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Foreword

The need to formulate a world soils policy to combat desertification, to reduce
erosion hazards and to ensure rational utilisation of the world's land and water
resources has become urgent. Mankind cannot meet the challenges of this age
without sound soil-management systems and policies.
The papers contained in this volume are therefore timely and closely
interlinked; they cover topics that are of immediate concern not only to soil
scientists,' ecologists, agronomists and farmers, but to planners in international,
national, government and private organisations as well. I hope the deliberations
of these symposia will go a long way towards developing a rational approach to
soil management for the present and for future generations.
The UNEP and the FAO have played a leading role in creating public
consciousness of the problems involved and by encouraging formulation of plans
for action. Their support in organising the symposia on World Soils Policy and
Desertification is deeply appreciated. The cooperation of the contributors,
reviewers, editors, and production team in compiling this publication is also
acknowledged.

J.S. KANWAR
New Delhi
31st December 1981
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Desertification:
Problems and Prospects
for Improvement

Desertification
in the Americas
HAROLD E. DREGNE
Abstract
Desertification on the American continent has only become a problem during
the course of the last two centuries. Excessive grazing, with the resulting wind
and water erosion, has been a prime contributing factor in this process and has
often left irreversible damage. The agricultural use of arid areas, particularly in
Argentina and the United States of America, has led to catastrophic wind
erosion, and the salinisation of artificially irrigated soils has become an
increasingly serious problem in Canada and the USA. Other results of soil
degradation are reduced fertility and compaction of the soil, though these can
be relatively easily alleviated where they are not severe. Measures to combat
desertification are generally well known and have been successfully used in the
Americas, but much still remains to be done.

The term desertification is relatively new to soil scientists. It apparently was first
used in a publication by Aubreville (1949) dealing with soil erosion in the humid
tropics of French West Africa. Aubreville thought of desertification as the
changing of productive land into an ecological desert as the result of ruination by
man-induced erosion. He associated it with the humid and sub-humid regions
where he worked. It had nothing to do with the Sahara or any other climatic
desert.
Despite the 1977 United Nations Conference on Desertification, there is no
generally accepted definition of the term. The definition used here is the
following:
Desertification is the process of impoverishment of terrestrial ecosystems
under the impact of man. It is the process of deterioration in those ecosystems
that can be measured by reduced productivity of desirable plants, undesirable
alterations in the biomass and the diversity of the micro and macro fauna and
flora, accelerated soil deterioration, and increased hazards for human
occupancy (Dregne 1978).
This definition does not restrict desertification to the arid regions of the world.
However, desertification has, for the purposes of this symposium been confined
to the arid regions and that is the focus of this paper.
Much disagreement exists concerning the exact meaning of desertification.
Many people think of desertified land as land that is completely useless, either
due to man's activities or to low rainfall (Glantz 1977). Others consider it to refer
to a man-made wasteland, somewhat similar to the condition that Aubreville
* Department of Plant and Soil Science, Texas Tech. University, Lubhock, Texas, USA.
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associated with desertification. Neither of the above is the meaning used here or
at the United Nations Conference. Rather, desertification is a process which has
a number of stages, from slight to very severe. Only the latter stage resembles a
man-made wasteland. Slightly desertified land can usually be restored to full
productivity rather easily; very severely desertified land may be so badly
degraded that restoration is not economically feasible.

Desertification Processes
Land degradation on rangelands and croplands usually begins with deterioration
of the vegetative cover due to overgrazing, wood-cutting, and cultivation (Kassas
1970). Once the plant cover is disturbed, soil degradation occurs in the form of
accelerated wind and water erosion, soil compaction, surface soil crusting, loss of
fertility and salinisation and waterlogging. Salinisation and waterlogging have
attracted most attention in relation to irrigated land productivity but they also
are problems in some dryland farming areas (Vander Pluym 1978).
Accelerated water and wind erosion is a prime factor in altering soil conditions
and reducing productivity. At some point in time, following continual
accelerated erosion, a change in the soil is effected which significantly alters its
properties. The most obvious example is the removal of surface soil and exposure
of argillic B horizons in developed soils. Infiltration rate, moisture content,
structural stability, pH and available nutrient level are different in the new
surface soil than in the old one. It may well be that the eroded soil could never
again be the same as the original soil even if erosion were reduced. There is no
question that the very severe wind erosion condition known as blow-outs, when
an argillic or carbonate layer is exposed, has brought about a permanent change
in arid region soils.

World Soil Degradation
Desertification is a process of land degradation that is the result of an often
complex interaction among people, plants, animals, soils and climate. My
assessment of the intensity of and the major processes involved in soil
degradation in the arid lands of the world is shown in Figure 1. Of the major
processes, compaction is largely confined to places where heavy tillage
machinery is employed (California Department of Conservation 1980). Soil
crusting is another process that is widespread on grazing and cultivated land but
few reliable measurements have been made of the severity of crusting in different
soils. Fertility losses occur wherever wind and water erosion is a problem. Again,
however, few quantitative data are available on the loss of available plant
nutriens. Estimates of nutrient losses based on total phosphorus and potassium
removal in sediment, for example, are misleading because only a small fraction
would have been available to plants (Stallings 1957).
Soil Degradation in North America
The intensity of soil degradation in North America and the dominant
degradation processes are shown in Figure 2. Water erosion affects the greatest

Fig. 1. Soil degradation in arid regions of the world.
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Fig. 2. Soil degradation in North America.

land area, followed by wind erosion and the associated loss of soil fertility due to
removal of fine particles. Compaction and crusting are largely problems of
cultivated lands, whether irrigated or rainfed. Salinity affects both irrigated and
rainfed croplands (Dregne and Zartman 1980). The area of affected land is given
in Table 1.
In North America, three instances of widespread desertification have occurred
during the past 200 years. Prior to that time, man had had a negligible impact on
the arid regions, although his effect on the environment had already been felt in
the humid part of the continent. The three instances described here are: (1)
overgrazing in the desert grasslands, (2) salinisation of irrigated land, and (3)
wind erosion in the Great Plains during the protracted drought of the 1930s.
Table I. Arid lands affected by desertification in North America
Irrigated la nd (000 ha)
Country

Canada
Mexico
USA

1 otal Area affected
by desertification

Rainfed cropland (000 ha)

Range la nd (000 ha)

Total

Area affected
by desertification

Total

Area affected
by desertification

300
3 750
15 500

60
1 125
1 650

5 000
7 500
30 000

3 000
6 700
15 000

10 000
100 000
235 000

7 000
96 000
188 000

19 550

2 835

42 500

24 700

345 000

291000
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OVERGRAZING

Settlement of the arid regions of North America began in earnest in the early and
middle part of the 19th century. The impact in Canada was relatively modest but
a rapid increase in the number of cattle and sheep during that period in Mexico
and the United States caused heavy grazing pressure on the seemingly endless
expanse of grasslands. Within a few decades, land degradation, in the form of an
increase in undesirable shrubs and an associated decrease in grass, had become a
serious problem near watering points where livestock were concentrated. As
overgrazing continued, much of the remaining grasslands deteriorated. By the
beginning of the 20th century, desertification has left its mark on virtually all of
the arid rangelands. Deterioration of the vegetative cover was followed by the
acceleration of wind and water erosion and the appearance of man-made gullies
and sand dunes. Nearly 85% of the rangelands of North America show moderate
or worse desertification.
Deterioration of the vegetative cover in the cool arid regions of the northern
United States and of Canada was seldom as severe as it was in the hot arid regions
of the southern United States and northern Mexico. Increases in shrub density
and shrub invasion of grasslands due to overgrazing had a marked impact in the
south-western United States and the neighbouring states of Mexico. Wind and
water erosion in the deteriorated rangelands produced changes in soil
aggregation and permeability that adversely affected the soil moisture status and
made the micro-environment less favourable for grasses. The soil environment
became more xeric, even though the annual rainfall had not changed, due to the
greater erosion and runoff on degraded lands. York and Dick-Peddie (1969)
postulated that most of the southern part of the state of New Mexico has been
changed from a desert grassland ecosystem (less xeric) to a desert shrub
ecosystem (more xeric) by soil deterioration during the past 100 years.
Four grazing areas in the south-western United States (Figure 1) have
experienced very severe desertification that has essentially ruined the land for the
foreseeable future. Three of these areas were productive grasslands before they
became infested with mesquite (Prosopis spp.) and subjected to excessive wind
erosion. Now the land is covered with hummocks and small dunes held in place
by mesquite bushes; what little grass there is can be found only under the bushes.
The fourth severely desertified area lies in the Navajo Indian Reservation in New
Mexico and Arizona. There, on soils derived from shale, overgrazing led to
severe water erosion, loss of the thin topsoil, and development of large arroyos
(gullies). It is too late now for controlled grazing to restore the land to its former
productivity, which was never high.
SALINISATION

The second instance of desertification is associated with irrigation. Waterlogging
and salinisation began to affect large areas shortly after a rapid expansion of
irrigation began in the arid west at the end of the '9th century and in the first part
of the 20th. Initially, little thought was given to the character of the land or to the
need for drainage, and most of the settlers had had no previous experience with
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irrigation. Then, as now, people tended to think that all that was needed to make
the desert bloom was water. As a consequence of the lack of knowledge of the
hazards posed by irrigation, salty and poorly drained soils were irrigated because
they occupied low-lying, level areas that were easy to water. And since few
engineers anticipated a drainage problem, water tables rose, in the absence of a
drainage system, when excessive irrigation water was applied. Irrigators everywhere apparently share a similar philosophy: if a little water is good, more is
better. Inevitably, that leads to over-irrigation as long as the water supply lasts
and water costs are low.
In some areas, salt-affected soils have been abandoned, but this has not been
widespread. Rather, irrigation has continued on lands that are of increasingly
marginal productivity, largely because water has been cheap. The most pervasive
problem is the increase in soil salinity—sometimes slow, sometimes more
rapid—that threatens many thousands of hectares of irrigated land. The Imperial
Valley of southern California is a case in point. There, where over 250 000 ha are
irrigated with water from the Colorado River, increasing salinity of the river
water and difficulty in draining the fine-textured soils have made it necessary to
install ever more costly drainage systems. The adjoining Mexicali Valley in
Mexico has the same problem. Elsewhere, salinisation of irrigated land is a
continuing threat, if not a reality. The threat is least in the semi-arid regions.
About 15% of the irrigated land is salinised to a significant degree.
A salt problem that is rapidly assuming greater importance is that of saline
seepage in the dryland farming areas of the northern Great Plains of Canada and
the United States (Vander Pluym 1978). Saline seeps form when semi-arid
grasslands and shrublands having saline substrates are cleared for cultivation or
forage production. The increased percolation due to the removal of perennial
vegetation raises water tables and salinity levels. Saline seepage now affects
about 3 million ha in the United States and Canada. It is not known to be a
problem in Mexico.
As with overgrazing, salinisation of irrigated land is a greater problem in the
hot deserts of the west than in the cool deserts. Unlike the grazing lands, these
have no large areas of irreversibly desertified salty lands at present. However, the
struggle to prevent a disastrous build up of salt in the soil is never-ending where
irrigation is practised. With continued expansion of irrigation from a limited
number of rivers, water potentially available for any one hectare declines at the
same time that the need for extra leaching water rises. The technology for
controlling salinisation is available; it remains to be seen whether it will be used
effectively. Political decisions and economics will decide. Saline seepage control
is easier for an individual farmer to accomplish, and successful control practices
have been developed.
W I N D EROSION

The third example of desertification comes from the Great Plains, the heart of the
wheat-growing region of the United States and Canada. Soil degradation there
took the form of wind erosion that became an even more severe hazard as settlers
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expanded cultivation into the drier and more marginal lands. All was reasonably
well during wet years, but wind erosion caused excessive damage during the
inevitable dry years. Farmers moving from the humid eastern states and
provinces into the semi-arid west were unprepared to crop with wind erosion.
Periodic crop failures drove people out of the dry lands, but they or others
returned when the rainfall increased again.
After many decades of cropping problems in the Great Plains, a major disaster
occurred that caused unparalleled misery for farmers who had settled the region.
A prolonged drought in the 1930s demonstrated clearly that many soils were
completely unsuitable for sustained dryland farming and should be kept in grass
for protection. Farming practices used then were unable to keep soil from
blowing away in years of average rainfall and were completely inadequate in
drought years.
The worst situation prevailed in what came to be known as the Dust Bowl,
which covered parts of five states: Colorado, Kansas, New Mexico, Oklahoma
and Texas. Wind erosion damage was so great that a mass abandonment of farms
and an exodus of families resulted. Similar abandonment and outward migration
had followed earlier droughts in the same section of the plains, but never before
had the tragedy been so great. The devastation associated with that drought
contributed strongly to the impetus for establishing the U.S. Soil Conservation
Service in 1934.
In addition to the crop failures accompanying the wind erosion, livestock died
as the result of eating excessive amounts of sand and from starvation, a notable
increase in human sickness was attributed to the dust-laden air, machinery was
ruined, cars damaged, and roads became impassable. Erosion was so great that a
pall of dust spread over the humid eastern United States and Canada and out
over the Atlantic Ocean—3000 km away—after major wind storms had swept
over the Great Plains.
Despite predictions that much of the eroded land was ruined forever, crop
yields on the deep soils generally returned to normal when the rains began again.
Some of the blow-out areas, however, have never recovered, even though
cultivation ceased. Those areas require expensive treatment just to bring them
back as productive grasslands.

Soil Degradation in South America
The arid lands of South America are found mostly in the narrow southern part of
the continent and in northeastern Brazil. Soil degradation is a problem of water
erosion, first and foremost, followed by wind erosion and salinisation, both of
which are extensive in Argentina (Figure 3 and Table 2). Wind erosion is locally
important in some places along the coastal plain of Peru but is very minor
elsewhere, because sandy soils are of limited extent outside of the western
pampas of Argentina. Salinisation is common in the irrigated valleys of the
Peruvian coastal desert but the valleys are too small to be shown on the map. Soil
compaction due to heavy tillage machinery is of only modest extent, principally
in Argentina. Soil crusting is widespread in the arid more sections of Argentina
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Kig. 3. Soil degradation in South America.

and Chile but data to substantiate that conclusion are not available.
Over-grazing, excessive wood-cutting, dryland cropping of lands subject to
frequent droughts, and poor drainage of irrigated land have exacted a heavy toll
in the arid zones of South America. Over-grazing and excessive wood-cutting in
small areas around mining settlements became serious problems more than 150
years ago in Peru, Chile and Argentina. The resultant water erosion on exposed
soils removed much of the surface and caused damage that is still obvious today
(Instituto de Investigaciones Agropecuarias 1977).
As has occurred in nearly all the arid regions of the world, attempts have been
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Table 2. Arid lands affected by desertification in South America
Irrigated land
(000 ha)

Rangel; ind
(000 ha)

Rainfedcropland
(000 ha)

Country

Total

Ai c-.c affected
bv desertification

Total

Area affected
by desertification

Total

Area affected
In desertification

Argentina
Bolivia
Brazil
Chile
Colombia
Ecuador
Paraguay
Peru
Venezuela

1 550
65
520
1 280
0
460
9
1 155
350

310
6
78
320
0
115

5 000
1 000
6 000
1 400
0
40

(46
52

500
300

3 800
950
5000
1 350
0
39
20
450
250

180 000
12 000
140 000
24 000
3 500
300
12 000
9 500
2 800

126 000
11 500
135 000
22 400
3 200
280
9 600
8 800
2 600

5 389

1 229

14 290

II 859

384 100

319 380

•>

so

made to cultivate lands that are climatically marginal for cropping. During wet
periods, optimistic settlers move out to the drier regions, hoping that the weather
has changed permanently. Sooner or later, the inevitable dry periods recur and
crops fail. When that happens, soils are unprotected by plants from the
thunderstorms and strong winds that cause water and wind erosion, rhis has
been the case in western Argentina, especially (Prego et al. 1971). Frequent
droughts contribute to water erosion on the fine-textured soils of north-eastern
Brazil, where crop production is highly unreliable and little plant residue is
present to protect the land (Banco do Nordeste 1964).
Salinisation of irrigated land affects large areas in the north-central Argentina
province of Santiago del Estero. High water tables are reponsible. Salt
accumulations have become so great that land has had to be abandoned. The
unusual kind of salinisation called black alkali, with calcium and magnesium
chlorides dominant, is common there. In Peru, salinisation is confined to the
many narrow valleys crossing the coastal plain and is the result of over-irrigation
and inadequate drainage (Flores Coseo 1954). Salinisation and waterlogging
affect about 20% of the irrigated land in the coastal valleys of Peru (Comité
Peruano de Zonas Aridas 1963).

Combating Desertification
Of all the lessons that have been learned from the desertification experience in the
Western Hemisphere, probably the most significant is this: it is easy to destroy
but difficult to restore land productivity. Land abuse is often not easy to identify
in its early stages. Sheet erosion by wind and water does not leave gullies or dunes
behind to show how much damage has been done. Gradual soil losses have little
or no perceptible effect on crop yields or soil properties from year to year: only
when a dramatic change occurs is there a realisation of the seriousness of the
problem. The insidious character of soil degradation makes it difficult to enlist
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the support of farmers and politicians for early control measures. We know that
desertification cannot be allowed to continue indefinitely but we cannot say
when the point of no return will be reached. The question of what constitutes an
acceptable soil loss tolerance remains to be answered (Larson 1981). There is no
good research to guide us.
All the arid zone countries of the Western Hemisphere have established soil
conservation agencies; the main problem they face is that extensive land
destruction occurred during the 100 to 200 years before they were organised. The
effort to prevent soil degradation from spreading further is a full-time task,
leaving little or no time for repairing past damage. Techniques are available to
control erosion and other soil problems and governments are aware of the threat
soil degradation presents to the future well-being of a nation. Funds, however,
are frequently inadequate to put an effective programme into operation. As a
former British district commissioner once said, erosion is a problem that seldom
receives instant attention.
Successful efforts have been made to combat desertification in the Americas
but much remains to be done. Wind erosion control has been greatly improved
with the development of stubble mulch tillage, minimum tillage practices, basin
listing systems suitable for mechanised agriculture, and improved herbicides.
Terraces designed to capture and hold water have helped to stabilise crop yields
and provide plant residues for erosion control. Drought-tolerant crops and
emergency tillage for wind erosion control have further contributed to a
lessening of soil degradation. Management practices are now used that reduce
wind erosion materially and minimise the effect of a single year of severe drought.
Nothing, however, can control soil loss effectively when severe droughts persist
for 3 or more years. And when coarse sandy soils on the dry fringe of the semiarid are cultivated, wind erosion is certain to be a problem in most years.
Water erosion in the arid regions undoubtedly is less in a problem on
cultivated land today than it was 30 years ago. On range lands,however, there
probably has been little improvement except in the wetter areas where grass has
been re-established.
Salinisation and waterlogging seem to be ameliorated in the old irrigated
areas, due to better land levelling, installation of drainage networks, and
improvement of water-management methods. New irrigation projects, however,
have their own particular problems.
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Desertification
in North Africa
A.M. BALBA*
Abstract
Africa contains 55% of the world's area of existing desert and of area desertified
to varying degrees. The phenomena leading to desertification soil
degradation and ultimate failure of crop growth —are dune and sand
encroachment, degradation of vegetation, soil erosion, waterlogging,
salinisation and alkalisation. The human factor in this process is a major one,
contributing to desertification through inadequate land and water management
systems, poor economic planning, and lack of awareness of acute problems.
Combating desertification requires: (1) preparatory survey, (2) identification
of problems and (3) formulation of a plan of action to counteract the process
and to re-establish the affected population.
This paper outlines various land protection measures that need to be
immediately taken and estimates costs—for instance, stabilisation of dunes by
chemical or mechanical means; adoption of proper grazing practices on range
land; re-afforestation and soil conservation practices for rainfed and irrigated
crop land. It is emphasised that traditional social values must be taken into
consideration if these programmes are to succeed.

The total cultivated area in the world is about 13.18 billion ha but a part of this
area suffers from permafrost (Dudal 1978). According to Buringh (1980) 1500
million ha are cropland, 3000 million ha grassland, 4100 million forest land, 400
million non-agricultural land and 4400 million other land.
To produce food for the world's population in the year 2000, an 80% increase
in the area of arable land over the present area is needed. A 30% increase in cereal
production alone has been projected as essential between 1970 and 1985. Africa
contains about 3011 million ha or 23% of the major soil area of the world, out of
which 204 million ha were reported to be cultivated in 1980; this is likely to
increase to 256 million by the year 2000. Most of this area is rainfed and
projections for the future do not expect that this situation will alter very much.
Soil deterioration has taken place in different regions of the globe due to
various causes. The result of such deterioration has always been reduction of
land productivity or even complete failure of crop growth. In due course of time
the region becomes barren and thus increases the desert area. Many disasters
have occurred because of such land deterioration; the disastrous drought of 1968
in the Sahel regions of Africa brought the problem of desertification into sharp
focus.
Desertification has been defined thus: (1) 'the intensification or extension of
•Department of Soil Science, University of Alexandria, Alexandria, Egypt.
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desert conditions. It is a process leading to reduced biological productivity with
consequent reduction in plant biomass, reduction in carrying capacity for
livestock, crop yields and human well-being' and (2) 'the diminution or
destruction of the biological potential of the land leading ultimately to desert-like
conditions' (UNEP 1974, 1977).
This natural phenomenon involving long-term physical processes is associated
with a deteriorating environment. Human activities usually aggravate and
intensify the effect of the physical processes. A desertification map of the world
was prepared according to the U.N. General Assembly resolution 3337 (xxix),
1974, and presented at the Nairobi Conference on Desertification (UNEP 1974).
Table 1 shows the magnitude of this global problem.
Table 1. World area ('000 km2) affected or likely to be affected by desertification.
Region

Existing
extreme
desert

Degree of desertification
hazard
V. high

Africa
North and Central America
South America
Asia
Australia
Europe
Total

6178
33
200
1581

—
—
7992

1725
163
414
790
308
49
3449

Total land area
affected

High Moderate '000 km2

%

4911
1313
1261
7253
1722

55
19
20
34
75
2
35

—
16 460

3741
2854
1602
5608
3712
190
17 707

16 555
4 363
3 478
15 232
5 742
238
45 608

Source: FAO 1977.

In Africa, about 55% of the land area consists of existing deserts or is subject to
desertification of various degrees; thus this problem is of special importance on
this continent. Prom the data in Table 2, it is evident that the efforts required to
combat the desertification problem in Africa are so great that world cooperation,
especially of the developed countries, is necessary. Africa contains about 23% of
the world's agricultural land; at the same time, because all the countries in this
continent are still developing, the rise in population and standard of living
requires a corresponding increase in food production.
The prospects of expanding the food-producing land in Africa depend on the
ability of the African countries to stop desert creep, to reclaim once-productive
Table 2. Percentage of land area in Africa degraded due to various causes.
Causes of degradation
Degree of degradation
Slight
Moderate
High
Source: FAO 1979.

Wind erosion

Water erosion

Salinisation

(%)

(%)

(%)

10.0
1.9
0.2

27.1
5.1
3.3

3.0
1 2
3.6
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territories that have now become desert and to utilise parts of previously unutilised land for agriculture.
The phenomena leading to desertification are: sand dunes and sand
encroachment, degradation of vegetation, soil erosion, waterlogging and
salinisation. The human factor is involved through inadequate land tenure systems
and lack of awareness of acute problems.
Combating desertification, regardless of the process which caused it, requires
preparatory surveys which should show the type of desertification, its degree of
severity in each area and the relative vulnerability of the areas to desertification.
The causes of the problem should be identified and its impact on the social and
economic activities in the area assessed. Finally, a plan of action to counteract
the causes of the problem and to re-establish the disturbed population can be
formulated.
Several means might be used to survey the area, such as remote sensing, aerial
photography and ground marking. Climatic records from the nearest
meteorological station should be secured. Traditional social values and customs
of the inhabitants should be taken into consideration, for their cooperation with
the project is essential.

Desertification Due to Sand Movement
In arid and semi-arid regions, wind erosion can result from mismanagement of
crop land, over-grazing and excessive cutting of trees and bush cover. The
coarser particles of soil carried by the eroding winds usually move close to the
ground surface until their movement is arrested by physical obstructions and
large heaps, or dunes, form. These create problems by creeping over farmland,
roads, railways, buildings, and even whole villages. Coastal dunes may be blown
inland, especially if protective plant cover is destroyed.
Using the Desertification Map of the World, Balba (1980) estimated that
about 577 million ha in the world was vulnerable to desertification due to sand
movement: 319 million ha in Africa, 116 million in Asia, 137 million in Australia
and 4.6 million in South America. The area of very high degree of desertification
hazards due to sand movement was about 44 million ha, out of which about 43.5
million ha are in Africa and 0.5 million ha in Asia. The area with very high degree
of desertification due to sand movement in the arid region amounts to 15 million
ha. The remaining area in the semi-arid regions is about 29 million ha, mainly in
Africa.
Measures to Combat Desertification Due to Sand Movement
In areas subject to sand movement, plans of action to combat desertification
should aim at:
1. Sand dune stabilisation and
2. Shelter belt establishment.
The stabilisation of sand dunes generally comprises two processes: (I)
mechanical or chemical fixation, followed by (2) afforestation. Mechanical
fixation of sand is done by fencing with dry materials and by mulching the
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surface of the dune with dry grass and the like. Chemical fixation is done with
crude oil, asphalt, synthetic rubber or other chemicals.
Afforestation or biological fixation usually follows the mechanical fixation
though, in several areas, afforestation might be carried out without mechanical
fixation. Plant species used for afforestation must be able to withstand drought,
salinity, low soil fertility and fluctuations in surface temperature.
Shelter belts are means for protecting lands from wind erosion, especially in
areas with sandy soils in arid and semi-arid regions where crop residues and
stubble mulch are not available.
SAND D U N E STABILISATION IN AFRICAN COUNTRIES

Egypt. The coastal dunes form a narrow strip along the Mediterranean Sea.
During summer, the top layer is usually very dry and acts as an insulator which
protects the moisture in the lower layers from desiccation. The temperature is
very uniform, preventing evaporation and retaining water underneath the
surface. Mechanical fixation is followed by afforestation.
The main activity is establishing shelter belts to protect the newly reclaimed
sandy soils on the fringe of the Western Desert.
Libya. Both coastal and continental dunes are present in Libya, the latter being
more important because of the larger area they occupy in the agricultural zones.
Sand dunes are mechanically stabilised with stalks of dry grasses, such as
Aristide pungens, established in a checkerboard pattern followed by seedlings of
fast-growing trees such as Acacia cyanophylla and Acacia cyclops. Transplanting of
trees begins in autumn, following the rains. The cost of sand dune stabilisation is
approximately equivalent to US $ 1573/ha.
Chemicals are also used in Libya to control sand movement:
1. Petroleum emulsion is sprayed under pressure on to the sand surface. It
coats the sand particles and after being heated by the sun, forms a 3.8 mm
thick permeable layer. Heavy tractors pull the spraying tanks and 10,000
litres of oil are used to spray two-thirds ha/day. The emulsion is heated to
40 to 60° C and 3 to 5 tonnes/ ha are sprayed under pressure. Trees are
planted after spraying. Cost of operations amounts to US $ 390/ha.
2. A second method tried was to aerially spray a chemical powder on to the
wet dunes to coat the surface of the sand and provide suitable conditions
for germination of grass or tree seed. Although this technique conserved
moisture, it was found that the coating cracked and eroded away when the
sand dried out. Thus this method was discontinued.
3. Young seedlings are transplanted to the site to be treated. Emulsion of
synthetic rubber latex, mineral oil and water is then sprayed on the sand.
This is a relatively low-cost process and vegetation in the treated areas
shows good growth. The problem is that it needs large amounts of water for
preparation and the material disintegrates faster than the crude oil, thus
increasing permeability.
Tunisia. For coastal dune stabilisation, planted forests have been established
which produce 5 8 m3 of wood/ha. Acacia is usually planted first, followed by
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pine after 20 years.. About 30,000 ha of productive forests have been established
on the sand dunes in this way. In the next 5-year plan, the Government of Tunisia
is planning to treat 7000 ha of sand dunes.
For continental dune stabilisation, eucalyptus trees are used when water is
available. Forest trees were planted over an area of 2700 ha in the deep south.
Sand dunes around oases were stabilised by erecting earth, palm-leaf or
prefabricated corrugated-sheet barriers 300 m from the oasis and afforesting the
space between the barrier and the oasis.
Morocco. In the Atlantic coastal area, mechanical stabilisation is used in the
first year, followed by planting of grasses and then shrubs.
Algeria. The green belt project aims at afforestation of an area 1500 km long
and 20 to 40 km wide. It protects an area of 3.5 million ha.
Sudan. Sand dunes are found across the whole of northern Sudan to the
Ethiopian frontier, but not south of latitude 13° N. There are two types of sand
dunes, the stable ones and the moving ones which are threatening about 7 million
people who depend on the arable land extending along the Nile basin.
Experiments are directed to selecting the most suitable plants and techniques
of planting.
Fixation with dry materials, followed by planting trees is the technique used in
sand dune stabilisation.
Shelter belts represent one of the most important measures taken to protect
agricultural fields and arable lands against the encroaching desert and moving
sand dunes.
The Sudanese Government adopted a policy which requires that 5% of the area
of any agricultural field must be reserved as tree plots.
Somalia Democratic Republic. Fixation of about 700 ha of active sand dunes,
100 km south of Mogadis, is under way. Instant hedges are made, using branches
of four locally available plants, planted 15 m apart. The area in between is usually
randomly planted with Agurstia sp. and Casuarina equisitifolia. Areas that
received this treatment 3 years ago have now become stabilised and support
various farms of plant life.
Another method tried in some strips between the hedges was to cover the sand
with clay which is available near the site. The operation is under study.
Cost of Sand Dune Fixation and Afforestation in Africa
From a previous survey of costs of sand dune fixation and afforestation in several
countries using 1973 prices, Balba (1980) concluded that the process of mechanical
fixation followed by afforestation costs US $ 1550 ha. Mechanisation of parts of
the process reduces the costs to half. Chemical fixation might be a way to
overcome the scarcity of hand labour. This process cost US $ 390/ha in 1973; it
might be more than double that in the 1980s. Mechanical fixation might be
omitted, as done in Egypt. In this case, trees used for afforestation should have
long (at least 1 rri) root systems. Thus cost per ha might be decreased to about $
175. As a target for the period of 20 years, one-fourth of the total (29 million ha)
might be feasible. In this case, the cost of a minimum programme wouid be $1225
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million, for about 7 million ha. The full programme, including mechanical
fixation, would cost US $ 2450 million.

Range Land Management
Range land describes most categories of land that are not under forest or
cultivation, and especially those that sustain grazing or browsing animals. Some
of these lands have potential for other uses, but arid and semi-arid range land is
characterised by precipitation too low or too erratic to support forestry or
permanent cultivation, except with the aid of irrigation. In these areas, the
rhythm of life, including human activities, is controlled by the seasonal
variations and the availability of water resources to satisfy the needs of man and
his herds. These water resources, seasonal or permanent, are essential factors
that limit the presence of man and his herds.
The inhabitants of these areas live under constant threat of rainfall failure. The
drought (years of below-average rainfall) that hit the Sahel in the years 1968-1973
was an example of recurrent threat.
Table 3. Irrigated and rainfed area in Africa (million ha).

Irrigated
Rainfed
Total

1980

20(H)

4
200
204

6
250
256

Source: FAO 1979.

A description of the Sahel in 1973 shows that as a result of 5 years of drought.
Lake Chad had shrunk to one third of its normal size and was no longer one body
of water (UNCOD 1977). In the preceding winter, the Niger and Senegal rivers
had failed to flood, leaving much of the cropland unwatered and barren.
The present situation in the Sahel isoneoutstandingexampleofamuch larger
problem. Over much of the range area in Africa, the increasing concentration of
people and livestock on a decreasing range land resource has led to the
breakdown of systems of pastoralism which previously had maintained some
degree of equilibrium in the range ecosystem. Failure of the rains meant the loss
of valuable annual pastures in the northern Sahel. As the drought continued, and
the water store became more depleted, there was wide-spread death of shrubs and
trees. With the drying out of shallow and seasonal wells over much of the Sahel,
the grazing range of pastoralists became critically restricted. Famished and
weakened livestock concentrated around larger watering points where
vegetation and soil were destroyed, or even driven southward, often in a fruitless
search for pasture.
Africa and the Near East contain the world's largest expanse of arid and semiarid range land extending over 7 million km2. At present this area supports about
20 million people and 200 million head of domestic livestock, the source of
subsistence of their owners and the bulk of the animal products for an additional
400 million people.
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Distribution of Range Lands
The range land in Africa occupies several geographic and climatic regions:
1. The Mediterranean basin where rainfall is concentrated in a relatively cool
winter season, thus permitting reliable cropping extending to areas of 300
to 400 mm rainfall, compared with areas of 600 mm or more rainfall
elsewhere in Africa.
2. The Sahelian belt, fringing the Sahara, characterised by a very hot dry
season of 7 to 10 months, with rainfall concentrated mainly between May
and September.
3. The East African equatorial belt, influenced by the presence of highland
masses, where much of the range area enjoys bimodal rainfall and warm
but relatively equable temperatures.
4. Southern Africa, where rainfall is concentrated mainly between September
and March, with a relatively cool dry season.
Within each of these climatic regimes, there is considerable variation in
vegetation and land potential, depending on the site conditions.
There is also great variation in the pastoral systems between and within these
four regions. Some groups keep livestock just by tradition, as the area is too dry
for cultivation. In other areas, pastorals are much more dependent on milk,
which is produced by camels or cattle, or on meat, derived mainly from sheep or
goats. When ecological conditions permit, mixed herds are kept for meat and
milk production (Table 4).
Table 4. Present and expected status of animal production in Africa.
Animal

Cows and buffaloes
Sheep and goats
Pigs

Total weight ('000 tonnes)

Total number (millions)

1980

2000

1980

2000

1732
747
235

3756
1787
873

132
222.8
6.4

190
347.3
13.7

Source: FAO 1979.

Vulnerability to desertification in range lands and the severity of its impact are
governed by:
• Climate; the lower and more uncertain the rainfall, the greater the potential
for desertification, with seasonality of rainfall also coming into play.
• Soil texture and structure.
• Types of vegetation.
• Density of population or livestock. Liability to desertification is a function
of pressure on land use, and the principal characteristics of ecosystems
need to be considered to avoid permanent damage to environments.
Biological Productivity of Range Lands in Africa
The productivity of African range lands is in keeping with the uncertain moisture
supply. Plant life is patchily distributed over the landscape, in relation to the
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distribution of rainfall and run-off characteristics of the land; therefore, a very
small proportion of the land may produce a very large proportion of the available
food. Indigenous plants and animals have evolved efficient mechanisms for
resilience, both as individuals and as populations. These must not be damaged if
the community is to survive. As in humid areas, the catchment of a major river
functions as a unit. Damage by over-grazing in upper parts of the catchment will
lead to silting lower down. The concentration of salts by evaporation higher up in
the valley will cause salinisation lower down.
Effects of Grazing
The effects of heavy grazing on these lands are both direct and indirect.
DIRECT EFFECTS

Trampling. The devastation around the wells often attributed to over-grazing
is the result much more of trampling than of actual grazing. Vegetatin is
destroyed by trampling and the bare ground is pounded, powdered or puddled by
the hooves of the herds. When the rain comes the soil is puddled and becomes
impermeable. The nitrogen from the droppings of the herds is denitrified and
may even contaminate the water.
Over-grazing. Heavy grazing removes the leaves of grasses, curtailing
photosynthesis and seeding. The most palatable grasses are damaged first,
severely reducing their regrowth. A general principle is that the most valuable
plant communities suffer the most.
INDIRECT EFFECTS

With the reduction of healthy pastures, unpalatable plant species, resistant to
damage, expand their cover. In many ranges poisonous forms become
dangerously common and woody shrubs invade the pasture. The grass-eating
insects seriously compete with sheep for grasses during the droughts. Such
changes in the character of vegetation habitats also affect the invertebrate
population, such as bees, which need a continuous supply of flowers. Land left
bare by heavy grazing or trampling is suitable breeding ground for the desert
locust, which may thus spread in these areas.
The water balance is drastically upset. Infiltration of sandy soils increases
while that of the clayey soil decreases. Bare areas increase desiccation of plants in
adjacent dry areas.

Measures to Combat Desertification in Range Land
Basic measures required to combat desertification in range land include:
1. Preliminary surveys to determine the variety of dryland pasture under
differing seasonal conditions, the requirements of pasture plants for
successful regeneration under grazing and the dimensions of the impact of
grazing on proposed pastoral systems.
2. Assessment of the carrying capacity of the land.
3. Adoption of grazing practices that will permit deferred or rotational
grazing and allow vegetation to recuperate.
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4. Localised restriction of livestock movement along the cattle tracks
around salt licks, watering points and settlements, with measures to avoid
intensive local grazing and trampling.
5. Use of perennials in a dual role, as surface protection and as fodder during
period of drought.
6. Establishment of protected -fenced in—seed reserves and grazing
reserves against drought.
7. Conservation of plant genetic resources.
8. Development of simple water-harvesting schemes such as trenches and
flood banks.
9. Special help to pastoral systems during drought periods.
10. Mutual support from adjoining crop-based systems.
11. Due consideration of traditional social values, essential to gaining willing
participation of local communities.
12. Establishment of pilot projects and incentives to pastoralists to maintain
the needed balance.
Costs of Minimum Programme for Range Land Management in Africa
The author (1980) suggested a minimum pilot programme for range management
for each African country.
According to the FAO (1979), a feasibility programme would call fora world
target of increasing areas under adequate range management by about 20 million
ha of which 1.9 million would be in Africa.
The programme would include eradication of weeds, rotational grazing,
seeding of suitable grasses and legumes, planting of forage bushes, cultivation of
improved varieties of grasses suitable for arid zones, etc. The cost of such projects
would be about US $ 10/ha; thus a pilot programme for African countries would
cost about 80 million U.S. dollars while a feasibility programme would cost U.S.
$ 19 million.
A policy must be defined to ensure proper development of pasture land.
Constraints in terms of experts available, infrastructure, governmental policy,
etc. must be defined also.
In the opinion of an expert consultation meeting held in 1980 by the FAO in
Rome, deficiencies in planning and execution, rather than a shortage of funds,
have hampered or distorted range development.
The experts concluded that the commonest causes of failure are:
1. Lack of information or understanding of ecological potentials and
constraints and of socio-economic conditions, leading to unworkable
projects. For example, attempting settlement in areas where nomadism is
an ecological necessity or misjudging livestock-carrying capacity.
2. Unbalanced development, such as, development of water supplies without
providing adequate management or other supporting facilities such as
marketing.
3. Lack of an adequate organisation for the planning, direction and
coordination of range development, coupled with deficiencies in staff, both
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in numbers and training.
4. Inadequate local participation and organisation at the level of the pastoral
community, depriving the people of incentives and means to contribute
positively to the development process.

Forest Management
The ecological impact of forests is recognised in their effect on water catchments
and in regulating stream flows. In catchment areas, forests retain water in the
roots and humus layers, releasing it as a sustained flow over a long period of time.
Thus the forest cover protects land from erosion, reduces flooding in adjacent
areas, and in turn minimises the silting of rivers, canals and dams. The absorbed
water feeds streams and underground aquifers and thus contributes to a stable
hydrology essential to irrigated agriculture. Forests also function as natural
shelter belts, reducing wind erosion and slow expansion of deserts.
The degradation of forests, unless stopped by proper management techniques
and reversed by protection and afforestation measures, ends in complete
destruction of tree cover. This clearance of tree cover results in considerable
reduction, or in many cases even complete loss, of soil productivity, not only in
the areas which were once covered by forests, but also over large tracts of arable
and range lands. For this reason reforestation of the cleared forest lands has a
very important place in programmes for combating desertification.
Several authors have attempted to estimate the seriousness and extent of forest
degradation. The figures they have produced present a wide range of variation,
due perhaps to different criteria used in estimation.
According to World Bank (1978) estimates, the annual forest loss in Africa is
about 2 million ha.
Balba (1975) concluded that cost of afforestation (based on then current
prices) was about U.S. $ 300 in the Meditarranean and U.S. $ 240 in the savanna
region and the closed forest areas of the tropics of 1975.

Soil Conservation in Rainfed Cropland
Rainfed cropping is practised in Africa under variable climates and
environmental conditions. Accordingly, regions of rainfed cropping differ in
their crops, technology and cultural setting. These regions are vulnerable to
desertification, though the causes may be different and the remedial measures are
also different.
In the Mediterranean region, depletion of forests without accompanying
reforestation has resulted in dryland shrubs and bare earth with eroded surface.
Measures to Combat Desertification in Rainfed Crop Lands of Africa
Contour ploughing, crop rotation, mulching, strip cropping, terracing, and dam
construction are considered as effective methods of combating desertification.
Soil degradation in the cropland regions of Africa is estimated by FAO studies
at 45% of the Sahelian countries and 25% as a general evaluation. A minimum
soil conservation programme in Africa would comprise 50 million ha of
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cropland. Based on the FAO estimates (U.S. $ 100/ha) of the cost of soil
conservation, a minimum programme on 50 million ha of degraded cropland in
Africa would cost 5000 million U.S. dollars.

Desertification Due to Salinisation
In considering the problem of desertification due to salinisation, sodification and
waterlogging and in formulating remedial programmes, a comprehensive
appraisal of the areas suffering from and subject to desertification should be
made. Another way to look at the problem is to consider the present and
projected irrigated areas in arid and semi-arid regions of Africa.
The FAO report, Water for Agriculture, prepared for the United Nations
Water Conference (1977) stated that the actual equipped irrigated area in Africa
in 1975 was 2.61 million ha and is expected to reach 3.57 million in 1990. In
another study, FAO estimates put this figure at 6.4 million ha.
The report also stated that the area which requires drainage improvement in
Africa is 1.177 million ha of irrigated land and 4.724 million ha of non-irrigated
land (to control waterlogging).
Expansion of irrigated area in Africa requires considerable investment,
estimated at about U.S. $2800/ha at 1975 prices. These prices might reach as
high as U.S.S 5000 to 6000/ ha now. Increasing the irrigated area in Africa from
3.87 million to 6.4 million ha by the year 2000 would require 7280 million dollars
at 1975 prices or 13,000 million U.S. dollars at $ 5000/ha.
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Desertification
in West Africa
S.V. ADUAbstract
Desertification in West Africa is the result of a combination of several factors
which can be attributed to the interaction between drought, the activities of
humans and animals and the surrounding environment. The major areas of the
desertification process are confined to the arid and semi-arid zones, which
closely correspond to the Sahel and Sudan savannas. The northern Guinea
savanna zone has as yet been little affected. In the three bioclimatic regions the
Sahel zone is characterised by acacia and desert grass savanna, the Sudan zone
by acacia and tall grass savanna and the Guinea zone by high grass, low tree
savanna. Four major soil groups are to be found in the Sahel and Sudan
savanna zones, namely, sandy desert soils, stony and rocky desert soils, residual
and alluvial desert soils, and saline and alkaline soils. The Sahelian countries
have adopted several strategies for desertification control, comprising mainly
tree-planting, establishment of shelterbelts, wind and fire breaks and
afforestation. They include also pasture development and protection and
control of bush fires. These strategies need a multidisciplinary approach by
various technical experts. The need for training indigenous Sahelians in the
relevant anti-desertification disciplines has been stressed, as also the need to
arouse public awareness through the appropriate national organisations and
institutions of the havoc caused by this hazard. It is also urged that.in the fight
against desertification, sub-regional and international approaches be adopted
to ensure success. In this connection, financial and technical assistance may be
sought from international funding agencies and institutions.

The U.N. Conference on Desertification (1977) defined deserts as 'regions where
vegetation is scarce orabsent because of deficient rainfall oredaphic aridity'. The
conference further defined desertification as 'the intensification or extension of
desert conditions: a process leading to reduced biological productivity, with
consequent reduction in plant biomass, in the land's carrying capacity for
livestock, in crop yields and human well-being'. In this respect, desertification
may be regarded as being confined to regions that are potentially vulnerable to
the process, that is, areas transitional between true deserts and regions with more
or less normal evironmental conditions. The boundaries between these three are,
however, diffuse and not clearly defined.
In Bovill's (1933) interesting book entitled Caravans of the Old Sahara, he
observed that a slight increase in the aridity of the lands bordering the Sahara
would produce far-reaching political consequences, resulting from the edaphic
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changes, while a corresponding slight increase in rainfall would quickly multiply
the waterholes and desert pastures which would make life of man more endurable
in these areas. The lands he was referring to lie north and south of the Sahara: to
the north, Barbary; to the south, the great plain separating the Sahara from the
equatorial forest, the Beled es Sudan, an Arabic name meaning the Land of the
Blacks.
Citing a number of historical and archaeological evidences from north Sahara,
Bovill himself concluded that the evidence of climatic change seemed to be
overwhelming and consequently the desert was encroaching from the south to
the north, although according to him exhaustive research into the problem by
Gsell (1921), then the greatest authority on the history of Africa, convinced him
that conditions had changed but little since the Roman period.
Turning from the northern to the southern fringes of the Sahara, Bovill
reviewed the literature then available on the subject, all of which showed beyond
doubt that whatever might have happened in the past, there was progressive
desiccation and that the Sahara was encroaching on the Sudan.
The review cited instances of the problem from such places as Senegal
(Annates de Geographie 1917), the Gambia (Annual Report 1920), Middle Niger
(Gautier 1908) and the provinces of Sokoto and Bornu in northern Nigeria
(Vischer 1909; Tilho 1920; Duff 1921; Edwards 1921).
In all the instances, the evidence of progressive desiccation and encroachment
of the Sahara on the Sudan pointed to failing wells, shrinking rivers and lakes,
river-beds being choked by drifting sands, waters becoming increasingly saline,
crop failures and southward migration of agricultural communities, all a
constant source of anxiety to the administrative authorities in these states.
It was realised, however, that the desiccation in these areas was not wholly due
to natural factors but, to a lesser extent, also to the incalculable harm wrought by
shifting cultivators in the absence of crop rotation or manuring (Nigeria 1924).
Thus is was believed that though climatic change was undoubtedly playing its
part, man himself was aggravating the evil.
Geologists such as Gautier (1908) and Chudeau (1909), on the other hand,
were disinclined to admit that the Sahara was encroaching on the Sudan, though
they conceded instances of local desiccation. They even maintained that the
movement was in the opposite direction, and based their arguments on the
occurrence of dead ergs or fossil sand dunes in regions now lying south of the
Sahara and enjoying substantial rainfall.
In fairly recent times, Stebbing (1937), a forester, travelled extensively through
West Africa and made some observations on the southward encroachment of the
Sahara due to drier conditions. However, an Anglo-French Commission, which
investigated the matter later (Church 1957) found no instance of live sand dunes
along the Nigeria-Niger boundary, no universal lowering of the water table by
natural causes and no rapid drying out of Lake Chad. They did, however, find
degradation of soil by wind and water through the action of man, and urged
protection of head-waters, the reservation of forests and contour farming
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(Church 1957). Other ecologists like Jones (1938) rejected Stebbing's
observations. Jones argued that such evidence would show signs of sand
encroachment, declining rainfall, a lowering of the water table and a southward
retreat of the frontier settlements and cultivation. On the other hand, Stamp
(1957) observed that the problem concerns not so much the margins of the
Sahara as the zone of woodlands, which is ever ceding to grass.
It seems that the arguments for or against the question of the extension of
desert conditions southwards have not yet been fully exhausted. However, the
drought of the 1970s appeared to weigh in favour of encroachment and
desertification has thus become a problem of major concern and a source of
anxiety to many West African countries. The far-reaching political consequences
of aridity forecast by Bovill (1933) have today turned out to be true. This paper
examines the problems involved and the strategies being adopted to combat
desertification.

Ecological Zones at Present Vulnerable to Desertification
In West Africa the major areas of the desertification process are confined mainly
to the arid and semi-arid ecological zones. These correspond more or less to the
Sahel and Sudan savanna zones, respectively (Figure 1). The northern Guinea
savanna zone which lies to the south of the Sudan zone, has been little affected,
with only pockets of edaphically and anthropogenically induced deserts being
present.
The Sahel Savanna
The Sahel region occurs in southern Mauritania, north-central Senegal, in much
of the Niger riverbend of Mali, in southern Niger, Upper Volta, and in the
extreme north-east and north of Nigeria and Cameroon, respectively. It may
have 9 to 11 dry months, coinciding more or less with a belt having an average
annual rainfall increasing from about 150 mm in the north to around 500 mm in
the south (Figure 2). However, the total rainfall can be misleading as it may
deviate from the normal by 30 to 40% (Figure 3). This wide variability also holds
good for atmospheric humidity, soil moisture and aeration, temperature (both
diurnal and annual) (Figure 4), intensities of wind, sunshine and solar radiation.
The original climax was probably thorn woodland. This has now become,
through the influence of man, more open and characterised mainly by many
species of acacias, notably Acacia seyal, A. raddiana, A. Senegal, A. laeta, A.
ehrenbergiana, A. nilotica and A. sibriana. These average 5 to 10 m high. Thorn
shrubs such as Commiphora africana (African myrrh,) Balanites aegyptiaca,
Salvadoria persica, Maerue crassifolia, Calotropis procera and Euphorbia
balsamifera are also characteristic. Grasses are short, discontinuous, wiry and
tussocky but much grazed by cattle and sheep. There are no real gallery or
fringing forests, only riparian woodland of the acacias mentioned.
Fires are far less serious than further south, because there is neither the density
of trees nor cover of grass to facilitate them, nor such density of population as to
start them. In this zone, in consequence, grazing animals are the ecological agents
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much more than fire. Soil and water supply exert a powerful influence on all
activities. Nomadic pastoralism can be practised here, but rainfed agriculture is
not possible.
The Sudan Savanna
The Sudan savanna is found south of the Sahel savanna in a belt some 200 to 400
km wide from Senegal to Nigeria and beyond (Figure 1). In this zone annual
rainfall averages 550 to 900 mm (Figure 2) and is concentrated in a short wet
season usually from mid-July to September. This is followed by 8 to 9 months of
dry, almost rainless, months and an atmospheric relative humidity which in the
early afternoons may drop to 8%. November to May is the driest period.
Evapotranspiration exceeds annual precipitation and the degree of aridity
generally increases with increase in latitude throughout the area. In this zone
rainfall variability from one year to another is 20 to 30% (Figure 3) and annual
range of temperature decreases gradually southwards (Figure 4).
The infrequent and short-duration rains are usually preceded by violent
storms followed sometimes by severe soil erosion which exposes bare rock. This
is a major problem in the over-populated parts of this zone.
This area appears to be a transitional climatic and vegetational zone with some
spreading of species, particularly acacias, from the south and from the north. It is
also one of the most negatively affected by man, often being densely inhabited,
because to the north the climate was too dry for agriculture, to the south the
forest was too thick for easy clearing and too heavily infested with pests for the
health of man and beast. The open Sudan savanna grasslands, therefore, offered
the logical site for settlement, in spite of indifferent soil and other environmental
conditions (Morgan and Pugh 1969). Northern Nigeria, Upper Volta and
western Senegal are some of the densely populated areas lying within this zone.
Larger trees almost always occur singly. They have wide spreading crowns and
average 8 to 16 m in height, although the smaller acacias reach only 3 to 6 m. The
Dum Palm (Hyphaene thebaica), Sclerocarya birrea, Balanites aegyptiaca and
the Baobab (Adansonia digitata) especially in the west are common. The last
two, as well as the locust bean (Parkia spp), shea butter tree (Bulyrospermum
parkii), Acacia albida, Tamarandus indica and Kapok or silk cotton (Bombax
costatum) are all protected because of their economic value.
This zone also has shrubby vegetation with climbers (e.g. Combreium
micranthum and C. elliotti) and a discontinuous herbaceous layer. Grasses which
sprout only just before the rains are 1 to 1.5 m high and less tussocky than the
Guinea savanna zone of the south. Consequently, they are mush grazed and less
deliberately burnt. It has been observed in general that moderate grazing keeps
the grasses short, arrests fires and so allows greater tree growth and regeneration.
The original vegetation climax may still survive on isolated inaccessible slopes
and rocky sites, or along water courses.
Most trees are xeromorphic, with small leaves to prevent excessive
transpiration. From November to March, dry desiccating northeast harmattan
winds blowing from across the Sahara desert predominate. During this period,
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vegetative growth stops, grasses wither, most trees except Acacia albida shed
their leaves and the smaller rivers and streams dry up. At this time of the year, the
entire landscape is bare and appears desert-like.
An accompanying feature of the dry atmospheric conditions of this period is
the wide diurnal and annual variation in temperature (Fig 4).
These climatic conditions are indicative of a harsh environment that often
causes great bodily discomfort to both humans and livestock. Despite this,
rearing of livestock and rainfed agriculture are both possible in this zone. After
the severe drought of the 1970s, the term 'Sahel' is nowadays often loosely used to
include this zone.
The Northern Guinea Savanna
This sub-humid zone is found in the Niger river valley lands of Guinea, along the
borders of the Ivory Coast and Upper Volta, in the northern parts of Ghana,
Togo, Benin and Nigeria. In the dry season there is a wide diurnal range of
temperature followed by 7 to 8 months rainy season with lower temperatures and
less variation. Variability of rainfall (15 to 20%) is less than in the semi-arid and
arid zones but more than in southern ones (Fig. 3). Relative humidity varies
between 50 and 80% but in the dry season is under 70% at 0900 hours.
This zone is characterised by more dense and high grass vegetation so that
intensive burning is common. Although poor in flora, the dominant species are
Isoberlina doka, I. dalzielii, Monotes kerstingii and Upaca togoeuisis. The
savanna woodland trees are up to 15 m in height, may be fire-tender or
fire—resistant. Useful trees such as the shea butter ( Butyrospermum parkii),
tamarind (Tamarindus indica), locust-bean, {Parkia oliveri), Vitex doniana,
Afzelia africana, Daniellia oliver and Landelphia heudelotii are generally
preserved and appear to have xeromorphic properties.
In this zone rainfed agriculture is common for crops adapted to seasonal
drought. The desertification process is at present rather slow, so that perhaps this
zone can be more readily protected from the southward encroachment of this
hazard.
Briefly, therefore, the three categories of savanna outlined above are the Sahel
zone, consisting of acacia-desert grass savanna, the Sudan zone of acacia-tall
grass savanna and the northern Guinea zone, which is predominantly high
grass-low tree savanna.

Soils
General Characteristics
Buringh (1970) has described the characteristics of arid and semi-arid soils. He
observes that because of the scarcity of vegetation, it plays only a minor role in
the soil formation of these areas. Thus arid soils contain hardly any organic
matter (0.2 to 0.5%) while semi arid soils have somewhat more (I to 2%) because
of the moist climate. The meagre amount of organic matter present is well
distributed throughout the soil profile and decreases gradually with depth.
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Over large areas the parent material is rich in lime and gypsum. Since rainfall is
low, chemical weathering is slow and mineral reserves are often high. Physical
weathering is particularly intense in deserts, where the diurnal temperature range
is greatest. Very stony and rocky deserts and semi-deserts sometimes have better
soil development because of the penetration of rainwater downwards through
cracks in boulders and rock outcrops. Clay plains of fluviatile or lacustrine
origin, some of which are Vertisols, occur over extensive areas. Sand and sand
dunes as well as salt and clay dunes also occur. The latter two consist of aggregate
silt or clay particles cemented by lime, gypsum or salts. Some soils are extremely
gypsiferous because of primary weathering of gypsum rock material or of regular
accumulation of gypsum dust. Some lacustrine soils are extremely calcareous.
The topography is an important factor in sheet and gully erosion, as minor
differences in elevation can initiate run-off. The presence of a surface seal—a
thin, hardly permeable, brittle crust about 1 or 2 mm thick -reduces the effective
rainfall considerably, most of it being lost through run-off and evaporation.
The characteristics of the soils of arid and semi-arid regions are embodies in
the four major classes of soil degradation processes outlined by the U.N.
Conference on Desertification (1977). These are shown in and comprise:
1. Areas subject to sand movement (781 700 km2, the approximate extent in
West Africa). These are areas of active sand dunes (erg, nefoud, koum),
fixed dunes with barren sandy patches on their crests, sand sheets on
sandy soils which may be modified by over-grazing or over-cultivation
and form sandy hillocks (nebkha), and residual sandy surfaces left by
deflation of fine material.
2. Stony and rocky surfaces (403 800 km2). These have resulted from soil
stripping by deflation or sheet wash (reg or serir) and piedmonts mantled
with stones or rock debris and extensive rock outcrops or calcareous or
gypseous hardpan (hamadd).
3. Areas subject to soil stripping by water erosion (110 240 km2). These are
residual or alluvial soils found on slopes and on flat lands. They include
extensive bare areas with sealed surface soils. Sheet, rill and accelerated
gully erosion by intense rain following long dry seasons result in the loss
of vegetation.
4. Areas subject to salinisation and alkalinisation (2505 km2). These are
found mainly in depressions with interior drainage (e.g. playas) and
alluvial and littoral plains of very low gradient and with fine-textured
soils. The vegetation is usually degraded or absent due to severe saline or
alkaline conditions.

Causes of Desertification in West Africa
Throughout West Africa the causes of desertification are more or less identical.
They result from a combination of several factors which may in sum be attributed
to the interaction between droughts, the activities of humans and animals and the
surrounding environment.
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Droughts
Within the Sahelian and Sudan savanna there is evidence of a cyclic pattern of
alternating years of average and below-average rainfall. This cyclic pattern is,
however, very irregular and, therefore, makes prediction of below-average
rainfall years impossible. However, Zonneveld (1980) has stated that in the
estimation of Rapp (1974) and others the serious drought around 1970, which
attracted world-wide attention, seems to have had parallels in the past, with a
time sequence of about 30 years or so. The drought sparked off an awareness of
such ecological problems as diminishing soil fertility, over-grazing, desert
encroachment and deforestation. This period increased the vulnerability of many
West African countries to desertification, in that decline in moisture supplies
resulted in the suppression of vegetative growth to support human and animal
populations. Other consequences of the drought included widespread crop
failures, livestock mortality owing to impoverishment of pasture land and
eventual migration and desertion of localities. It has been reported by Giri (1979)
that during this period cereal harvests fell by one-third of their normal level in
the Sahel and the number of herds of cattle declined in some areas by as much as
one-half or even more.
This drought appears to have been the most serious over the centuries, not
because of the low amount of rainfall but because of the very great increase in the
number of people who now inhabit the area, due especially to the stoppage of
tribal warfare and the eradication of tropical diseases and reduction of infant
mortality, all of which took a great toil of life in the past (Glanz 1977; Hiddore
1977). The increase is also due to the introduction of modern communications
which usually bring relief supplies if famine occurs.
Improper Land-Use Practices
CURRENT LIVESTOCK AND ANIMAL
HUSBANDRY PRACTICES

Throughout the Sahelian and Sudan savanna, a sizeable proportion of the
population are full time herdsmen. In a number of countries within this zone
there is a strong tradition of regarding livestock, and particularly cattle, as a
means of saving rather than as a productive unit. Thus the rate of offtake from
cattle herds is extremely low, to the extent that the biomass ratios have become
critical and over-grazing has become common. During periods of drought,
livestock have to be herded for long distances in search of water and suitable
pasture. This has resulted in seasonal migrations of nomadic communities in
southward and northward directions during the dry and rainy seasons,
respectively. These migrations are associated with soil deterioration in these
pastoral areas, particularly around water holes.
Besides over-grazing of the available pastures, branches of evergreen trees are
lopped off to provide fodder for livestock during dry-season journeys. This
practice results in further degeneration of the already scanty vegetation of the
arid and semi-arid zones.
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TRADITIONAL FARMING PRACTICES

Desertification in the arid and semi-arid parts of West Africa has been recognised
to be due to the intensive farming of lands around urban and peri-urban areas
without any fallow periods because of increasing pressure of population on the
land. Cereals (millet and sorghum), the main crops grown, are unable to give
adequate protection to the land surface. When they are harvested, livestock graze
off the leaves in the stubble, and the stems are used as fuel. The land is
consequently laid bare and becomes very vulnerable to erosion by wind and
water. Erosion ultimately exposes the less fertile, less friable subsoil and parent
material, making them less capable of supporting crops and other forms of
vegetation. Yields from the farms decline rapidly over a few years. Farmers are
ultimately forced to abandon the locations for new sites, where the process of soil
degradation is resumed all over again.

BUSH F I R E S

Bush firing was recorded as early as the fifth century B.C., at the time of the
voyage of Hanno of Carthage (Church 1957; Eyre 1966). It was practised in the
ancient Ghana, Mande, Songhayand other medieval empires whose domains lay
around the middle Niger up to more than 1000 years ago. A vicious cycle of firegrass-fiercer fire has for centuries been denuding the savanna woodlands (8° to
15° N) of life. These woodlands were originally the most extensive vegetation in
West Africa but, because they were frailer and have been longer attacked than
other areas, they have largely succumbed to firing by man and to the advent of
grass and deserts. Thus grass appears to be a fire-climax not a natural
climax.
Nomadic herdsmen regularly and intentionally set fires to promote the growth
of new shoots of fodder for their starved livestock after the long drought.
Hunters also use fires frequently to drive wild game into the open, while farmers
sometimes use fires to clear land for preparation before planting their crops.
Fires may even be started from sheer habit or wantonness. These fires, which are
mostly uncontrolled, burn the grass down to ground level, but it is not destroyed
on account of the underground root-stocks. But trees lose their remaining leaves
and, unless protected by thick bark, may be killed.
LACK OF F O R E S T MANAGEMENT

The dense population which inhabits the arid and semi-arid zones depends
entirely on firewood as fuel for cooking and heating their homes during the cold
harmattan nights. There is, therefore, an intensive exploitation of the scanty
vegetation to meet the ever-increasing demand for firewood and for building
material. Even roots of plants are dug up in the search for fuel, while grasses are
cut for roofing and fencing. The slow rate of tree growth in this zone makes it
impossible for the regeneration of forest vegetation to cope with the rate and
intensity of exploitation. This leads to a decline in vegetation cover and a general
deterioration in the environmental conditions.
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SALINE AND ALKALINE CONDITIONS

Desertification due to excess salt has been reported on the littoral of Senegal and
Guinea Bissau.
WARFARE

Guinea-Bissau has also experienced desert formation resulting from the use of
defoliants in warfare.

Socio-Economic Impact of Desertification
The impact of desertification on a number of affected countries includes:
• an increased scarcity of fuelwood supplies;
• a reduction in cattle populations and liveweight, leading to reduced
earnings for the peasant population, widening the already substantial
income differential between the rural and urban populations;
• a decrease in agricultural productivity and consequent famine and
unplanned migration from rural to urban areas, where adequate
employment opportunities are lacking.

Strategies for Combating Desertification
Technological Strategies
The awareness of the seriousness of the desertification menace has led many
countries, especially those in the regions affected, to adopt various measures for
control and prevention.
Soil Conservation and Afforestation Measures
Tree planting, establishment of shelterbelts, wind and fire breaks and
afforestation are measures designed for general soil conservation. They are also
meant to protect farmlands, livestock and human settlements and to provide
herbage, fuelwood and poles for building. In many countries they are initiated
mainly by Forestry Departments and, to a lesser extent by Agriculture
Departments.
In Nigeria, organised tree-planting campaigns and annual tree-planting
exercises are reported to date back to the early 1940s in the Katsina province of
Kaduna state. This spread to Kano and Sokoto states, so that by 1972, the
number of seedlings distributed free of charge by the Forestry Service to the local
population exceeded one million annually. The tree species planted are neem
(Azadirachta indica), eucalyptus and such economically useful species as Parkia
clapertoniana, Adansonia digitata, Butyrospermum /wA:z; (shea butter tree) and
Bomba.x costatum (kapok). The use of several other species, including Acacia
nilotica, Zizyphus spp, Prosopis chilensis and Anacardium occidentale (cashew)
have also been reported, but results have shown that only neem and sometimes
Acacia nilotica are sufficiently drought-resistant for the environment. Acacia
albida is also commonly planted for its valuable fodder during dry seasons; it is
very extensively planted as a farm tree in the Republic of Niger both for fodder
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and for its very widely acclaimed soil-improving property. Such tree-planting
campaigns using a number of the species named have also been reported from
Gambia, Upper Volta and Senegal.
PASTURE DEVELOPMENT AND PROTECTION

This activity is included in the programmes of such countries as Gambia,
Senegal, Mali, Upper Volta and Niger. Studies undertaken in the Sahelian Upper
Volta show that recolonisation is quite rapid as soon as the natural pasture is
protected for 1 to 2 years. It has also been observed that the perennial herbaceous
plants (e.g. Andropogon gayanus and A. ascinodis, Echinochloa and Oryza
longistaminia) are spontaneously regenerated as soon as they are protected for 1
year. Shrubs and trees (Acacia albida, A. laeta, A. seyal, A. tortius, Pterocarpus
luceus and Maerua crassifolia) sprout again also but can only subsist if protected
for several years from fires and especially the ravages of beasts which severely
harm them during the long dry season. High rates of stocking and protection
with the appropriate plant species is reviving many dunes, especially in the
neighbourhood of watering points.
In the Malines Sahel, Zonneveld (1980) has noticed that wind and water
erosion may attack unprotected areas. He further reports that gum arabic
production, based on the protection of the native Acacia senega/, may become
more profitable than other types of agriculture. Also permanent cover of the soil
surface by special cropping systems is always better for soil fertility in general
than systems with a long uncovered period. He reports that research in game
utilisation in protected areas in Mali is the most advanced in West Africa.
Wildlife, he suggests, may be a more reliable and efficient source of protein than
imported cattle and other domesticated animals.
The burning of vegetation, it appears, would be difficult for any government to
control. It may be beneficial under certain circumstances, in which case a policy
to control gradually, or at least to reduce extensive fires, is necessary in
protection programmes.
MULTIDISCIPLINARY APPROACH

It is clear that the solution to the complex problem of desertification cannot be
found solely in the strategies discussed above. Such projects must be executed
simultaneously with other projects which have relevance to desertification
problems. What is required in the Sahelian zone, therefore, is interdisciplinary
research on the lines suggested by Giri (1979).
As indicated by him, considerable work has already been carried out in this
area by the Office de la Recherche Scientifique et Technique Outre-Mer
(ORSTOM), Institut de Recherche Agronomiques Tropicales et des Cultures
Vivrieres (IRAT) and the Bureau de Recherches Geologiques et Mineres
(BRGM). However, much remains to be done. Such an approach will involve soil
scientists, plant and animal breeders, ecologists, geologists, hydrologists,
irrigation experts, meteorologists, fishery scientists, economists, sociologists,
etc., all working together towards the well-being of the Sahelians.
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The soil scientists, for example, can concern themselves with locating land
areas best suited for farming and grazing and increasing the productivity of the
impoverished soils by the use of natural and artificial fertilisers and other
management techniques. In this respect, the traditional practice of depending on
naturally growing grass fallows is inefficient. Appropriate soil conservation and
erosion control measures would also need to be taken.
Plant breeders need to develop crop varieties that are tolerant to drought,
early-maturing (because of the short rainy seasons) and less sensitive to the
erratic rainfall and other irregular changes in atmospheric humidity, soil
moisture, aeration, temperature, winds and radiation.
It is common knowledge that West Africa abounds in natural phosphates, and
Senegal (Thies), Mali (Tilemsi), Niger (Tahoua) and Upper Volta (Arli) have
substantial deposits (Nabos et al. 1974). These require exploitation for use as
fertilisers. Also both the underground and surface water resources suitable for
use by humans, livestock, for irrigation, for navigation and for energy
production will need to be located, properly harnessed, conserved and utilised.
This includes the potential of such sources of water for fisheries development.
Reclamation of saline and alkaline deserts such as have been reported from
Senegal, Guinea-Bissau and elsewhere needs to be intensified.
In these Sahelian areas with uncertain weather conditions, the collection of
long-term meteorological data is crucial to ensuring better weather forecasting
and utilising the abundant solar energy to replace or supplement conventional
energy supplies, which at present are largely based on fuelwood and to a lesser
extent on the prohibitively expensive gas and oil.
There is also the need to develop grain storage methods that are cheaper and
more efficient than the traditional ones. These will provide short-term relief in
emergency situations during drought years.
Likewise, it is essential to develop river basins by the construction of dams to
provide reservoirs of water for fish as well as irrigated farming. There should be a
mix between rainfed crops and irrigated crops. However, it must be realised that
irrigated crops have greater importance and are to be given preference.
TRAINING SCHEMES

The execution of all the projects requires research and experimentation, and, to
this end, the need for the training of indigenous Sahelian research workers is
crucial to their success. Research workers will be required in many specialist
fields and at all levels. The existing research centres throughout the area are
totally inadequate and lack resources and staff. Already member states of the
Comité Interetats pour la Lutte contre la Secheresse du Sahel (CILSS)are now
setting up an Institute of the Sahel, mainly for the purpose of co-ordinating their
research and training programmes.
Administrative Strategies
CREATION OF PUBLIC AWARENESS

This involves stimulating and mobilising all the local people within the affected
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areas to participate actively in efforts to combat desertification. This can be done
through local newspapers, radio broadcasts, educational institutions and mobile
cinema shows in the rural areas. Also important is the engagement of extension
officers to educate farmers on modern and intensive farming methods.
INSTITUTIONAL ARRANGEMENTS

A number of Sahelian countries such as Gambia and Senegal have set up
anti-desertification departments under the appropriate Ministries charged with
planning, programming and monitoring functions. Of importance among these
functions are the identification, formulation and implementation of projects and
programmes which aim at a rational and balanced development of the nation's
land and water resources based on sound ecological principles.
In Senegal, for instance, the Fifth Economic and Social Development Plan
places priority on anti desertification projects. These include the expeditious
execution of projects geared towards provision of water; expansion,
modernisation and diversification of agriculture; the production of food and
industrial crops for local consumption and for export; conservation of nature
and protection of the environment; increasing livestock herds; integration of
animal husbandry and crop production; and the modernisation of fisheries.
T H E REGIONAL A P P R O A C H

Desertification, like many natural hazards, does not confine its havoc to nations
but cuts across international frontiers. In the fight against this hazard, therefore,
strategies for prevention, control and development of areas affected call for
sub regional or international cooperation in order to ensure success. The
management of a river basin embracing two or more states cannot be effectively
carried out without the cooperation of all the states involved. Likewise, the
eradication of agricultural pests in one country can be of little effect if
neighbouring countries fail to eradicate it also.
It is the awareness of this fact that prompted Mauritania, Senegal, Mali,
Upper Volta, Niger, Chad, Cape Verde Islands and Gambia to set up the
Permanent Interstate Committee for Drought Control in the Sahel (CILSS) or
the Club du Sahel. With the financial and technical assistance of the Economic
Cooperation and Development (OECD) countries and such international
organisations as the Food and Agriculture Organisation (FAO) and the United
Nations Development Programme (UNDP), initial practical achievements have
been made in designing and implementing programmes on crop and harvest
protection, irrigation and afforestation.
As mentioned earlier in this paper, the Sahel and Sudanese zones have been
densely populated for centuries and have, therefore, been most influenced by
man. Population is still increasing rapidly, due to better health care. It seems
pertinent to take cognisance of Zonneveld's (1980) caution in respect of the
dramatic negative consequences that this increase may have on the area if steps in
birth control are not taken immediately, to reduce population growth rate, which
in turn will have an impact on the rate of desertification.
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Desertification in India:
Past and Future of the
Thar Desert
H.S. MANN*
Abstract
The Thar desert is one of the most populated arid zones of the world. A series of
pre-historic cultures once flourished in it. The Indian desert has resisted
orogenic forces and has been subjected to marine transgressions. The aridity
has become established in the region after a series of wet and dry phases.
Climatic deterioration, evidenced by the analysis of aridity indices, and
implications of the escalation of human and livestock populations have been
discussed. It is evident that cropping on marginal lands has increased duringthe
past two decades by about 54%, as a result of which the area of pastures has
declined. As a consequence of biotic interference, about 9290 km2, or 4.35%, of
western Rajasthan has already been affected by the processes of desertification
and 72% of the desert has been categorised as highly vulnerable and 19%
moderately vulnerable to various deterioration factors.
A number of cost-worthy and feasible technologies have been developed to
re-vegetate the denuded arid lands and to augment their productivity, with a
view to improving the social economy of the desert people. Future plans for
desert development are outlined, with a critical appraisal.

The Indian or the Thar desert has an area of 317000 km2 spread over four States,
the Punjab, Haryana, Rajasthan and Gujarat. Of the total area, 61% is in
Rajasthan. Average annual rainfall of the region varies from 150 to 500 mm,
decreasing from east to west, with a coefficient of variation 60 to 70%. Most of
the rainfall occurs erratically, from July to September. The mean daily
maximum temperature in the summer (April, May and June), is generally 40°C
and during the winter (December, January and February), varies from 22 to
28°C. The mean minimum temperature varies from 24 to 26°C during summer
and 4 to 10°C during winter. The mean diurnal temperature variation ranges
from 12 to 17°C. The mean relative humidity during the summer varies from 36
to 50% and from 66 to 78% during the monsoon during the morning hours. In the
afternoon, however, there is an expected drop and the mean values range from 20
to 35% during summer and 48 to 60% in the monsoon season. The mean
evaporation during summer exceeds 10 mm per day. The potential
evapotranspiration values during summer (April to June) vary from 7 to 9 mm
per day. The mean daily wind speed is recorded to be highest during summer and
monsoon seasons, 8 to 20 km/h (Krishnan 1977).

* Central Arid Zone Research Institute. Jodhpur, Rajasthan, India.
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Evolutionary History
For the Indian sub-continent, gifted as it is with a strong monsoon regime, the
occurrence of an arid tract is a climatic peculiarity. This same latitudinal belt
further east, in Assam, records the highest rainfall in the world. This, and the fact
that a series of pre-historic cultures once flourished in what is now the arid zone
has given rise to various theories on the causes of the present day aridity and its
evolution. Krishnan (1952) opined that the present pattern of rainfall must have
set in during the Tertiary, when the Himalayas rose high enough to become an
obstruction, but that the general lowering of temperatures during the Ice Ages
and the presence of a fore-deep, fed by the Himalayan rivers, must have kept
Rajasthan moist till perhaps Sub-Recent times. Piggott (1950) concluded, from
such evidence as the presence of paved drains in the Harappan settlements, the
timber used in the dwellings and the animal remains, that the climatic conditions
during that period—c. 3000 to c. 1500 B.C.—must have been appreciably more
moist than they are today. Bryson and Barries (1967) advocated a recent onset of
aridity and attribute it to over-exploitation of vegetation, resulting in accelerated
wind erosion, increased atmospheric dust and consequent reduced precipitation.
However, many divergent views have also been expressed by others. Roy and
Pandey (1971) state that desert conditions in the tract set in with the rise of
Himalayas and the establishment of the monsoon regime. They do not believe
that the decline of pre-historic cultures signifies any change of climate. They
argue that the various archaeological sites are located along river courses and
that shift of courses, a process not uncommon in the tract, alone could cause
adverse conditions for the collapse of these cultures. Likewise, Meher-Homji
(1973) believes that the type and thickness of calcareous pans in the arid zone
soils indicate that climate in the area has been basically dry for the past several
thousand years, and possibly even more. Similarly, Dhir (1977a) also suggests
that the profile organisation and genetic features in soils even of land-forms that
have remained stable during the Holocene wind activity, do not show
mainfestations of a humid climate. Though the moisture regime was probably
wetter than it is today, the soil formation in the area is characteristic of arid and
semi-arid conditions.
The Quaternary in the arid zone of Rajasthan is characterised by the
occurrence of alluvium and aeolian sands. Ghose et al. (1966) and Singh et al.
(1971) have shown old aggraded alluvial plains as the dominant geomorphic unit
in the Central Luni Basin. Subsequent surveys in the Jodhpur and Bikaner
districts have shown extensive occurrence of these plains in the present day highly
arid tract. Indeed, judging from the thickness of alluvium, varying from 5 to 20m
ormore, massive alluvial activity during the pleistocene is indicated (Dhir and
Kolarkar 1977).
Allchin et al. (1972, 1978) and Goudie et al. (1973), through a multidisciplinary study based on analysis of landforms, fossil soils and cultural
remains, concluded that aridity in the region is not a Holocene phenomenon but
rather an ancient one. They have shown that the region had undergone a series of
major environmental changes in the Late Pleistocene. From the presence of
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rolled Lower Palaeolithic artefacts in colluvium associated with major aeolian
sand sheets, they show that the pre-Middle Stone Age, period was a major dry
phase. The succeeding Middle Stone Age, extending from about 45000 years to
25000 years B.P. was characterised by wetter conditions, as evidenced by
substantial increase in human occupation and by stabilisation, decalcification
and weathering of dunes. These conditions seem to have persisted till the EarlyUpper Palaeolithic, after which a major dry phase set in again followed by a
moist phase around 10000 years B.P. Of the succeeding period, Singh (1971,
1977), using pollen analysis from different stratigraphic units of lake sediments
coupled with radiometric carbon dating, found that the period from 10000 to
4000 years B.P. enjoyed a substantially higher rainfall than at present. This is
seen from the absence of intercalations of sand in the clay sediments (indicating
stabilisation of dunes and absence of loose sand in the surroundings) and pollens
of a vegetation rich in grasses and sedges and poor in halophytic species. The
maxima of mesophytic elements is seen in the period from 5000 to 3800 years
B.P. Thereafter, with minor recoveries, conditions of progressive aridity seem to
have set in leading to the present climate.

Environmental Deterioration
Climatic Deterioration
The atmospheric humidity is high during the monsoon in the north-west arid
zone, comparable, in fact, to conditions found in the neighbouring semi-arid and
sub-humid regions. Despite this, rainfall in the region is poor. Dattaand George
(1964) attribute this to the low level divergence and associated subsidence of air.
This does not allow the clouds to grow and instead dissipates them. It is only
when monsoon depressions move close to or over this region that wide-spread
good rainfall occurs. The frequency of such depressions moving over the region
has been shown by Datta and George to be 24 during the period from 1891 to
1960. Another explanation for this comes from Bryson and Baerreis(1967), who
believe that atmospheric dust is the factor responsible for low precipitation in the
Rajasthan arid zone. This atmospheric dust influences the infrared cooling of the
mid-troposphere and subsequently affects the subsidence and precipitation
pattern in the region.
Krishnan (1977) observed that the aridity index line of 80 shifted eastward
between the first and second decades of the 20th century, especially in
Ganganagar, Bikaner, Churu and Jodhpur districts. This deterioration was not
noticed in Barmer and Jalore districts during that period. Thereafter, there were
some small to and fro oscillations of this line in the period 1920 to 1970. Such
strips were more marked in the north in Churu district and in the south in Jalore
district. In Churu district, the maximum dryness was recorded in the decade
1951-1960, when the aridity index line of 80 attained its easternmost position. In
Jalore, the eastward shift was maximum in 1961-1970. The implication of this
eastward shift of the aridity index line is that desert conditions are extending
towards the east (Krishnan 1977).
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Escalation of Human and Livestock Population
The human population in the Rajasthan desert increased from 3.42 million in
1901 to 8.84 million in 1971, a growth rate of 158%. The per cent increase in
population exhibits an inverse relationship with the amount of annual
precipitation. In the regions receiving an annual rainfall of 30 cm, 30 to 40 cm and
more than 40 cm, the growth rates during the last 40 years have been of the order
of 143.8, 132.1 and 107.2% respectively (Malhotra 1977).
In spite of the low productivity of the arid lands, Rajasthan sustains a fairly
high population of livestock. Paradoxically, along with the reduction in the
grazing area during the last two decades, the livestock population has registered
an alarming increase, almost doubling, from 9.4 million in 1951 to 15.5 million in
1972. The livestock density per 100 ha rose from 72 in 1951 to 175 in 1971 in the
desert districts, but in the adjoining districts, this enhancement was not so
spectacular (25% as against 293% in desert districts). Owing to continued
droughts during 1967-71 with the consequent migration and mortality, the
number of cattle decreased sharply, but the number of hardy animals, such as,
goats, increased substantially by about 34%. This preponderance of goat and
sheep populations in arid Rajasthan compounds the effect of the years of
drought (Mann et al. 1977).
The continuous increase (except for the last 5 years of drought and famine) in
livestock population, both in absolute number and in number of equivalent adult
cattle units, is a serious threat to vegetation. Considering the present carrying
capacity of the grazing lands, there is acute overcrowding of livestock, which will
lead to further deterioration. Over-use and over-exploitation of the grazing lands
is further evidenced by taking into account the total production potential of
forage and its requirement during different periods. Though forage production
was adequate or even showed a slight surplus in 1951, it exhibited a downward
trend thereafter, with a deficit of 31.8% of the requirement in 1971 (Mann 1977).
Land Use
The net sown area in the arid zone of Rajasthan increased from 28.6% in 1951 to
54% by 1971 (Mann et al. 1977). This increase has caused a reduction of about
25% in the pasture and range lands, reducing the fodder supply and enhancing
soil erosion and inducing desertification. Moreover, it has been observed that
although the area under different crops has increased, the production per unit
area has considerably decreased (Table I), indicating that the fertility of the land
has also declined.
Comparison of results of studies carried out in the Luni Block over a period of
18 years (1958-1976) shows that due to human interference, sand movement
leading to further accentuation of undulation has taken place over an area of 166
km2 or 8.4% of the total area of the block (CAZRI 1977); simultaneously 67.9
km2 has undergone deflation. It was also observed that recent sand activity has
led to a 15 to 30 cm increase in the thickness of sand on previously created fenceline hummocks and widened them by 1 to 2 m. There has been an even greater
increase in thickness of sand sheeting. The area so affected is 163.3 km2, or 8.2%
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Table 1. Annual linear growth rate of the area, production and productivity of various crops in
Western Rajasthan (1954-1970).
Increase
Crop

Area

Bajra
Jowar
Wheat
Barley
Gram
Sesamum
Other pulses

+ 2.41
- 3.41
-0.82
- 1.16
- 6.31
+ 3.24
+ 1.91

(-)

or decrease (-) in

Production
in western
Rajasthan

Productivity
per ha

+ 1.34
- 5.42
- 0.24
-0.05
- 1.67
-3.57
- 1.08

-0.66
-4.88
+ 0.60
+ 0.68
- 1.59
-4.23
- 2.70

Source. Mann et al. (1977)

of the total area of the block. The stabilised sand dunes in the extreme north-west
show an increase of sand piling by 1 to 2 m on the flank and 3 to 5 m on the crest.
Likewise, it is revealed that about 4.35% of western Rajasthan has already
been affected by the processes of desertification; 76.15% of the area has been
categorised as highly to moderately vulnerable; 19.5% as moderately to slightly
vulnerable to the various processes of desertification.
Soil Erosion
Soil erosion is one of the major problems in the Thar desert. Measurements
conducted over a 3-year period (1973-75) of dust blowing from the surface to a
height of 3 m indicate that the average amount of dust blowing on the day of a
dust storm varies from 50 to 420 kg/ha at Jodhpur. InJaisalmer, however, where
wind speeds are high, an average of 510 kg/ha is recorded. In Chandan, 50 km
east of Jaisalmer, the removal of the grass cover over an ara of 2007 m2 resulted in
soil depletion of 1065 m3 within 3 years, i.e., a loss of 0.53 m of soil depth
(Krishnan 1977). Another study (Gupta and Aggarwal 1980) indicated that from
a bare sandy plain there was continuous increase in the removal of sand, while
both removal and deposition of sand was observed from grass cover and bajra
stubble cover during the period of observation. Cumulative sand removal from
bare sandy plain was 9.66 cm, while it was only 0.17 cm from bajra stubble cover.
On grass cover, no removal occurred but deposition of 0.09 cm occurred during
the 75-day period from April to the end of June 1977 (Table 2). Surprisingly, field
rodents are also serious agents of soil erosion (Prakash 1976); their burrowing
excavates about 61500 kg stabilised soil per day per km2 in uncultivated fields
with natural vegetation. The loose soil is accumulated outside burrow openings
and is quickly blown away by the strong desert winds.
Irrigation
A general approach to improve productivity of arid land is to bring irrigation
waters to a desert, chiefly for raising crops. In the Indian desert as well, a number
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Table 2. Sand movement under different land-use conditions in Rajasthan, 1977.
Removal (-) i 3T deposition(+) of sand (cm)
Treatment
Beechwal
Bare sandy plain
Bajra stubble cover
Grass cover

Total

5 Apr.
20 Apr.

21 Apr.
9 May

10 May
25 May

26 May
9 June

10 June
24 June

deposition
(cm)

- 1.18
+ 0.22
- 0.04

- 1.47
-0.20
+ 0.07

- 1.73
- 0.16
-0.16

-2.37
- 0.13
+ 0.13

- 2.91
+ 0.10
+ 0.09

- 9.66
-0.17
+ 0.09

Source: Gupta and Aggarwal (1980).

of canals are functional and with the completion of the Rajasthan Canal Project,
about 11% of western Rajasthan will be under irrigation. The irrigation system
has changed the land-use pattern in Sri Ganganagar district, where it is over 50
years old now. The unproductive land has decreased significantly, from 78% in
the 1901-1921 period before irrigation to 50% in 1974-75 (Bharara 1977).
Substantial transformation of waste land to productive cropped area (over 45%)
has taken place and yield per unit area has been substantially increased due to the
availability of irrigation water (Bharara 1977).
Incoming of water into desert land affects the ecosystem adversely also. Based
on the observations of Hoon (1952), it is evident that in Anupgarh Shakhaarea,
the water table is rising at an average rate of 1.52 m per year; at places the rate is
as high as 3 m. In the Ghaggar flood area, the water table has risen by 6 to 9 m. On
the basis of the water table changes in the Sri Ganganagar district at the present
rate of rise, estimates are that this problem will attain critical dimensions within 9
to 275 years in different zones (Mann and Chatterji 1978). Further, the perched
water table rise along with sub-surface gypsum bed is also creating severe
waterlogging hazard.
For collecting rainwater for subsequent irrigation, village ponds, with dams
across prior channels, have been constructed in many parts of the Thar desert.
These human efforts have also resulted in deterioration of the desert ecosystem.
They have pushed up the water table and accelerated the spread of salinisation.
Construction of tanks has also developed salinity in the small development block
(CAZRI 1977): prior to 1958, an area of 8.3 km2 of once productive lands was
salinised beyond use; since 1958, salinity has spread laterally within this block,
affecting an additional area of 15.6 km2. It is feared that if the situation
continues, the problem will spread to another 40 km2 in this block.

Combating the Deterioration
The Approach
The association of actions for combating desertification and land-use patterns in
arid lands is based on a fragile balance which can be further upset. It is essential,
therefore, that plans of development should be based on: maintaining optimal
sustainable productivity, application of ecologically and socio-economically
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sound technology that will not upset the ecological balance and development of
innovative methods of administration and extension services.
The implementation of land-use plans requires building up public awareness,
together with legislative and administrative measures. Strong demographic
policy implementation is warranted without further loss of time regarding
control of human as well as livestock populations, since man is becoming
increasingly dependent upon arid and semi-arid lands.
Agricultural practices in low-rainfall arid areas are injurious to the landscape
and aggravate the sand movement. Considering this evaluation, stress should be
given to the development of high-yielding ranges and to activities which do not
require the use of water.
Surface water development achieved by the desert dwellers through their
ingenuity and long-standing efforts need to be further strengthened by
deployment of modern technology and resources. There is large scope for
improvements in water management in already existing and on-going projects.
The processes of desertification should be monitored to assess the
environmental impact and the implications of implementing new technology.
The technology available at present does not reach the rural farmers/industrialists as fast as it should. Much more attention should be paid by the Desert States
to this aspect.
Contingency measures for drought periods and for excessive rainfall years
should be thoroughly planned. We should not be taken unawares!
The distance between the desert scientists who develop needed technology and
the administrators and politicians who formulate the policies and take decisions
should be bridged.
The employment programmes instituted duringdrought relief should have farreaching implications to augment the productivity of the arid lands involving the
rural masses.
Tourism and wildlife should be more exploited to improve the general
standards of living of the desert people.
The Strategy
A large number of successful technologies have been evolved and standardised at
the Central Arid Zone'Research Institute (CAZR1) and demonstrated at about
60 centres spread over the entire western area of Rajasthan.
To minimise the soil erosion from the bare dunes which pose a menace to
human habitation and agricultural fields, feasible sand dune stabilisation
techniques have been evolved (Kaul 1970; Muthana 1977).
To cover the denuded soil surface in the desert region, plant species for
afforestation, agro-forestry, silvi-pastoral and range management purposes have
been selected and cost-worthy methods have been formulated (Kaul 1970;
Acharya et al. 1977; Paroda et al. 1980).
To minimise the adverse effects of strong hot winds and high evaporation rate,
and to utilise the scanty rainfall water, techniques for shelter belt plantation,
water harvesting and soil moisture conservation have been standardised (Mann
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1980; Singh and Mann 1979).
To save the farmers from the risks in crop production due to erratic rainfall
and frequent droughts and to provide a viable source of income and nutrition to
the desert farmer, ber (Zizyphus nummularia)cu\liva.Uon has been introduced in
the arid lands. Quick ber orchard raising techniques have been standardised and
demonstrated on farmers' fields. The selected ber cultivars'yield as much as 45 to
50 kg (worth Rs. 125) fruit per tree under conditions of precarious rainfall on
marginal soils with nominal inputs (Pareek 1977).
Table 3. Distribution of water samples in different salinity ranges in western Rajasthan.
Percentage of samples falling is EC range (mmhos)
District

Water
samples
(no.)

Barmer
Bikaner
Churu
Jaisalmer
Jalore
Jodhpur
Nagaur
Pali

322
137
244
295
505
357
459
498

Total

2817

Below
0.25

0.250.75

0.752.25

2.255.00

510

1015

above
15

5.9

4.0
1.5
3.3
18.6
9.5
7.8
7.6
12.3

10.6
27.0
16.4
36.6
27.7
37.6
35.7
33.5

31.4
36.5
29.5
19.7
29.9
26.6
28.2
20.1

26.7
21.2
28.7
20.3
19.8
16.0
21.7
17.1

14.6
10.2
14.7
3.8
10.3
7.8
3.8
9.0

6.8
3.6
7.4
0.7
2.8
4.2
3.1
8.0

8.9

29.2

26.8

20.8

8.9

4.6

0.3

0.2
0.8

Source: Dhir (1977).

Nearly 60% of the groundwaters of arid Rajasthan have EC values over 2.25
mmhos/cm; i.e., they are brackish to highly saline (Table 3). Investigations over
the years (Kanwar and Manchanda 1964; Paliwal and Maliwal 1971; Dhir 1977)
have provided information on the choice of crops and the expected yields with
various quality waters. Though the system of saline water irrigation is not as
remunerative and requires specialised management, it is quite workable and
holds special promise in providing employment during lean periods and as an
insurance against famine.
A strategy for optimum use of limited irrigation could be developed by linking
low-level irrigation with optimisation of inputs. Spreading of water over a large
area appeared to be advantageous in giving higher total yield despite a lower
yield per unit area. Introduction of a trickle irrigation system met the broader
objectives of limited and gainful use of water, even where the water is brackish; it
showed clear advantages over sprinkler and other methods of irrigation for a
number of crops, such as potato (Solarium tuberosum), water melon (Citrullus
vulgaris), ridge gourd (Luffea acutangula), round gourd (L. cylindrica) and
tomato (Lycoperskon esculentum) (Singh and Mann 1979).
To conserve the foodgrains produced and to protect standing crops from
insect and rodent pests, inexpensive and adoptable methods have been worked
out (Kushwaha and Pal 1977; Pal 1977; Prakash 1976).

52

SOILS POLICIES AND DESERTIFICATION

Research work has been carried out on some of the important applications of
solar energy for domestic, agricultural and industrial purposes such as heating
water, drying and dehydration of fruits and vegetables, cooking and boiling of
food and distillation of saline water and some useful solar energy appliances have
been developed (Garg 1975).
For the original nomadic population, the desert offers less and less room under
present-day conditions. To help them adapt to a sedentary life, rehabilitation
measures formulated on the basis of their kinship structure and cultural values
are likely to yield fruitful results. The socio-economic surveys undertaken among
the settled population provide details of the population characteristics, social
and economic correlations of various caste groups, household structure, rural
working force, class of farmers and holding size, indebtedness, animal-humanvegetation relationship, form of settlement and historical perspectives of land
use, cropping pattern and rural crafts (Malhotra 1971, 1977).

Future Plans
Rural Works and DPAP
Notable efforts have been made to plan, organise and provide funds to improve
the desert environment. In 1970-71 the Government of India sponsored a Rural
Works Programme for organising labour-intensive and production-oriented
works in the drought-prone districts of the country, in addition to the normal
developmental efforts in these districts under individual State plans. Later the
scope of the programme was enlarged to an integrated area development scheme
for the permanent solution, to the extent possible, of the problems of drought in
these districts. Acoordingly the emphasis shifted from labour-oriented to
problem-oriented schemes. The enlarged programme was designated the
Drought Prone Areas Programme (DPAP) in 1972.
The strategy of the DPAP is to maximise the production in good rainfall years
and to minimise losses when the monsoon fails. Since the development of
agriculture has obvious limitations in these areas, the farmers are encouraged to
take up subsidiary occupations such as animal husbandry, poultry, sheeprearing, sericulture and horticulture. Processing and marketing facilities are also
being developed for such subsidiary activities to enable farmers to derive
remunerative prices for their produce. Infrastructure for dairying and sheep
breeding has been developed to support cattle rearing and sheep rearing.
Extensive forestry schemes have been developed to meet the requirements of the
human and cattle population while maintaining the ecological balance. Earlier
emphasis was on the development of forest range lands and restoration of the
neglected forests. Rural electrification to assist in the exploitation of
groundwater has been promoted.
Desert Development Programme
The Government of India launched the Desert Development Programme in
1977-78 for an integrated development of the desert areas to increase

PAST AND FUTURE OF THE THAR DESERT

53

productivity, income level and employment opportunities for the inhabitants
through optimal utilisation of physical, human, livestock and other biological
resources. The schemes covered under this programme included forestry and
pasture, cattle, dairy, sheep and camel development. Rural electrification and
individual beneficiary schemes were also permitted to a limited extent. The
programme was extended to 19 districts (126 blocks) in five States—Rajasthan,
Haryana, Jammu and Kashmir, Himachal Pradesh and Gujarat—with
Rajasthan the major beneficiary. In some districts the two programmes—DPAP
and DDP—run concurrently.
Rajasthan Canal Project
Extensive irrigated agriculture facilities exist in Punjab, Haryana and northern
Rajasthan and these are being further augmented through the construction of the
Rajasthan Canal, which envisages transforming the barren uninhabited areas of
western Rajasthan into a vast granary. It is a massive project with the following
expected salient features:
•
•
•
•
•
•

Lining of branches, distributaries and minors
Construction of roads
Afforestation and pasture development
Water course lining
Land shaping
Land reclamation

915 km
431 km
35000 ha
58000 km
32000 ha
17000 ha

In addition, the underground water resource in the Jaisalmer-Chandan-Lathi
region of Rajasthan is likely to be fully exploited, keeping in view the need of its
judicious use.
Afforestation and Pasture Development
The Government of Rajasthan established a Department of Afforestation and
Pasture Development. The re-vegetation programme of this department includes
farm forestry; silvi-pastoral schemes for villages; fuel wood, shelter belt and
avenue plantation; sand dune stabilisation and establishment of fodder banks.
Dairy Development
Appreciable progress is being made in dairy development, which has been
organised through farmers' cooperatives. At the village level, primary milk
producers' cooperative societies are organised which, besides collecting milk,
also provide technical inputs for increasing milk production, including supply of
balanced cattle feed, veterinary first-aid, artificial insemination and seed of
improved fooder varieties.
The village-level societies have been federated into 11 district-level milk
producers' cooperative unions set up on a milkshed basis. These in turn are
federated into their apex body, the Rajasthan Cooperative Dairy Federation.
The Federation has set up a number of dairy plants and chilling centres to process
the milk received from the district unions. It has also set up cattle feed plants for
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the supply of balanced cattle feed and a bank to supply frozen semen for crossbreeding of cattle.
Wildlife Management
Wildlife management is also receiving special attention of the State governments
of Gujarat, Haryanaand Rajasthan, especially in the arid and semi-arid regions,
It is encouraging that the density of wildlife species in the desert is still
appreciable though some of these species have vanished from other parts of
India: the wild ass, Equus hemionus; the black buck, Antelope cervicapra; the
Indian gazelle, G. gazella and the great Indian bustard, Choriotes nigriceps
(Prakash 1975). The three desert states (Gujarat, Haryana and Rajasthan), have
declared the establishment of a number of sanctuaries for preserving the wildlife.
A Desert National Park has also being established in the Jaisalmer-Bikaner
district in Rajasthan for the conservation of flora and fauna in its native
environment.
Training Programmes
For preparing the rural masses extensive training and education works are being
continued by the Central Arid Zone Research Institute (CAZRI) in the
Opearational Research and Lab-to-Land Programmes. However, it is felt that
despite the availability of useful technology for desert development a
breakthrough has yet to be achieved on this front. There is a need for more effort
to transfer technology and to ensure achievement of the goals of the heavy
investment for desert development works. It may also be necessary to assess
whether massive programmes remain only in localised fields or contribute
towards changing the landscape and social economy of the desert people. This is
especially important in areas of private land ownership, wherein it is very
difficult to impose scientific or governmental decisions.
A vital aspect to be considered in future programming of desert development is
that the Rajasthan Canal when completed will irrigate only 11% of the desert
area; 89% will remain as such and will be at the mercy of increasing human
population, over-grazing by livestock, erratic rainfall, frequent droughts and hot
desert wind.
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Assessing, Monitoring and
Combating Desertification
B.G. ROZANOV*
Abstract
This paper puts forth a new concept and definition of desertification, based on a
study of the process and efforts to prevent or combat it in arid and semi-arid
regions of the USSR, with a view to separating it from the broader and less
specific process of soil degradation, with which it is usually confused at present.
Desertification is defined as a process of irreversible change of soil and
vegetation cf dry land in the direction of aridisation and diminution of
biological productivity, which, in extreme cases, may lead to total destruction
of biospheric potential and conversion of the land into desert. It is further
proposed that the degree of aridisation of vegetation under desertification be
estimated by the biological productivity in tonnes per hectare per year. The
need to develop appropriate quantitative scales of biological productivity for
various natural zones and regions is considered from a methodological point of
view. A generalised scale fora number of natural zones of the USSR is given as
an example of the utilisation of such an approach. It is also proposed that the
degree of soil aridisation under desertification be estimated on the basis of soil
water regime scales based on the quantitative determinations of hydrological
soil parameters. The estimation of desertification risk should be made
separately for different natural zones, depending on the character of soil cover
and the kind of land use. The paper also suggests methods of organising
assessment and monitoring to prevent and combat desertification.

The problem of desertification on a global scale was brought forward for the first
time at the 29th session of the United Nations General Assembly in 1974, on the
initiative of a number of developing countries of Africa which suffered from
disastrous droughts in the Sudano-Sahelian zone during the late 1960s and early
1970s. Although the phenomenon of desertification was well known in many
countries, the consideration of the problem on a global scale was new. The
drawing of serious attention of the international community to a problem of
seemingly local importance was also very new.
The results of the investigation of the desertification problem on a global scale
were considered by the United Nations Conference on Desertification, held in
Nairobi in 1977. As a result of 2 years of preparatory work collecting, summing
up, generalising and assessing existing information, a general picture of
desertification in the world and of its manifestations in different countries and
continents was established. Desertification maps of the world were compiled and
several case studies of seriously affected regions of the world were conducted.
The results of these investigations revealed that:
* Moscow State University, Moscow, USSR
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• a considerable area has become desert since the dawn of civilisation; and
• many vulnerable areas are even now being turned into desert.
The process of desertification has intensified in recent decades and threatens
the future of some 600 to 700 million people. Its main cause has been recognised
as intensive human use of the land, water and plant resources, which is
ecologically inappropriate to the natural conditions and special features of arid
and semi-arid lands.
At the same time, the consideration of the problem at the UNCOD (UN
Conference on Desertification) brought to light many new questions concerning
the global process of desertification, including a number of scientific problems
about which existing knowledge is either inadequate or totally lacking. Some of
these problems are considered in this report on the basis of a study of
desertification within the arid and semi-arid regions of the USSR.

Definition and Scope of the Problem
The Conference of 1977 has defined desertification as 'the diminution or
destruction of the biological potential of the land, which can lead ultimately to
desert-like conditions', relating it to tropical, sub-tropical and temperate arid
lands. The Plan of Action adopted by UNCOD 'covers areas where
desertification is occurring now and others which are vulnerable to future
desertification, including arid,semi-arid and subhumid areas'. It was also noted
that 'the irrational use of the complex ecosystems of the humid tropics carries the
risk of diminishing their biological productivity, which in turn could have
harmful consequences for neighbouring semi-arid and arid zones'.
Such a definition of the substance and scope of the problem, though
acceptable for the purposes of a political UN conference, is inadequate from the
technical point of view, as it is not an operative definition in precise scientific
terms. First, it is not clear what 'desert-like conditions' are. Consider the deserts
of Arabia, Sahara, Kalahari, Namib, Kara-Kum, Gobi and Arizona; some are
without any plant life, while others are rather green. Second, any degradation of
a territory is understood as desertification under this definition, including
waterlogging of irrigated lands, construction of roads and settlements, mining
operations, etc. Third, there is no distinction between desertification and
periodic droughts. Fourth, there are no clear-out measurable and objective
criteria of desertification. Thus the adopted definition does not provide for
concrete and precise parameters for quantitative assessment, monitoring and
control of the process per se.
For scientific analysis of the problem and for the elaboration of technical
control measures, based on the experience of preventing and combating
desertification in the USSR, it would be useful to utilise a definition which
reflects more precisely the substance of the phenomenon:
Desertification is a process of irreversible change of soil and vegetation of dry
land in the direction of'aridisation and diminution of biological productivity,
which, in extreme cases, may lead to total destruction of biospheric potential
and conversion of the land into desert.
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Such a definition requires precise understanding of its terms:
• Irreversible change is such a change of soil or vegetation that requires either
man's ameliorative interference or a very long (decades or even centuries)
natural process for restoration of the initial state.
• Dry land is a territory in tropical, subtropical or warm arid, semi-arid or
seasonal subhumid climate.
• Desert is a dryland which is almost totally devoid of vegetation and
developed soil.
• Biological productivity is the annual production of biomass, expressed in
tonnes ha year.
• Aridisation of soil is a change of soil towards decreased ability to supply
plants with available water.
• Aridisation of vegetation is an increase of xerophilous species in the
vegetation, together with general diminution of vegetation density and
biological productivity.
The definition includes both natural processes of desertification and those
induced by human action.
Natural processes of desertification may be connected either with a change of
climate in the direction of aridity or with certain processes of'normal'geological
development of a territory in the conditions of unchanged arid climate; for
example, a succession of landscapes of alluvial terraces on their uplifting either
through tectonic movements of the earth's crust or deepening of a river bed and
corresponding lowering of the water-table may lead to desertification.
Desertification induced by man's action is connected with a disturbance of the
natural equilibria of arid ecosystems as a result of intensified use of the land
beyond its potentiality.
In accordance with this definition, the diagnosis of desertification is confined
to the quantitative determination of two inter-connected parameters: aridisation
of vegetation and aridisation of soil.
Such indicators of soil degradation as water and wind erosion, salinisation.
alkalinisation, waterlogging under irrigation, destruction of structure, depletion
of humus and nutrients—although they accompany desertification in various
situations in different combination—are not specific to it. Thus they cannot be
used for its diagnosis or assessment. The decrease of biological productivity, if it
is not connected with soil aridisation but is a result of some temporarily acting
causes (droughts, for example), cannot be considered diagnostic either.
Under such an approach and in accordance with the given definition of
desertification, there is a clear borderline between the process of desertification
and the much wider process of soil degradation, which in turn may also be a
consequence of both natural and man-induced causes.
The definition adopted by UNCODin 1977 includes practically all cases of soil
degradation, whatever the cause and geographical conditions. Thus
waterlogging under irrigation, and even secondary salinisation, resulting from a
raising of the water table, will appear as desertification.
Ourproposed definition makes the distinction between soil degradation and
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desertification more rational and clear. Soil degradation is a broad and
diversified process of diminution of soil fertility under various natural conditions
and resulting from different natural and man-induced factors, which may
ultimately lead to total destruction of the soil and of its ability to support plant
life.
Soil degradation (erosion, salinisation, impoverishment, hardening, etc.) may
be either a cause or a consequence of desertification; however, it may take place
independent of desertification. In other words, desertification is always
connected with soil degradation, but soil degradation is not necessarily
connected with desertification and cannot as such be taken as a diagnostic
feature or criterion of desertification.
Vegetation as a whole is a more dynamic component of natural ecosystems
than soil; its productivity varies within broad limits, depending on weather
conditions and the degree of man's pressure. A temporary decrease of
productivity or temporary deterioration of vegetation cannot be regarded as
diagnostic of features of desertification. For instance cutting of shrubs or
degradation of pasture do not constitute desertification except when the shrubs and
pasture cannot be naturally restored.

Assessment of Desertification
Thus the quantitative determination of two inter-connected parameters may be
taken as a basis for the diagnosis of the desertification process: (1) degree of
aridisation of vegetation, and (2) degree of aridisation soil.
Like any dynamic natural process, desertification may be established and
assessed only by a comparative analysis, that is, by comparison of two different
states. Two substantially different methods may be used: (1) comparison of the
state of the same territory at different times; (2) comparison of the state of two
different territories at the same time.
With the first method, the presence of desertification may be established and
its degree and rate determined, if the time interval is sufficiently long.
With method (2), the usual principle of comparative geographical analysis
based on the hypothesis of correspondence or similarity of the geographical
sequence of phenomena to their genetical sequence (chronological in the
meaning of a certain sequence of events) is used. In this case only the fact of
desertification may be established and the degree of its manifestation in some
relative units may be determined. The rate of the process cannot be determined
by this method.
It is important to note that the approach developed on the basis of our initial
definition and these two methods does not require an absolute knowledge of the
initial state of a territory or of its'non-desertified'state. Any two states in time or
in space can be compared and evaluated in relative units. The ultimate state,
desert, is taken as a reference base. Such an approach has a substantial advantage
because, as a rule, the data for the characteristics of the initial climax state of a
territory, particularly for the distant past, are absent or insufficient and
unreliable.
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One more methodologically important question is connected with the
differences between natural ecosystems and agro-ecosystems.
Because all natural processes, including desertification, have different
qualitative and quantitative manifestations in the natural state of the landscape
and the cultivated lands, the assessment of desertification should be made
separately for natural ecosystems, including natural pastures, and artificially
made agro-ecosystems.
Irrigated lands should be excluded from the assessment as they are not subject
to desertification (unless threatened by shifting sands coming from outside) even
if there is soil degradation (such as erosion, salinisation, alkalinisation, etc.).
Such degradation cannot be taken as an indicator of desertification. However,
this degradational process may become a factor in future desertification and as
such should be considered in the context of risk or potential vulnerability to
desertification. Thus, while there is no desertification in irrigated lands, there is a
risk of it and the degree of risk could be quantitatively determined by the degree
ef soil degradation.
As to the degree and intensity of desertification, the following methodological
point is important.
Usual classes of intensity (slight, moderate, strong, very strong) are probably
quite adequate for grades of the process in nature. However, the content of each
of these classes cannot be the same in all natural zones of the globe.
Therefore, determination of quantitative criteria for each class and degree of
desertification should be made separately foreach natural zone. In this sense, for
example, there cannot be slight or moderate desertification in zones
geographically denoted as deserts and slight desertification will have different
quantitative manifestations in for example steppes, tropical xerophytic forests
and savannas.
The assessment of the degree of aridisation of vegetation in natural
ecosystems, including natural pastures, may be made by the quantitative
determination of (1) ratio of "climax" and invading species in plant cover
composition, (2) ratio of xerophilous and mesophilous species in plant cover
composition, (3) density of the plant cover, (4) biological productivity.
Determination of these parameters requires special botanical investigation,
methods of which are well established, including ground surveys and remote
sensing techniques.
For the purposes of desertification assessment, biological productivity may be
approximately determined by annual increment of the above-ground phytomass,
which is usually proportional to the production of total biomass foreach specific
type of vegetation. In arable lands, including plantations and perennial groves,
the annual yield of useful products, which is again proportional to the total
biomass increment, may be taken as an indicator of biological productivity, as a
first approximation. Of course, the level of biological productivity of agroecosystems is governed not only by the natural conditions but also by the
technology used and this should be taken into account in all assessments. The
variability of weather and its influence on the biological productivity of plants
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should also be taken into account. Methods of accounting for these factors in
biological productivity assessments are well known.
Appropriate scales of degree of aridisation or desertification (current state of
desertification) for different physico-geographic conditions and natural zones
can be constructed on the basis of detailed studies of biological productivity and
other parameters of the state of vegetation. For each natural zone, the
quantitative parameters of the state of vegetation and its degree of aridisation
will be different in accordance with the differences in natural and cultural plant
associations.
As an example of the concrete use of the proposed approach for the territory of
the USSR, at this time we can give only rather generalised scales of state (degree,
intensity) of desertification on the character of vegetation for different natural
zones (Table 1).
Similar scales should be composed for each type of vegetation within each
natural zone and sub-zone, for each type of plant association. Then the scales of
• desertification will be sufficiently accurate for the quantitative assessment in any
particular circumstances and on a sufficiently large scale for practical purposes.
The scales in Table 1 are suitable for assessment of both natural and maninduced desertification processes, permitting the comparison of different
territories by degree of desertification. However, taken alone, such a comparison
is not sufficient, as it does not include the soil parameter.
The degree of aridisation of soil may be quantitatively determined in terms of
certain physical properties and water regime of soils, which depend on the state
of the soil as a whole.
The water regime of soil may be determined, for example, by the annual supply
of available water in the root zone, in a 1 m layer, and in a control moisture
profile. It is also possible to utilise the criterion of soil moisture deficit with the
use of soil hydrological parameters such as wilting point, field capacity, etc.
The available water supply in a soil depends on the complex of soil properties,
including texture and mineralogy, humus content, density, structure, and
thickness. On the other hand, it depends also on the soil water 'budget', that is,
the water 'income' into the soil and its 'spending'. Plant-available water at a given
moment is the difference between total moisture and moisture at wilting point:
Wa = W —Ww. This category of soil water fluctuates; however, in an annual
cycle it may serve as a characteristic parameter of the state of a particular soil.
From the point of view of soil hydrology, soil aridisation under desertification
may manifest itself in two ways. First, the supply of available water may decrease
irreversibly under unchanged soil properties and stable hydrological soil
parameters as a result of reduced water income, or increased spending, or both.
Second, under unchanged water income, the hydrological parameters of soil may
change irreversibly as a result of soil degradation: compacting, soil loss through
erosion, decreased water-holding capacity, etc. The consequences of both
manifestations will be the same, that is, a decrease in the available water supply.
Thus, the annual supply of available water may be a convenient indicator of
soil state and degree of aridisation.

Table I. Degree of aridisation of vegetation in natural ecosystems, including pastures, depending on the degree of desertification: I —phytomass stock,
tonnes/ha; 2—biological productivity tonnes/ha/year; 3—density percentage.
Degree
of desertification

Sub-boreal
and su b-tropical
deserts h
1

None
Slight
Moderate
Strong
Very strong
desert"

2

3

Sub-boreal
halophytic deserts''
and semi-deserts

Dry steppes
and su b-tropical
semi-deserts

1

2

3

1

2

3

1

—
—

—
-

2,5-4
1-2,5
1

25-50
10-25
10

0

0

1-2,5

1

10

2,5-5
1-2,5

1-2,5
1

10-25
10

5-12,5
2,5-5
1-2,5

0

0

0

0

0

0

0

-

-

a. As defined in this paper, this term is taken for the definition of desertification.
h. In the general geographical meaning of this term.

Sub-tropical xerophytic
forests and shrubs and
Calligonum gn awths

Forest-steppes

2

3

1

12,5-25 4-6
5-12,5
2,5-4
2,5-5
1-2,5
1-2,5
1

50-75
25-50
10-25
10

25-50
6-8
12,5-25 4-6
5-12,5
2,5-4
2,5-5
1-2,5

50-75
25-50
10-25
10

0

0

0

0

0

2

0

3
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The second hydrological indicator of the degree of soil andisation may be
taken as the annual deficit of soil water, that is, the difference between the
moisture at field capacity and the current supply of available water: dW = Wfc —
Wa.
Finally, the water regime of a soil taken in certain hydrological terms may be
used as a criterion of the degree of soil aridisation. As an example of possible
classes of aridic water regime, the following generalised scheme for the
conditions of deserts and semi-deserts of the USSR may be presented:
• Xeric water regime—soil on an average is dryer than at wilting point all
months of a year;
• Sub-xeric water regime—soil on an average is dryer than field capacity all
months of a year and dryer than at wilting point for 6 months or more but
not the whole year;
• Sub-hygric water regime—soil on an average is dryer than field capacity for
more than 5 months in a year and dryer than at wilting point for 1 to 5
months.
The proposed parameters of the available water supply, deficit of soil water
and soil water regime, taken singly or together, may serve as reliable measurable
criteria of the degree of soil aridisation for the comparison of soils in both time
and space.
However, it is necessary to note that their practical utilisation for the
assessment of the degree of desertification will require special scientific research
on water regime of soils under desertification, using a uniform programme and
methodology for the development of certain grades and their quantitative
parameters. So far, such quantitative characteristics have not been studied; they
should be.
In this connection it would be useful to have coordinated investigations, done
by various institutions and using the same methodology, of biological
productivity and water regime of soils affected by desertification in different
geographical regions and natural zones of the world. Such investigations will
provide initial data for the development of quantitative parameters of aridisation
of vegetation and soil in relation to the degree of desertification in different
natural conditions. Without such a scientifically justified and carefully checked
factual base, all considerations of degree of desertification will be subjective and
approximate, being based on indirect criteria and not on the direct measurement
of established parameters.

Monitoring of Desertification
Monitoring of a process or a phenomenon requires carrying out systematic
permanent or periodic ground observations and measurements. For the
purposes of desertification monitoring, it would be useful—within the
implementation of the Plan of Action to Combat Desertification and on the basis
of international cooperation—to organise a global network of national stations
based at existing research institutions, experimental stations and fields, nature
reserves and other appropriate establishments. These monitoring stations might
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undertake to carry out regular co-ordinated observations of biological
productivity and water regime of soils. Numerous institutions in different
countries do carry out such observations already; however, they are not coordinated and often have different base methodologies. Periodically published
results of such observations are difficult to find even with the assistance of
various bibliographies.
Co-ordination of this activity and generalisation of the results should be
provided by national bodies responsible for the implementation of the Plan of
Action at the national level. Organisationally, the establishment of such
monitoring will not be very difficult and will not require large financial outlay, as
the already existing network can be utilised.
The difficulties are more methodological than organisational. First: how,
where and when should observations and measurements be made? There should
be a certain diversity in this respect, related to the diversity of economic, social
and technological situations in various regions and natural zones affected by
desertification. Periodicity of observations and fixing of points of observation
depend on the seasonal climatic factors, the character of land use, the technology
of agriculture or animal husbandry, the ratio between used and unused lands, the
composition of the soil cover and the seasonal cycles of vegetation. These
characteristics must be determined by appropriate research institutions selected
for the purpose.
Assessment and monitoring of desertification include also such an important
component as the establishment of specific causes and factors of desertification
in each particular case.
In the case of natural desertification processes, the causes could be either
climatic or geological (tectonic)—aridisation of climate, uplifting of land,
descending of groundwater—or geochemical—accumulation of salts in basins
with no outflow.
In the case of man-induced desertification, causes might be cutting of forests
and shrubs, overloading of pastures, inappropriate seasonal use of pastures,
ploughing of soils unsuitable for agriculture, use of ecologically inappropriate
technology in agriculture, use of groundwater without recharge, change of
hydrology of a territory, irrational use of water resources, change of geochemical
processes, etc.
In many cases, desertification may be induced not by one but by many causes,
or it may be provoked by one factor and intensified by others. Analysis of the
ecological situation and inter-acting factors will provide in each particular case a
solid basis for the planning of a rational campaign against desertification or for
the restoration of the biospheric potential.

Preventing and Combating Desertification
Preventing or combating desertification requires a co-ordinated complex of
social, economic and technical measures which combine to make a united plan of
socio-economic development for a territory.
This thesis should be particularly emphasised because too often decision-
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makers pay attention only to the technical side of the problem, and overlook the
social and economic aspects. The whole experience of the USSR as well as of a
number of other countries unanimously testifies that the problem can be solved
only when it is approached in totality, when a territory is considered as a whole.
At the UNCOD this point was specifically stressed. However, the position has
not shown much improvement in the majority of regions affected by
desertification.
Preventing desertification deserves special attention, as the problem is easier
and cheaper to prevent than to cure.
Preventing desertification includes as an initial step an assessment of
desertification risk or the potential danger of desertification, including the degree
or risk and permissible limits of an ecological pressure. This question also
deserves special scientific study. Some aspects of desertification risk assessment
are already clear; others require further detailed studies.
First of all, it is necessary to define the concept of desertification risk. We
define it as the degree of potential development of the desertification process
exceeding the permissible limits of ecological equilibria changes in a territory
during its use by man. Natural processes of desertification are excluded from this
concept of risk.
Depending on the kind of land use, a territory may have different degrees of
risk of desertification. For example, in tropical grass savanna on loamy and
clayey soils, there will be little risk of desertification under irrigated agriculture,
moderate risk under rainfed agriculture, strong risk under pastoralism, and
again slight risk under construction activities (Table 2).
In one and the same natural zone the risk of desertification will differ sharply,
depending on the soil used: light-textured soils will be subjected to desertification
much more easily than heavy soils.
Generalised parameters of desertification risk for a number of natural zones of
the USSR are given in Table 2. These require further detailing and correction for
each natural zone, taking into consideration all existing diversity of ecological
conditions. The following grades of desertification risk were adopted for this
table:
• Very slight risk—desertification under a given land use is not excluded, but
its probability is negligible;
• Slight risk—desertification is possible but its degree and extent will not be
substantial;
• Moderate risk —desertification is probable and its degree and extent will be
substantial;
• Strong risk—desertification is unavoidable and its degree and extent will
be substantial;
• Very strong risk—desertification is unavoidable and its degree and extent
will be catastrophic.
Assessment of the degree of desertification risk has a direct bearing on the
planning of prophylactic measures and the working out of the effects of such
methods of action upon the ecological conditions. This will lead to the reduction
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Table 2. Desertification risk in different natural conditions, depending on the land use.
Degree of risk un dei
Natural z o n e

3

Sub-boreal and
sub-tropical
deserts

Sub-boreal
halophytic
deserts and
semi-deserts

Sub-tropical
semi-deserts

Soil
texture

Irrigated
agriculture

Light

c

Heavy

Very
strong

Rainfed
agricult jre

Pastoral
animal
husbandry

Constructions and
communications' 1

Very strong

Very strong

Very
strong

Very strong

Very

Light

Very strong

strong
Heavy

Very
strong

Light
Hca\ \

Sub-boreal
and
sub-tropical
dry steppes

Light

Sub-boreal
and sub-tropica
steppes

Light
Heavy

Sub-tropical
xerophytic
forests and
shrubs and
Calligonum
growths

Light

Heavy

Heavy

Very
strong

Very
strong

Slight

Moderate

Strong
Very
slight

Strong

Strong

Very
strong
Strong

Very strong
Strong

Very
strong

Very strong

Strong

Strong

Strong
Moderate

Strong
Slight

Very
strong

Moderate

Strong

Slight

a. Excludes alluvial and oasis territories within the /one.
b. The risk of desertification of the surrounding lands is understood and not for the territories under
construction or communication per se. as for the latter the concept of risk is meaningless.
i. Use of these lands for irrigated or rainfed agricultrue is unlikely.

of risk to the minimum.
In conclusion, we stress that the approach developed in this paper to the
assessment and control of desertification, as well as other approaches, such as
proposed by Professor H. Dregneforthe UNEP/FAOproject on desertification
assessment and mapping require additional research and accumulation of data.
They also require mobilisation and concentration of efforts of scientific
institutions on the solution of this global problem on the basis of international
cooperation.

2
World Soils Policy

Towards a World
Soils Policy
IP. GARBOUCHEV' AND P.M. AH(\F

Abstract
The World Soils Policy was discussed at the two meetings of experts held in
Romein March 1980 and February 1981 sponsored by the Executive Director
of the UNEP in collaboration with the FAO, UNESCO and ISSS.
The present paper discusses in turn the most important scientific, technical,
institutional and legal aspects of a World Soils Policy.
The World Soils Policy seeks to apply scientific knowledge and management
to the soils of the world to increase their production on a sustainable basis, to
enlarge and improve the world's agricultural land, to slow down the loss of
productive land to non-agricultural uses, to monitor changes in soil quality, soil
quantity and the pattern of land use, and to bring to the attention of mankind
and political leaders the extent and importance of soil degradation and loss,
both nation and world-wide.
The World Soils Policy is closely related to the World Conservation
Strategy, whose priority issues include the reduction in quality and quantity of
agricultural land, and soil erosion and degradation of watersheds.
The World Soils Policy envisages continued efforts to promote rational soil
resource use and cooperation between governments on sound land use and
protection of shared watersheds; to encourage international financing agencies
to give priority to soil conservation and development projects; to assist
governments to establish adequate national legislation policies; to coordinate
the collection and exchange of information on soil research; conservation and
management, to promote an international reference system of soil classification
and appropriate productivity evaluation; to promote common methodologies
for a global soil monitoring system; finally, to incorporate the principles of
rational land use and soil resources development into a World Soils Charter.

The seventh session of the Governing Council of the United Nations
Environment Programme, 1979, requested the Executive Director to call a HighLevel Experts' Meeting for the identification of the most important scientific,
technical, institutional and legal elements of a World Soils Policy.
The meeting was held in Rome from March 4 to 6, 1980, in collaboration with
the FAO, UNESCO and ISSS. The group recommended holding a second
meeting in early 1981, the drawing up, for discussion at the second meeting, of a
working document on Elements of a Soils Policy and a greater degree of
harmonisation of soil-related programmes at all levels to avoid duplication and
make more effective use of available resources. As a result of these

1. Environmental Management Service, Soil and Water Task Force, UNEP, Nairobi, Kenya.
2. Formerly with the Department of Soil Science, University of Nairobi, Kenya.
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recommendations, the 8th UNEP Governing Council, 1980, adopted resolution
8/10 on a World Soils Policy and Plan of Action for its implementation, and
requested the Executive Director to ensure the preparation and implementation.
The Experts' meeting to implement that request was held from February 23-27,
1981, in Rome.

The Problems
Each year the world's finite capacity to grow food and fibre is being reduced by
the loss and degradation of its soil.
First, many of the world's soils are losing nutrients and organic matter, which
are not being replaced, in most cases, nearly as fast as they are being depleted.
Second, some soils are being degraded by increases in their salt or soda
content, by waterlogging, or by pollution through indiscriminate application of
agricultural chemicals and industrial wastes.
Third, soils are being lost physically, through accelerated erosion from the act
of water and wind and by undesirable changes in their physical properties.
Fourth, millions of hectares of good farmland are being lost each year to nonfarm purposes; they are being covered by water for reservoirs or by buildings,
asphalt, and concrete as urban areas expand into the country-side.
The net result of these multiple assaults on the world's agricultural soil and
land will be that the planet can feed, clothe and house fewer people at a time when
world population is growing and expectations for a better life are rising.
In 1948 the American agronomist Henry L. Ahlgren wrote: 'The soil comes
first. It is the basis, the foundation of farming. Without it, nothing; with poor
soil, poor farming, poor living; with good soil, good farming and living. An
understanding of good farming begins with an understanding of the soil'. (USDA
1948).
To expand on this thought, one could add that through understanding, poor
soils can be made better and good ones better still. Conversely, careless and
unwise use can lower the value of any soil, even a very good one, and reduce its
productivity for a long time.

World Soils Policy in Relation to World Conservation Strategy
A World Soils Policy should be closely related to the World Conservation
Strategy and form an important part of that strategy. The World Conservation
Strategy (WCS) stresses the global interrelatedness of actions, with its corollary
of global responsibility and its main theme is living resources conservation for
sustainable development.
A number of priority issues have been identified by the WCS, including:
• the reduction in quality and quantity of agricultural and grazing land;
• soil erosion and the degradation of catchment areas and watersheds;
• desertification, deforestation and lack of conservation-based rural
development.
All these WCS priority issues are related to a World Soils Policy.
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The aims of the WCS include the maintenance of essential ecological processes
and life-support systems (including soil regeneration and protection, and the
recycling of nutrients) on which human survival depends and the ensuring of
sustainable utilisation of species and ecosystems, including forests and grazing
land.
The WCS objectives outlined are urgent because:
• the planet's capacity to support people is being irreversibly reduced by
loss of soil through erosion and by loss of prime farmland through its
use for non-agricultural purposes;
• hundreds of millions of rural people in developing countries are
compelled to destroy the resources necessary to free them from
starvation and poverty; for instance, when they strip the land of trees
and shrubs for fuel, and when they burn dung and crop residues needed
to regenerate the soil;
• dams are being silted up, floods devastate settlements and crops, and
tropical forests are contracting rapidly.
The above considerations specifically cited in the WCS as being urgent all
underlie the need for a World Soils Policy, and for its early effective
implementation.
The World Soils Policy outlined in this introduction must therefore be seen as
forming an essential part of the WCS which, if effectively implemented, will
contribute very substantially to the agreed WCS objective of living resources
conservation for sustainable development.

The Need for a World Soils Policy
The Demographic Explosion
In recent decades, increasing attention has been given to the demographic
explosion and the problems it entails. The magnitude and speed of this explosion
can be illustrated by such facts as these:
• the world population will double in about 35 years;
• every 5 days the world population increases by more than a million;
• in the last two decades of the twentieth century, world population is
expected to rise by a further 2000 million; i.e., by more than the total
world population at the beginning of the century (Brandt et al. 1980).
In many countries of the world, agricultural production has not increased at
the same rate as the population has, resulting in shortages of food and other
agricultural products which are expected to become increasingly severe in the
next two decades.
A further factor affecting demand for food and raw materials is the more
humanistic approach to development of recent decades which sees the need not
only to increase the gross national product as a whole, but to see that the national
wealth is more evenly distributed among the population. A redistribution of
incomes designated to improve the lot of the most deprived not only reduces the
gap between the very poor and the rest of the community, but also modifies
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effective demand, increasing the demand for food and other raw materials. In
developing countries as a whole, agriculture has been estimated to produce some
44% of the gross national product and to provide 83% of total employment, but
despite the large concentration of employment in the agricultural sector,
agricultural production in the developing countries is not generally keeping pace
with population growth and demand for food. Moreover, the energy crisis and
high oil prices have in turn led to a demand for increased agricultural raw
materials designed to provide alternative energy sources.
Agrarian and Social Policy
Social and economic constraints are likely to be important obstacles to the
promotion of improved farming systems, effective land use and the
implementation of a soil conservation policy.
For example, the greatest risk of land degradation arises when land users do
not have a long-term interest in the productivity of the land and thus do not farm
on a sustained basis. Insufficient capital and knowledge, as well as the lack of a
comprehensive land-ownership policy may also increase the likelihood of land
degradation.
Soil Quantity and Soil Quality
There is no single cause for the growing world-wide loss of soil fertility and the
increasing rate of soil degradation and loss of farmland. More immediate causes,
however, include:
• Careless or improper farming practices, such as ploughing straight up
and down hills or removing all vegetation on tracts of land, exposing the
soil to intense erosion (Jakus and Whyte 1972; Suarez de Castro 1979).
• Increasing deforestation of large areas and steep slopes, to satisfy family
needs for fuel, and clear cutting of timber for convenience and
commercial gain.
• Over-grazing of pasture and range, interfering with the natural
succession of plants and killing grasses and forest that normally hold
the soil in place.
• Planting of semi-arid lands to crops, increasing the hazards of erosion
during drought.
• Strip-mining of land, without a plan for reclaiming the land when
mining operations have ceased.
• Cropping of highly erodible soils or soils difficult or expensive to
protect from erosion hazards. Related to this cause, particularly in the
tropics where shifting cultivation is common, is the problem of farming
soils about which too little is at present understood to combine
production with sustained resource use.
• Transferring of farming methods that have worked on one type of soil
to an entirely different type in a different climatic zone, with inadequate
research and experience.
• The farmer's inability to apply fertiliser or use conservation and soil-
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building practices for a variety of socio-economic reasons, including
inadequate farm prices, lack of farm credit, tax policies, land tenure
systems and habit and custom.
• Failure to identify as a problem the loss of farmland or to restrain the
loss of good farmland to high-priced development schemes and other
non-farm purposes.
Areas of Concentration
In recognition of the fact that soil is a finite resource and that continuously
increasing demands are being placed on this resource to feed and clothe a
growing world population and in order to provide world-wide ecological
balance, the governments of the nations of the world should agree to use their
soils on the basis of sound principles or resource management, to enhance soil
productivity, to prevent soil erosion and degradation, and to reduce the loss of
good farmland to non-farm purposes.
The World Soils Policy seeks to:
• increase and apply scientific knowledge of soils to their sound
management and to realising their potential for production;
• encourage and assist countries in improving the productivity and
management of their soils and in reducing soils degradation;
• develop and promote agricultural systems that assure sustained
production combined with judicious use of the soil;
• enlarge and improve the world's supply of arable agricultural land
through irrigation, flood control and reclamation;
• slow the loss of productive agricultural and forest land to other
purposes;
• monitor changes in soil quantity and quality and in land use; and
• bring to the attention of the people of the world, and their political
leaders in particular, the extent of world soil degradation and its causes
and its remedies (UNEP 1981).
Each country needs appropriate systems of farming, including cropping,
grazing and forestry, that will provide people with adequate production on a
sustained basis.
Each system needs to be based on a knowledge and understanding of each
particular soil—its limitations, its potential and its response to various forms of
agricultural management. More soil surveys and related agricultural research
are needed, particularly in the developing countries.
There is also need to create or improve institutions to provide farmers with the
cash, credit, technical information and incentives to adopt improved farming
systems that permit better resource management and conservation.
To achieve these ends will require the government of each country to make a
purposeful commitment to the improvement of agriculture, forestry and
resource management and conservation.
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Accomplishments So Far
Many effective programmes have already been undertaken by individual
countries and by agencies of the United Nations to improve and protect soils
(FAO 1975, 1976). For example:
1. The FAO/ UNESCO Soil Map of the World, published in 1974, formed
the basis for the assessment of potential land use in major agro-ecological
zones. Together with a study of the potential for irrigation development,
the data will help select priority areas for investment in agricultural
development.
2. A joint FAO/ UNEP project on World Assessment of Soil Degradation,
based on the Soil Map of the World, led to a methodology for assessing soil
degradation that is now being tested in several countries (FAO/ UNEP/
UNESCO).
3. Progress is being made on an international reference base for soil
classification. In 1980 and 1981 groups of experts representing various
national and international institutions and organisations met in Sofia
(Bulgaria) and agreed on a number of principles for preparing an
international soil classification system.
4. A World Conservation Strategy was published in 1980, providing both an
intellectual framework and practical guidance for the development and
conservation of natural resources over the world (1UCN/UNEP/WWF
1980).
5. Recommendations have emerged from a United Nations Conference on
Desertification (United Nations 1978).
6. Research on improved farming systems is being carried on by many
institutions, including those supported by the Consultative Group on
International Agricultural Research (Greenland and Lai 1979).
7. Assistance to developing countries on a wide range of soil and water
management projects is being provided by agencies of the United Nations,
especially the FAO, and bilaterally by developed countries.
8. In many countries, there are active national soil survey and soil
conservation programmes that are having a marked impact in reducing
soil degradation and improving soil fertility.

Elements of a World Soils Policy
A Conceptual Framework for a World Soils Policy
Problems relating to the soil and its sustained use are varied and complex. Soil is
an integral feature of the natural environment, related to, and affected by, relief
and ecology, climate and vegetation. It is difficult and sometimes misleading to
consider either soil or land out of its environmental context and concern for the
soil and its use is inseparable from concern for ecology as a whole. Soil acts as a
major factor in maintaining global biosphere equilibria (Russell 1973).
Since man, who uses the soil and exploits the environment for his own
purposes, is himself behaving in response to economic pressures within a social
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and historic framework of ideas, concern with soil is not confined to the natural
physical environment, but includes consideration of all those economic, social,
legal and technical aspects affecting its use. A World Soils Policy must therefore
be correspondingly broad in its concepts.
For convenience and ease of consideration, however, these diverse elements of
a World Soils Policy may be logically grouped under three main headings as
elements relating to:
1. Soil inventory and assessment and land-use recording.
2. Soil management, improvement and reclamation.
3. Soil protection from encroachment and degradation (including legislative
aspects).
These groupings are not static, but dynamic. Since they change with time,
there is a need for systematic monitoring, which should reveal current trends and
problems, allow predictions to be made and appropriate action to be taken.
Each of the three major aspects can, in a comprehensive World Soils Policy,
include the following types of elements:
• Technical elements, including technical problems relating to methods
of mapping and classification, of soil capability and productivity
assessment, of soil erosion control and of improved farming systems.
• Institutional and organisational aspects.
• Legislative elements, including national and international legislation.

Technical Elements of a World Soils Policy
Types of Technical Elements
In accordance with this suggested conceptual framework for a World Soils
Policy, the technical elements of such a policy may be grouped as follows:
1. Agreement on and adoption of an international system of soil taxonomie
classification.
2. Adoption and elaboration of systems of soil capability and productivity
evaluation.
3. Recording and monitoring of quantity and quality of soils available and of
land-use and farming systems.
4. Research on soil erosion and measures for its control, including research
related to the protective aspects of improved farming systems.
5. Monitoring of soil degradation and loss.
6. Improvement of soil physical and chemical properties by the adoption of
appropriate farming systems, including tillage methods, rotations and the
use of residues, fertilizers and amendments.
7. Rehabilitation of soil and land which has been disturbed or degraded.
8. Reclamation of saline, flooded and other land not at present productive,
based upon cost-benefit analyses.
Internationally Accepted Criteria and Methods
Technical elements of an agreed World Soils Policy must, as far as practicable.
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be quantitative and not merely descriptive, so that they can be applied with
accuracy by workers in different places. They must also be uniform and
standardised to ensure mutual understanding in global assessment and to
facilitate transfer of knowledge and experience from one area to another.
The need for elements to be quantitative can be illustrated by the following
examples: Quantitative descriptions of such properties as soil colour can now be
made accurately by using internationally accepted soil colour charts and by
adhering to quantitative descriptive terms as set out in, for example, the FAO
'Guidelines for soil description', which relate to soil texture, structure, degree of
mottling and other properties.
Similarly, in soil classification, various terms and ideas have been used in the
past to group soils without adequate, precise quantitative criteria. Newer systems
of classification emphasise that classification should be based on soil profile
characteristics which can be measured, or on diagnostic horizons which can also
be defined by characteristics measured quantitatively, such as the percentage
base saturation. A classification based on measured characteristics and
parameters rather than on opinions and ideas expressed in non-quantitative
terms, is easier to teach and to use as it deals in objective standards and does not
depend on the individual judgment of the classifier.
Apart from the need for standard criteria for the taxonomie classification of
soils, international agreement is also needed on criteria for:
• land-use recording and for appropriate categories such as forestry,
arable, agro-forestry, grassland or pasture, range land or pasture, range
land, urban areas, infrastructures, inland waters, recreational areas and
deserts (FAO 1974, 1975, 1976).
• soil and land capability and productivity evaluations, for both general
and specific agricultural uses.
• global computerised land and soil-monitoring systems.
Soil Survey and Classification
Soil survey methods vary from country to country and to a considerable extent
are influenced by the scale of map produced as well as the natural conditions of
the area. Although some advantages are to be gained by increased cooperation
and standardisation of soil survey field work and mapping, the most pressing
need is in soil classification.
Although a greatly increased amount of soil mapping has been carried out in
recent years, this information is difficult to use and to synthesise on a world scale
because of the diversity of classification systems employed. In contrast to
botanists, who use a single, universally accepted taxonomie classification for
plants, soil scientists in different parts of the world use several different systems.
A single, agreed taxonomie system to be used as a reference system is now
urgently needed.
Existing classification systems differ both in terminology and in the criteria
used to separate soils at different levels of classification. Because the use and
quantitative definition of diagnostic elements and diagnostic horizpns differ
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between systems, and different properties are emphasised and combined in
differing ways, it becomes virtually impossible to relate accurately a
classification unit in one system to that in another.
In the view of many international soil scientists, the system of soil classification
which could most easily, quickly and usefully be adapted to serve as an agreed
universal reference system is that drawn up for the FAO/UNESCO 1:5 million
scale soil map of the world. This publication required many years of work on the
correlating and comparison of various local systems of soil classification. The
need now appears to be (a) to modify the existing map legend to take into account
recent experience and developments in soil classification and (b) to expand the
legend by sub-dividing the major categories into subordinate ones along agreed
lines to allow of mapping at progressively larger scales.
In 1980 a group of experts representing various national and international
organisations and institutions met in Sofia to discuss the possibility of
establishing an international reference base of soil classification. The experts
reached the following conclusions:
1. Differences in soil classification criteria and nomenclature between various
world classification systems mean that there is a strong need for
international agreement on soil classification and criteria.
2. The legend of the FAO/ UNESCO soil map of the world could be used as a
basis, introducing a hierarchical system of classification and improving
definitions.
3. An international soil classification system to be used as a reference system
should be prepared, using definitions of diagnostic characteristics and
horizons to be selected in relation to their relevance to soil-forming
processes and organised in categories at different levels of generalisation.
Criteria used in classification at lower levels should include those
important to land-use and soil conservation.
4. An international project should be launched, sponsored by FAO,
UNESCO, UNEP and the International Society of Soil Science.
The elaboration and adoption of an international system of soil classification
is an important technical element of a World Soils Policy, but it is essential that
the classification working group have a mandate from the various soil
organisations represented to produce a system to which all will be able to adhere.
The needs and experience of developing countries must be fully represented and
taken into account if this exercise is to give acceptable and useful results.
Soil Capability Classification
The taxonomie classification of the soil, though related to soil properties
affecting the agricultural use of the soil, is frequently supplemented by more
practical classifications which group soils according to their general capability or
to their suitability for a more restricted, defined purpose, such as irrigation or the
growing of a specific crop.
Soil capability classifications and assessments are of many types. Some are
widely used; others, designed and used in relation to local situations. Some are
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very simple; others complex. The simpler types classify soils according to
increasing degrees of limitation, with special reference to erosion hazards and
other factors restricting their use. More complex systems use parametric
methods in which a number of soil properties related to the agricultural use of the
soil, such as depth, organic matter content, pH, cation exchange capacity,
texture and structure are each given a numerical ratingand the individual ratings
are then combined in various ways to give an overall rating for the soil in
question. A third type of classification considers soils in relation to a defined type
of use, such as the growing of a particular crop, putting them in such classes as
very suitable, suitable, moderately suitable or unsuitable for the particular use.
In the context of a World Soils Policy, soil capability classifications are very
useful for interpreting technical soils data and presenting advice on the
appropriate use of the soil to relatively non-technical users.
Land Productivity Evaluation
In recent years, increasing attention has been given by soil scientists, agronomists
and planners to land-productivity evaluation. Land evaluation is broader than
soil capability classification, though related to it, since land evaluation considers
not only the soil but other attributes and qualities of the land, including its
position in relation to other areas and markets, its diversity and other surface
qualities and, in particular, the agro-climate and micro-climates which affect its
agricultural function and use. Methods of land evaluation have been studied and
improved by various workers and organisations, including the FAO. It is
recommended that within the context of an agreed World Soils Policy, further
attention be given to improving, applying and standardising methods of landproductivity evaluation since, like the narrower science of soil capability
classification, it can help to ensure rational long-term use of the land by applying
accepted principles to individual situations in different ecological regions and
continents.
Land-Use Recording
Information on the current land use of a region, country or district is frequently
needed at various scales. Land-use monitoring is normally carried out at
intervals and maps classes of land use divided into various degrees of detail
according to the scale and purpose of the map. Land use is recorded by remote
sensing, by observations on the ground, or, usually, by combinations of the two.
Remote sensing includes satellite imagery, which covers large areas but gives
little detail and may be difficult to interpret except in the broadest categories. It
also includes conventional aerial photography at various scales: air photographs
at scales from 1:30,000 to I: 10,000 or larger are very useful for land-use mapping
if supported by observations on the ground.
Land-use information is necessary at the national level and smaller scales for
national planning, local development and protection of good agricultural land.
At the multi-national and regional scale, it is important in relation to
development on these scales and to environmental problems such as
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desertification, as for instance, in the Sahel.
Monitoring Systems
Development of a system and methodology for constant surveillance of the
global land and soil resources as a part of a Global Environment Monitoring
System (GEMS) is obviously needed, both at international and national levels.
As an approximate approach, the Land Soil Productivity and Environment
Monitoring Systems (LSPEMS) should provide standardised information on:
• productive land currently and potentially available.
• area under each capability class.
• area under each range of productivity evaluation indices.
• changes in land-use categories.
• changes in the capacity for food production.
• dynamics of soil degradation and desertification.
The major elements of the system are most likely to be computerised soft and
hardware; internationally accepted methodology for the functioning of the
system and identification of responsibility of international, regional and national
levels.
So far some preparatory work has been done for land-degradation
monitoring.
The technical aspects of land-degradation assessment have recently been
studied by the FAO, UNEP and UNESCO. The study concerned the
methodology for assessing both present and potential degradation. Though
concerned in the first instance with mapping selected pilot areas at a relatively
small scale (1:5 million), the methodology itself was thought of as being capable
of application to a range of scales, including large ones.
At smaller scales, satellite imagery and smaller scale air photos arc useful in
that they give an overview of large areas, but local experience on the ground is
needed in their interpretation. At medium and large scales, larger scale air photos
can be used, supplemented by more frequent and detailed ground observations
and by basic information on such relevant aspects as climate, soil vegetation,
land use and relief, since all these factors affect degradation and degradation
hazards.
FAO/ UNEP/ UNESCO have published 1:5 million scale maps showing the
present state of soil degradation and the hazards of soil degradation for Africa
north of the equator and for the Near and Middle East. Degradation shown or
assessed includes erosion by wind, erosion by water, salinisation,alkalinisation
and leaching. These form examples of small-scale maps. At the other end of the
scale, large-scale maps showing erosion in small areas are needed in relation to
practical local schemes, such as watershed protection, coastal erosion control
and the designing of management practices and construction works for roads,
parks and farms.
The term 'monitoring' implies not only inspection, but inspection at frequent
intervals. At small scales, repeated satellite imagery is useful; at larger scales,
areas have to be flown over and examined at ground level at frequencies related
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to the anticipated speed of change. In some places, severe damage can be caused
by single storms of exceptional intensity, or in single season.
A general summary of the types of conservation measures needed at a national
scale, with their anticipated cost, is provided by a recent survey of soil
conservation needs in Australia, which provides a good example of the type of
information generated by land-degradation monitoring (Anonymous 1979).
Soil Improvement
The third and final group of technical elements of a soils policy concerns the
more positive aspects of improving the soil resource base to increase its
productivity. Conservation is sometimes, but incorrectly, thought of as being
passive or even negative because it seems to protect and preserve rather than
develop, and may oppose certain unwise forms of land use. On the contrary, soil
conservation, by emphasisingappropriateamendment and management of soils,
promotes development which is sustainable and long term.
The technical aspects of land improvement take many forms, of which some,
such as land drainage and the use of amendments, were well known to much
earlier civilisations, including the Chinese and the Roman. Improvement of the
soil itself may involve drainage and the improvement of (1) soil physical
qualities—such as structure and porosity—through appropriate tillage methods,
including minimum or zero tillage, and the use of cultural practices which
improve or maintain the organic matter content of the soil, and (2) soil chemical
properties, such as the general ability of the soil to supply plant nutrients in
sufficient quantity and in balanced amounts (the fertility of the soil in the narrow
sense) and the correction of undesirable conditions such as extreme acidity,
alkalinity or salinity. Modern levels of crop production would be impossible
without the use of the fertilisers on a very large scale, but in view of the problems
of costs and availability there has been increasing emphasis in recent years on
organic manures and biological nitrogen fixation.
An important technical element of a soils policy must therefore be the study of
the scientific measures and of the farming systems needed to improve the
productivity of various classes of land in different climates on a sustained basis.
Not only must the development be obtained without damage to soil or land but,
wherever possible, these must be improved as a result of use rather than merely
maintained.
Soil Conservation Research and Development
A great deal of fundamental research has already been carried out on the basic
mechanisms of erosion, including the factors affecting the erosivity of the climate
and the vulnerability to erosion of specific soils (soil erodibility), but there are
still gaps in our knowledge of praptical importance. But most of the research so
far has been in a relatively few countries and places, most of them in temperate
zones, so that knowledge of the mechanisms in tropical climates, where rainfall
intensities are usually high, and in tropical soils and ecosystems is inadequate.
Similarly, it has been claimed that the practical, technical measures needed to
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control erosion are known and that all that remains is to apply them, but such a
view point ignores the need for the adaptation of fundamental principles to the
complexities of the local environmental and socio-economic situations.
The range of technical problems requiring research is often very wide; for
example, the control of shifting sands, the improvement of degraded vegetation
and range lands and the use of vegetation to protect watersheds, the
improvement of saline and alkaline areas, the structural stability of soils, the
identification of fragile areas, and types of technical structures needed and their
costs when adapted to particular situations.
A World Soils Policy should encourage adequate soils research, both basic
and applied, at all levels and under all auspices, provided there is free and open
exchange of scientific information. The policy should also make clear that
adequate attention to environmental considerations should form a part of any
research efforts which aim at increasing food supply or making changes in land
use.
Beyond existing research institutions, there is need for an International Soil
Science Research Institute, to undertake certain research tasks which cannot
easily be performed at the national or regional level. Such an institute was first
proposed at the 1 Ith International Soil Science Congress in 1978, at Edmonton,
Alberta, Canada.
Research projects which could best be undertaken by such an organisation
include:
• Development and refinement of a worldwide systems of soil
classification.
• Standardisation of criteria used to separate soil at different levels of
classification.
• Development of a common methodology for world-wide monitoring of
land use, soil degradation and environment status.
• Standardisation of simplified soil capability assessment.
• Performance of a clearing-house function to facilitate exchange of
information and co-ordination of research activities.
Anthropogenic Soil Science
Anthropogenic soil science is concerned with the effects of man on soils,
particularly with soils and land disturbed by population pressures and by wastes,
effluents and other forms of pollution. Technical aspects of this topic therefore
form particular examples of soil and land improvement. These technical
elements might include research on the methodology of restoring and
rehabilitating soils and land disturbed by human activities, and soil- and landreclamation planningindifferentecological zonesand environmental conditions,
using existing technologies and cost-benefit analyses.

Institutional Elements of a World Soils Policy
There are many institutions throughout the world that can either encourage or
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discourage soils research and its application to wise resource management. Some
are government agencies or government-sponsored organisations; these may be
local, state or national. Some are educational institutions, publicly or privately
financed, some are private foundations or business firms interested, for
humanitarian or profit reasons, in some aspect of resource conservation. Some
are international, such as the agencies of the United Nations -the FAO, UNEP,
UNESCO and WMO. There are, in addition, many voluntary associations of
scientists, like the International Society for Soil Science, as well as organisations
of farmers and laymen interested in conservation and environmental
improvement.
A World Soils Policy recognises the importance of social, economic and
political institutions in any planned programme to improve resource protection.
It also recognises that human institutions in many instances prove more resistant
to alteration than soils or cropping systems.
Need for Responsive Local Institutions
Soil resources development and conservation may be planned, monitored, or
financed on a broad scale, but if conservation practices are to be applied, they
must be applied locally, to the hectares of a farmer or other land user.
In many developed countries, local institutions which play a role in promoting
soil conservation include a local extension agent or soil conservation technician.
Communications media also influence conservation in developed countries,
particularly farm magazine articles and farm radio broadcasts and bulletins
published by governments and universities.
In many developing countries, however, these local institutions are mostly
absent. Typically, each village in tropical and sub-tropical areas is largely selfsufficient. Its social institutions, while often discriminatory and harsh, have been
in existence for centuries. Improved agricultural systems and better resource
management will require the development of new institutions and these are not
created instantly.
The farm villages of developing countries need banks or credit unions that can
provide agricultural loans at relatively low interest and where farmers can invest
their savings. They need local farm cooperatives for group purchase of fertilisers,
seed and other inputs and to help market their products. Many villagers also need
more secure land tenure and extension systems to help them adopt better farming
practices. Most also require a better return on their labour: better prices for the
products they grow and sound agrarian policy.
Need to Modify Attitudes of Financial Institutions
A World Soils Policy recognises the need for significantly greater investment at
many levels by banks, credit unions and other financial institutions. Their
officials must be helped to understand that adequate resources protection brings
long-term returns in the form of sustained crop yields and, when the land is
collateral for the loans, protects the security of that loan.
Land developers and industries carry on land modification which can cause
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soil erosion and sedimentation as well as loss of important farmlands to nonfarm purposes. These activities include surface-mining or strip-mining of coal
and other minerals; premature land clearing and levelling for construction or
speculative purposes; and the indiscriminate taking of good farmland for
housing, industry, highways, airports and reservoirs. In many developed
countries, it has been found that erosion and sedimentation from unprotected
construction sites far surpass normal erosion rates from agricultural land.
Need for Environmental Education and Training
Adequate support for institutions to promote soil resources development will not
be forthcoming until national leaders and members of the general public,
including residents of urban communities, are convinced that funds spent for
resource management are funds well spent in their own interest.
A World Soils Policy should support the efforts of UNEP, FAO and
UNESCO and many governments at all levels to incorporate environmental
consideration in both formal and non-formal education.
A World Soils Policy recognises that training institutions, particularly in
developing countries, must be improved, with curricula expanded to include
more courses on soil science and management. Where adequate training is not
available locally, arrangements should be made to train workers elsewhere until
the required training can be established in the country that needs it.
Several kinds of technical people are needed urgently in the resource
management field: (1) soil scientists to make soil surveys and train others; (2)
multi-disciplinary teams to monitor and evaluate changes in land use and their
impact on soil resources; (3) research scientists to develop improved farming
systems suited to the soil and climate of each area; and (4) teachers and extension
officers, who can in turn train land users to apply research findings.

Legal Elements of a World Soils Policy
Legislation to support a sound soils policy is needed at three major levels (FAO
1971).
International Legislation
Legislation on a global scale is developed under the sponsorship of bodies such as
the United Nations and its specialised agencies (FAO 1971). Its purpose is to
promote international cooperation relative to implementation of the World Soils
Policy. The ultimate objective internationally should be the incorporation of the
principles of rational land use and soil resources development into a
comprehensive international convention.
In order to bring about such awareness and to stimulate a co-ordinated effort
on the part of the United Nations and other international bodies, nations, the
scientific community and non-governmental organisations, it is strongly
recommended that regional meetings be held to discuss world soils problems,
and that finally the United Nations General Assembly itself convene a world
conference on soils policy.
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Regional Agreements
At the regional level, agreements of cooperation should be promoted among
states in geographical areas affected in similar ways by land use problems.
National Legislation
Ultimately, the success of a World Soils Policy will be based on national action.
Governments should consider such policy of fundamental importance, in view of
the limited amount of good soil to support present and future generations. Soil
and land legislation should be based on political, geographical, economical,
social, cultural, ecological and technical considerations prevailing in each nation
or region. Legislation should expressly provide that a sound soils policy is an
absolutely essential component of national development plans.
National legislation on soils policy has three aspects: the first in relation to
policy, the second to norms and the third to the institutional structure.
STATEMENT OF POLICY

The statement of policy contains the principles which define the state's position
regarding the use of land. Such a statement must: (1) specify that land ownership
involves a social function; that is, obligations on the part of the users, and (2)
emphasise that the state has the right and the duty to intervene in orderto ensure
that soils are exploited in ways assuring their conservation and their productive
capacity.
NORMATIVE ASPECTS OF NATIONAL LEGISLATION

Legislation on soils policy should:
• impose obligations on users, with the aim of ensuring the most rational
use of land;
• establish a system of incentives through tax exemptions, subsidies,
credit facilities and other types of financial devices;
• establish penalties and expropriation on the grounds of public utility or
social interest of unexploited farms or farms exploited in violation of the
state norms for soil conservation, rehabilitation and management;
• promote the voluntary participation of land users in land-management
programmes, through publicity campaigns designed to create social
awareness of soil conservation and management;
• indicate priorities in implementing the soils policy; finally,
• establish an institutional framework to fulfill the functions of
supervision, co-ordination, implementation and evaluation.
INSTITUTION AL ASPECTS

The institutional framework must have at the highest level a body capable of
planning general soils policy, identifying problems, drafting legislation and
implementing regulations, arranging for soil study and classification and
designating appropriate areas for demonstration programmes.
At the user's level, land and soil management and conservation should as faras
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possible be placed under local leadership by means of conservation or
development districts. In addition, education, training, technical assistance and
guidance should be provided to communities in order to ensure substantial
participation by the local population in all stages of project formulation, design
and execution.
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Policies for the Use
and Conservation of Soils
in Australia
J.M. LOGAN*
Abstract
Despite its relatively large land mass, Australia has limited resources in terms of
agricultural productivity. Adverse climate, terrain and soils limit the area suited
to arable agriculture to some 10%. Approximately 70% oi'the total area is semiarid or arid.
Land degradation in 200 years has reached serious proportions. Both water
erosion and wind erosion are widespread and over half of the land in use
requires the application of soil conservation measures.
Salinity and changes in vegetative cover are reaching significant proportions
in many areas. Losses to urban and rural residential uses cause concern.
Necessary action includes surveys of the land and soil resources. Genera]
policy requirements and priorities for action are discussed.

The recognition of the fact that a nation's and the world's soil resources are
limited and basically irreplaceable has in recent years caused considerable
discussion. Calculations of population growth, of areas available for more
intensive use, and of areas being lost from agricultural production through land
degradation, urbanisation and desertification, have highlighted the urgent need
for the formulation of policies under which the use of the soil resources can be
controlled with a view to conservation of the resource.
The purpose of this paper is to examine the position generally but using
Australian experience as an example. Many of the points raised will have
parallels in other countries and the approaches taken in Australia could well
stimulate initiatives in overcoming particular problems. In order to place the
discussion in context, some brief data are given of the Australian resources and
the degradation problems.

Natural Resources of Australia
Australia is a comparatively large land mass with an area of 768 million hectares.
Despite the size of the continent, it has very limited resources in terms of
agricutural productivity.
Agricultural productivity is governed by a number of factors, both physical
and human. Recognising the chief physical resources as climate (principally
precipitation and temperature) and terrain in terms of slope and soil, the degree
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of limitation due to physical attributes can be assessed. In Australia the human
factors at this stage may impose some restrictions due to lack of incentive for
maximum utilisation of the resources but the sociological problems associated
with over-population, poor health, lack of technology and restrictive land tenure
systems, are not matters of great concern.
As the physical factors are those that impose the limitation to productivity
they are briefly outlined.
Climate
In general, temperature is not a major constraint. Some areas have winter
temperatures sufficiently low to restrict plant growth, but these, except for some
small areas of alpine country, have sufficient growth periods for worthwhile
production to be achieved.
Lack of precipitation is the major limitation. Nix (1974) of the CS1RO, has
estimated that of the total area of Australia, some 531 million ha (69%) is too dry
for arable agriculture. Table 1 illustrates the rapid decline in rainfall with the
distance from the coast and the paucity of rainfall in south and western Australia.
(In this table each entry represents the average of three sets of measurements in
the zone).
Table 1. Decline in average annual rainfall (mm) with distance from the coast.
Distance (k m ) from coast

Coast

North
East
South
West

100

200

400

600

800

1000

1100
1467

820
633
200
260

537
497
163
233

330
377
158
213

233
2X7
173
190

190
ISO
217
167

300
383

Source: Soil Conservation Service of New South Wales, Australia.

Lack of precipitation and the lack of snowfields means that the potential for
irrigation is also limited. An additional feature of the rainfall is its variability,
with drought not being uncommon over practically the whole of the continent.
Climate thus imposes severe restrictions on agricultural productivity in
Australia.
Terrain
The continent on the whole has an ancient and generally subdued landscape with
the highest peak reaching only 2200 m. The only area of significant recent uplift
has been adjacent to the eastern coastline, where a surface with low relief was
uplifted during the Pliocene. Subsequent dissection has produced steep slopes,
particularly where erosion-resistant layers have been provided by horizontally
bedded cappings of sandstone or by quartzite, basalt or other hard rocks. These
higher lands are generally within 200 km of the east coast and they coincide with
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the major area of better rainfall.
The analysis by Nix shows that the terrain constraint reduces the agricultural
area with favourable climate and suitable terrain to 132 million ha.
Soils
The old landscape of Australia has soils that in the main have been subjected to
the forces of soil formation for a very long period. As a consequence, many soils
are highly leached.
In the higher rainfall areas of the north, soils are generally infertile. In the
south, there are large areas of sodic soils and there are many occurrences of soils
salinity. This could cause serious losses in production and is especially apparent
in southern irrigation areas. Salinity problems are on the increase.
Where younger volcanic rocks such as basalt and trachyte occur, there are
better soils, but these are very restricted in extent.
In an analysis of the phosphate content of Australian soils, Wild (1958) found
that, in comparison with soils of other countries, phosphate content of
Australian soils is low. He quotes an average phosphate content of soils from the
United States of 0.08% P 2 0 5 for red and yellow podzolics, 0.13% for prairie soils
and 0.19 for chernozems. His weighted average for all Australian soils was
0.069% for total phosphate. Only two soils, Black Earths and Krasnozems, had
phosphate contents of more than 0.10% and these soils are limited in extent.
In some cases, the phosphate deficiency is so severe that there is no response to
applications of nitrogen and potash until the phosphate deficiency is corrected
(Craze 1976). When high levels of P have been used for pasture improvement in
areas with a dominant winter rainfall, i.e., southern areas, and the principal
component of the pasture is a legume, in this case subterranean clover (Trifolium
subterraneum). soil acidification has become a problem, with p H falling to below
5.5 and at times reaching below 5.0. One result of this has been the induction of
aluminium toxicity and subsequent severe restriction in plant growth.
It
appears unlikely that superphosphate contributed directly to the increase in soil
acidity, although it is essential for the establishment and maintenance of the
legume. The increase in organic matter is considered to be the important factor,
although others, including leaching of nitrate, are also involved.
Nitrogen deficiencies are widespread. These can be overcome in many
instances by the use of legumes such as subterranean clover in pastures but these
require a considerable input of phosphate and there is a danger that acidification
may be induced.
Application of the soil constraint reduces the area with favourable clime,
terrain and soils to 77 million ha. In terms of the total area this means that only
some 10% is suitable to a high level of agricultural production.
A number of implications follow from this analysis. First, the land resources
are more limited than would appear from the size of the continent. Consequently
pressures on the land will increase more rapidly with increase in population and
the demand for alternative uses of the land and the demands for export of food
and fibre. Secondly, expansion in the area of arable land will bring into
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production land with steeper slopes and a higher level of degradation hazard.
This in turn could seriously affect water storages and adjacent or downstream
better quality land. Thirdly, expansion of cultivation into semi-arid areas will
result in loss of protective vegetation and accelerated erosion both by wind and
water. It is in this semi-arid land that drought will have the most disastrous
effects. Fourthly, there are problems associated with the large area that is too dry
for arable agriculture. Within this there is arid land where careful management of
the vegetation is necessary if land degradation is to be controlled and future
deterioration avoided.

Land Degradation in Australia
A comprehensive programme of evaluation was undertaken from 1975 to 1977,
in order to assess the needs for soil conservation and to provide the
Commonwealth and State Governments with information that would enable the
policy on soil conservation to be formulated. The study was a collaborative effort
by staff from both the Commonwealth and the States.
The major report from this study is A Basis for Soil Conservation Policy in
Australia (Anonymous 1978). Its chapters include the scope and context of soil
conservation and the land degradation setting, with an assessment of land
degradation forming an essential part of the report.
Assessment of Land Degradation
The assessment covers the agricultural and pastoral areas but because of lack of
reliable quantitative information, land degradation associated with urban,
recreational, mining and other non-agricultural activities and coastal erosion are
not reported.
A sub-division into the arid and non-arid zones was first necessary because of
great differences in climate, land use, and forms of degradation. Within the arid
zone average annual rainfall can be as low as 120 mm and a large area (60% of the
zone) receives less than 250 mm.
INFORMATION COLLECTED

Bacause of the importance of land use as a factor influencing the degree of
erosion and the necessary soil conservation measures, three land-use categories,
viz., grazing, extensive cropping and intensive cropping, were distinguished in
the non-arid zone. The term 'extensive cropping' refers to the production under
dry land conditions of grain and other crops with similar agricultural
requirements, either continuously or in rotation with pastures. Intensive
cropping includes both the production of fruit, vegetable, sugarcane and other
high value crops under dryland conditions, and production under irrigation.
Within each zone, soil conservation needs were assessed. Areas requiring soil
conservation measures were classified as requiring land management practices
only or requiring soil conservation structural works. Two types of soil
conservation structural works were distinguished:
1. Land management works, which are the broad-acre works such as contour
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banks and waterways.
2. Erosion control works, which are gully control structures or similar
devices.
For the purpose of the assessment, the non-arid area of each State and
Territory was divided into 77 sub-zones. Each of these was characterised by
particular forms of erosion and conservation needs. For each of the 77 sub-zones,
assessments were made of the soil conservation measures required within each
land-use category. Capital costs of the work were also estimated.
The arid zone was sub-divided on the basis of rangeland type and again
assessments were made of the necessary soil conservation measures.
For each sub-zone the chief forms of degradation were identified.
Table 2. Areas requiring treatment by soil conservation in each broad land-use category in Australia
in June 1975.
No l-arid area

Area in use
(000 km2)
Requiring no
treatment (%)
Requiring treatment
with practices only (%)
Requiring treatment
with works
(June 1975 data) (%)
Area requiring
treatment (%)

Arid
grazing

Grazing

Extensive
cropping

Intensive
cropping

Non-arid
total

3356

1337

443

24

1804

45

63

M

33

55

22

20

32

30

23

33

17

34

34

21

55

36

66

63

44

Table 3. Percentage of land requiring treatment for various forms of degradation in the non-arid
zones of Australia, June 1975.
Land use category
Type of degradation

Grazing

Extensive
cropping

Intensive
cropping

Total

Water erosion
Wind erosion
Water and wind erosion in
association
Vegetation degradation
Dryland salinity, sometimes in
combination with water erosion
Irrigation area salinity

73
1.1

67
27

42

71
7.0

2.6
19

—

Other
Toral area requiring
treatment (%)

1.8

—
2.6
100

14

0.3

—
0.15
100

—
0.06

—
—
56
0.06
KM)

6.7
11
1.2
I.I
1.7
100
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RESULTS OF THE ASSESSMENT

On an Australia-wide basis, Table 2 summarises the extent of the areas requiring
treatment by soil conservation, June 1975. Tables 3 and 4give the percentages of
land requiring treatment for various forms of erosion in the non-arid and arid
zones respectively.
Table 4. Percentage of land requiring treatment for various forms of degradation in the arid zone of
Australia, June 1975.
Type of degradation

Extent

Vegetation degradation and little erosion
Vegetation degradation and some erosion
Vegetation degradation and substantial erosin
Vegetation degradation and severe erosion
Dryland salinity, sometimes in combination with
water erosion

51
25
15
8

Total treatment needs (%)

0.06
100

Significance of the Land Degradation in Australia
In the non-arid zone, approximately 22% comprises forest land, urban areas,
parks and reserves. Much of the forest and reserve land is on rugged terrain that
is unsuitable for development and forms the catchment areas of the major rivers.
As such, its conservation is essential if Australia's limited water resources are to
be protected.
Large areas of the better rainfall zone have soils of low fertility. These include
solodic Planasols (solodized solonetzand solodic soils), ferric Luvisols (lateritic
podzolics), luvic Yermosols (yellow earths) and eutric Cambisols (Lithosols).
Soils of high productivity e.g. dystric nitosols (Krasnozems), Phaeozems
(Chernozems), pellic Vertisols (black earths) luvic and heptic Kastanozems
(alluvials) are very limited in occurrence. Over much of the area used for cereal
production, the soils are calcic Luvisols (red-brown earths) and these are
deficient in P and N.
In less than 200 years since European settlement, land • degradation,
particularly in the form of soil erosion, has reached significant proportions. In
Western Australia, South Australia and Victoria, dryland salinity is also a
serious, and in some cases a major, problem.
Off-site effects are significant. Siltation of reservoirs and hydrological changes
in streams are common, but serious, results of erosion. Deposition of silt on
roads and railways, and increase in flooding are all brought about by accelerated
erosion of the soil. Considering that some 50% of the land used for agricultural
and pastoral production now needs soil conservation treatment after such a short
history of use, urgent action to overcome the problems is necessary.
Salinity
As well as the problem of soil erosion there are a number of other forms of land
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degradation that are significant in Australia. Foremost among these is soil
salinity. It has been estimated that there are 386 300 km' of saline soils in the
continent (Northcote and Skene 1972).
In the southern half of the continent there are large areas where increased
salinity is adversely affecting production.
Salt encroachment is a major problem in dryland cropping areas in the southwest of Western Australia the most productive area in that State. Following a
survey of this region in 1974, Malcolm and Stoneman (1976) report 1673 km2 of
salt land with the increase since 1962 being 529 km2. In some local government
areas up to 4% of the cleared land was salted. In the worst affected area 85 farms
had an average of 95 ha of salt land.
All the irrigation areas of South Australia, Victoria and southern New South
Wales have salinity problems. It was estimated that in 1977, works to the value of
some $ 70 million were required to mitigate the problem in irrigation areas.
(Anonymous 1978).
Dryland salting is also widespread in south-eastern Australia and surveys are
currently under way to assess its extent.
Vegetative Changes in Arid and Semi-Arid Areas
Degradation in these areas has taken two main courses. The first of these to be
apparent is the deterioration in the perennial shrub and grass layers. In the main,
this has been associated with overstocking, the problem being accentuated by
prolonged drought. Deterioration of the vegetation has resulted in increased
erosion with sand drift, wind sheeting and scalding. The extent of the problem
may not be as great as was stated some years ago as a series of years of above
average rainfall has brought about a considerable regeneration in many
instances. However, the need to prevent such deterioration remains obvious as
some areas have not regenerated and the next series of droughts could well result
in further permanent deterioration of the vegetation and the soil.
Another problem that is becoming apparent is the rapid encroachment of
inedible shrubs. Areas that 30 years ago were a relatively open savanna woodland
are in many places now dense shrubland under the tree layer. Grasses have been
replaced by the shrubs and productivity lowered to almost zero in some places.
Soils are poor, rainfall is low (360 mm per year) and erratic and at this stage
successful techniques for shrub control have not been evolved, the possibility of
severely affected areas there is now insufficient grass to provide fuel for fire and
burning will not be possible except on days of the most extreme fire danger, when
the lighting of fires would be most hazardous.
Losses to Urban and Rural Residential Uses
Over the last 30 years, rapid increases in population have brought about a rapid
growth in urban areas. Coupled with this, there has been a move to rural
residential living and to rural retreats for urban dwellers. A considerable number
of people have moved to this style of living and the result has been the loss of land
for commercial agricultural production. An analysis of land lost to agriculture
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through these causes has been carried out in New South Wales and the results are
summarised in Table 5.
Table S. Commercial agricultural land (ha) now diverted to other uses in New South Wales,
Australia (1970-79).

Land use

Urban
Rural residential and
rural retreat
Total

Level to gently
sloping arable
land

Undulating
arable
land

Grazing
land

Total

4 300

13 000

7 400

24 700

20 500

194 900

348 600

564 000

24 800

207 900

356 000

588 700

Fortunately, most of the land converted to non-agricultural uses has been
grazing land, much of it low quality.
The problem in other States has not been quantified but it is expected that
there are similar trends. In fact in some cases the position is probably worse as
better quality lands adjoin the main centres of population to a greater extent than
they do in New South Wales.

Action to Meet Soil Degradation Problems
The general position with regard to land degradation has been ascertained on a
broad scale and in general terms. Soil erosion, soil salinity, vegetative changes
and loss of land to residential uses have been investigated. The problem now is to
use this information in a positive approach to conserving the soil resources.
Some of the action that has already been taken is now described and discussed, as
some of the approaches used in Australia and in New South Wales may possibly
be applicable in other situations, although it is recognised that cultural and
physical differences may preclude the use of many of these techniques.
Survey of Land Resources
More detailed survey of the land and soil resources is needed. It is when this detail
is approached that differences in philosophy and methodology become apparent.
In the drier areas, i.e. arid and semi-arid, a land system approach is used
throughout Australia. A land system has been defined as 'an area or group of
areas throughout which there is a recurring pattern of topography, soils and
vegetation' (Christian and Stewart 1953).
Land system surveys provide a basis for planning and for the extrapolation of
research results as they are based on the natural features of the landscape.
This approach was evolved by the CSIRO for survey in undeveloped areas in
the north and centre of the continent. Land system surveys have been used
extensively in the drier areas of Queensland and are currently being used in
western New South Wales. In Victoria this approach has been used by the Soil
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Conservation Authority in the more humid areas.
In New South Wales, a more direct and interpretive approach is used and land
is classified according to a capability classification. The Soil Conservation
Service of New South Wales uses an eight-class system similar to that used by the
U.S. Department of Agriculture (Klingebrel and Montgomery 1961). This
system is used on an individual property basis, with maps at a scale of 1:5000 and
also for more general planning at a scale of 1:100 000. At present a survey to cover
the whole of eastern New South Wales is being undertaken on this basis.
The land classes present an interpretation of the climate, slope and soils in
terms of general agricultural techniques and the map shows potential land use
and the required soil conservation practices. Such an approach has proved to be
a most useful basis for the planning of soil conservation programmes.
Soil Surveys
The need for soil survey to define and delineate the world's and the nation's soil
resources is frequently emphasised. There has been considerable discussion and
the need for a single taxonomie classification of soils to serve as a reference
system for other local surveys has been stressed.
The need for such a system is not disputed, but the limitations and problems
must not be overlooked. One limitation that requires mention is that of
interpretation of the survey with regard to the productivity of the soil and the
relative erodibility of the soil. There is a need to ensure that the surveys are of
maximum use, i.e., that the user can use them to elucidate the potential for
production and the requirements for increasing productivity.
With these problems in mind, it may be useful to refer as an illustration to
mapping recently undertaken by the Soil Conservation Service of New South
Wales.
Previous taxonomie classification based on the principal profiles as described
by Northcote(1974) had been carried out. Some results from fertilizer trials were
available and general observations had been made of productivity and
erodibility. A map that can be interpreted by persons without training in soil
science was required.
The system adopted was one where soils were classified and mapped as:
A. Soils with no limitations except a need for N and P when under
continuous use.
B. Soils with moderate limitations that are overcome by readily available
management practices at moderate cost.
C. Soils with substantial limitations, requiring major cost inputs or
specialised management practices to develop and maintain high
productivity.
D. Soils with severe limitations; where these can be overcome, very high
costs are involved.
E. Soils with special limitations.
The pedologist allocated soils to these classes. In this particular area geology
had a major bearing on soil properties and within each class sub-divisions were
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mapped according to major geological division. For each map unit a tabulation
was provided, indicating the major limitations to production and the severity of
their effect. The factors involved were:
1. Physical: rock and stone, depth, drainage, surface texture, surface soil
structure, sub-soil stability.
2. Chemical: fertility, acidity, toxicity and salinity.
One use to which this survey has been put is to delineate areas that should be
retained for agricultural production, distinguishing them from those that could
be used for other purposes such as rural retreats.
The feasibility of combining this approach with soil landscapes as mapped on a
taxonomie basis, e.g. Northcote (1976), is being investigated.
It appears that a combination of the land capability survey and the
interpretative soil survey will provide useful tools in planning both the use and
the protection of the soil resource. The suitability of land use is assessed with the
conservation of the soil kept constantly in view.

General Policy Requirements
Conservation of soil resources is essential. In the formulation of a soils policy,
particularly with regard to the conservation of the resource, recognition of the
purpose and needs is of paramount importance. This will have a direct bearing on
such matters as methodology and scale. Soil loss and soil degradation are serious
problems in many countries, particularly:
• in wet tropical areas where cover is destroyed and sloping land is brought
into agricultural production;
• where population pressure forces farming on to steep slopes;
• in climatically marginaj areas where cultivation and stocking are
exposing soil to wind and water erosion.
Other degradation hazards, e.g., increased salinity following irrigation or
over-clearing, need careful consideration but the erosion hazards are most
serious and wide-spread. There is an urgent need to
• get authorities to recognise that there is a problem;
• ascertain the extent, degree and location of the problem;
• develop appropriate technology for particular circumstances; and
• implement remedial action.
Land inventories, particularly if the data are presented in a set of maps, are a
most useful tool in creating an awareness of the need and in ascertaining the
extent, degree and location of the problem. These can be made initially in a
general way.
In many countries it would appear that sufficient technology is either already
available or can be adapted from other areas to suit local needs. There is also a
wide-spread need for the training of technicians. Again the more developed
countries could help considerably in this respect.
For implementation, two types of mapping are necessary: first a
reconnaissance mapping to depict the current degradation situation; second,
capability mapping of a type that indicates potential land use or the soil
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conservation mesures that are necessary. The first allows critical areas to be
indentified and provides a logical basis for overall planning. The second
indentifies the measures that are required and provides a basis for cost estimates.
However it has been our experience in Australia that effective soil
conservation measures can be applied without waiting for detailed mapping of
soils or the derivation of more precise methodologies such as those associated
with the universal soil loss equation and the wind erosion equation.
Two examples can be quoted. In some arid to semi-arid grazing lands in
western New South Wales, deterioration of the vegetation caused by overstocking was leading to serious erosion. Solution to the problem lay in the
assessment and enforcing of appropriate stocking rates. A number of stable areas
were located within the zone and previous stocking rates for them accumulated.
When plotted against annual rainfall, a reasonable correlation was found
between average rainfall and safe stocking rate. Consideration of topography,
soil, tree density, and condition of the vegetation led to refinement of the
relationship. Surveys of each holding in the arid areas were then undertaken and
form the previously determined relationships a suitable safe stocking rate was
computed. Application of this has provided for improved stability over large
areas.
In another case, general observations revealed that destruction of trees on
slopes in excess of 18 degrees from the horizontal generally led to instability and
accelerated erosion. Such areas in eastern New South Wales were delineated on
maps and legislative action provided for rigid control of destruction of trees on
these slopes. Stability is being achieved.
In both cases, there are many questions still to be answered and much research
required to allow refinement. Some individuals may be adversely affected.
However, the measures are successfully conserving the soil resource and the
community as a whole is benefited. Prompt application of these measures,
without waiting for detailed research findings, has assisted in the overcoming of
serious soil degradation.
At this stage the need for effective extension work is raised. It is only
mentioned in passing, as most scientists are only too well aware of the gap
between knowledge and practice. We are reminded that conservation of the
world's soil resources is not merely a matter of obtaining useful knowledge; there
must be an effective application of that knowledge.
One of the greatest needs is immediate and effective action to meet particular
problems. The world's soil resources are being depleted, often at an alarming rate
in many countries. At the same time, populations are rapidly increasing. An
essential part of any policy to meet the challenge must be designed to apply
immediate measures to conserve the resource.
The great importance of sociological, political and economic factors is
recognised; in fact, in many countries these present the major problems to be
solved. However, they have not been discussed in this paper because of the
writer's lack of experience in these areas:
In addressing the National Conference of the Australian Society of Soil
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Science in Sydney in 1980, Martin, Chief, Division of Soils, CSIRO (personal
communication) considered the matter of strategies in research. He indicated
that the assignment of priorities was a matter of personal opinion but submitted
that the major research task over the next decade should concentrate on soil
conservation. However, in attempting to define a strategy, he was frustrated by
the lack of resources, particularly with regard to trained personnel. A similar
reaction would no doubt emanate from leaders in most countries.
This highlights the need for increasing awareness among administrators of the
seriousness of the problem and for active promotion of a greater resource
allocation to the study of world soils, with particular reference to their
conservation.
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Soils Policy in India:
Need and Direction
K.G. TEJWANI*
Abstract
This paper provides background information on the nature and extent of land
degradation, denudation and desertification problems in India. Extensive land
husbandry programmes have been undertaken along with research and training
base provided to support the same. However, these measures are still
inadequate to meet the challenge. Of an area of 305 million hectares, 145 million
are in need of conservation measures. Yet there is a general lack of awareness of
the problem and the urgency of the need to conserve, develop and properly
utilise our soil resources. The paper outlines the principles and objectives of
national soils policy for the country and suggests that to implement it we must
(1) provide a strong infrastucture, (2) develop appropriate practices for land
management and (3) educate the public in general and the planners and decision
makers in particular. This requires powerful leadership and support at the
national level. Only when all the disparate elements are integrated into a
smoothly functioning whole can we hope to reap the benefits of a national soils
policy.

That most of the land in India suffers from severe erosion and destruction of the
production base is now well realised and accepted. It was estimated in 1968
(Anonymous 1968) that out of the reporting area of 305 m ha (total geographical
area of India is 328 m ha), 145 m ha were in need of conservation measures (Table
1).
The principal causes of soil erosion, namely, faulty cultivation practices of
agricultural lands, over-grazing, deforestation, clear felling of steep slopes, etc.,
are all well known. However, in India there are certain social and economic
factors that contribute to the intensification of the hazards of erosion. Very large
human and cattle populations and consequent small size of land holdings place a
severe strain on land-water-plant systems. In India, the physical limit of land area
that could be cultivated has already been reached.
The data in Table I are alarming: 58% of agricultural land, 33% of forest, 86%
of the culturable waste lands, 95% of permanent pastures and grazing lands, 74%
of fallow lands and 24% of land under trees and groves are subject to severe
erosion; 55% of lands not used for agriculture are subject to severe erosion.
The degradation of the forest and pasture lands in the river catchments and of
the so-called waste lands and about 2.3 to 4 million ha of gullied lands
* Central Soil and Water Conservation Research and Training Institute, Dehra Dun,
U P . , India.

SOILS POLICY IN INDIA

99

Table I. Extent of soil conservation problems in India.
Area (million ha)
Type of land
Forest
Cultivable waste lands
Permanent pastures and other grazing lands
Land under miscellaneous tree crops and groves
Fallow land
Fallow land other than current fallows
Current fallows
Net area under cultivaton
Land not available for agriculture or forestry

Total
area

Soil conservation
problem area

61.2
17.4

2(1

14.X

14

4.:

1

9 -1
111

K

137.9

SO

15

7

50.2
306.0

145

contributed to floods and sediment, which pose the greatest threat to the wellbeing of the people and the economy of India. For example, a survey of 21
reservoirs has indicated that they received sediment on an average rate of 8.51 ha
m/100 km 2 /annum as against the designed inflow of 3.02 ham/100 km 2 /annum.
This represents 182% more inflow of sediment than the designed inflow (Gupta
1975). The National Commission on Agriculture estimated in 1976 that there
were 3.67 m ha of land under ravines and, on a conservative estimate, India is
loosing a total output of 1570 million rupees by failing to reclaim and develop the
ravines (Anonymous 1976a).
The large quantities of sediment, lodging in tanks, reservoirs, streams and river
beds, reduce their capacity to hold or convey water, resulting in more and heavier
flooding. The maximum area affected by floods in a single year in India during
the period 1953-1970 was 20.88 m ha; this increased to 25.09 m ha during the
period 1953-1976, in spite of the 8 m ha that had been provided flood protection
at a total cost of 3474 million rupees. Further, in spite of the expenditure of flood
control measures during more than the past two decades and the positive benefits
brought to specific areas, the total area and average crop area affected by floods
is observed to be on the increase (Patnaik 1977a, 1977b).
Salinity and alkalinity affect 7 m ha of land (Abrol and Bhumbla 1971); 2.7 m
ha of land are subjected to shifting cultivation, 0.45 m ha of it being sown every
year; 6 m ha of land are affected by waterlogging; of this, 3.4 m ha are subject to
surface flooding and 2.6 m ha have a high water table (Anonymous 1976a).
Moreover, as the pressure on the land increases, there will be a tendency and
demand to open up marginal and steep lands for cultivation. These lands will be
in greater need of soil and water conservation.
As India is a developing country, we are yet to face the severe problems of
environmental pollution. Pollution of soil, water and atmosphere are around the
corner as we increase the pace of our development and exploitation of resources.
Sediment is certainly one of our greatest agricultural pollutants, particularly of
water. If erosion is permitted to continue at its present rate, it is possible that all
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work will be reclamation, rather than soil and water conservation and
management.
In view of these problems, it is urgently necessary to evolve efficient and
economic basic resource conservation or land husbandry measures on a national
scale.

Land Husbandry in Retrospect
Land husbandry problems in India were fortunately recognised as soon as the
country began planned development after independence.
Development Programmes
Soil and water-conservation programmes were begun with the inception of the
First Five Year Plan. In the Fifth Five Year Plan and thereafter, great emphasis
was laid on watershed management. Up to the end of the Fourth Five Year Plan,
we had treated 17.94 m ha of land with soil and water conservation measures at
an expenditure of 3474 million rupees. By 1978, we had treated 21.8 m ha of land,
at an expenditure of 5107 million rupees. Though impressive in terms of area and
expenditure, this is not significant, as only 25% of the area in urgent need of soil
and water conservation programmes has been treated in a period of 27 years.
Work on resettling the tribals in permanent agriculture has been taken up and
it is proposed to treat 11360 ha of land at an estimated cost of 53 million rupees to
settle tribal families under the Sixth Plan.
Research in Management of Soils
During the framing of the First Five Year Plan of India, it became obvious that
while the problems of the degradation and destruction of the production base
were broadly known, solutions backed by scientific investigation were not.
Consequently, a chain of Soil Conservation Research, Demonstration and
Training Centres was established (Table 2). These centres are to work on all land
uses on a watershed basis; management of lands not suited for agricuture—i.e.,
forest, pasture and eroded and waste lands—was a major component of their
charter.
In addition, these centres had the responsibility of imparting specialised
training in soil and water conservation to supervisory officers and middle-level
staff of the various state governments in India.

Land Husbandry in Prospect
It is heartening that there is an on-going and active soil and water conservation
programme on a watershed basis in India and a strong and stable infrastructure
for implementing it. However, looking ahead to the year 2000 A.D. or beyond,
the picture is bleak. Pressures will be exerted on the land-water-plant systems by
the human and cattle population. For example, human population, which
increased from 361 min 1951 to 548 min 1971 will be 931 m by the year 2000 A.D.
The net area per capita, which decreased from 0.9 ha in 1951 to 0.6 ha in 1971, will
further decrease to 0.35 ha; though the cultivated area increased from 119 m ha in
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Table 2. Suil and water conservation research centres in India''
Location
Dehra Dun
Chandigarh
Ootacamund
Bellary
Kola
Vasad
Agra
Hyderabad
Chattra (Nepal)
Jodhpur
Udaigiri
Rehmankhera
Hazaribagh

Region
North-western Himalayan region
Submontane tracts in the north-western region, with special
reference to Siwalik hills
Southern hill area with high rainfall
Semi-arid black soil region
Central India, ravine areas on banks of Chambal river
Ravine areas along river banks of Gujarat State
Ravine areas on banks of Yamuna river
Red soil, semi-arid region
North-eastern Himalayan region, with special reference to
Kosi river catchment
Rajasthan Desert and arid lands
Eastern lateritic soil region of Orissa (planned but not
started yet)
Ravine lands on banks of Gomti river (U.P. State Government
Project)
Catchment of Damodar Valley Command area, Bihar.

a. The first eight centres in lable 2 are the constituents of the Central Soil and Water Conservation
Research & Training Institute, Dehra Dun. The Indian Council of Agricultural Research has
established (a) Indian Grassland and Fodder Research Institute, Jhansi, which is expected to work on
grasslands and silvipastoral systems with particular reference to production of fodder, (b) ICAR
Agricultural Research Complex, Shillong, for research on alternative farming systems for shifting
cultivation and (c) Central Arid Zone Research Institute, Jodhpur, for research in arid and desert
regions in India.
In the Sixth Five Year Plan, it is proposed to have three more centres for soil and water
conservation on integrated land use principles in (i) Bundelkhand region, (ii) Deep black soil high
rainfall region in Madhya Pradesh and (iii) Shifting cultivation in Orissa. There will be four
Operational Research Projects in Himalayas, likely to be located in States of Jammu and Kashmir,
Himachal Pradesh, Uttar Pradesh and Sikkim. These seven units will also be the constituents of the
Central Soil and Water Conservation Research and Training Institute, Dehra Dun.
In addition to the above there is the National Bureau of Soil Survey and Land Use Planning
(ICAR), Soil Survey and Land-Use Organisation (Govt, of India) and State Soil Survey
Organisations for classifying and mapping the soils.

1951 to 140 m ha in 1971, the per capita availability of land for production of
food, fibre, and other needs shrank from 0.33 to 0.29 ha and this will be further
decreased to 0.18 ha by the year 2000 A.D. (Anonymous 1976a; 1976b). To the
growing pressure of human population on the available land resources has to be
added the growing pressure of livestock population which increased from 264.4
m cattle unit:; in 1951 to 312.2 m cattle units in 1972.
These very dense population pressures of human beings and animals on land
result in cultivation of marginal lands and destruction of forests, thus
aggravating the present rate of degradation of the production base. It was shown
in Table 1 that 145 million ha of land, representing 44% of the geographical area
of India, are subject to severe erosion. The projections of the soil and water
conservation programmes up to the year 2004 A.D. are given in Table 3.
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Table 3. Projection of soil and water conservation programmes in India up to year 2004 A.D.
Area (m ha)
Expenditure
of develop(m Rs)
ment programme

Period

Up to end of fourth
year (1977-78) of
Fifth Five Year Plan
Last year (1978-79) of
Fifth Five Year Plan
Total up to end of
Fifth Plan

Sixth Plan (1979-84)
Seventh Plan (1984-89)

21.8

5 107

1.2

SS4

23.0

5 991

Projection of Development Programmes
6.4
5 850
10.0
9 000

Eighth Plan (1989-1994)
Ninth Plan (1994-1999)
Tenth Plan (1999-2004)
Total

13.5
17.0
20.5
90.3

12 150
15 300
18 450
66 771

Remarks

Actual
Proposed

Proposed
At Sixth Plan
price levels
Sixth Plan prices
Sixth Plan prices
Sixth Plan prices

It can be seen from these projections that if the cost of development is kept
fixed at the Sixth Plan prices and we provide for an increasing target of 3.5 m ha
in every Plan, we will be able to treat 90 m ha of land (the area most urgently in
need of conservation) by the end of the Tenth Five Year Plan in the year 2004
A.D. at a cost of 66740 million rupees. These projections do not take into account
the cost of maintaining or rebuilding the works, the life of which is generally
estimated to be 15 years under field conditions. These projections also presume
that costs will remain the same as in the Sixth Plan.
Reclamation of saline and alkali lands has been initiated in the country with
useful results, but large-scale land-reclamation programmes for saline and alkali
lands, solving the problems of shifting cultivation, desert afforestation and
stabilisation are yet to be initiated. If projects for these are undertaken, the
amounts needed will be staggering.

National Soils Policy
Need for a National Soils Policy
Despite the many problems created by fast-paced development, India has not
ignored its soil, water and plant resources and the need to conserve and develop
them rationally along scientific lines. A wide network of developmental
programmes has been set up, backed by research and training institutes and, to
some degree, with social and political support. But there is not yet a deep or
widespread awareness of the need for conservation. India has reached the limits
of being able to put the land under the plough and cut down forests—a
particularly dangerous situation, considering that 70% of the population
depends on agriculture for a living.
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While the country has a national forest policy and a national industrial policy,
it has no well-defined policy for a non-renewable resource such as soil, which is
the mainstay of livelihood and economy of the country.
Developing a sound national policy requires (1) recognising the problem, (2)
defining the objectives of the policy and (3) implementing the programmes
needed to realise those objectives.
Recognition of the Problem
Soil is a limited resource on which continuously increasing demands are being
made to feed, clothe, house and provide energy for the growing population. We
must recognise that soil is lost by erosion or damaged by misuse; once lost, it
cannot be recovered or replaced; and that loss of soil not only results in decreased
production but triggers a chain reaction of floods, drought, ecological imbalance
and consequent degradation of the quality of life.
However, it is not only possible to reverse the processes of degradation but also
to maintain and improve the production on a sustained basis while
simultaneously conserving the soil.
Objectives of a National Soils Policy
Recognising these problems, the National Soils Policy should then attempt to
meet national needs by encouraging efficient use of the soil, based on economic
and ecological principles of resource management. The soil resources should be
inventoried and the qualitative and quantitative dimensions of the problems
assessed. Based on this information programmes should be drawn up to:
•
Utilise the land according to its capability;
•
Maintain and improve soil fertility and productivity;
•
Prevent soil erosion by wind and water and soil degradation;
•
Reclaim degraded and denuded habitats;
•
Integrate land-use planning on a watershed basis;
•
Monitor and counter the adverse effects of exploitative agricultural
development, especially with respect to pollution and ecological
disturbance.
It may be emphasised that prevention of soil erosion is not merely an earth
work or a structures programme but a programme which should also stabilise
and increase production. Further, soil conservation measures cannot be
regarded in isolation; they must be developed and practised in close coordination
with water conservation and rainwater management programmes.
Implementation of the National Soils Policy
Implementation of the NSP requires building up of an infrastructure, developing
of packages of practices for various land uses and providing appropriate social
and political institutions to ensure a national commitment to the policy
formulated.
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INFRASTRUCTURE FOR IMPLEMENTING A NATIONAL SOILS POLICY

India has a wide network of State Departments of agriculture, forests, irrigation,
horticulture, rural development, extension and public works which are engaged
in managing land and water problems. Similarly, there is an extensive network of
research institutes and agricultural universities in the country which are
concerned with the development of technology for managing land-warer-plant
systems. Once the NSP is adopted, it will be desirable to coordinate the activities
of these departments in line with its principles, objectives and programmes.
It will also be necessary to indentify the gaps in infrastructure and fill these
either by strengthening the existing institutions or by creating new facilities.
Conservation, research and training programmes need to be strengthened,
considerably expanded and firmly implemented along scientific lines.
EDUCATION FOR IMPLEMENTING A N A T I O N A L S O I L S POLICY

It is also necessary to create a national consciousness of the need for soil and
water conservation. In addition to the physical facilities-and infrastructure, a
programme of education is urgently needed to enable decision-makers at various
levels to appreciate the dimensions of the problems involved.
Because the land must be treated according to its capability, on a watershed
basis, many prevailing land-use practices will have to be changed. Since land,
soil, water and people are inter-related, it is inevitable that controversies will
arise. Solving these will require effective education of the people and moulding of
public opinion.
People from all walks of life should be associated with this movement in
groups at village and urban levels. This will also require powerful leadership and
support at the national level and effective decision-making at the national, state
and district levels in India.
TECHNOLOGY FOR IMPLEMENTING THE NATIONALSOILS POLICY

The technology needed for effective land management and conservation is
available and is not likely to be a constraint. Research institutes and agricultural
universities have developed appropriate packages of practices suited to a wide
variety of problems, agro-climatic conditions and, to some extent, socioeconomic environments. In the short run, what is needed is to transfer the
technology to the field. This can be more easily accomplished if the package of
practices is specific to the prevailing soil and climatic conditions and has a
demonstrably positive benefit: cost ratio. Trained and qualified personnel are
needed to effect the transfer.
SOCIAL AND POLITICAL INSTITUTIONS FOR IMPLEMENTING THE
NATIONAL S O I L S POLICY

A vital aspect of implementing the NSP is a strong social and political
commitment, without which it is not possible to pass the appropriate legislative
measures needed at national, state and district levels.
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It will also be necessary to legislate for implementation of the policies and
programmes of the NSP. Although some measures such as the Soil Conservation
Legislation, the Forest Act, Municipal and Urban Laws, have already been
passed, these have often been enacted in isolation with a sectoral approach. The
various sectors and the laws relating to them should be viewed within the
framework of overall scientific land-use planning and development, in order to
ensure harmonious allocation and development of land and soils for agriculture,
forests, grasslands, recreation, habitation and industry.
To be effective, all legislation must:
•
make a clear statement of need, policies, objectives and benefits;
• establish guidelines and norms for allocation of land for various uses;
• ensure careful coordination and linkages between different legal
enactments directly or indirectly affecting land and soil such as laws on land
settlement, ownership and reform, forests, mining, water, urban and rural
development;
•
state clearly the powers and responsibilities of different authorities
charged with implementing the laws, the rights and responsibilities of the
owners of land, the provisions of financial contributions, subsidies, credit
facilities and financial resources.
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Soils Policy In Africa:
Need and Direction
N.N. NYANDAT*

Abstract
Loss and fatigue of soils associated with continued reduction of vegetative
cover have become a threat to survival in many African countries. Because of
the reduction in productivity, the problem of soil degradation is one of the
priority areas to which countries of Africa must devote their financial and
technical resources.
The problem is of importance in the high-rainfall savanna and tropical forest
areas of eastern, central and western Africa, where shifting cultivation is
practised or where steep slopes are cultivated. The arid areas which are
common in Africa are also liable to soil degradation. Human and animal
pressure has led to the expansion of agriculture into these areas, while irrigation
has often given rise to secondary salinisation.
The problem of soil degradation, however, is not just a physical one. There
are social and economic influences which have a significant bearing on the
degree of degradation which can take place and on the effectiveness of measures
to combat it. Soil degradation due to overgrazing, for instance, emanates from
technical and socio-economic factors such as poor land management, too many
animals for the carrying capacity of the grass and uneven distribution of
animals. In some parts of Africa, wealth is still measured in terms of the number
of animals owned by an individual and the people's life-style (diet, for example)
is entirely based on animal products.
Soils policies to ensure rational use of soils and their proper management are
necessary in Africa and involve technical innovations as well as social change.
Such soils policies need to recognise the soil as a basic and essential resource
which needs appropriate institutions to coordinate its use, management,
inventory and conservation. The success of a soils policy will depend on the
understanding and support of the population. Though mindful of the value of
soil, the population still needs to be convinced that proper use and management
of the soil can increase incomes and general welfare. The priority should
therefore be to establish by legislation the machinery necessary for education,
extension, soil resource inventory and soil resource research. The people should
be educated as to their role and the consequences of their actions on soil
resource management. Where possible, these consequences should be defined
in terms of economic effects.
National soil resource inventories are necessary to classify and evaluate the
soils. There is further need for concerted international approach to establish
guidelines for national standards and controls for soils use, management and
conservation.

Life on earth depends on the productivity of the soil, which man exploits through
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agricultural, industrial and other activities. The productivity of the soil is in turn
dependent on the capacity of the soil to provide the plants with essential
requirements for growth. Plants obtain their growth requirements mostly from
the topsoil, which may only be a few centimetres thick. Below the topsoil is the
subsoil into which roots of plants may grow in search of additional growth
materials.
According to Bennett (1975), it may take 300 to 1000 years or more to generate
an inch of topsoil even under ideal conditions of climate and vegetation; it would
need 2000 to 7000 years to generate 7 inches of soil. Yet agricultural and
industrial practices which allow soil deterioration through soil erosion and
pollution may cause the topsoil to be lost completely in just a short period. Loss
and fatigue of soil associated with continued reduction of vegetative cover have
become a threat to survival in many developing countries, including Kenya. Soil
loss is in fact one of the most pressing and difficult problems facing mankind
today.
The problem of soil degradation is of importance in the high rainfall savanna
and tropical forest areas of eastern, central and western Africa, where either
shifting cultivation is practised or where steep slopes are cultivated. The arid
areas which are common in Africa are also liable to soil degradation. Human and
animal pressure has led to the expansion of agriculture into these areas, while
irrigation has often given rise to secondary salinisation. Animal husbandry,
especially in East Africa, has been ousted by increased cultivation to small areas
which suffer serious over-grazing. In North Africa, water erosion is particularly
active in mountainous areas with steep slopes. Seriously affected areas can be
found in the Rif Mountains of Morocco, central and south Tunisia, the Ghariane
and Jebel Akhdhar region in Libya and the Ingessana and Jebel Marra in Sudan.
Wind erosion in North Africa is rife on sandy soils and is often triggered off by
over-grazing and other forms of bad land use. It occurs all around the Sahara and
around watering points.
If food for all the world's expanding population is to continue to be produced
in sufficient quantities, then loss or deterioration of soil must be reduced or
stopped. Furthermore, the productivity of the soil must continue to be increased.
At Niangolo in Upper Volta it has been observed that the increase of water
erosion from 1.4 tonnes/ha per year to 13 tonnes/ha per yeardecreased the yield
of millet from 729 kg/ha to 352 kg/ha (FAO 1977, p. 46). This reduction of
productivity is what makes the problem of soil degradation one of the priority
areas to which the countries of Africa must devote their financial and technical
resources. Particular attention needs to be given to finding ways of preventing
loss of productive soils through erosion and pollution. Serious efforts will also
need to be directed towards restoring the productivity of already damaged soils.
The problems of soil degradation, however, is not just a physical one. There
are social and economic influences which have a significant bearing on the degree
of degradation which can take place and on the effectiveness of measures to
combat it.
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Causes of Soil Resource Degradation
The causes of soil degradation need to be taken into consideration in order to
formulate a sound soils policy. In the savanna and tropical forest zones of Africa
the rainfall may be heavy all year round. The natural vegetation in these areas
consists of a dense cover. However, in the low and less intense rainfall areas, the
natural vegetation only ranges from savanna, which provides a good cover, to
scrubland, which provides a poor cover. Where the cover is good the problem of
soil degradation from rain is negligible, since the natural vegetation cover breaks
the force of the rain. But where the natural vegetation cover is poor or where the
vegetation has been removed for cultivation, the soil becomes vulnerable to
erosion.
Deforestation and Expanding Cultivation
It has been reported by Braun (1974) that in the decade between 1956 and 1966,
the tropical forest in the Ivory Coast shrank by 2.8 million ha because of
cultivation. In the southern states of Nigeria, Lowe (1974) reports that 8000 ha of
forest are cleared annually and this is expected to rise to 60,000 ha by 1984.
In areas of mountainous regions, there may be heavy seasonal rainfall, the runoff from these areas may rush down previously dry streams and river beds in
great volumes as flash floods. The floods can cause extensive damage to soils in
their path, while the mountains themselves and the footslopes become
increasingly gorged into deep gullies. Landslides can also be initiated by intense
rainstorms in mountain areas. For example, Temple and Rapp (1971) report that
in the Uluguru Mountains in Tanzania, a storm of more than 100 mm of rainfall
in 3 hours resulted in more than 1000 landslides over an area of 75 km2.
Due to population pressure, many steep lands in Africa have been brought into
cultivation. In fact in some countries, areas with up to 55% slope have been
cultivated because of the economic necessity to avoid starvation.
The use of inappropriate implements for land preparation also results in
damage to soil. Many of the implements used for land preparation in Africa have
been developed for conditions in the temperate zones. When used in the tropics,
they either pulverise or compact the soil, thereby resulting in wind and water
erosion. According to Lai (1974), compaction is particularly noticeable on
lateritic soils of West Africa as a result of clearing and accelerated erosion to the
extent of 120 tonnes/ ha per year and above has been observed on freshly exposed
steep slopes of these soils. Lai (1980, p. 408) also provides data on run-off and soil
loss from bare soil in different agro-ecological zones of tropical Africa. The soil
loss ranges between 3.8 and 173 tonnes/ha per year depending on the rainfall
intensity and the slope.
Damage by Livestock and Irrigation
Cows, sheep and goats destroy good pasture by over-grazing and trampling. The
effect of goats is usually more serious, because goats not only eat and trample all
the grass but also browse on shrubs and trees until there is no green leaf or
succulent branch left. Soil degradation due to over-grazing is common in Africa
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and emanates from technical and socio-economic factors such as poor land
management, too many animals for the carrying capacity of the grass and uneven
distribution of animals. According to the United Nations (1977, p. 16) the
livestock density in the Sahelian, Sudanian and Guinean zones in 1960 was as
follows: Sahelian zone, 6.9 head per km2; Sudanian zone, 4.5 head per km2;
Guinean zone, 0.3 head per km2. The population was growing at the rate of 3.75%
between 1965 and 1970. In some parts of Africa, wealth is still measured in terms
of the number of animals owned by an individual and the people's life-style (e.g.
diet) is entirely based on animal products. The passage of herds of animals from
one grazing area to another or to drinking points or to markets is also a common
cause of soil degradation. Animals form bare paths and tracks along such
passages and these develop into gullies.
Salinisation and alkalisation are some of the most wide-spread forms of soil
degradation occurring in irrigated areas in Africa. Large areas of irrigated land
have been ruined.
Population Pressure and Urban Growth
Another source of soil degradation is the encroachment of urban population
centres on agricultural land. Although the use of land for urban population may
have a higher priority when considered from the urban point of view, it is a form
of degradation when given priority in a situation where agricultural land is
scarce.
Large numbers of people, especially in urban areas, also create soil
degradation problems. The most recognisable is that associated with the disposal
of organic wastes. Although technology for effective disposal of most of the
wastes may be available, there are not available economic incentives for doing so.

Socio-Economic and Institutional Setting
A soils policy involves not only technical innovations but social change as well.
Its success depends on the understanding and support of the population. But the
population in Africa, though mindful of the value of soil, still need to be
convinced that by conserving the soil they can increase their income and general
welfare. In some cases the technology for appropriate solution of soil problems
exists, but its use is prevented by lack of awareness or indifference or inadequate
economic incentives.
Security of land tenure is an incentive to proper soil management and
conservation. If the person who occupies the land feels that he is insecure, he will
tend to mine that land until it is no longer productive and then move elsewhere
and repeat the process. Traditional concepts of land ownership, rights of use and
ways of acquisition which are still prevalent in Africa lead to abusive utilisation
of soil. Similarly, traditional, social and religious restrictions may prevent an
adequate development of the soil. In many countries of Africa the land is still
communally owned and there is no incentive for direct responsibility over the
land. Furthermore, in some countries, it is a religious infringement to grow some
crops. For instance, in Kenya, it is against the belief of certain religious groups to
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grow tobacco.
In many countries of Africa, specialised soil organisations are not available. In
other countries there are a multiplicity of them and their activities are not being
coordinated towards the same objectives. Where several ministries or
departments are directly responsible or interested in sectoral aspects of soil
utilisation and conservation, the result is a lack of coordinated planning, overlap
of functions and responsibilities and wasteful use of the soil resource.
Coordination of policies and establishment of priorities are necessary.
Soil conservation programmes need to be backed by appropriate legislation to
facilitate administrative action. Comprehensive soil conservation laws have not
been enacted in many countries of Africa. Most of the legal provisions in African
states to control soil degradation are use- or misuse-oriented. In Africa south of
the Sahara, for instance, forest legislation is wide-spread but laws aimed at farm
crop land problems are less common. Similarly, in North African countries,
grazing and forest laws are common but general conservation legislation is
relatively rare. Such sectoral legislation may not always be conducive to
adequate planning for the rational development and conservation of the soil
resource.
It must be recognised that soil degradation is a national, social and economic
problem whose solution lies in the application of all measures necessary for
controlled development and conservation. Soil conservation legislation needs to
be viewed within the larger context of land-use planning, the purpose of which is
to ensure harmonious and adequate development and management of soils for
agriculture, town development, industrial development, recreation, etc. A
comprehensive resource law should be the objective.
Lack of site-specific data on crop performance and projected performance
under improved conditions as well as data on the physical environment is
another constraint within which a soils policy in Africa should be considered.
This problem has to be solved by improvement of soil research as well as soil
resource inventory facilities, which include the development of skilled manpower
at all levels.

Remedial Measures for Soil Resource Utilisation, Management
and Conservation
In Africa, the basic causes of soil degradation are the same as those elsewhere,
but the remedial measures need to be adapted to local socio-economic and
political conditions. The priority should be to establish by legislation the
machinery necessary for education, extension, resource inventory and resource
research. The public should be educated as to their role and the consequences of
their actions on soil resource management; where possible, the consequences
should be spelt out in terms of their economic effects. Sometimes it is necessary to
carry out soil resource conservation measures where the farmers have neither the
technical knowledge nor suitable equipment. The government may under such
circumstances be required to subsidise the conservation measures.
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Appropriate institutions are required to deal at the national level with the
national use and management of soils. This could be achieved by establishing a
National Land Use Commission responsible for dealing with the overall policy—
the technical, economic, social, political and legal aspects of soil development
and conservation activities. Such a body should ensure coordination at the
highest political level and should frame policies, determine priorities and decide
on action to be taken to control soil degradation.
Legal measures are also necessary for the rational use, management and
conservation of the soil resource. These constitute a means of implementing
policy decisions to promote development compatible with conservation. Legal
provisions should aim at ensuring the development, management, protection,
conservation and reclamation of soils in order to satisfy present and future
demands for every purpose of utilisation, taking into account the constraints
imposed by population growth and behaviour.
National soil resource inventories are necessary to define and evaluate soil
types, slopes, existing land use or natural vegetation cover, susceptibility to
erosion and degree of erosion that has taken place. This must be done as a basis
for determining the suitability of the land for various uses under given conditions
of management. Research is also required on the changes which take place in soil
fertility, structure, moisture regime, temperature, etc., as a result of various
systems of farming. For example, what happens to the soil as a result of clearing
and burning; what happens during the cropping period and the fallow period;
what happens when alternative systems of cultivation are introduced and what
are the effects of different tillage practices. The long-term studies of soil erosion
by ORSTOM in West Africa and Madagascar have shown, for instance, that
water erosion hazards are very great because of particularly high rainfall
aggressivity. Conservation research therefore needs to aim at establishing a good
vegetation cover. Terrace systems of soil conservation are usually not well
adapted to the economic, social and climatic conditions of Africa.
A concerted international approach is needed to draw up guidelines for
establishing national standards and controls, especially for those sources of soil
degradation which are of international concern.

Action Needed Within the Framework of a Soils Policy
1. Unless there is a definite policy regarding soil as a basic and essential
natural resource, the utilisation and conservation of it will be retarded,
misdirected and wasteful. Countries in Africa need to establish basic soils
policies which relate to the specific needs and factors prevailing locally.
Prevention of soil resource degradation implies increased costs to
agricultural and industrial production; consequently, alternative policies
need to be established to allow the widest possible latitude for adaptation
of control measures within accepted standards. Governments and private
agencies must work together to establish suitable alternatives.
2. Once the standards for soil utilisation and management are set, the
individual nations will have to enact comprehensive soil resource
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conservation laws. Joint participation of government, scientists and the
general public is required for the implementation of soil control policies.
One requirement of the action programme is communication between the
three groups.
3. There should be provision at national level for the establishment of a
coordinating agency responsible for collating the information obtained
from various sectors and determining the implications for utilisation and
management of the soil resource.
4. In many countries of Africa, skilled manpower and facilities are inadequate
for necessary soil resource inventory and establishment of standards for
resource utilisation, management and conservation. Therefore, national
governments as well as international agencies need to provide facilities for
training of the technicians at all levels.
5. Also necessary at the international level is the development of standards
and guidelines for soil resource management and conservation to facilitate
exchange of information and experience between the nations of the world.
Such a function can be accomplished by establishing under the umbrella of
an International Soil Resource Management Board, a small technical unit
to be attached preferably to either a United Nations agency or an existing
international soil institution.

Conclusion and Summary
Loss of or fatigue of soil associated with continued reduction of vegetation cover
have become a threat to survival in many countries of Africa. The problem of soil
degradation, however, is not just a physical one; social and economic influence
also have a significant bearing on the degree of degradation which can take place
and on the effectiveness of the measures to combat it. In Africa, the basic causes
of soil degradation are the same as those elsewhere but the remedial measures
need to be adapted to local socio-economic and political conditions. In order to
promote rational utilisation and proper management of the soil resource, the
countries of Africa need to adopt soils policies which recognise the soil as a basic
and essential natural resource that requires appropriate institutions to
coordinate its use, management, inventory and conservation. The international
institutions also have an important role to play in providing the guidelines for
such a policy and the technical standards which can facilitate communication
and exchange of information.
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World Soils Policy
and Its Application in Latin America
FERNANDO SUAREZ DE CASTRO*

Abstract
The population explosion and rising expectations of an improved standard of
living have increased the pressure on natural resources in general and soil in
particular. The highest priority should therefore be given to the formulation of
a soils policy which will ensure the optimum use of soils without impairing their
productive potential or damaging the environment. In Latin America, where an
estimated 80% of cultivated lands have been affected by erosion, the application
of such a policy is of prime importance. Although no Latin American country is
pursuing a clearly defined soils policy, wide-spread concern does exist
regarding degradation of soils and methods for attacking it. This paper outlines
the objectives of a long-term soils policy, stressing that it should form an
essential element of the development processes and plans of all countries.
Because the problems are not confined within national boundaries, steps taken
by individual countries should be backed by international-level action,
particularly to develop consistent criteria for inventory and classification of
soils and to exchange technological know-how regionally and globally. A world
soils policy based on mutual interest and international cooperation will put
financial and technical resources at the disposal of all countries.

Humankind obtains almost all its food and a significant portion of the materials
it uses for shelter and comfort from the soil, a very thin layer of organic materials
and minerals covering the earth's crust, in which plants develop their root
systems and from which they draw the nutrients they need. The relationship
between the human race and the soil is critical; if the soil is destroyed, so is the
very base of our sustenance. This is why it is essential that we concern ourselves
with soil conservation through appropriate land use to establish a prosperous,
stable and permanent agriculture.
Serious concern exists regarding soil destruction that has already occurred in
many regions of the world and which threatens zones of tremendous potential or
actual importance. This has led to increased interest in adopting measures to
ensure the appropriate use of agricultural lands on a national and world scale,
thanks to the growing world awareness that this problem affects humanity as a
whole. Consequently, although they may be of local origin, solutions must be
tied to given situations, resources and solutions of other countries, regions and
continents. As emphasised in the Report of the Independent Commission on
International Development Issues (Brandt et al. 1980), 'The biosphere is our
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common heritage and must be preserved by cooperation; otherwise life itself
would be threatened'. Convinced of the urgency of the matter, some governments
and international institutions, under the United Nations Environment
Programme (UNEP) and FAO, have undertaken to raise the level of awareness
for the need to conserve renewable natural resources and the manner in which to
organise and implement their appropriate use. This involves action at the local,
national and international levels, supported by clear political decisions by
governments, based on sound principles and the technical-scientific procedures
developed by research institutions.
The most outstanding of these efforts are: (1) the Soil Conservation Strategy
prepared under the leadership of the International Union for the Conservation of
Nature and Natural Resources (IUCN 1980), UNEP and the World Wildlife
Fund (W WF) and (2) the Plan of Action to Combat Desertification that is being
implemented on a world scale through a special UNEP programme.
A movement headed by the UNEP has emerged for developing and
implementing a World Soils Policy as an intensification, in one case, and
expansion, in the other, of these two programmes. This policy seeks to establish
the bases for ensuring and encouraging the maximum use of soils for improving
the quality of life without reducing the productive capability of the land or
damaging the environment, either directly or indirectly.
This paper seeks to present an outline of background information and the
progress made in turning this idea into reality, based on the papers prepared by
groups of experts (Ahn et al. 1981a, 1981b; Anonymous 1980) and on the
conclusions that were approved at meetings called by UNEP in Rome in May
1980 and February 1981. The manner in which this World Soils Policy can be
applied in Latin America will also be examined.

Initial Considerations
During the last few decades, the world has become increasingly aware of several
socio-economic phenomena of importance to humanity. The first of these is the
population explosion, a term which reflects the concern about a population
growth rate unparalleled in history (Instituto Nacional de Technologia 1979).
More than a million people join the world population every 5 days; during the
next two decades, the population increase will be about 2 billion—more than the
entire world population in the first decade of this century. The second is a postwar phenomenon, and has been called the expectations explosion. Inhabitants of
the developing countries—two-thirds of the human race—have, for the first time
in history, become aware of their poverty and the possibility of not being poor.
The fatalism with which the masses in the backward countries once accepted
their fate has now disappeared, replaced by a deep-rooted desire to enjoy the
standards of living that they see have already been attained by the lower income
social classes of the more developed countries (Suarez de Castro 1979a).
In addition, the status of the immense group of the lowest income rural and
urban populations has acquired importance and more attention from the world
community. The under-privileged are increasingly separated by their low
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incomes and lack of opportunity from other economic groups. This gap has
broadened so dramatically that it has jolted the conscience of the ruling classes
(Suarez de Castro 1979a).
Consequently, development is acquiring a more human approach. It has
become accepted, in fact and with the full consequences thereof, that aside from
the concerns for economic growth, primary attention must be paid to the
redistribution of income, in order that a greater proportion of the total reach the
less favoured population strata. Thus, development strategies that used to stress
increases in total production have been, and must be, modified and supplemented
in order to attain a more equitable distribution of income, considering the basic
needs of the poorest strata and the urgent necessity of providing them with
employment (Suarez de Castro 1979b).
Agriculture accounts for 44% of the gross domestic product of developing
countries and provides 83% of their total employment. However, it is not
developing rapidly enough to feed the population and projections indicate that in
1990 there will be a food deficit of 20 million metric tonnes or one-third of total
consumption needs (Brandt et al. 1980). Furthermore, the energy crisis has
created a gigantic new demand for agricultural land, especially in the least
developed countries, for producing biomass as an energy source to reduce the
sometimes intolerable dependence of non petroleum producing countries.
These four factors—population growth, expectations explosion, the
humanisation of development and food and energy needs—contribute to the
tremendous pressure on natural resources in general and on the soil in particular.
It is the soil that produces food and a good portion of the essential raw materials
needed for meeting these increased demands. The destruction of this resource has
thus become critical in many areas and cannot but cause alarm in world circles.
Degradation of soil through misuse is taking place ever more swiftly. The
UNEP figures that on a world scale, the loss of arable land due to accelerated
erosion alone reaches 5 to 7 million hectares a year and by the end of the century,
losses are expected to total 100,000 km2 per year. At the same time between 25
and 40 million ha of forest are depleted every year (United Nations 1978).
National Soils Policy
Soil degradation is a physical process affected by factors such as the intensity,
duration and frequency of rains and wind; the slope of the terrain; the soil's
capacity to absorb water and surface run-off.
But soil degradation also depends on economic and social conditions. Many
different circumstances contribute to the magnitude and characteristics of soil
degradation in a given zone. In addition to predominant physical factors, these
include population and farmland distribution, capital availability, price stability
for agricultural products, levels of education of farmers and farm workers and
communication facilities. Because of the influence of all these social and
economic conditions, government intervention becomes necessary in
representation of the social conglomerate.
Virgin soils accumulate reserves of nutrients and physical conditions over the
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centuries that begin to be exploited once the soil is used for cultivation. Even
when production costs and the prices of agricultural products maintain stable
values over the long term, if a destructive soil exploitation system is established,
the net income obtained by the farmer from the soil will decrease annually until it
reaches zero, or even a negative value.
The speed at which this decline takes place depends on the conditions of the
terrain, which influence the degree of resistance to deterioration. Thus, farmers
are faced every year with a choice between continuing to exploit the soil and
adopting a conservation system which, by maintaining soil productivity, will
stabilise their income (Suarez de Castro 1979a).
The farmers' decisions are dependent on their capability to evaluate all factors
involved with acceptable precision and to calculate the net earnings they could
obtain as a result of one or another decision.
In the short run, it would be economically sound for individuals to begin
investing resources in soil conservation when net earnings obtained from
farming activity equal the annual loss of profit resulting from this system; that is,
when the diminished capital value of the land equals the net profit from the
activity.
It is not easy for small and medium-scale farmers to recognise the point at
which it begins to be uneconomical for them to continue their enterprise under a
given system. They would have to calculate the reduction that occurred in the
permanent net productivity of the land and be able to separate this from other
factors that influence land values. They would also have to be able to calculate,
with acceptable precision, what their earnings would be with a new conservation
system. This would require a complete analysis of installation expenses,
necessary changes in the use of the land and in cultivation tasks, new working
requirements and final net income. This information is generally unavailable to
individual farmers, and can only be obtained with the help of the State.
However, even assuming farmers could recognise this critical economic point,
it is doubtful whether they have the initiative and energy necessary for planning
and implementing the changes in a timely fashion, or the minimum skills needed
for managing the new system. Losses in the intrinsic value of land capital are
generally hidden, because the increases in the population or the expansion of
markets tend to increase the value of lands and thus compensate for the losses.
Consequently, it is easy for conservation to appear to reduce actual annual net
incomes. Also, the loss in the intrinsic value obtained from the activity may
affect users other than the actual farmers, such as short-term renters.
Lastly, the farming system used (without soil conservation) often proves to be
economical for the individual, but not for the social conglomerate. This
frequently occurs when damage affects sectors outside the individual farms
(floods or sedimentation on neighbouring farms; deterioration in the infrastructure), or the permanent reduction of productivity to low levels in nationally
important agricultural zones (Suarez de Castro 1979a).
In all of these cases, the intervention of governments, as representatives of
society, is imperative, for they possess more information and have better bases
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for predicting the future as well as broader means and more resources—than
individuals do.
This intervention, however, would serve no useful purpose unless undertaken
within a "clearly defined conceptual framework that enables the respective
governments not only to react to events and tackle each problem that arises with
specific decisions but also to do so with a generally applicable basis (Ahn et al.
1981b), so that conditions are established which not only permit but
encourage—even oblige—non-destructive use of soils. It is necessary that these
principles be translated into well-articulated measures which form a true action
strategy.
This is the justification for a national soils policy adopted by as many
countries as possible. The objective of this type of policy would be to establish
bases which allow and encourage the maximum use of soils for upgrading the
living conditions of the inhabitants of every country without lowering the
productive capacity of the land and without directly or indirectly damaging the
environment.
For this reason, the implementation of a soils policy should be given the
highest priority among the efforts being made to permanently increase
productivity. This policy must be an essential part of the development processes
in every country, since soil is the basis of all production (Ahn. et al. 1981a).
It must also be acknowledged, however, that although it is necessary to
substantially increase and organise information on the processes and factors
involved in soil destruction, there is also a tremendous need to take immediate
action, based on existing information, for the most critical situations.
Another improtant point to stress- is that the appropriate use of soil resources
cannot be resolved in the short term. Rather, it requires long-term planning and
continuous evaluation of the situation at all levels. Furthermore, significant
inter-dependence exists between the destruction or conservation of the soil and
the development process, increases in population, technological evolution, and
the degree and kind of education provided at all levels. The problem must be
examined within this broad context in order to arrive at a solution.
The implementation of a soils policy at the national level should, in general,
pursue six objectives. The first is to establish general economic and social
conditions that encourage and favour soil conservation (this being understood
as the use and treatment of land in such a manner as to obtain the highest
production possible in the most effective social and economic terms, without
reducing its productive capacity). These conditions include: maintaining
favourable prices for farmers, not only for products but also for agricultural
production factors; establishing tax and credit systems of benefit to farmers who
use conservation practices; distributing land rights to those who best work and
conserve the land; constructing infrastructure, primarily roads, to link farmers
to markets; enacting measures which regulate the use and prevent the abuse of
land.
Second, there is a need to encourage, regulate and ensure that soils are used
according to their capabilities and treated according to their needs. This refers
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primarily to the distribution of crops and the treatment and deals with the
application of all the complementary practices needed for maintaining the
productive capacity of the soils. In order to be able to rationalise State
intervention in this important matter, it is mandatory that a soil inventory be
available in each country that classifies soils in relation to certain relevant
factors. The simplest criterion to follow in this respect involves the cropping
intensity each terrain can sustain without suffering a reduction in its productive
capacity. In this manner, land is grouped, with acceptable variations within preestablished criteria, into uniform blocks reflecting their capacities for use and
their management needs. The State could use such a classification to rationalise
its actions to regulate individual initiatives in line with long-term needs of the
social conglomerate, which is intrinsically tied to the conservation of the
productive capacity of the soils.
In the third place, governments must be involved in expanding agricultural
frontiers by incorporating new land into this activity (settlements); by raising the
productive capacity of others with irrigation and drainage systems and by
eliminating physical limitations. Private initiative should be encouraged in every
case and should be backed by orderly State action, so that the vast technical and
economic resources usually needed for this type of enterprise reach the social
conglomerate and do not benefit only a small groups of entrepreneurs.
In the fourth place, governments themselves must conduct broad-reaching
research and technology transfer endeavours. Research, in this case, deals not
only with the ecological and agronomic aspects of soil destruction problems, but
also with determining which of all the social and economic circumstances come
to bear on the destruction of the soil. The intensity, duration and frequency of
rains; the physical and chemical characteristics of the land; the characteristics of
existing vegetation; the soil and water losses that occur with different rainfalls on
the different soil types and under prevailing vegetation cover; the relationship of
climate, vegetation and soil with erosion and run-off; and the effect of different
agronomic and mechanical practices on soil and water loss are examples of
topics suitable for physical research by governments, through programmes
linked to the experimental stations or similar institutes. Systematic research into
the short-, medium-, and long-term economic effects of different combinations
of soil conservation practices (systems) is important to determine the relative
efficiency of different experimental methods evolved. The socio-economic
analysis serves as a guide for finding the best combination of soils with other
renewable natural resources and other relatively scarce factors such as capital,
labour and management skills. The planning horizon for investing resources and
obtaining income is usually very narrow for individual farmers—a few years, or,
in exceptional cases, a generation—while for society as a whole, this horizon
normally extends over several generations. Thus, conflicts may well arise
between the farmers and the State, which must be resolved by seeking the
greatest good for the greatest number. In order to resolve these conflicts
correctly, the State must have access to reliable information based on reliable
socio-economic research, to serve as the framework for decisions which will have
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the force of law.
Fifth, governments must encourage and assist farmers—particularly from the
lowest income groups—to organise into different types of associative,
community or cooperative enterprises, so that these associations can serve as
effective vehicles- of communication between the official institutional apparatus
and the farmers. This will also ensure their active participation in the normative
and determinative process responsible for the decisions that affect them. The
services of the official institutional system (credit, marketing, technology
transfer, etc.) are impossible to provide efficiently and effectively for individual
small-scale farmers. For this reason, among others, the lowest income farmers
find themselves, for all practical purposes, unaffected by State actions to increase
agricultural production and to affect the terms and conditions under which
agricultural production takes place. Only when they are united by common goals
can regulatory action and services reach them.
Sixth, governments must complement the actions herein described with an
educational campaign which will systematically reach different age and
population groups. On the one hand, soil conservation, as a component of the
policy on the conservation of renewable natural resources and the protection of
the environment, should be the foundation for all formal education from
primary level up to university, including secondary vocational and technical
education. On the other hand, both the urban and rural populations in general
should receive systematic information on the aspects of soil conservation that
most directly affect them. This should include informal education, which is
usually the responsibility of extension services, in order to raise the farmers'
awareness of the importance of soil erosion and the ways to fight it. Researchers,
extension workers, teachers and communities should work together to prepare
specific materials for each population or educational-level group.
All the actions outlined in the six previous points indicate the necessity of
incorporating soil conservation into development plans as part of the integrated
conservation of natural resources and the protection of the environment. By
definition, development occurs with the best use of those resources available to a
country or region, and the most appropriate distribution of resulting products. It
would be unreasonable, then, to conceive and plan development with a rational
social approach, without basing it on the appropriate management and
conservation of these resources, among which one of the most important is soil.
To neglect this at the initial phase of policy formulation will promote merciless
destruction of the social capital, or serious confrontations during the project
preparation or implementation phases with specific interest groups using systems
which exploit and destroy natural resources in general, and soil in particular.
Soil conservation may easily appear to be an impediment to development and
something to be avoided, perhaps, in order to reduce costs, especially since it is
relatively easy to calculate the costs of applying soil conservation practices but
more difficult to calculate the economic benefits of these practices. It will only be
through an integrated programme of development with conservation that
governments will be able to regulate the relationships between the different
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components of the social conglomerate, and balance the interests of the different
economic groups that make up each country.
International Soils Policy
Although each country is primarily responsible for making appropriate use of
soils, there is no doubt that these efforts should be supported by international
action. Efforts are currently being made to establish an international strategy for
development and during the extensive debates which took place at the United
Nations in relation to the 'international strategy for the second development
decade', the importance of the appropriate use of resources and the protection of
the environment were highlighted. Development at the cost of the renewable
natural resources, of which soil is one of the most important, would be a shortsighted strategy which, though in the short-term may appear attractive in some
cases, will create even greater problems in the long run. Thus, the 'World
Conservation Strategy' lists high priority actions dealing directly with the
positive use of land and soils, such as(l) the exclusive use of the best agricultural
lands for producing food crops; (2) the adoption of management practices that
maintain the productivity of agricultural, pasture and forest lands; (3) the
prevention of soil degradation and the improvement of already degraded land
and (4) protection of watersheds.
A world soils policy then, adopted by all interested countries, would not only
be consonant with world strategies and policies for development and the
conservation of natural resources, but would also form an integral part of these
policies and strategies.
The countries will be able to make extensive use of the specialised services of
world-wide or regional institutions like FAO, UNESCO, UNDP and IICA only
if there are uniform criteria, on a world-wide scale, for carrying out the tasks of
inventory, research, periodic evaluation and reclamation of the productive
capacity of the soils. The technical and methodological advances achieved in
some countries will be transmitted to others through a system of communication
arteries, thus making the most advanced techniques available to all countries,
even those least advanced technologically or most limited by their resources. At
the same time, economic assistance, which will be necessary in many cases, can be
provided more easily and more usefully when channelled through cooperative
programmes.
Staff training at different levels, from specialists responsible for direct action
in the extension services to the most advanced researchers or scientists exploring
new channels for action, will be improved by being able to take maximum
advantage, on the one hand, of the existing capabilities of the more developed
countries, and on the other, of the different types of facilities that may exist in
relatively less developed countries. Reciprocal training, which promotes the
exchange of specialists from the different national institutions, will funnel
progress attained in similar economic, social and institutional situations to
different countries. This approach will reduce the technological and scientific
differences between developing countries by strengthening the autonomous
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technological capabilities of each.
Research which, because of its nature or because of the magnitude of the
phenomena involved, demands the participation of several countries—such as
research into watershed systems and climatic phenomena related to soil use—can
only be carried out with multi-national cooperation and will, in turn, make it
possible to extrapolate research findings obtained in one area to conditions
prevailing in other countries or regions.
In synthesis, the existence of a world soils policy and a strategy for its
application based on the same principles as a new strategy for economic
development will make financial, technological and staff resources available that
otherwise would not be available to many, and will establish a principle of
solidarity which, strengthened through shared work, can increase the fruitfulness
of the cooperation that is currently provided, either bilaterally or multi-laterally.
It will stimulate the growth of this cooperation as much in technical as financial
aspects, and will provide a unified front for tackling global problems on the use
and conservation of soils.

Technical Aspects of a World Soils Policy
Within a conceptual framework such as the one established above, implementing
a world soils policy would require:
1. Agreements and action on an international inventory of soils; their
taxonomie location, their current use and the degradation or
improvements that have occurred.
2. Adoption of an evaluation system on soil-use capacity both from the
strictly physical-biological and from the social and economic points of
view.
3. Adoption of common universal criteria for effective systems of
implementing the most appropriate use of soils.
4. Establishment of a coordinated system for conducting research on various
types of soil degradation and how to control them.
International Basic Soil Taxonomie Classification
A common taxonomie soil classification system will be needed to compare,
arrange and integrate the information on soils obtained in the different parts of
the world. A common criterion should exist for grouping soils to make it possible
for peculiarly local conditions to be collected in a system, through reference to
the same general criteria. Only in this way will it be possible to determine the
comparative potential productivity of different zones, to transfer soil
management technology and to determine the relative vulnerability of soils to
erosion, the damage they have suffered and the manner in which they can be
managed and improved (Anonymous 1980).
This was recognised by the group of experts who met in Sofia in May 1980 to
discuss the reference base for an international soil classification system (Dudal
and Pecrot 1980). They stated that, although the major soils occurring in the
world are duly recognised in the most important soil classification systems, 'they
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are distinguished at different levels of generalisation and different criteria, so that
many classification units overlap and differ in their ranges of variability. In
addition, differences exist in terminology and nomenclature which make
correlations and understanding at the international level more difficult.
Specialists agree that circumstances indicate the need for an international
agreement on soil classification both in regard to the principal classes to be
recognised, as well as the criteria and methodology for defining and separating
them'.
This proposal does not seek to replace national classifications; rather it seeks
to establish a reference system through which different classification systems can
be correlated and standardised, beginning with the broadest categories (Dudal
and Pecrot 1980). The titles used by FAO/ UN ESCO on the World Soil Map can
serve as a basis for discussion, which would make it possible to make use of
progress already made in this project for the international correlation of soils.
On this basis, the expert group prepared a preliminary list of broad general
taxonomie units, and also recommended that the international classification
system should:
1. Base the classification on soil properties, including soil humidity and
temperature systems, and the characteristics of the parent material.
2. Define soils in terms of the characteristics of profile and horizon diagnostic
studies.
3. Base the selection of the characteristics of the diagnosis, to whatever degree
possible, on the relationship between soil properties and soil formation.
4. Organise the classification into categories having different levels of
generalisation and begin international standardisation by limiting it to two
or three of the highest levels. The sub-divisions into lower categories can
vary, but a criterion should be developed for making these separations,
including practical elements for the use and conservation of soils.
These proposals are almost complete, and will constitute the first technical
element for a world soils policy. It must be noted, however, that technical
agencies in this field must receive a clear mandate from the countries in the form
of support necessary to carry out this task.
Capability Classification
The taxonomie classification of soils will facilitate their grouping into categories
having intrinsically similar characteristics. Thus, the application of modern
cropping practices, such as improved and selected seed, fertilisers diagnosed
according to soil characteristics, etc., can transform the agriculture of a region.
No technique, however, will produce good harvests if soil conditions are
inadequate for the specific crop to be planted and no agronomic or mechanical
practice will prevent erosion when attempts are being made to produce harvests
on lands that are inappropriate for clean tillage. The first step towards
establishing permanent agriculture, then, is the use of each land type according to
its capability.
It is thus necessary, in addition to the taxonomie classification, to have a land
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capability classification. Several such systems have been developed and are in use
in different countries. Some limit themselves to grouping the terrain in relation to
the capability to produce a given crop or to react favourably to specific
improvement practices, primarily irrigation. Thus, land categories such as these
exist: 'very appropriate', 'appropriate' 'scarcely appropriate' and 'not
appropriate' for growing, for example, cotton or coffee; or there are lands that
are 'very appropriate', etc., for irrigation.
For soil conservation, undoubtedly the most valuable classification is one that
systematically gathers all the information on the land that can serve to guide and
support decisions on the combination of uses and the measures of soil
conservation that permit intensive agricultural use without risking soil erosion.
It is easy to see the importance of the acceptance and use of a common
agrological classification system (capability assessment) of land within a world
soils policy and of the need for unified efforts to group all terrains within this
classification. This would be the second technical element of a world soils policy.
Soil Degradation and Conservation Research
The main reasons for working the land, ever since cultivation first began, have
always been to improve the land and adapt it in the best manner possible for
producing food and raw material. Only in modern times has there been organised
scientific action directed towards increasing the production of materials useful
for humanity on all lands under cultivation. This process of scientific
improvement, however, is not currently being applied broadly enough, but only
on very small portions of the land in use. It must be extended to immense poorly
utilised regions that could benefit tremendously from the application of currently
available scientific and technological knowledge.
A world soils policy should seek to accelerate this transfer of knowledge from
the more advanced regions to the least in their mutual interest. All soil
improvements seek an increase in production that will exceed the total cost of
applying the improvement. Thus, it is necessary to calculate, with relative
accuracy, both the cost of the original investment and that necessary for
managing the improved systems.
According to some estimates (Anonymous 1980), it is economically feasible to
reclaim or improve 41 % of the potential agricultural land in the world, due to its
capacity for producing high yields or the possibility of producing yields no lower
than the average, at low costs.
Experiences, such as that in Holland, where land for agricultural use was
reclaimed from the sea, can be used on a world scale, not only the engineering
aspects but, perhaps even more important, the aspects dealing with institutional
organisation, training for farmers, orientation of government support and
assistance services through credit agencies, marketing, research and agricultural
extension agencies.
In many cases, it might be most appropriate to focus on pilot projects or areas
in order to empirically adjust improved systems to the special characteristics of
each region, using such an area for training national specialists and experts at
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different levels, as well as the farmers.
To accelerate the process of reclaiming and improving lands, based on the
positive technical economic criteria, it would be important to devise a world
mechanism that ensures local, regional and world research on the physicalbiological and socio-economic factors affecting soil degradation and the
necessary co-ordination between soil inventories and taxonomie classifications,
their grouping by capability and the improvements that research is bringing
about, as well as the coordination and exchange of knowledge and personnel
between different geographical zones and countries.
It should be remembered that it is precisely this set of practices, primitive or
improved, that are applied to farm lands which constitute the agricultural system
or production systems which are currently considered the essential base for
improving agriculture.
Each farm is a system which combines different conditions: ecological, crops
(including livestock and forests), working methods, capital, management
abilities and others. It is not sufficient to develop better practices in isolation and
then introduce them into a farming system as they may displace other
components that work together in an inter-related and coordinated fashion
(Suarez de Castro 1979b). Without discouraging the development of better
individual practices at the experimental stations, it is necessary to test these
practices within integrated systems, to ascertain whether they will function in
certain models or prototypes of agricultural enterprises common to the zone or
region. It would be fitting, then, to organise methods for monitoring and
analysing agricultural systems, that cover:
1. The observation, systematic registration and classification of the different
agricultural systems (combinations of resources and practices currently in
use), their distribution and importance;
2. The relative efficiency of the different systems in their fundamental task of
converting climatic energy into useful products through photosynthesis;
3. The relative efficiency of these same systems in protecting soils from
erosion and degradation, or of subjecting them to these dangers;
4. The social and economic factors that influence or condition the pattern of
agricultural systems;
5. The introduction of productive conservational improvements into existing
agricultural systems, taking into consideration not only physical and
biological but also socio-economic factors (Anonymous 1980).
At this point, it would be worthwhile to note the importance of the humid
tropics in feeding the world (with, perhaps, the greatest potential among the
currently less intensely used lands). If exhaustive and inter-disciplinary research
were carried out on the shifting cultivation system, it would be possible to
deliberately introduce improvements which, by increasing productivity, would
also reduce the unfavourable effects of the system on the fertility and productive
capability of the soil. We focus on this specific case (the humid tropics) because it
typifies the importance of a world-wide inter-disciplinary approach, where the
scientists at the highest level, with experience in a vast range of situations and in
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the integrated application of significant resources for research and
experimentation, could have an impact on providing food and raw materials for
future populations. The agriculture-livestock-forestry systems, the multiplecropping systems, alternating or consecutive, could be of prime importance
because of their effectiveness in taking advantage of the high temperatures and
humidity which characterise the humid tropics.
Research into the factors involved in soil conservation, the classification,
study and monitoring of land improvement and reclamation, and the
agricultural systems in which these improvements have taken place, would be the
third technical component of a world soils policy.
Soil Degradation and Loss
A very important aspect of conserving the soil is the observation of how different
farming systems protect the soils or expose them to erosion or permit them to be
degraded by other means.
In 1974, the FAO and UNEP organised a meeting of experts to discuss soil
degradation. At this meeting, it was recommended that a global evaluation be
made of existing and potential degradation, compiling all existing data, and
interpreting environmental factors that have an impact on the extent and
intensity of soil degradation: climate, vegetation, soil characteristics,
management, land topography, and land use. The final results will be presented
on a World Soil Degradation Map.
This meeting signalled the beginning of a project that is developing a
provisional method for evaluating soil degradation, defined as 'the process that
quantitatively and/or qualitatively reduces the existing and/or potential
capability of the soils to produce goods or services'(FAO, UNEP and UNESCO
1979). It is a process, furthermore, that is not necessarily continuous, but that can
occur during a very short period between two states of ecological equilibrium.
Degradation processes are dynamic and respond to changes in the quality and
productivity of the soils. Some of these are: wind erosion, excessive salt
(salinisation and alkalinisation), chemical degradation, physical and biological
degradation. The methodology developed by FAO considers each of these
processes independently from the other and expresses them in units suited to
each individual process.
The next task is to field test both the methodologies and the maps, which will
be made in four scales varying between 1:5 million and 1:20 thousand. The
methodology would be tested throughout the world under many different
climatic, ecological, economic and social environments, in order to assess the
applicability of the types, factors and equations that have been developed, and to
test the validity of the cartographic units and the viability of the methodology in
the different scales. It will be necessary, furthermore, to publicise the work in
order to encourage testing of results and governmental participation, since the
capability of each country will also have to be strengthened in order to assess and
monitor soil degradation over the long term. Lastly, the tests should be carried
out by a network of national and international institutions in the respective
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regions, within a coordinated system set forth in a Plan of Action for
implementing the world soils policy. This, then, is the fourth technical
component of a world soils policy.

World Soils Policy: Its Application in Latin America
The term Latin America refers to 22 independent countries located to the south
of the United States. They have common characteristics: they were settled by
Iberian people (Portuguese and Spanish) and speak Spanish and Portuguese
(except for the two most recent additions: Guyana, which is an English-speaking
country, and Suriname, which is Dutch). Of these 22 countries, three are islands
and 19 are located on the American continent (Suarez de Castro 1965).
This territory covers 20 million km2 with a population of 300 million. This
population is the most dynamic of the factors that affect the general picture of
economic development and the use and abuse of renewable natural resources.
The dynamic nature of the population is reflected, first, in its rapid growth. In
Table 1. Total population and rates of growth in Latin America 1960, 1975-79.
Country

1960

1975

1976

1977

1978

1979

('000 persons)

Annual
rates
}f growth
(1970-79)

(%)
Argentina
Bahamas
Barbados
Bolivia
Brazil
Colombia
Costa Rica
Chile
Dominican Republic
Ecuador
El Salvador
Guatemala
Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
Trinidad & Tobago
Uruguay
Venezuela
Latin America
Total

22 611
119
233
2313
70 758
16 233
1 320
7 701
3 036
4 336
2 433
3 965
578
3 574
1 895
1 613
34 923
1 420
1 062
1 710
10 022
922
2 483
7 352

25 383
205
242
4 890
107 145
23 476
1 952
10 253
4 725
6 746
4 108
6 079
787
4 584
3 093
2 014
60 145
2 162
1 668
2 647
15 470
1 084
2 764
11 993

25 719
212
243
5 019
110 123
23 935
2 003
10 428
4 846
6 972
4 224
6 255
800
4 668
3 202
2 045
62 239
2 218
1 719
2 739
15 908
1 096
2 782
•12 361

26 056
220
243
5 151
113 208
24 420
2 056
10 656
4 978
7 212
4 255
6 436
812
4 749
3 318
2 075
64 594
2 325
1 771
2813
16 358
1 108
2 846
12 737

26 389
228
244
5 286
116 393
24 922
2 110
10 857
5 125
7 461
4 397
6 622
X25
4 833
3 439
2 106
66 944
2 393
1 825
2 888
16 836
1 120
2 852
13 155

26 729
236
245
5 425
119 656
25 523
2 166
10917
5 275
7 689
4 436
6 813
835
4919
3 564
2 137
69 408
2 463
1 881
2 973
17 328
1 132
2 886
13 587

1.3
3.6
0.3
2.6
2.8
2.1
2.6
1.7
3.0
3.3
2.9
2.9
1.7
1.7
3.4
1.5
3.6
3.1
3.1
i.i
2.9
I.I
0.9
3.2

201 612

303 615

311 756

320 397

329 250

338 223

2.7
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1900, only 64 million persons lived in Latin America; that number quintupled to
340 million in 1980 (see Table 1). At the current population growth rate (2.7% per
year) this part of the world is expected to enter the twenty-first century with a
population of nearly 600 million.
Natural Regions
In addition to this rapid population growth rate, the region has a relatively
abundant base of renewable natural resources. Latin America contains nine
natural regions, which the Inter-American Institute for Cooperation on
Agriculture, IICA, briefly described (IICA 1976; Wright and Benema 1965).
REGION 1: H U M I D AND SUB-HUMID TROPICS

This is the most extensive soil region in Latin America. It covers a good part of
Brazil and the Amazon and Orinoco river basins, and it reaches across the
Isthmus of Panama through Central America, as far as Belize. The climate is
tropical or equatorial, and rainfall is abundant. Soils with low or very low levels
of natural fertility predominate throughout this region. The presence of nutrients
is based primarily on recycled organic material.
REGION 2: NORTHWESTERN BRAZIL

A large part of this region is semi-arid. The climate is tropical and dry. During
normal years, most rivers run dry. The major handicap to agriculture in this
region is the lack of moisture. In most of the area, irrigation is essential for
permanent intensive production.
REGION 3: SOUTHERN BRAZIL

This region has a sub-tropical climate, subject to low temperatures every year.
The handicaps to production are closely associated with the soil class. At higher
elevations, freezes and low phosphorus content in the soil keep agriculture
restricted to grazing and forestry.
REGION 4: SEMI-TROPICAL LOWLANDS O F T H E C H A C O

This semi-arid and sub-humid region covers the areas of the Chaco in Paraguay,
Bolivia and Argentina. The climate is arid and saline patches in the soil are
common. Temperatures are high in the summer time and low in the winter. Much
of the Chaco area has no permanent agriculture and is used only for extensive
grazing.
REGION 5: NORTHERN EQUATORIAL A N D E S

This is a mountainous area with steep slopes and predominantly humid and
super-humid climate. Soils are highly varied. Existing agriculture is less tied to
soil characteristics than to economic and social conditions, such as the
latifundium-minifundium complexes. Natural handicaps to agriculture are
primarily the predominance of steep slopes, highly erodible soils and poor access.
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REGION 6: LOWLANDS OF THE P A M P A AND PATAGONIA

Both stem from common parent material, but they are very different. The lands
of the Pampa extend to the north and south of the mouth of the River Platte in
Argentina and Uruguay. This is the largest area of fertile soil in Latin America.
The climate appears to be sub-tropical, but the temperature has broad variations
and winter freezes are common. Soil moisture is adequate in some places and
inadequate in others. Much of the Patagonia is desert. The shortage of irrigation
water restricts agricultural potential.
REGION 7

A variety of soil types and rainfall levels is present. In the coastal areas of the
region, rainfall is around 1500 mm/year, rising to 5000 mm at higher altitudes
and falling to 1000 on the eastern slope of the mountain range. Agriculture is
limited by steep slopes, low natural fertility in much of the soil, and the need for
drainage in the flat-land valleys that separate the mountains.
REGION 8: A R I D AND S E M I - A R I D C E N T R A L A N D E S

This covers the arid and semi-arid central areas of the mountain range and the
low-lying coastal areas of the Pacific desert. The primary characteristic of the
region is inadequate moisture. Any irrigation under prevailing desert conditions
requires great care in order to prevent the accumulation of soluble salts on the
surface.
REGION 9: H U M I D T R O P I C S OF CENTRAL AMERICA AND THE CARIBBEAN

This covers most of Mexico and the western areas of most of the Central
American countries, together with a good deal of Cuba, the southern section of
Jamaica, Haiti, the Dominican Republic and Puerto Rico and much of the
Leeward and Windward Islands. In this region, the climate ranges from arid in
the north to semi-arid and tropical sub-humid in the south. Soils are highly
varied. In much of the region, intensive agricultural production is restricted to
low-irrigation areas or to seasonal farming. An important requirement in the
agriculture of the region is to make the best use of available water.
Total land surface under production in Latin America is estimated at 1.2
billion ha, distributed as follows:
Forest
712.6 million ha
Pasture
364.8 million ha
Arable land
122.1 million ha
This total makes up around 60% of the territory (Suarez de Castro 1979b) and
only 5.8% of it is under irrigation (Merea 1977).
In view of these figures, which are only approximate, there is a need for reliable
data on the characteristics of the land and water resources in the great majority of
the territory. Soil surveys have been conducted at varying levels of precision for
8% of the humid tropics (60% of the territory) and exploratory studies have
covered an additional 25% (Nelson 1977). There is no information available on
how much area has been studied in the temperate zones of Latin America,
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although it would be safe to estimate that 20% has been covered by detailed
studies, and 60% by surveys.
As for soil degradation, a number of partial estimates have been made by the
FAO, establishing that nearly 80% of the land under cultivation in Latin America
is affected by erosion (FAO 1980; Franco 1980). In the Argentine area of the
River Platte basin, erosion by water affects 36 to 42% of the land surface in the
provinces (Instituto Nacional de Technologia 1979), while in Uruguay, an
estimated 30% of the farm land by erosion. A study made in El Salvador in the
early 1970s found that the area affected by erosion totalled as much as 77% of the
land under cultivation (OAS 1974). At the same time, it is estimated that solids
suspended in water in 1970 reached nearly 1 million tonnes (Leontiefetal. 1977).
Finally, it is estimated that the annual cutting of forests in the region is on the
order of 5 to 10 million ha, while in some countries, reforestation is less than 1%
of the annual cut (Instituto Nacional de Technologia 1979).
Pressure on natural resources is increasing, especially in the area of usable land
for the production of foodstuffs and raw materials, as a result of the rising needs
of a rapidly growing population. For this reason, there is an urgent need to
organise the protection of resources, particularly of soil and forests, in order to
meet the challenge of economic growth (or of improving the standard of living
for the greatest number).
This has been proven by the countries themselves, all of which have
insitutional mechanisms for confronting the various aspects of the total problem.
In some countries, such as Venezuela and Colombia, more or less successful
attempts have been made to classify the soils of the major farming regions.
Nevertheless, there is still a need for a common frame of reference that will make
it possible to exchange information and that will facilitate the expanded use of
experimental findings from one region to another. There is also need for a
cooperative mechanism for the exchange of information.
Several countries have experimental stations that, as a part of their
programmes, conduct research on the various factors connected in one way or
another with adequate land use. Nevertheless, there are no national research
programmes or research organisations that include systematic studies of the
physical, biological and socio-economic factors affecting research.
Similarly, the agencies for transferring technology to the users of extension
services in all the countries are extremely weak. In general, there is a lack of
institutional mechanisms to oversee and evaluate the soil degradation taking
place, nor do they have the authority to prohibit or control certain uses of land
which, although they may be productive for the owner or user, may also involve
serious breakdowns of the intrinsic productive value of the soil, in the medium or
long term. Finally, no country has an educational campaign to raise awareness of
the value of non-renewable natural resources, and the need for methods of
conserving them.

Conclusions
In summary, it can be stated that no country in Latin America pursues a clearly
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defined soils policy backed up by clear government decisions. However, it would
be unfair not to recognise the concern that exists not only on official levels, but
among groups of agricultural producers and the general public, about problems
connected with the proper use of land. This concern became clear at the
Sixteenth Regional FAO Conference for Latin America, held in Havana, Cuba,
in September, 1980 (FAO 1980). One of the subjects under discussion was soil
conservation and its relationship to food production. Some of the conclusions
that were approved are of considerable interest for the view they offer of the basis
for national and regional soil conservation policies:
1. The responsibility of the governments for soil conservation activities, in
their broadest sense, should include both farmers and the other sectors
involved, as well as the general public. These activities should also be
characterised by their social content and the care needed to maintain
ecological balances. Such an approach, however, involves political
recognition of the problem, as it concerns the economy of the country.
2. .It is of fundamental importance that studies be conducted on the taxonomy
and classification of soils and on planning land use within the framework of
a soil conservation programme.
3. In soil conservation, an action approach for the watersheds has been
considered as one of the most appropriate, since it allows for joint action on
integrating technical, social and economic programmes and the
development of essential infra-structure. This is why the active
participation of the entire population is stressed as being of great
importance, particularly those members of society directly linked to policy
planning and implementation phases, and the corresponding action and.
work to be undertaken.
4. The tremendous scope and complex nature of national watershed and soil
conservation programmes is such that a solidly based public soils
organisation is essential for coordinating and implementing activities,
which may include the transfer of technology and the provision of
economic assistance for participants in the programme. Some of the
delegations clearly specified that in this regard, there is much still to do in
Latin America. Again, some of the delegations—especially for smaller
scale producers—felt that the creation of adequate infra-structure for
monitoring soil degradation should be considered a State responsibility.
As in other cases of investments made by the public sector, the resulting
facilities benefit the entire community.
5. Soil conservation research efforts should be oriented towards the more
practical aspects of a conservation programme. These should include,
among other elements, a programme for planning the rational use of land,
and should be directed mainly towards the selection of practices easily
adaptable to the specific conditions of each ecological zone.
6. Emphasis should be given to the urgent need for training technicians at the
different levels for planning and implementing conservation programmes.
Several of the delegations indicated the need for both theoretical and
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practical training in soil conservation, from primary school level through
university, on a permanent, continuous basis.
7. Special soil conservation laws and regulations were considered a basic
requirement, not only for the installation of conservation services but also
to serve as basic standards to govern appropriate land use. Moreover, it
was felt that legislation in this area should not be punitive but serve rather
as an incentive.
8. Traditional patterns of shifting agriculture and problems resulting from
excessive population pressure require special consideration in a
conservation programme.
As for the economic, financial and investment factors (FAO 1980), it was
acknowledged that soil conservation measures are usually profitable. However,
it was also shown that little information is available about the economic benefits
of soil conservation, either in Latin America or in the rest of the world. Further
study into this aspect is clearly essential, particularly with regard to small-farm,
low-income conditions which hinder or prevent investments from being made in
the field. Nonetheless, contrary to what is usually believed with regard to longrange returns from investments in soil conservation, there are numerous
examples of short-term profits resulting from accelerated production. The need
for community and State support for the implementation of conservation
measures was stressed, particularly for those that show little profit in the short
term.
Help for the farmers along these lines should involve stimulating other sectors
of the economy, which benefit from the soil conservation measures, to help
finance them. The need to provide incentives for the farmers through productive
measures was mentioned by several delegations. In order to develop wellintegrated soil conservation programmes, many countries will need considerable
international financial help, provided under favourable conditions.
The need for greater cooperation among the countries of the region with
regard to soil conservation was considered essential. Several delegations and one
observer country offered to cooperate within the framework of inter-country
cooperative endeavours on specific training, research and action programmes
(FAO 1980).
Similarly, it was recognised that soil conservation should be considered an
essential component of the rural development process, and the pertinent
activities should be included in the overall framework of socio-economic
development. It was also acknowledged that national and regional soil
conservation programmes are a pre-requisite for maintaining and steadily
increasing food production levels.
Finally, it was requested that the FAO's assistance be dedicated primarily to
helping in:
1. formulating national soil conservation policies in the countries that require
them and elaborating and implementing specific projects;
2. encouraging the transfer of knowledge and technology and the exchange of
experience among countries;
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3. training, at both the national and the international levels, in all aspects
pertaining to the conservation of natural resources; and
4. including these elements as priorities within a regional project.
To summarise the current situation in Latin America, there is a consensus on
the seriousness of soil degradation and, in general, in the natural resources of the
region. There is also agreement on the need for concerted action, based on
national policies and on a regional policy capable of promoting and guiding
international coordination in Latin America as a whole. All of this must be
institutionally translated into strong national organisations and a regional
mechanism that can: (a) organise and implement exchange of experience and
methods among countries; (b) initiate a joint research programme to cover
primarily basic research on the phenomena of soil degradation; (c) support
specific multi-national projects on various matters of interest to more than one
country; and (d) establish and maintain in operation the mechanisms for
supervision and coordination, as needed for working regionally within the
parameters designated by the technical elements of a World Soils Policy.
Within the inter-American system, to which all the countries of the region are
affiliated, there is an organisation specialised in agriculture and rural life. This
facilitates the implementation of action needed for regional enforcement of the
World Soils Policy, without the need to create new international mechanisms or
organisations. The Inter-American Institute for Cooperation on Agriculture
(11CA) could easily undertake the responsibility of stimulating, supporting and
coordinating national programmes with a regional outlook, with the support of
the FAO and other multi-national organisations with an interest in these
problems.
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World Soils Policy
E.G. HALLSWORTH*

Abstract
In 1981 a group of soil specialists met under the auspices of the United Nations
agencies concerned with the land—the FAO, UNESCO and UNEP—and
drafted a statement on World Soils Policy for submission to the nations of the
world.
In this paper, the author looks at the different clauses of the Policy Statement
and attempts an analysis of what they mean in terms of the present knowledge
and practice of soil science, with particular reference to aspects that need to be
considered by the International Society of Soil Science. The paper points out
that the effective implementation of the World Soils Policy may require
changes in world political practices and comments briefly on the restraints that
could be applied to those states accepting, but failing to implement, the
principles of the World Soils Policy.

When no country in the world has developed for itself a national soils policy, it
seems somewhat premature for this Soil Science Society to suggest that the time
is appropriate to draw up a soils policy for the world. In March 1980, an expert
group met in Rome at the FAO, charged with exploring the possibilities. Twelve
months and much agonising later, we managed to draft, in a somewhat verbose
document, a statement on Soils Policy to be submitted to the United Nations.
To place the matter in perspective, it would be useful if our President or UNEI'
representatives could make the Policy Documenfavailabletoallofyou. None of
you, 1 hope, will find cause to differ with the substance of what we wrote, though
you may have liked to modify details.
The justification for putting such a policy statement forward is the growing
recognition that land is the ultimate limit of growth and that the area of land with
suitable soil, topography and climate for food and fibre production is effectively
shrinking every day.
I do not propose to give you here any details of the areas of different soil types
and their potential production. This was done excellently by Rudy Dudal at
Edmonton 4 years ago and there is no reason to vary from his comments and
conclusions.
The Policy states that:
In recognition of thefact that soil is a finite resource, and that continuously
increasing demands are being placed on this resource to feed, clothe, house,
and provide energyf or a growing world population and to provide a world-
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wide ecological balance, the governments of the nations of the world agree
to use their soils on the basis of sound principles of resource management,
to enhance soilproductivity, to pre vent soil erosion and degradation and to
reduce the loss of good farmland to non-farm purposes.
Policy, of course, is the statement of principles which are to guide future
activity, and the simple statement given above needs amplification if it is to
become anything other than another catch phrase serving nothing but to obscure
the problem. The key is the statement that 'the nations of the world agree to use
their soils on the basis of sound principles of resource management'. What are
these sound principles? It depends on the viewpoint.
I would suggest that the viewpoint that needs to be taken is that sound
principles are those that lead to the maintenance of the resource in a state that
allows the people to obtain the greatest benefit from it. This state is not easily
defined. It is certainly not sufficient to say, as some of our 'conservationists'
would have it, that we keep it just as it is. This is manifestly impossible, and since
man first crept out of his caves and forests and started to cultivate the land, to
build houses and then cities, he has been progressively modifying the resource.
When space was plentiful, the form of the modification mattered little; his
activities merely accelerated in one small place or another, and to some generally
small extent, the processes which would have taken place without his
intervention. But as the proportion of unmodified area shrinks, the issue
becomes more serious and conflicts between the different uses of the resource
become more difficult to resolve. In the ultimate, at the stage when all the land
capable of human occupation is occupied, the choice before mankind becomes a
choice between absolutes. To do one thing with any part of the resource means
the elimination of the possibility of doing something else.
The issue is made more complex by the fact that the demand pattern changes
with time. Only a few short years ago, when oil was cheap, it looked as if the
application of the high energy-using technology of the USA or Holland to the
developing lands of the tropics would have allowed the world to feed three times
its present population. When the costs of the energy input increased
dramatically, we learned with some dismay that this high technology was in fact
using every year more energy per hectare than it was producing and consequently
offers no hope of feeding an increased world population at a time of diminished
energy supplies. At the moment, therefore, we need to consider the systems that
will allow us to conserve the soil resource, at the same time conserving an energy
resource which seems quite limited. The need is consequently for systems of land
use which will maintain the resource whilst requiring only low inputs.
A second complicating factor that is frequently overlooked is that—apart
from the fact that the land is required to feed, clothe, house and provide energy—
it also provides the catchment which converts rainfall into a water resource, to be
used to a limited extent for power generation, but mainly for the domestic
requiremets of the great and growing urban areas of the world. The practices
required to'maintain this resource in both quality and quantity may well conflict
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with the practices required to maintain the resource for food or fibre production.
Practice in the areas utilised for some form of plant production will
consequently vary with change in the available technology, but there is one form
of land use that is hardly susceptible to change—the use for non-farm purposes.
This is covered in the last phrase of the policy statement, that 'the nations of the
world agree
to reduce the loss of good farmland to non-farm purposes'. It is a
phrase which every nation can agree—but so far none are willing to attempt
putting it into practice. Several countries, notably Britain, have attempted to
zone land for different purposes, to restrict industrial development to certain
localities and to put restraints on the building of new dwellings in rural areas.
Always, when the pressure builds up, the regulations are changed, and land is lost
from plant production to concrete, bricks and mortar. As long as population is
growing, this loss is inevitable. More than 1 million ha of good agricultural land
are being lost every year in the United States alone, and the change elsewhere is
probably similar. The tragedy is that at present there is almost no attempt to
direct the areas of urban development to the less productive soils.
In Alberta, the new airport for Edmonton has taken some of the best black soil
in the province. In Australia, the survey for an extension of metropolitan Sydney
selected as most suitable for housing that part of the area of the Hawkesbury
sandstone soils most completely developed for vegetable production.In Syria,
the extension of Damascus is eastwards, over the best of the old irrigated areas,
forcing the farmers out onto the more salinised soils further east, whilst in Egypt
the urban expansion, mainly of Cairo, has absorbed nearly as many hectares of
good land as will be irrigated by the waters of the Aswan High Dam, the latter
being of much lower productivity than the hectares lost. In every part of the
world, however, the problem is much the same, because the great cities of the
world have almost invariably been developed in areas where the soil and water
supplies—whether these came as rain or river water—were such that the area
surrounding the city could provide the food supplies to sustain its people.
The alternative, which should be looked to if the nations of the world are to
take the problem seriously, is to attempt to plan for urban expansion in those
areas of lower potential for plant production. These, broadly, are the arctic and
antarctic zones, the deserts and the land too steeply sloping or too stony for
reasonable agricultural or forest production.
The arctic lands can be discounted immediately at present as potential sinks
for an expanding population. Although the two countries with the greatest
expanses of arctic lands, Canada and the USSR, are both experimenting with the
development of cities in the Arctic, the energy costs of such development—both
to maintain conditions in the city and to supply food to it—are so high as to be
out of the question for any major development.
The low-rainfall parts of the warm temperate and sub-tropical areas offer
much greater potential as sinks for population. The problem is, of course, lack of
water. For the desert coasts, however, desalination is at present being practised in
the Gulf States, with low-price oil, but even for the rest of the world the price of
desalinated water for domestic purposes is approaching an economic figure. If
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the cities of the desert coast were to use water carriage sewage systems as in most
of the western world, a city of half a million people would produce sufficient
effluent to irrigate 10,000 ha, which would go some way to supplying the fresh
vegetables and fruit required by the city's population (Hallsworth 1977).
The use of the stony and steeply sloping lands as part of a deliberate policy also
has advantages. In the not too distant past our ancestors built their cities on
hilltops—Karak in Jordan, Cuenca in Spain, Jerusalem itself—but the
dominating feature of the environment then was not the shortage of land, but the
need to be defendable against hostile invaders. The steeply sloping lands present
problems of erosion when used for agriculture, albeit slightly fewer problems
when used for grazing or timber production. But when festooned with metalled
roads and garden walls, with excess water carried away safely in drains, the
urbanised hillside is almost totally preserved against erosion. Sewage disposal,
using a conventional water carriage system, at first sight presents a greater
problem, for the steeper slopes require greater depths of flow to maintain the
transporting power of the water, but local septic tanks, set at different heights on
the slope and delivering only liquid effluent to the drains, would overcome this.
The deliberate planning of urban developments on slopes or in desert areas has
the additional virtue that the sewage effluent can be led by gravity feed only to
land lying at a lower elevation to be used for irrigation. Such development would
at oneand the same time, in termsofthe PolicyStatement'preventerosion...and
avoid the loss of good farmland'.
Our present practices throughout the world run generally contra to this. We
build our cities on the flood plains ofthe rivers, and then are surprised when they
are flooded. Take, for example, the Brisbane floods of 1975. The area covered by
flood could have been predicted from the nature of the soil (G. Backman,
personal communication). Had the city's growth from the start been restricted to
the older terraces, rather than being allowed to spread over the youngest ones,
loss of life and great damage would have been avoided and the most recent
alluvial land preserved for food production.
London presents a similar case, forgivable here because the major
developments occurred long before the limits to growth were in sight or even
contemplated. But the danger may be getting greater for London and for other
similarly situated conurbations.
Calculations of climatic change add a suggestion of urgency to the problem.
There is now no doubt at all that the concentration of C0 2 in the upper
atmosphere is increasing; there is little doubt that this increase will lead to an
increase in the mean temperature of the earth and that this will occur much
earlier than had previously been considered (Orr Roberts 1980), and will
probably be significant by the year 2000. Over a longer period, it is not clear what
the effects ofthe temperature change will be, for if overa 500-year period the rise
due to C0 2 coincided with a fall in temperature due to a 'little ice age', the net
effect would be no change. But a little ice age in 25 years seems not probable, and
one in 50 years highly unlikely, whilst the effect of an increase in C 0 2 content is
almost certain. This, through slowly melting the ice-caps, would enhance the risk
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of flooding the recent alluvial lowlands, and adds point to the desirability of
keeping our urban settlements of the future off the most recent alluvial and
coastal lands.
Neglecting the long-term possibilities of flooding, the situation is epitomised
by the problem in north Queensland. There, the little city of Cairns wants to
expand, to accept the steady influx of people who wish to retire there from other
parts of Australia, and the Department of Local Government has proposed an
extension of the city boundaries over the plain on which the city is built, rather
than on the steep slopes of the Atherton Tablelands. If this extension is agreed to,
it will so reduce the area of land available for growing sugarcane that the
northern-most sugar mill in Australia, lying on the city's northern boundary, will
have to close. Once that land becomes part of the city, its potential for sugarcane,
or for any other energy-rich crop, has been destroyed, and all flexibility lost.
A second source of loss of great areas of potentially productive soil is the result
of the desire—most vociferously expressed in the developed nations of the
world —to maintain large areas of land as nature reserves in which it is hoped
things will remain much the same as they were prior to the industrial
developments of the last 200 years, areas in which the threatened species can
survive and thrive, areas in which it is hoped it will be possible to maintain a pool
of genes of creatures not at present forming part of the domesticated spectrum of
plants and animals, which will at some time in the future be of value to mankind
in his search for better production with lower inputs. The arguments to maintain
the 'naturalness' of such areas are even being pushed to the extent that the use of
aerial applications of fertiliser on adjoining properties should be discouraged,
since such fertiliser applications could alter the balance of species in the 'nature
reserve'.
For small areas, and in individual countries, this approach is unlikely to do
much damage. When the situation is reached where people object to the practices
in other countries—as in the widespread clamour in the western world for a halt
or reduction in the rate of cutting of tropical forests, particularly those of the
Amazon basin, it seems time to examine the factors adduced to justify this
approach a little further.
For my part 1 would question both some of the practices and some of the
principles implicit in this approach.
The other needs of the land mentioned in the World Policy statement are'to
feed, clothe and provide energy', and to allow it to do this the governments of the
nations of the world agree 'to enhance soil productivity, to prevent soil erosion
and degradation, and reduce the loss of good farmland to non-farm purposes'.
The latter I've already discussed. The former two are part of the same problem.
The Samarkand Working Party on Soil Resources of the earth identified four
causes of the loss of productive soil:
1. The progressive exhaustion of the plant nutrient-supplying power of the
soil, due to leaching of nutrients in drainage waters, or to long-continued
removal from an area of the nutrients contained in the crop and stock sold
out of that area.
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2. The erosion and loss of topsoil associated with cultivation of sloping land
and over-grazing of pastures in semi-arid, sub-humid and humid lands.
This is associated with desertification in semi-arid areas, even on flat or
gently sloping land, and with the restriction of cultivation by deep gullying
in the better watered areas.
3. By erosion resulting from deforestation, associated with commercial
timber cutting, extraction of fire-wood, forest fires or shifting cultivation,
particularly in the wet tropics.
4. Loss of production in irrigated areas due to salinisation or waterlogging.
The control of the first of these, low productivity associated with a loss of
nutrients, is perhaps the one to which greatest attention has been paid in this
International Soil Science Society, particularly in Commission IV, and there is
now a vast literature on methods for estimating the nutrient deficit and fertilisers
to use for rectifying that deficit. Is there any need for further investigation? I
think the answer is yes. There is no doubt that we know, or could acquire the
knowledge quickly with established techniques, how to improve the productivity
of those soils in which it has been lowered by loss of nutrients. The problem that
remains is that to obtain maximum productivity inthe better watered soilsof the
world, it is necessary to maintain during part of the growing season, much higher
levels of available soil N than would be encountered in nature. This presents no
problem so far as the soil and the crop is concerned, but it does for the drainage
water.
It was pointed out earlier that one of the important functions of the land
surface is that it is a catchment area, which turns the rain that falls into a liquid
water resource capable of being used for domestic or industrial purposes. With
the types of nitrogenous fertilisers in use at present, nitrate in the soil has to be
raised to or maintained at such a high level as to allow fairly massive transport to
soil water, to the drains and thence to the rivers. In a recent report to the French
Government, Henin (1980, personal communication) has pointed out that it is
not possible to provide France with both good quality water and high yields of
wheat. Here is an internal policy conflict which cannot be solved by the
technology available at present. The only 'policy' decision that can be made by
France —or any other country with a similar problem—to avoid high levels of
nitrate in their waters, is to restrict wheat production to the less permeable soils,
or to accept such a lower yield as can be sustained by the use, for example, of a
leguminous lay crop as almost the sole source of N and a decision by the EDC to
make good the resulting deficit in wheat production, if there is one, by
purchasing wheat from those parts of the world where the soil and climatic
conditions do not give rise to this problem.
You will realise that I am suggesting here that for a world soils policy to be
anything other than an empty sham it will be necessary to consider land use on a
world basis. A world soils policy must be expected to affect political decisions in
other fields !
To optimise productivity, however, is not just a matter of nutrient supply. It is
also necessary to consider the physical and biological factors of soil fertility.
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There is plently of evidence, both new and old, to show that the physical structure
of the soil, by restricting root growth and limiting aeration, can restrict the crop
response to fertilisers. Baver (1940) drew attention to this 40 years ago. It was
emphasised again by the U.K.Ministry of Agriculture report, Modern Farming
and the Soil (1971). More recently, Cockroftand Tisdall (1978) have shown that
by improving the structure of the surface soil by maintaining the organic matter,
avoiding the destruction of roots through surface cultivation by the use of
weedicides, giving greater depth for root penetration by deep cultivation and
using gypsum, it is possible to raise the yield of peaches from 18 tonnes/ ha to 75
tonnes/ha.
So a second problem is the recognition of those soils in different parts of the
world where it is physical rather than chemical infertility that is restricting yield.
On the basis of our experience in Australia, there are at least two categories of
such profiles—those with a poorly structured surface soil and those with an
impervious or semi-impervious subsoil, a plinthic or strong argillic horizon.
Some profiles show both features. There are clearly wide variations in detail in
each of these two categories. Perhaps there is need for a joint approach by
Commissions 1 and IV to elucidate some of the interactions. Certainly this is an
aspect of the problem of physical infertility that is not being considered at all by
any of the international agricultural research centres. At ICR1SAT there is a very
good Farming Systems Research Program which, inter alia, is concerned with
erosion control and water storage, but from the very nature of the programme,
studies of the fine structure of the soil and its relation to crop growth have so far
found no place, nor indeed would the necessarily restricted range of soil types
encountered in their current studies be of sufficient variety to lend themselves to
original studies in such a field. The other international institute which features
soil as part of its programme is 1CAR D A, but here soil studies only appear as one
out of 39 programmes, so it is unlikely that detailed structure studies will be
undertaken there.
The third set of soil factors affecting productivity are the biological factors, the
field of Commission III. Much of the pattern of soil structure is the result of
biological activity, but the great complexity of the microfloral and microfaunal
populations has made analysis of the interactions difficult. Many of the
components of these populations do have a direct bearing on crop production.
Some of them—the nematodes and root fungi—cause this result by reducing root
growth, with the usual associated effects of an enhancement of plant
susceptibility to water stress. The value of natural soil-living predators was
demonstrated long ago. More recently Rovira and his associates in southern
Australia have shown that alterations to the plant components of a rotation can
greatly reduce the level of nematode cysts, with great improvement in the
productivity of subsequent crops. These facets show up more markedly on some
soils than on others, but so far there has been little attempt to relate the factors of
biological fertility to the morphological features which are the main criteria of all
current systems of soil classification.
A world soils policy must look to the optimum use not only of the soil butalso
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of the climatic and topographic situation in which the soil occurs. The climatic
conditions for maximum vegetable growth are probably those found in the wet
tropics, and many of these areas are at present occupied by tropical forest. One of
the peculiar phenomena of recent years has been the volume of public protest,
particularly from groups of people in the cool temperate lands, about timber
removal from or clearing of the tropical forests, particular comment being
directed towards clearing in the Amazon basin. The protest seems to rest on two
points of argument. One is that the forests must be reserved because of their
importance as pools of genetic material for use in the future. The other is that
they function as 'lungs of the earth', and play a major role in reducing the rate of
rise of the C0 2 level of the atmosphere caused by our use of fossil fuels as energy
sources. That the tropical forests contain many species of plants and probably
some animals that have so far not been found useful to mankind is without
question. It is open to question whether many of them ever will be, for at present
we are not utilising the full gene pool of species related to our present
domesticated species. So the likelihood of beingable to make beneficial use of the
vast remainder does not seem very great.
I am not suggesting for one moment that we should plan to remove all the
tropical forests; I am suggesting that we need to enquire by normal scientific
studies what is the minimum area needed for the survival of each of these
communities. The nations of the world are committing land into biosphere
reserves without this basic information and this hardly seems a satisfactory basis
for aworld ecological plan. To the extent that they are unused, and unlikely ever
to be used, many of the plant species of the tropical forest—or of any other
'nature reserve'—must be considered for the future as weeds, useless plants that
occupy some of the world's most valuable and potentially productive land areas!
The other argument, that the tropical forests act as 'lungs of the earth', can be
dismissed almost out of hand, as Monteith(l972) has pointed out. Since they are,
by definition, mature forests, they can be taking out of the atmosphere no more
C 0 2 than they are putting into it. If we want to reduce the rate of C 0 2 increase in
the atmosphere, the answer is surely to remove as much of the mature natural
forest as is consistent with the maintenance of biosphere reserves, and get the
areas replanted with rapidly growing species, whose potential for growth is being
developed to the full by the use of phosphatic, nitrogenous or other fertiliser
nutrients !
The World Soils Policy document adjures the nations of the world 'on the basis
of sound principles of resource management, to enhance soil productivity'.
Brazil, for example, could hardly sign such a Soils Policy document and at the
same time decide to encapsulate one of the most important natural phytotrons in
the world from any further development.
The undertaking to prevent erosion is specifically written into the World Soils
Policy statement, and most of the nations of the world outside western Europe at
least pay lip service to the need. In practice relatively little is being done. The
United States, Canada, Australia, New Zealand and Zimbabwe have all got
active conservation services, using mainly ideas that have developed from the
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work in the United States in the 1930s. The USSR has also got effective erosion
control systems.
In China, where erosion in the loess plateau has been endemic for a thousand
years or more, the straightening of river channels and the massive systems of level
terracing are beginning to reduce the silt load of the Yellow river, changing its
colour and perhaps in the process changing its description from 'China's Sorrow'
to 'China's Joy'.
All of these, however, are in temperate climates, and the transfer of erosion
control practices from these lands to the tropics has on occasion been highly
counter-productive. At I1TA in Ibadan, Nigeria, Lai (1980) has shown that
broad-based terrace and clean cultivation will cut the yield of maize to one-third
of its original value in 3 years, whilst in bringing virgin forest into cultivation, a
modification of the traditional slash-and-burn system reduced soil loss to less
than 1 % of that found with contour banking. The reason for the difference lies in
the great erosivity of tropical rain.
So the effective implementation of the World Soils Policy to prevent erosion
requires a knowledge not only of the soils of any area, but also of the climatic
hazards to which the soil surface will be exposed when the protective blanket of
vegetation is removed. The effective exploitation of the climatic potentials of
these soils requires a system which provides such protection whilst at the same
time permitting the growth of the food, fibre or energy crops that the inhabitants
of the country require.
This Society could well ask the question, 'In the world's programme of Soil
Research at the moment, is sufficient attention being given to developing systems
that will enhance production on tropical soils whilst simultaneously protecting
them against erosion'. In this connection, too, I would ask the Society to query
the whole concept of an 'acceptable' rate of soil loss. The most experienced
conservation authority in the world—the USDA—gives 'acceptable' soil losses
as 4 to 10 tonnes/ha. At a rate of loss of 10 tonnes/ha we shall lose the entire
topsoil in 250 years. Parts of the U.S. have already been farmed that long. Parts
of England have been farmed for 1000 years, part of China for 3000!
The problem of erosion is not simply that of the loss of topsoil, though this is
serious enough with the decline in root range and reduction in the water storage
capacity of the profile. It is also the downstream problem of what happens to the
eroded material. Erosion upstream from storage dams or reservoirs inevitably
leads to the silting of the dam, and ultimately makes it useless for the purpose for
which it was constructed. This is happeningall over the world, but particularly in
those developing countries of the tropics where hydro-electricity has appeared to
be the first step to liberation from poverty. The catchments of these dams are in
the very areas where population pressure is now causing accelerated erosion from
cultivation of sloping land and from deforestation. These are projects into which
international funds have been sunk, but in providing the funds for such projects,
allocation is almost never made for the control of erosion in the catchment. If a
project is planned by the engineers to last for 100 years, our economists seem
unable to persuade the authorities concerned that it is worthwhile spending
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money on the catchment to ensure that the dam is still fulfilling its function 250
years from now. We have too short a time scale. In the U.S. things started with
George Washington, and in USSR history began with Lenin! Perhaps we need
more engineers and economists from India and China—those countries where
100 years is but a small part of the life-time of a nation.
The World Soils Policy also mentions the need to avoid soil degradation, and
one aspect of soil degradation to which this Society has paid particular
attention—even to creating a Sub-commission to deal with it—is the salinisation
of irrigated areas. This is a problem almost as old as agriculture itself.
Technically, it is easy to control, simply by under-draining and washing out the
salt with water containing less salt. The problem then is what to do with the salt.
In Australia, the headwaters of the Murray River, before they enter Canberra,
carry 17 ppm salt, but by the time the Murray enters South Australia it contains
400 to 450 ppm, and when the water from it flows out of the sewers of the city of
Adelaide it contains 1400 ppm salt. I don't know what the relative salinity figures
are for the River Danube, but Dr. Szabolcs has pointed out to me that no attempt
is being made to flush into the Danube the salt from the many areas of saline soils
in Hungary, to avoid causing troubles for the users of Danube waters lower
downstream.
This provides one of the examples of the possible application of a world soils
policy—the steps taken by a nation to 'avoid soil degradation' must be
interpreted also to include the avoidance of factors likely to lead to degradation
of one's neighbours' lands. In practice, this would require that no irrigation
settlement should be developed on land containing salt in the subsoil. Irrigation
in such a case can lead to salinisation of land associated with the rise of the water
table, bringing saline water into the root zone. It could also wash the salt out,
downstream, and cause salinisation in another holding or in another country.
Were it possible to allow the salt-containing drainage waters to accumulate in
evaporation basins, the salt would be removed from the water system and could
be utilised commercially.
The World Soils Policy also enjoins the nations, or their governments, to
'enhance soil productivity'. This implies, for much of the world, an increased
volume of research into the factors currently restricting productivity and an
extension service to enable the resulting information to be put into practice.
Since some 28% of the world's land surface has its productive capacity limited by
drought (Ahn etal. 1980) the problem of improving on present performance will
be a major task in several developing countries which carry a large proportion of
this low rainfall land.
Irrigation has been the universally proposed ameliorant for these conditions.
Irrigation schemes have in fact formed a major component of the schemes to
which the World Bank has given aid. They have not always been successful and in
some cases they have given rise to other problems. In any case, the volume of
water available is too little to allow more than a small proportion of the land to be
irrigated.
Is it possible to look to alternative developments for the low-rainfall areas?
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Increased population and the resultant increased stocking intensity and
increased cultivation in these areas has led and is leading to continuing decline in
productive capacity. While some of us would query the alarming figures for
desertification that have been quoted recently, the problem of falling
productivity is certainly present. The first approach, in terms of World Soils
Policy, must surely be to try and find ways of maintaining the resource. This
means in most places a reduction in grazing pressure, to allow re-vegetation to
stabilise the soil surface. In many countries this can only be achieved by removing
the people whose livelihood depends on these grazing animals.
This is a social problem of great magnitude, and for some countries it will be
impossible to resolve within the limits of their own financial resources; thus the
problem raised by soils policy immediately becomes an issue of international
policy. Not surprising really, for Dokuchaev pointed out years ago that
organisms were one of the major factors of soil formation, and certainly man is
the most important organism. However, the likelihood of a group of nations
cooperating to reduce the pressure of people in a country suffering from erosion
in its arid lands by moving them to another area, or providing them with an
alternative means of support to grazing seems remote in the extreme. One group
of nations which could do this are those of the Arab world. Here there is serious
erosion in many parts, but in other parts, in Syria and Iraq, in the plains of the
Tigris and Euphrates, there is scope for greatly expanded agriculture. The wealth
flowing into the Arab world (or parts of it) as the oil flows out, would ensure that
the migration of the peoples could be undertaken without being subject to
financial limitation. It is a question of will.
One small Arab state, Abu Dhabi, is making great strides in increasing
production from low-rainfall lands, with 35 000 ha of forests irrigated with water
of varying salinity (Hallsworth 1981), at the same time also reducing the
phytotoxic effects of very high air temperatures by the use of plant-house systems
kept cool by the use of saline water. Certainly, the use of trickle irrigation seems
to allow the use of much more saline water than could be contemplated in other
systems, and in conjunction with cooled 'glasshouses' could lead to the extension
of cultivation into areas of soil where otherwise it would be totally impossible.
In areas of restricted rainfall, there is also great scope for further development
of systems that make better use of the rain that does fall. The system of alternate
years under no crop but using stubble mulching, as practised in the Palouse
country of Washington State, USA, is giving very satisfactory yields of wheat
every other year on rainfall which elsewhere supports only a grazing system. The
techniques for using run-off, as developed by Rawitz and Hillel (1972), also
afford an opportunity to collect water on one part of the land surface and to use it
cheaply on another. The use of roaded catchments, as developed in Western
Australia, provides water for stock, almost where one needs it, and hence allows
much better control of grazing management. This is another soil-based technique
that, as a matter of world soils policy, needs to be more widely known. Lastly,
there is the question of fertilisation of these low-rainfall lands. Since the surface
soil dries out most rapidly and root uptake of phosphate from the drying soil
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becomes progressively less effective, the development of equipment that would
place the fertiliser deeper into the soil, into a zone which does not dry out so
rapidly, could enhance the productivity of these lands by making better use of the
water stored in the soil.
There are thus several components to be considered in enunciating the
practical details of a World Soils Policy.
1. Thoushalt not allow thy lands to be be farmed in such a manner as to allow
erosion of the surface soil.
2. Thou shalt not develop irrigation settlements on land with salt in the
subsoil.
3. Thou shalt not—save in exceptional circumstances—allow the use of prime
agricultural land for housing, industrial activities, transport, recreation, or
national parks.
4. Thou shalt not allow the use in pesticides of any compounds, organic or
inorganic, the accumulation of which will lower the fertility of the soil or
injure the health of the animals that consume the products thereof.
5. Thou shalt undertake the research needed to improve the productivity of
thy soils, making the utmost use of the environmental conditions
6. Thou shalt take all the necessary steps to maintain or improve thy
inheritance, the soil, which thy children will inherit.
It is difficult, in international law, to apply positive controls to people or
nations who offend. It is suggested that the minimum restraint that could be
imposed would be that no international aid, whether through the World Bank,
the FAO, or any other grant-giving body, would be available to nations which
deliberately or through lack of care in planning, offended against any of these six
soil commandments.
No nation can be allowed to wreck its land for profit, and then expect the other
nations of the world to pay for the cure of its self-inflicted damage.
By the same token, no nation would be granted international funds to build up
its extension services if it was putting a disproportionate amount of its national
revenue on its armed forces. It may not be possible at present to restrict the
activity of the decomposer species, but at least it should be possible to ensure that
international aid does not contribute to their enhancement.
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APPENDIX 1

French Abstracts

1. Desertification: Problems and
Prospects for Improvement

Desertification dans les Amériques
H E . DREGNE
La desertification sur le continent américain n'est devenue un problème qu'au
cours des deux derniers siècles. Une paissance excessive, entrainant une
erosion par l'eau et le vent, a été un premier facteur contribuant a ce processus
et elle a laissé souvent des dommages irréversibles. L'udlisation a des fins
agricoles de regions arides, particulierement en Argentine et aux Etats-Unis
d'Amérique, a provoqué une erosion éolienne catastrophique. De plus, la
salinisation de sols irrigués artificiellement est devenue un problème de plus
en plus grave au Canada et aux Etats-Unis. D'autres problèmes de la
degradation du sol sont une fertilité réduite et la compaction du sol; mais ces
problèmes peuvent être résolus assez facilement la ou ils sont peu graves. Les
mesures pour combattre la desertification sont généralement bien connues et
ont été utilisées avec succes dans les Amériques; mais beaucoup reste encore a
faire.

Desertification en Afrique
A.M. BALBA
On rencontre en Afrique 55% de la superficie mondiale en deserts ou regions a
divers degrés désertiques. Les phénomènes menant a la desertification—
degradation du sol et échec final de la croissance des cultures—sont:
empiètement du sable et des dunes, degradation de la vegetation, erosion du
sol, saturation du sol par l'eau, salinisation et alcalisation. Dans ce processus,
le facteur humain est 1'un des plus importants a entraïner la desertification,
cela par une gestion inadequate du sol et de l'eau, une mauvaise planification
économique et un manque de sensibilisation face a des problèmes aigus.
La lutte contre la desertification nécessite: (1) une prospection pédologique
préliminaire, (2) 1'identification des problèmes et (3) 1'élaboration d'un plan
d'action pour résister au processus et rétablir la population affectée.
Cet article présente plusieurs mesures de protection du sol qui doivent être
prises immédiatement et en estime les coüts—par exemple, stabilisation des
dunes par des moyens chimiques ou mécaniques; adoption de pratiques
appropriées de paissance sur les terrains de parcours; reboisement et pratiques
de conservation du sol pour 1'agriculture pluviale et irriguée. Il y estsouligné
que les valeurs. sociales traditionnelles devront être prises en consideration si
1'on veut que ces programmes soient un succes.
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Desertification en Afrique de 1'Ouest
S.V. ADU
La desertification en Afrique de 1'Ouest est le résultat d'une combinaison de
plusieurs facteurs qui peuvent être attribués a 1'interaction entre la sécheresse,
les activi tés humaines et animales et 1'environnement. Les principales regions
oü 1'on rencontre le processus de desertification sont limitées aux zones arides
et semi-arides qui correspondent aux savanes du Sahel et du Soudan. La zone
de savanes du nordde la Guinee n'aguèreétéaffectéeencore. Des trois regions
bioclimatiques, la zone du Sahel est caractérisée par la savane acacia - herbes
du désert, la zone du Soudan par la savane acacia - hautes herbes et la zone de
Guinee par la savane hautes herbes - petits arbres. Quatre groupes majeurs de
sols se retrouvent dans les zones des savanes du Sahel et du Soudan: les sols de
désert sablonneux, les sols de désert caillouteux et rocheux, les sols de désert
résiduels et alluviaux, ainsi que les sols salins et alcalins. Les pays du Sahel
ont adopté plusieurs strategies pour lutter contre la desertification,
notamment la plantation d'arbres, 1'établissment de ceintures de protection,
des brise-vents et coupe-feux et le reboisement. Lc développement de
paturages et la protection et la lutte contre les feux de brousse y figurent aussi.
Ces strategies nécessitent une approche multi-disciplinaire avec divers experts
techniques. Cette communication met 1'accent sur le besoin de donner aux
Sahéliens eux-mêmes une formation dans les disciplines anti-désertification
et sur la nécessité de sensibiliser la population aux risques que component ce
danger; cela par le truchement des institutions et des organisations nationales.
Il est propose aussi qu'on adopte des approches sub-régionales et
internationales pour assurer le succes de cette lutte contre la desertification. A
cette fin, on peut faire appel a 1'aide financière et technique des agences et
institutions internationales de financement.

Passé et futur du désert de Thar
H.S. MANN
Le désert de Thar est l'une des zones arides les plus peuplées du monde. Une
série de civilisations préhistoriques y ont fleuri. Le désert indien a résisté aux
forces orogéniques et a subi des transgressions marines. L'aridité s'est établie
dans la region après une succession de phases humides et sèches.
La deterioration climatique, évidente d'après les analyses des indices
d'aridité, et les implications de 1'escalade des populations humaines et
animales sont présentées. Il est évident que la culture sur les terres marginales
a augmenté au cours des deux dernières décennies d'environ 54%; ce qui a
entrainé une diminution des aires de paturage. Comme résultat de
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1'interférence biotique, environ 9290 km 2, ou 4, 35% du Rajasthan occidental
est affecté déja par Ie processus de desertification et 72% du désert est classé
comme hautement vulnerable et 19% comme moyennement vulnerable aux
divers facteurs de deterioration.
Un grand nombre de technologies économiques et réalistes ont été
développées, afin de ramener la vegetation sur les terres arides dénudées et
d'augmenter leur productivité pour améliorer 1'économie sociale de la
population de ce désert. Les projets futurs de développement du désert sont
présentés et 1'on en fait une evaluation critique.

Desertification: evaluation, controle et prevention
B.G. ROZANOV
Get article avance un nouveau concept et une nouvelle definition de la
desertification, bases sur 1'étude du processus et les efforts faits pour la
prévenir et la combattre dans les regions arides et semi-arides de 1'URSS, afin
de dégager ce processus de celui moins spécifique et plus large de la
degradation du sol, avec lequel il est confondu actutllement. La
desertification est définie comme un processus de changement irreversible du
sol et de la vegetation de la terre aride vers 1'aridisation et la diminution de la
productivité biologique qui, dans des cas extremes, peut entrainer la
destruction totale du potentiel de la biosphere et la transformation de la terre
en désert. Il a été propose que Ie degré d'aridisation de la vegetation sous la
desertification soit évalué par la productivité biologique en tonne/hectare par
an. Le besoin de développer des echelles quantitatives appropriées de la
productivité biologique de plusieurs zones et regions naturelles a été considéré
d'un point de vue méthodologique. Une échelle généralisée d'un certain
nombre de zones naturelles de 1'URSS est donnée comme exemple de
1'utilisation d'une telle approche. Il a été propose aussi que le degré
d'aridisation du sol sous desertification soit estimé sur la base des echelles du
régime d'eau du sol, fondées sur la determination quantitative des paramètres
hydrologiques du sol. L'évaluation du risque de desertification devrait être
faite séparément pour des zones naturelles différentes, en fonction des
caractéristiques du couvert de sol et du type d'utilisation du sol. Cet article
propose des methodes d evaluation et de controle pour prévenir et combattre
la desertification.
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2. World Soils Policy
Versune Politique mondiale du sol
LP. GARBOUCHEV ET PETER M. AHN
La Politique mondiale du sol a été discutée en fêvrier 1981, organiséen par le
Directeur exécutif du PNUE, en collaboration avec la FAO, 1'LJNESCO,
1'AISS.
Cet article présente les plus importants aspects scientifiques, techniques,
institutionnels et légaux d'une Politique mondiale du sol.
La Politique mondiale du sol cherche a appliquer la connaissance
scientifique et de gestion aux sols du monde pour accroitre leur production
sur une base soutenable; pour agrandir et améliorer les terres agricoles du
monde; ralentir le processus de détournement du sol productif a des fins non
agricoles; contröler les changements de la qualité, de la quantité et de
1'utilisation du sol; attirer 1'attention de 1'humanitéetdes chefs politiquessur
1'ampleur et 1'importance de la degradation du sol et des pertes, tant a 1'échelle
nationale qu'internationale.
La Politique mondiale du sol est étroitement liée a la Strategie mondiale de
la conservation qui a dans ses priorités les problèmes de la diminution de la
qualité et de la quantité de terres agricoles, 1'érosion du sol et la degradation
des bassines hydrologiques.
La Politique mondiale du sol devrait prolonger les efforts faits pour
promouvoir une utilisation rationnelle de la ressource sol et la cooperation
entre les gouvernements sur une bonne utilisation du sol et la protection des
bassins hydrologiques communs; encourager les agences de financement
internationales a porter une attention particuliere a la conservation du sol at
aux projets de développement; aider les gouvernements a établir une politique
appropriée en matière de legislation nationale; harmoniser la collecte et
1'échange d'information dans le secteur de la recherche sur les sols, de la
conservation et de la gestion du sol; promouvoir un système international de
reference pour la classification et 1'évaluation de la productivité du sol; établir
des methodologies communes pour un système de controle global du sol et
enfin incorporer les principes d'utilisation rationnelle et de développement
des ressources du sol en une Charte mondiale du sol.

Politique d'utilisation et de conservation du sol en
Australië
J.M. LOGAN
En dépit de sa superficie en terres relativement grande, 1'Australië a des
ressources limitées en terme de productivité agricole. Le climat adverse, le
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terrain et les sols limitent la region propice a une agriculture en terre arable a
environ 10%. Prés de 70% de la superficie totale est semi-aride ou aride.
En 200 ans, la degradation du sol a atteint des proportions graves. L'érosion
par 1'eau et Ie vent est généralisée et plus de la moitié du sol exploité requiert
1'application de mesures de conservation.
La salinité et les changements du couvert vegetal ont atteint des proportions
significatives dans plusieurs parties du pays. Les pertes au profit du
développement résidentiel, urbain et rural, sont inquiétantes.
Les mesures nécessaires incluent la prospection des ressources en terres et
sols. Les besoins de la politique générale et les priorités d'action sont
présentés.

Politique nationale du sol en Inde
K.G. TEJWANI
Cet article traite des données de base sur la nature et 1 'étendue des problèmes de
la degradation, de la denudation et de la desertification du sol en Inde. Des
programmes extensifs de gestion du sol ont été lancés et ils se fondent sur une
base de recherche et de formation. Cependant, ces mesures restent encore
inadéquates pour relever Ie défi. Sur 305 millions d'hectares, 145 nécessitent
encore des mesures de conservation. Il existe un manque de sensibilisation
envers ce problème et 1'urgence qu'il y a a conserver, développer et utiliser
convenablement nos ressources en sols. Cet article présente les principes et
objectifs d'une politique nationale des sols dans Ie pays et suggère des mesures
jugées nécessaires a son instauration: (1) établissement d'une infrastructure
forte, (2) développement de pratiques appropriées de gestion du sol et (3)
sensibilisation du public en general, ainsi que des responsables de la
planif ication et des chefs décisionnaire en particulier. Cette politique requiert
un leadership fort et un appui au niveau national. Ce n'est que lorsque tous
les elements disparates seront intégrés en un tout harmonieux qu'il sera
vraiment possible de bénéficier d'une politique nationale des sols.

Politique des sols en Afrique: besoins et orientation
N.N. NYANDAT
La perteet la "Fatigue" des sols associés a la reduction continuelle du couvert
vegetal sont devenus une menace a la survie dans plusieurs pays d'Afrique. A
cause de la reduction de la productivité, Ie problème de la degradation du sol
est une priorité a laquelle les pays d'Afrique doivent consacrer de leurs
ressources financières et techniques.
Ce problème est d'importance dans les savanes a haute pluviosité et les
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forêts tropicales d'Afrique de 1'Est, du Centre et 1'Oueutr, oü 1'agriculture
itinérante est pratiquée et oü les pentes escarpées sont cultivêes. Les regions
arides, communes en Afrique, sont également susceptibles de subir une
degradation du sol. Les pressions de 1'homme et des animaux ont entrainé
1'expansion de 1'agriculture dans ces regions et 1'irrigation a souvent cause
une salinisation secondaire.
Le problème de la degradation du sol n'est pas seulement un problème
physique. Les influences sociale et êconomique jouent également un röle
important dans le degré de degradation qui peut sévir et dans 1'efficacité des
mesures mises en place pour lutter contreelle. Parexemple, la degradation du
sol occasionnée par 1'exploitarion abusive des paturages tient a des facteurs
techniques et socio-économiques, tels qu'une mauvaise gestion du sol, un
trop grand nombre d'animaux par rapport a la capacité du support végétal et
une distribution inappropriée de ces animaux. Dans certaines parties de
1'Afrique, la richesse est encore mesurée au nombre d'animaux qu'un
individu possède et le mode de vie des habitants (le régime alimentaire, par
exemple) est basé entièrement sur les produits animaux.
Les politiques du sol visant a assurer une uilisation rationnelle des sols et
leur bonne gestion, sont nécessaires en Afrique et impliquent des innovations
techniques, ainsi que des changements sociaux. Ces politiques du sol doivent
considérer le sol comme une ressource naturelle essentielle et de base qui
nécessite des institutions appropriées pour coordonner son utilisation, sa
gestion, son inventaire et sa conservation. Le succes des politiques du sol
dépend de la comréhension et de 1'appui de la population. Bien qu'elle soit
consciente de la valeur du sol, la population n'est pas convaincue qu'une
utilisation et une gestion appropriées du sol peuventaugmenterlesrevenuset
le bien-être de tous. Ainsi, la priori té doit être d'êtablir, par voie legislative, le
mécanisme nécessaire pour 1'éducation, la vulgarisation, 1'inventaire des
ressources du sol, ainsi que la recherche sur les sols. Les citoyens doivent être
sensibilisés sur leur róle et les consequences de leurs actions sur la gestion des
ressources du sol. Lorsque c'es possible, cess consequences doivent être
définies en termes d'effets économiques.
Des inventaires sur les ressources nationales du sol sont nécessaires pour
classifier et évaluer les sols. En outre, il faudrait avoir une approche
internationale concertée pour établir les lignes directrices des standards et
controles nationaux pour 1'utilisation, la gestion et la conservation du sol.

Politique mondiale du sol et son application en
Amérique latine
FERNANDO SUAREZ DE CASTRO
L'explosion démographique et 1'augmentation des besoins de 1'immense
masse des habitants des pays en voie de développement ont accru la pression
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sur les ressources naturelles en general et des sols en particulier. La plus haute
priorité devrait être accordée a la formulation d'une politique du sol qui
assure son utilisation optimale, sans pour autant réduire la capacité de
production et sans causer de dommages a 1'environnement. En Amérique
latine, oü prés de 80% des basses terres cultivees ont été ou seront affectées par
1'érosion, 1'application d'une telle politique est de première importance. Bien
qu'aucun pays latino-américain ne suive une politique du sol clairement
définie, il existe une preoccupation sur Ie probléme de la degradation des sols
et les moyens d'y remédier. Cet article présente les objectifs d'une politique des
sols a long terme, soulignant qu'elle devrait former un element essentiel des
processus de développement et de planification de tous les pays. Ces
problèmes n'êtant pas limités aux frontières nationales, il faudrait que les
mesures prises par chaque pays soient appuyées par une action au niveau
international, en particulier pour développer des critères consistants sur
l'inventaire et la classification des sols et l'échange du savoir-faire
technologique, au niveau regional et global. Une politique mondiale du sol,
basée sur 1'intérêt mutuel et la cooperation internationale, .mettra a la
disposition de tous les pays les moyens financiers et techniques nécessaires.

Politique mondiale du sol
E.G. HALLSWORTH
En 1981 un groupe de specialistes du sol se rencontrèrent a Rome sous les
auspices des agences des Nations-Unies concernées par Ie sol—la FAO,
1'UNESCO et le'PNUE—pour preparer une declaration sur les Politiques
mondiales du sol a soumettre aux Nations-Unies.
Dans cet article, 1'auteur se penche sur les différentes sections de la
declaration des politiques et essaie d'analyser ce qu'elles signifient en terme de
la connaissance et pratique actuelles de la science du sol, en se référant
spécialement aux aspects qui devraient être pris en consideration par
1'Association internationale de la science du sol.
Il indique que la mise en oeuvre efficace de la Politique mondiale du sol
pourrait requérir des changements dans la politique mondiale, et discute des
contraintes qui pourraient être exercées sur les états qui échoueraient dans la
mise en oeuvre de la Politique mondiale du sol.
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1. Desertification: Problems and
Prospects for Improvement

Desertifikation des amerikanischen Kontinents
HAROLD E. DREGNE
Die Versteppung des amerikanischen Kontinents ist erst im Laufe der letzten
beiden Jahrhunderte zum Problem geworden. ÜbermaBiges Abweiden mit
der Folge beschleunigter Wasser- und Winderosion hat bei weitem den
grófken Beitrag dazu geleistet, und bleibende Schaden hinterlassen. Überdies
hat der Versuch der Bewirtschaftung trockener Zonen ohne ku'nstliche
Bewasserung, vor allem in Argentinien (Landa) undden Vereinigten Staaten,
zu katastrophaler Winderosion geführt. Versalzung künstlich bewasserter
Boden ist fast überall mehr oder minder zum Problem geworden, und
Salzeinschwemmungen in naturbewasserten Boden sind in Kanada und den
Vereinigten Staaten in zunehmendem Mafie besorgniserregend. Andere
Folgen der Versteppung, wie Verkrustung, Fruchtbarkeitsverlust und
Verdichtung des Bodens sind weitverbreitet, aber leicht behebbar.
Mafinahmen gegen die Versteppung sind zwar allgemein bekannt, werden
aber nicht in notwendigem Mafte zur Anwendung gebracht.

Wüstenbildung in Afrika
A.M. BALBA
In Afrika findet man 55% des existierenden Wü'stengebietes der Welt und des
Gebietes, das zu verschiedenen Graden zur Wüste geworden ist. Die
Phanomene, die zur Wüstenbildung - Bodendegradation, und schlieBlich,
Mifiernte - führen, sind: Dünenvordringen und Versandung, Degradation der
Vegetation, Bodenerosion, das Vollsaugen von Wasser, Salinisation und
Alkalisierung. Der menschliche Faktor ist bei diesem Vorgang ein
Hauptfaktor, wo durch unangemessene Land- und Wasserbewirtschaftungssysteme, schlechte wirtschaftliche Planung und Mangel an Bewufksein für
akute Probleme zur Wüstenbildung beigetragen wurde.
Die Beseitigung der Wüstenbildung verlangt: (1) Vorbereitungsuntersuchung (2) Erkennung der Probleme (3) und Ausarbeitung eines Aktionsprogramms, um diesen Prozefi zu bekampfen und die betroffene Bevölkerung
erneut zu etablieren.
Die vorliegende Arbeit gibt uns einen Eindruck von verschiedenen
Landschutzmafkiahmen, die man sofort übernehmen muB, und schatzt die
Kosten - z.B. fü die Stabilisierung der Dünen durch chemische oder
mechanische Mittel; Übernahme von den richtigen Weidemethoden auf
Weideland; die Wiederaufforstungsund Bodenerhaltungspraxis für das mit

160

SOILS POLICIES AND DESERTIFICATION

Regen versorgte, kultivierte Ackerland. Es wird hervorgehoben, daft man die
traditionellen Sozialwerte berücksichtigen muft, wenn man mit diesen
Programmen den erwü'nschten Erfolg erzielen móchte.

Wüstenbildung in Westafrika
s.v. ADU
Die Wüstenbildung in Westafrika ist das Resultat einer Kombination von
vielen Faktoren, die auf die Wechselwirkungzwischen Durre.den Aktivitaten
der Menschen und Tiere und der Umwelt zurückgeführt werden können. Die
Hauptgebiete der Wüstenbildung sind auf die ariden semi-ariden Zonen
beschrankt, die den Sahel- und Sudan-Savannen eng entsprechen. Die
Savannenzone im nördlichen Guinea ist noch kaum beeinflulk worden. Von
den drei bioklimatischen Zonen ist dieSahelzonedurch Aka/.ien-WüstengrasSavanne, die Sudanzone durch Akazien-Hochgras-Savanne und die GuineaZone durch die Hochgras-Niedrigbaum-Savanne gekennzeichnet. Vier
Hauptbodengruppen sind in den Sahel- und Sudan-Savannenzonen zu
linden, namlich Sandwüstenböden, Stein- und Felswüstenböden, Rückstandsund Alluvialwüstenbóden, und Salz- und Alkaliwüstenböden. Die SahelLander haben mehrere Strategien für die Kontrolle der Wüstenbildung
übernommen, die hauptsachlich aus Baumpflanzung, Errichtung von
Windschutzstreifen, Wind- und Feuerunterbrechungen sowie Aufforstung
bestehen. Sie schliefien auch die Weidenentwicklung und den Schutz und
Kontrolle von Buschfeuern mit ein. Diese Strategien efordern einen
multidisziplinarischen Ansatz von verschiedenen Faehleuten. Die Notwendigkeit für für die Einführung von den einheimischen Sahel-Be wohnern
in die relevanten Anti-Wiistenbil-dungsdiszipline wird hervorgehoben wie
auch die Notwendigkeit, die öffentlichkeit durch die geeigneten Nationalorganisationen und- insti-tutionen auf die von dieser Ciefahr verursachte
Verwüstung aufmerksam zu machen. Es wird auch betont, dalS man
subregionalen mul internationalen Wegen folgen sollte, um bei dem Kampf
gegen Wüstenbildung einen Erfolg zu erzielen. In diesem Zusammenhang,
könnte man auch versuchen, finanzielle und technische Hilfe von
internationalen Finanzierungseinrich-tungen zu bekommen.

Die Thar-Wü'ste: Vergangenheit und Zukunft
U.S. MANN
Die Fhar-Wüste ist eine der am dithtesten besiedelten Aridzonen der Welt.
Eine Reihe von vorgeschichtlichen Zivilisationen haten hier gediehen. Die
indische Wüste hal Kraften Widerstand geleistet; sie wurde auch
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Meeresiibei tretungen unterworfen. Nach wechselnden trockenen und nassen
Phasen hat sich die Ariditat in diesem Gebiet etabliert.
Die von Trockenheitsindizien bewiesene klimatische Verschlechterung
und die Implikationen der zunehmenden Zahl von Mensch und Tier
gleichermalSen wird hier diskutiert. Esistoffensichtlich.daBdie Kullivierung
der Randgebiete in den letzten zwei Jahrzehnten uin ca. 54% zugenommen hat;
infolgedessen ist die Wiesenflache kleiner geworden. Als Folgeder biotischen
Interferenz sind schon ca. 9 290 km2 bzw. 4,35% West-Rajasthans von den
Desert ifikationsvorgangen betroffen. 72% der Wiiste ist in hohem MalSe, und
19% der Wiiste ist in durchschnittlichem Mafte, den Verschlechterungsfaktoren ausgesetzt.

Desertifikation: Beurteilung, Überwachung und
Verhinderung
B.G ROZANOV
Aufgrund einer Untersuchung des Desertifikationsprozesses und die
Anstrengungen, dies in den trockenen und semi-trockenen Gebieten der
UdSSR zu vermeiden bzw. zu bekampfen, wird in diesem Beitrag ein neues
Konzept und eine neue Definition des Problems vorgeschlagen mil der
Absicht, diesen Prozefi von dem weiteren und wenigerspezifischen ProzelSder
Bodenerosion auseinanderzuhalten, mit dem dieser zur Zeit verwechselt wird.
Desertifikation wird als ein Prozefider Anderung, die bleibend ist, von Boden und Vegetations-verhaltnissen trockenen Landes bezeichnet; die somit
entstehende Du'rrheit und die Minderung der biologischen Fruchtbarkeit
kónnen in Extremfallen zu völliger ZerstórungdesBiospharenpotentialsund
zur Umwandlung des Landes in Wiiste fuhren. ' Es wird weiterhin
vorgeschlagen, dafi der Aridisationsgrad der Vegetation bei Desertifikation an
Hand der biologischen Produktivitat (t/ha/Jahr) berechnet werden sollte. Die
Notwendigkeit, quantitative Tabellen der biologischen Produktivitat fur
verschiedene Naturzonen und -regionen aufzustellen, wird von einem
methodologischen Standpunkt her in Erwagung gezogen. Einegeneralisierte
Tabelle fur mehrere Naturzonen der UdSSR soil als Beispiel dieser Methode
dienen. Weiterhin soil der Bodenaustrocknungsgrad bei Desertifikalion auf
der Basis von Messungen des Boden-Wassergehalts ermittelt werden; diese
wiederum werden anhand der quantitativer Ermittlung der hydrologischen
Boden parameter festgestellt. Die Auswertung fiir das Risiko der Desertifikalion sollte fiir verschiedene Natur-zonen getrennt erstellt werden, je nach
der Beschaffenheit der Bodenoberflache und der Nutzungdes Bodens. Dieser
Beitrag erlautert auch die Methoden zur Planung der Beurteilungs- und
Überwachungsmafinahmen, die dazu dienen sollten, die Desertifikation zu
verhindern bzw. zu vermeiden.
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2. World Soils Policy

Der Weg zu einer weltweiten Bodenpolitik
I. P. GARBOUCHEV AND PETER M. AHN
Jeweils in Marz 1980 und Februar 1981 wurde von Experten bei zwei
Sitzungen in Rom die weltweite Bodenpolitik diskutiert. Diese fanden unter
der Schirmherrschaft des UNEP unter engster Mitarbeit der FAO, UNESCO
und ISSS statt. In dieser Veróffentlichung werden der Reihe nach die
wichtigsten Wissenschaftlichen, technischen, institutionellen und legalen
Aspekte einer weltweiten Bodenpolitik diskutiert.
Die weltweite Bodenpolitik strebt danach, die wissenschaftlichen
Kenntnisse und die Bewirtschaftung zu den Boden der Welt zuzuwenden, um
die Produktion auf tragbare Basis zu vergróftern, die Agrarbodenflache der
Welt zu vergröftern und zu verbessern, den Verlust von produktiven Boden an
nichtlandwirtschaftliche Benutzung zu verlangsamen, Veranderungen der
BodenqualitaV-quantitat und das Schema der Bodenbenutzung zu
überwachen, und die Menschheit und die fiihrenden Politiker auf die
Ausmafte und Bedeutung der nationalen und weltweiten Bodenverschlechterung und -erosion aufmerksam zu machen. Die weltweite Bodenpolitik
steht in engem Zusammenhang mit der weltweiten Umweltschutzstrategie,
die ihre Prioritat den folgenden Problemen einraumen möchte, namlich:
Qualitats- und Quantitatsminderung des Ackerbodens, Bodenerosion und
Abspiilung von Wassereinzugsgebieten.
Der Aktionsplan für die Ausfü'hrung der weltweiten Bodenpolitik sieht
weiterhin Bemu'hungen vor, die das Bewufksein für eine rationelle
Bodenbebaung fördern, die Zusammenarbeit der beteiligten Regierungen
betreffs einer sinnvollen Bodenbenutzung und des Schutzes der Wassereinzugsgebieten fördern, internationale Finanzierungsinstitute ermutigen, ihre
besondere Aufmerksamkeit auf landwirtschaftliche Entwicklungsprojekte zu
richten, den Regierungen bei einer angemessenen rationalen Gesetzgebungspolitik helfen, das Sammeln und den Austausch von Informationen
überBodenforschung, -erhaltung und -bewirtschaftung zu koordinieren, ein
internationales Referenzsystem für eine Bodenklassifizierung und eine
angemessene Bodenproduktivitatsbewertung fördern, gemeinsame Verfahren
für ein globales Bodenüberwachungssystem fördern, und schlieBlich, die
Priimpien einer rationalen Landnutzung und Bodenentwicklung in eine
Welt-Bodencharta aufzunehmen.
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Bodenpolitik in Australien
J.M.LOGAN
Australien hat eine Flache von 768 Millionen Hektar. Jedoch 70% davon ist
wasserarm, und nur annaehernd 10% ist als Ackerland geeignet. Der boden ist
im allgemeinen arm an Phosphor und Stickstoff und enthaelt zum grossen
Teil Natrium. Ansteigender Bedarf an Nahrungmitteln und Faserstoffen wird
zu intensiverer Nutzung des Landes fuehren. Aenderungen bezueglich des
Aberntens von Randgebieten werden zu beschleunighter Entwertung des
bodens fuehren.
Einschaetzung der Landentwertungslage im Juni 1975 ergab, dass ueber
60% des bebauten Bodens Behandlung erfordern, um die Landentwertung zu
verhindern und unter Kontrolle zu halten.
Auslaugung des Bodens war hauptsaechlich varantwortlich f tier
Landentwertung, wo die Salzhaltigkeit in Bewaesserungsgebieten ernsthafte
Proportionen erreichte.
Die Menge an Land, die vom Ackerbau fuer andere Zwecke abgeleitet wird,
ist Grund zur Besorgnis.
Erforderliche Massnahmen schliessen Gutachten ueber Bodennutzungein.
Diese Gutachten muessen in einer Form ausgefuehrt werden, die den
hoechstmoeglichen Vorteil fuer den Verbraucher darstellen. Vorgeschlagen
werden erklaerende Gutachten. Die Dringlichkeit fuer sofortige Massnahmen, einschliesslich wirkungsvoller Ausdehnungsbestrebungen, wird
besonders betont.

Eine nationale Bodenpolitik für Indien
K.G. TEJWANI
Dieser Beitrag gibt Hin tergrundinformationen u'ber die Art und die Ausmafte
der Landdegradierungs-, Abtragungs-und Desertifikationsprobleme in
Indien. Umfangreiche Landwirtschaftsprogramme wurden unternommen;
zur Unterstü'tzung dieser Programme ist eine Forschungs- und Ausbildungsbasis geschaffen worden. Jedoch reichen diese Maftnahmen nicht aus, den
Anforderungen zu entsprechen. Von einer Flache von 305 Millionen ha
benótigen 145 Millionen ha Schutzmaftnahmen. Und dennoch scheinen die
Menschen sich der Dringlichkeit des Problems und der Notwendigkeit für die
Erhaltung, Forderung und entsprechende Nutzung unserer Bodenressourcen
nicht ganz bewufk zu sein. Dieser Beitrag beschreibt die Prinzipien und
Zielsetzung einer nationalen Bodenpolitik für Indien. Zur Ausführungdieser
Bodenpolitik müssten wir: (1) eine starke Infrastruktur ermóglichen, (2) der
Bodenbewirtschaftung angemessene Methoden entwickeln, (3) die Bevölkerung im allgemeinen und die Planer und Entscheidungstrager
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insbesondere erziehen. Dies erfordert machtige Fü'hrung und Unterstutzung
auf Staatsebene. Nur wenn alle ungleichen Elemente in ein reibungslos
funktionierendes System integriert werden, können wir hoffen, die Früchte
einer nationalen Bodenpolitik zu ernten.

Bodenpolitik in Afrika: Notwendigkeit und Richtung
N.N. NYANDAT
Bodenverlust und -ermiidung, beides gepaart mit einer steten Verkleinerung
der Vegetationsflache stellen eine Bedrohung der Völker in vielen
afrikanischen Landern dar. Da die Produktivitat nachlafh, ist das Problem
der Bodendegradierung zu einem Prioritatsgebiet aufgerückt dem die
afrikanischen Lander ihre finanziellen und technischen Mittel widmen
mussen.
Das Problem ist von besonderer Wichtigkeit in niederschlagsreichen
Gebieten (Savannen) und tropischen Waldern in Ost-, Zentral- und
Westafrika, wo Wechselkultivierung praktiziert wird, oder wo Steilhange
kultiviert werden. Die trockenen Gebiete, die in Afrika gewöhnlich sind, sind
auch der Bodenerosion unterworfen. Der Druck, den Mensch und Tier
gleichermaften ausiiben, hat zur Ausdehnung der Landwirtschaft bis in diese
Gegenden gefiihrt, wahrend die Bewasserung oft sekundare Salinisation
herbeigefuhrt hat.
Das Problem von Bodenerosion ist jedoch nicht ein einfaches
physikalisches Problem. Es gibt soziale und wirtschaftliche Faktoren, welche
einen bedeutenden Einflufi auf den möglichen Erosionsgrad, und auf die
Wirksamkeit der BekampfungsmafSnahmen, ausiiben. Bodendegradierung
wegen übermaftigen Weidens z.B. geht auf technische und sozioókonomische Faktoren zurück, wie schlechte Landbewirtschaftung, zu viele
Tiere verglichen mit der Tragfahigkeit des Grases und ungleichmafiig
verteilte Tiere. In manchen Gebieten Afrikas wird Reichtum immer noch an
der Zahl von Tieren, die man besitzt, gemessen. Der Lebensstilder Menschen,
z.B. Nahrung, ist völlig auf Tierprodukte abgestimmt.
Eine Bodenpolitik, die eine rationelle Benutzung und die geeignete
Bewirtschaftung der Boden sichert, ist fü'r Afrika notwendig. Technische
Neuerungen und sozialer Fortschrilt wu'rden hier auch eine Rolle spielen.
Solch eine Bodenpolitik mufS den Boden als ein grundlegendes und
essentielles Mittel ansehen, der zweckmalSige Institutionen braucht, um die
Bodenbehandlung, -bewirtschaftung, -Bestandsaufnahme und -erhaltungzu
koordinieren. Der Erfolg einer Bodenpolitik wird natu'rlich von dem
Verstandnis und der Unterstutzung der Bevölkerung abhangig sein.
Obgleich die Bevölkerung den Boden als wertvoll ansieht, braucht man die
Bevölkerung immer noch davon zu überzeugen, dafi die richtige Nutzung
und Bewirtschaftung des Bodens das Allgemeinwohl und die Einkommen
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stark verbessern können. Die Prioritat solltedaher bei der Einrithtung -durch
Gesetzgebung-eines Staatapparatesliegen, der Erziehung, die Erweiterung
und die Bestandsaufnahme und Forschung der Bodenüberwacht. Die
Bevölkerung sollte auf ihre Rolle und die ressourcen Folgen ihrer Aktionen
bei der Bevvirtschaftung des Bodens richtig vorbereitet werden. Wo möglich,
sollten die Konsequenzen im Sinne von ökonomischen Auswirkungen
definiert werden.
Nationale Bestandstufnahmen der BodenschatzeZ-ressourcen sollten fur
die Klassifizierung und Beurteilung von Boden aufggestellt werden. Es
besteht weiter Bedarf für gemeinsame Anstrengungen in der Einrichtung von
internationalen Richtlinien für nationale Normen und Kontrollen für
Bodennutzung, -bewirtschaftung und -erhaltung.

Eine weltweite Bodenpolitik und ihre Anwendung in
Late in-Amerika
FERNANDO SUAREZ DE CASTRO
Die Bevölkerungs explosion und ein stetig steigender Lebensstandard haben
die Narhirage nach Naturschatzen generell und Boden insbesondere
gesteigeri. Höchste Prioritat sollte deshalb der Formulierung einer
weltweiten Bodenpolitik gegeben werden, welche die optimale Nutzung des
Bodens sichert, ohne Schadigung des Bodenproduktionspotentials und
Umwelt. In Latein-Amerika, wo etwa 80% des Ackerlandes von Erosion
angegriffen worden ist, ist die Anwendung einer solchen Politik
unumganglich. Obwohl kein Land Latein-Amerikas eine klar definierte
Bodenpolitik verfolgt, existiert weitverbreitete Sorgebezüglich der Degradierung von Boden, und Interesse diesem entgegenzutreten. Diese
Veröffentlichung gibt einen Überblick über die Plane der Bodenpolitik auf
weite Sicht, in der Hoffnung, daB sie essentielle Elemente der
Entwicklungsprozesse und -plane aller Lander formen sollten. Da die
Probleme nicht innerhalb nationaler Grenzen halt machen, sollten die
Maftnahmen einzelner Lander durch internationale Aktion unterstützt
werden, besonders für die Entwicklung von übereinstimmenden Kriterien für
Bodeninventur und -klassifikation, und lokalen und weltumfassenden
Austausch von technischer Erfahrung. Eine weltweite Bodenpolitik, die auf
gegenseitigem Interesse und internationaler Zusammenarbeit basiert,
wirdfinanzielle und technische Hilfsmittel (allen Landern) zur Verfügung
stellen.
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Weltbodenpolitik
E.G. HALLSWORTH
hi Jahne 1981 tagte eine Gruppe von Fachleuten der Bodenkunde unter der
Leitung der fuer landfragen zustaendigen UNO Behoerden, FAO, UNESGO
and UNEP, und verfasste einen Entwurf einer Resolution zur WeltBodenpolitik, der den Nationen der Welt unterbreitet werden sollte.
In seinem Beitrag geht der Autor auf die einzelnen Abschnitte des
Resolutions-entwurfes ein und versucht ihre Bedeutung im Lichte des
gegenwaertigen Standes an Wissen und Erfahrung in der Bodenkunde zu
untersuchen, wobei jene Aspekte, welche die Internationale Gesellschaft fuer
Bodenkunde betreffen, besonders beruecksichtigt werden.
Es wird darauf hingewiesen, dass die wirksame Durch fuehrungeiner WeltBodenpolitik Veraenderungen in der Praxis der Weltpolitik voraussetzt. Der
Autor behandelt auch kurz die Restriktionen, denen jene Staaten unterworfen
werden koennten, welche die Resolution zwar annehmen, aber ihre
Grundsaetze nicht verwirklichen.
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