil genesis. They were extremely important in the 
recognition of soil bodies in the landscape [Fanning, Fanning’ 1989]. Many systems of 
soil classification based 011 geology were developed during the 19th century.

Soils form a continuum across the earth surface and are interface between 
atmospheric, biological and geological processes. Soils are indeed the root of the life. 
It harbors a diverse population of living organisms, both animals and plants. Soils are 
used for road building, construction, ceramics, and many industries such as aluminium
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production which are known to mankind for a long time. Soils are trasformer, regulator, 
buffer and filter of water, and nutrients and other dissolved and disperssed compounds. 
Therefore, soils are most important to mankind. Most great civilizations have depended 
on good soils and it is certain that missmanagements have contributed to their downfall.

Many religions recognized the importance of soils and developed spiritual attachment 
to life-giving earth [Yaalon 2000J. Early scientist have unfortunately ignored it. A lex a n d er  
vo n  H u m b o ld t, 1769-1859, founder of plant geography never compared the soils with 
plant geography. Leonardo da Vinci (1452-1519) has said that ‘“Why do we know 
more about distant cclestial objects than we do about the ground beneath our feet". As 
early as 1862 Friedrich Albert Fallon wrote „ th ere  is n o th in g  in th e  w h o le  n a tu re  
w h ic h  is m o re  im p o r ta n t o r  d e s e r v e s  m u ch  a tte n tio n  a s  th e  so il. T ru ly  it is th e  s o i l  
w h ic h  n o u r ish e s  a n d  p r o v id e s  f o r  th e  w h o le  n a tu r e . th e  w h o le  o f  c re a t io n  d e p e n d s  
on  th e  so il, w h ic h  is th e  u lt im a te  fo u n d a t io n  o f  o u r  e x is te n c e  ' [Sparks 1988]. New 
ideas about the nature and origin of soils emerged only second half of the 19th Centur, 
V.V. Üokuchaev (1846-L903), Ililgard (1833-1916) [Yaalon 1997]. It is the central 
link to the bio-gco-chcmical transformations. We have much to learn about non-arable 
soils and must try to integrate our knowledge into a holistic view of the earth dynamics 
and bio-gco-chcmical transformations.

In the international Geosphcrc-Biospherc program the soil sytcm especially its carbon 
dynamics is the central link between the physical climate and bio-gco-chcmical sytcm. It is 
the ma jor route to understanding and predicting the cffcct of human actions on the earth.

In the last few decades, Soil Science has refined tools for its own purposes. Currently 
increasing demands are being placed on the soil resource to feed, cloth, house, and 
provide energy for a growing world population. We do not realize how important the 
soils arc for our life, environmental protection including human health, earth dynamics, 
water cycling, and bio-geochemical transformations. Soils are economically and socially 
important. They have even beauty.

Soils arc used:
-  in road building,
-  construction,
-  ceramics, and many industries such as aluminium production which arc known 

to mankind for a long time.
Soil teem with life. Selman Waksman (1888-1973), Nobel Laureate, isolated 

streptomycin from the soil biota. Pcdodiversity and biodiversity works may help similar 
results in the future.

SOILS IN TI-lli LANDSCAPE

Soils arc more than a veneer of surfical alteration on landscapes or sediments 
[Wysocki et al. 2000]. It covers the underlying geological material and caries enormous 
variability. Soil scicnce is still in an evolutionary stagy and rather young within the earth 
sciences family. It is an integral part of earth sciences and related to other positive 
sciences. Arnold [ 1.994] stated that soil properties related to specific landscape position
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and kinds of materials within a survey area must be visualized, described, documented 
and tested in order to adequately from the predictive hypotheses with which the detail 
soil survey can be conducted.

To completely understand the soils on earth, predict soil pattern and behavior, one 
must comprehend relationship to landscape and geological material under the soil. 
Changes in soil morphology and characteristics across a landscape depend on the 
transfer of mass and energy of the earth surface process.

To quantify changes in the soil system, a new concept, which is called pedometrics, 
is now introduced. Webster [ 1994] describes it as essentially the application of probability 
and statistics to soils. Pedometrics, though still a research tool, has the potential to 
complement conventional soil surveys and a crucial technique in precision agriculture. 
It is one of the developing areas in the Soil-Landscape Analysis. The goals are to (1) 
improve the understanding of soils as natural bodies within landscape, and (2) develop 
techniques for landscape-scale modeling and risk assessment that can be applied to 
both rural and urban areas. Such program also involves the maintenance of expertise 
in geographic applications (e.g., GIS, geostatistics, etc.), and a multidisciplinary research 
with environmental scientists, chemist, geologist, engineers, and ecologists.

Geological processes that create and destroy soils and landscapes vary in time and 
space. Erosion removes soils and sediments from the landscpae on one hand and 
while soils continue to form from the stable part on the other. Buried soils and soils that 
endure on stable land surface become part of the the geological records and are valuable 
for interpreting earth history. Encient and buried soils help us to reconstruct past 
climate and the development of the landscape (Fig. 1).

SOIL ORGANIC MATTER

Decline in soil organic matter appears as global phenomena. Increase of soil organic 
matter alone will take care of many problems of land degradation. Carbon sequestration, 
therefore, emerges as one of the paradigms for sustainable food production. Methods, 
such as narrowing C/N ratio, minimum tillage, agroforestry, crop residue conservation 
are now exercised. The role of organic matter is very well known in the literature. 
Due to increase in biological activity it is possible to reduce cultivation, fertilization and 
liming costs. Restoration of soil organic matter will alleviate many soil physical constraints, 
such as soil structure, compaction, crusting, and most importantly erosion.

In the past decade, increasing awareness of C 0 2 build-up in the atmosphere and 
the threat of global warming has instigated society to find means to reduce atmospheric 
COr  The concept of greenhouse gas reduction by sequestering carbon in different 
terrestrial ecosystems, or withdrawal of C 0 2 from the atmosphere, has been extensively 
discussed over the last decade. While the debate on complex issue of quantification of 
carbon stocks is still evolving, it is generally agreed that carbon sequestration can be a 
highly cost effective and environmentally sound mitigation technique. This would also 
be a response to commitments by signing parties under the conventions of:
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i) Climate Change (Kyoto Protocol);
ii) Biological Diversity; and
iii) Combating Desertification.

Therefore, strategies that could lead the amelioration o f  these problems are 
likely to be o f  great global significance.

Multiple benefits of terrestrial sequestration of carbon are also well documented 
[U.S. Department of Energy 1999]. Preliminary estimates suggest that using appropriate 
management techniques -40  to 80 Pg С that would be produced through the combustion 
over the next 50 to 100 years could be sequestered in the cropland. This would mean 
that carbon sequestration offers a mean to control the C 0 2 levels in the air to keep 550 
ppm critical threshold level.

The total amount of carbon stored in terrestrial ecosystems is large. According to 
U.S. Department of Energy [1999] it is ~ 2000 ± 500 Pg. The rate of the process is 
estimated to be ~ 2Pg C/year (-0.1%  of the current storage). About 75% of terrestrial 
carbon occurs in the soil therefore, they are essential in terms of carbon sequestration 
(Figure 2).

One of the fundamental arguments is that, about 50% of SOM is lost in the top soil, 
due to intensive agricultural practices. Uncultivated soils were in equilibrium with the 
native vegetation and accumulated large SOC reserves and cultivation has disrupted 
the steady state equilibrium [Lai et al. 1999]. There are reliable estimates that many 
cultivated soils in North America have lost substantial amount of SOM in cultivated 
lands [Bruce et al. 1999], which resulted in decline in production, increased soil erosion 
and soil degradation. The lost carbon primarily should be returned to the soil. It is 
estimated that this will take 25-50 years, with current technologies [Lai et al. 1998]. 
With good management practices it may be possible to exceed the original native SOM 
content of many soils.

As a revolving nutrient bank account, organic matter serves two main functions:
-  Since soil organic matter is derived mainly from plant residues, it contains all of the 

essential plant nutrients. Accumulated organic matter, therefore, is a storehouse of 
plant nutrients. Upon decomposition, the nutrients are released in a plant-available 
form.

-  The stable organic fraction (humus) adsorbs and holds nutrients in a plant available form.

SOIL EROSION

Soil erosion by water, wind and tillage affects both agriculture and the natural 
environment. Erosion is a natural process. When it is much more than natural, primarily as 
a result of the activities of humans, including animals is called as accelerated soil erosion. It 
occurs universally and creates serious problems. It is well recognized that no soil phenomena 
is more destructive than soil erosion in the world. It is studied by geomorphologists, agricultural 
engineers, soil scientists, hydrologists and others; and is of interest to policy-makers, farmers, 
environmentalists and many other individuals and groups.
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The loss of protective vegetation through deforestation over-grazing, ploughing, and fire 
makes the soil vulnerable to being swept away by wind and water. In addition, excessive- 
cultivation and compaction cause the soil to lose its structure and cohesion and it becomes 
more ready to be eroded. Erosion will remove the top-soil first. To understand soil erosion 
we must be aware of the political and economic factors affecting land users.

Some suggest that, compared to Asia and South America, southern Africa’s rates 
of soil erosion seem to be not very high. However, the amount of soil lost through 
erosion is not a good measure of the land’s ability to produce crops. Losing 10 tonnes/ 
ha from poor thin soil is much more of a problem for farmers than losing 50 tonnes/ha 
from deep fertile soils [Lai 1985]. Soils derived from volcanic ashes in the rift valley 
are very susceptible to wind and water erosion; even they may be very thick Figure 
ЗА shows an example of a catastrophic erosion in the Ethiopian Rift Valley and Figure 
3B a wind erosion in Sudan.

SOILS AND THE SOCIETY

Spectacular works helping to feed ever-growing population. About 50,000 soil 
scientists are active studying the soil composition and dynamics of soils in increasing 
details. Yet less than 5% of the global agricultural research budget is allocated for soil 
research. There is a lack of communication channel or neglect between soil management 
scientists and economists, decision-makers, and most importantly farmers. It should 
be remembered that technologies may be damaging such as irrigation causing salinization 
and pollution. However, soil institutions with global mandate, such as The International 
Soil Reference and Information Centre (ISRIC), International Board fo r  Soil 
Research and Management (IBSRAM ), World Association o f  Soil Conservation 
(WASW), and International Soil Conservation Organization (ISCO) succeeding 
in increase yield and soil conservation.

Recently we become conscious of the limitations soil resources and irreversible 
damaging effects on the environment brought about by humans. These must increase 
the importance of basic and applied research in “soil science”.
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FIG URE 1. Two sets o f  soils derived from volcanic ash in the Rift Valley Ethiopia
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FIGURE.2 The present-day global carbon cycle, showing the reservoirs (in Pg) and fluxes (in Pg) (fron 
[Landi 20021)



FIGURE 3. A catastrophic water erosion in the Ethiopian Rift Valley (A) and wind erosion in Sudan (B)


