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Preface 

Scientific studies of the problems and potential of the 
world's arid lands received a major impetus in 1951 when the 
United Nations Educational, Scientific, and Cultural 
Organization (UNESCO) established the Major Project on 
Scientific Research on Arid Lands. That project produced a 
valuble series of comprehensive reports on virtually all 
components of the arid land ecosystem. When the project was 
initiated, common wisdom held that the one-third of the 
earth's surface which was arid offered great opportunity for 
development. After all, it was largely unoccupied; possessed 
extensive deposits of petroleum, precious minerals, coal, and 
other ores; was endowed with strikingly picturesque landscapes 
and unpolluted air; and had a unique plant and animal life, as 
well as abundant sunshine. 

Research soon made it clear that the arid land potential for 
development was good, although perhaps not as large as 
optimists had thought . However, it had become apparent that 
there was no source of water, either on and below the land 
surface or in the atmosphere, that could be readily tapped to 
minimize the number one environmental limitation. Moreover, 
the fragility of the ecosystem was shown to be a major 
constraint on economic development: disturbances in the soil 
or plant cover could leave scars that lasted for decades, 
making restoration very difficult. 

A classic paper by Professor M. Kassas of cairo University, 
published in 1970 under the title of "Desertification versus 
potential for recovery in circum-Saharan territories", 
introduced the word "desertification" to the English-speaking 
world. The term apparently had been coined by the French 
ecologist, A. Aubreville, in his 1949 book, Climats, Forets, 
et Desertification de l'Afrigue Tropicale. Aubreville's book 
described ecological conditions and the impact of tree-cutting 
and resulting soil erosion in humid West Africa. While 
Aubreville never defined desertification, he obviously 
considered it to be a form of land degradation . 

Desertification became a popular word when the united Nations 
Conference on Desertification was held in Nairobi, Kenya in 
1977. The conference proceedings described desertification as 
land degradation in the drylands which could lead, ultimately, 
to desert-like conditions. There was nothing in the 
conference summary document that said or implied that 
desertification referred solely to the formation of ecological 
deserts. All it said was that the end-point in the 
desertification process, if the process were carried that far, 
would be desert-like conditions. It is not common for that to 
happen, on a global scale. 

Since the 1977 conference, many new definitions and 
interpretations of the meaning of desertification have come 
into use . We use the term as a synonym for land degradation 
in drylands. Others variously consider it to apply only to 

v 



human-induced deserts or to overgrazing of rangelands or to 
sand dune movement or to wind erosion or to local desiccation 
Confusion reigns. 

In recognition of the different concepts of desertification, 
we decided to title this conference "Degradation and 
restoration of arid lands". What we call the land degradatio1 
problem in arid regions and its control probably is of little 
significance. The important thing is what we do about it. 

Editing this book has been a labor of love. All of the 
authors are respected scientists, and what they have to say 
represents wisdom accumulated over decades of experience. 
Each of them is a fine person with whom it has been a pleasurE 
to be associated. I thank them for their contributions to 
this volume and for all they have done to improve our 
understanding of life in the arid regions. 

Last, but by no means least, I thank Dr. Idris R. Traylor for 
the tremendous support he has given me, Dr . Kary Mathis for 
managing the· conference, Gay Riggan and Robin Lee for their 
invaluable assistance in the publication of the proceedings, 
and the United Nations Environment Programme (UNEP) for 
financial support in the spirit of the long-time cooperation 
between UNEP and ICASALS. 

Lubbock, Texas 
April 1992 
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Foreword 

Desertification is the term commonly applied to the process of 
degradation of drylands. The drylands occupy one-third of the 
world's land surface and are inhabitated by more than three
quarters of a billion people. During the past 25 years, 
international attention has been attracted to these arid 
regions because of the human misery that has occurred as a 
result of climatic impact and especially the acceleration of 
human mismanagement. As the population of these regions has 
increased, so have deforestation, salinization, cropping of 
marginal lands and overgrazing. 

While the problems of degradation of arid lands have attracted 
attention since early in this century, the United Nations 
Environment Programme, established in 1972, catalyzed global 
efforts to halt and reverse these processes. The United 
Nations Conference on Desertification in 1977 marked a genuine 
effort worldwide to ascertain the extent of environmental 
degradation and to stimulate and coordinate efforts to combat 
the phenomenon. 

The International Center for Arid and Semiarid Land Studies 
(ICASALS) has by definition been involved in all aspects of 
the study of desertification, from technological aspects to 
socioeconomic implications. It is particularly significant 
that Harold E. Dregne, who served as director of ICASALS from 
1976 to 1981, and since that time has been a special con
sultant to ICASALS, should have been associated with the 
Center's involvement. Harold Dregne has been internationally 
identified with applied research on problems of desertifi
cation. It was because of his distinguished reputation in 

· this field, and his many other contributions to the develop
ment of ICASALS, that it was decided to honor Harold Dregne at 
the time of the 25th anniversary of ICASALS in autumn 1991. 

Harold Dregne received an undergraduate degree in chemistry 
and mathematics from the University of Wisconsin, a master of 
science degree in soil chemistry from the same university, and 
his doctoral degree in soil chemistry from Oregon state 
University. Following an increasingly distinguished career, 
he came to Texas Tech University in 1969 as a professor and 
chairman in the Department of Agronomy. In 1972 he was named 
a Horn Professor, the highest honor conferred on faculty of 
this university. From the time of his arrival, he was an 
associate of ICASALS and in 1976 became its third director and 
served in that position until 1981. He subsequently held a 
position in the Science and Technology Bureau of the Agency 
for International Development, and he has been active in 
numerous international commissions and professional organi
zations, especially dealing with arid lands and their 
development. He is the author and editor of seven books and 
more than 130 papers related to this important subject. 
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The conference in Dregne's honor, "Degradation and Restoration 
of Arid Lands," was held on September 24, 1991, in Lubbock. 
The conference featured many of the world's foremost 
authorities on desertification. It is also significant that 
those who participated, Thadis Box, Gerald Thomas, J. A. 
Mabbutt, Monique Mainguet, Henri LeHouerou, Mohammed Kassas, 
Zhao Songqiao, and Nirmal Singh, are individuals who hav e 
cooperated in various ways for decades in the forefront of 
arid lands studies. It was a significant conclave, and 
ICASALS is proud indeed to have been the medium that brought 
them together again for this outstanding symposium. Their 
papers constitute some of the latest research, thinking, and 
writing in this area vital to the future of humankind. 

We wish to express great appreciation to the United Nations 
Environment Programme, which generously provided funds for 
this publication and other expenses related to the conference. 
A local committee worked diligently on the arrangements for 
the conference. The committee consisted of Kary Mathis, Idris 
Traylor, B. L. Allen, w. F . Bennett, Bill Dahl, Robin Lee, 
Howard Taylor and Randy Underwood. We were ably assisted by 
Gay Riggan, administrative assistant of ICASALS, Robin Lee, 
information specialist of ICASALS and the Office of 
International Affairs, and Ruth Heath, secretary . Gay Riggan 
and Robin Lee were also responsible for the preparation of the 
manuscript. 

We are grateful for the support and encouragement of Vice 
Provost c. Len Ainsworth, Executive Vice President and Provost 
Donald R. Haragan, and our university's president, Robert W. 
Lawless. 

We hope that this important publication, the proceedings of 
our conference, "Degradation and Restoration of Arid Lands," 
will serve to increase awareness of the problems of 
degradation of arid lands and will be of value to the many who 
are involved in the efforts to halt desertification and to 
make the world's arid lands more useful and attractive for the 
expanding world population. 

Idris Rhea Traylor, Jr . 
Director, ICASALS 
Executive Director, Office of International Affairs 
Texas Tech University 
April 1992 
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Land Degradation or Sustainable Land Use 

Thadis w. Box 

Introduction 

It is an honor to be here today. I appreciate being asked to 
give the overview paper before this distinguished group of 
world authorities on desertification. It is a special privi
lege to honor our colleague, Harold Dregne, who has done so 
much to help others understand the advance of deserts world
wide. 

We meet here today to show our admiration and respect for 
Harold. In so doing we make a special body of literature 
available to scientists, educators, decision makers, activ
ists, and concerned citizens of spaceship earth. We meet not 
just to share our scientific knowledge, but to share our 
concern about the efficacy of the national and international 
institutions that address the problem of land degradation and 
restoration . 

In this opening paper I will share my experience in dealing 
with the changing views of society as it searches for sustain
able landscapes and l i festyles. I will also express some of 
my frustrations in my work as a scientist and administrator as 
public attitudes changed, as funding patterns for research and 
development changed, as conservation policy changed, as public 
concern for .land changed, and as society itself changed . 

I believe that there is a renewed quest for global sustainabi
lity . Today I will give you my view of what this new quest 
for sustainability will mean for land use, and for the effort 
to halt desertification . 

I will not talk about the process or results of desertifica
tion in detail . The papers of the next two days will cover 
those subjects much better than I can. Instead I will discuss 
the concept of sustainable systems in relationship to land 
degradation and to the global quest for sustainable life
styles. I will review the pattern societies go through in 
searching for sustainability . I will discuss the human mot i 
vation of the past two decades and how it has led to new 
concerns about land use. I will look at sqme major factors 
affecting the future , and close with some ideas about sustain
ability, land, and how future g~bal conditions will affect 
desertification. 

There is an old Chinese curse that says "may you live in 
interesting times." For a little over a year, I have looked 
in the paper each morning to see which new country is now 
free. The Berlin Wall has tumbled down. Peace has broken out 
all over. World War II is finally over. Opportunities are 
greater than they had been in my lifetime, in this century, 
perhaps in recorded history . At last we can beat our swords 
into ploughshares. We can turn our attention toward a sus-
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tainable planet, work for sustainable agriculture, sustainable 
development, sustainable cultures, sustainable lifestyles. 

But amid the opportunities, we are distracted. We have also 
fought a war over cheap energy; ethnic wars are on every 
continent; the quest for a sustainable planet has been muddled 
in global greed and regional autonomy. 

Even so, there are still causes for hope. Freedom and open
ness are the watchwords in much of the world . With freedom 
comes responsibility, and responsibility leads to action .. 
action to stop land degradation; action to rebuild what has 
been harmed. We can expect action to restore the losses from 
desertification as long as there is a worldwide desire for 
sustainable lifestyles. 

The Quest for sustainable Lifestyles 

The quest for sustainability is a global movement. It is seen 
in the programs of international and national organizations. 
Multilateral development projects from organizations such as 
UNEP, UNDP, FAO, etc. now have environmental aspects . Bilat
eral aid from USAID, GTZ, and others now include an environ
mental component in all development projects. Most national 
governments now have some sort of watch dog agency looking out 
for the environment. 

But the governmental organizations are only responding to a 
broader, grass-roots, movement . "Greenies" abound in almost 
every country. There are citizens support groups, recycling 
programs, and green consumerism. Politicians and business 
executives are aware of a new, broad-based support for a clean 
environment. Unlike the first "Earth Day" movement of the 
1970s, it is now popular to be an environmentalist . 

Central to all the environmental movements is a desire for a 
sustainable planet . There are many definitions for sustain
able agriculture, sustainable development, sustainable life
styles, etc., but they all have common characteristics. 

First, they strive for equity for the people on 
They seek a profit for those who till the soil. 
ers make a good living and have a high standard 
there is little chance of sustaining lifestyles 
dwellers or anyone else. 

the land . 
Unless farm

of living 
of urban 

Second, there must be equity for future generations. Options 
must be left open for our grandchildren. Opportunities for 
this generation must be transferred to the next; but even more 
importantly our actions today should not close out the oppor
tunities that may develop in the future. Trans-generational 
transfers require that we have a dream about tomorrow. 

Third, long term sustainability must take precedence over 
short term profit. We need production today , but our actions 
on the land must keep it productive in the future. 
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Fourth, all concepts of sustainability embrace some form of 
environmental enhancement. We recognize that most land has 
been abused by past generations. If we are to have global 
sustainability, today•s generation must improve what has been 
given us . We must leave the world better than we found it. 
We should not just maintain what we have been given; we must 
become active in improvement_. 

These concepts are central to the war against desertification. 
They embrace the principles that will be discussed by the 
distinguished scientists at this conference. They are what has 
kept Harold Dregne active during his retirement years. 

The concept of sustainability is not new. Sustainability 
concepts are found in the oral tradition of Hopis and Pitiman
jaras, in the Bible and the Koran, in the writings of Thoreau 
and Muri, in the essays of Aldo Leopold and Hugh Hammond 
Bennett . They are expressed in green consumerism at Wal-Mart. 
Steinbeck's "Grapes of Wrath" describe what they are not. 
Desertification screams of our past sins. 

Steps in Development of a Conservation Ethic 

A concern for conservation is not inherent in the human ani
mal. Individuals become concerned as they see the effects of 
their action. Societies then develop a conservation policy as 
the result of actions by individuals. Societal development of 
a conservation ethic generally follows a recognizable pattern. 

Exploitation 

The first stage is an "Era of Exploitation." Resources are 
viewed as unlimited and are used without conc·ern for replace
ment. In this new country of the United States, our national 
policy was to conquer the wilderness . Industrial development 
was considered right and honorable. The objective was to 
increase industry, and little thought was given to conserva
tion . 

Preservation 

As resources become scarce, societies generally enter an "Er a 
of Preservation" that involves setting aside reserves, estab
lishing restrictions on land use, and the creation of national 
parks or preserves. In this country our first efforts to save 
a little wildland resulted in Yellowstone Park and the nation
al park system. 

Reclamation 

Since preservation is possible only on limited areas, societ
ies usually try to rebuild what has been damaged and enter an 
"Era of Reclamation." In America, this reached its peak in 
the dust bowl days of the great depression . Public works 
agencies did conservation projects, and national organizations 
such as the Soil Conservation Service and the Bureau of Land 
Management were formed . 
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Environmental Concern 

National stability and personal affluence lead to broader 
concerns about human health and the welfare of species other 
than human, and societies enter an "Era of Environmental 
Concern." In this country the publication of Rachael Carson's 
book, "Silent Spring," changed the conservation cause from a 
land based movement to a concern for personal health and 
safety. It became the moving force behind the demand for 
clean air, clean water, organically grown food, and fear of 
pesticides. 

sustainable Lifestyles 

The new conservation ethic did not abandon the land as it 
embraced the concern for personal health. Instead, it grew 
into an "Era of Sustainable Life" where healthy land was 
necessary to support the good life. This was first expressed 
in the "Earth Day" rallies of the 1970s. However, the concern 
for the land became muddled with resentment of an unpopular 
war, changing sex mores, free speech movements, changing 
gender roles, and communal living. Land conservation became 
lost in many diverse, but related, movements that the nation 
was not ready for. 

Basic distrust of authority caused society to address land 
issues through rules rather than reason; litigation and law
yers replaced conservation and professional land management. 

This or a similar pattern of conservation thought has taken 
place in almost every country. The time frames have been 
different; the resulting laws and institutions have been 
different. But today, the desire for a sustainable planet is 
worldwide. The approaches will be different in the industri
alized countries, in the new republics entering the market 
economy, and in the developing world, but the desire for 
sustainable development is global. The success will depend to 
a large extent on attitudes and feelings of the people in this 
generation . 

Attitudes of the Last Two Decades 

Since the end of World War II, the world has lived under the 
threat of a war that would lead to the end of the world as we 
know it . I believe the attitudes and feelings of the last two 
decades have been the response to a fear of nuclear destruc
tion. 

During the past 30 years I have taught large classes of u.s. 
freshmen. I have also taught international students (mostly 
government officials from developing countries) from over 35 
countries. 

In the decade of the 1970s, conservation classes were large. 
Student attitudes were driven by a fear of nuclear holocaust 
••. a fear, I believe, that spawned the first Earth Day. 
students were characterized by distrust of Authority, concern 
for the welfare of others, and general frustration. They were 
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filled with idealism. American kids wanted to save the world, 
they did not want a traditional job . Peace Corps and Inter
national Voluntary Service were popular choices of American 
students. International students wanted to develop their 
countries and make the "good life" available to their home 
lands. Development projects were sought at all levels. These 
people are now in leadership positions worldwide. 

For the generation of the 1980s, the main concern was to 
accumulate material wealth. American students wanted to make 
lots of money. They were willing to take almost any job if it 
paid well. They were not concerned with social issues or the 
land. International students opted for personal security . 
The fear of extinction expressed itself in a "let's get it 
now" attitude. The desire for personal wealth, BMWs and MBAs, 
reached its height when a survey of u.s. high school seniors 
showed that military science was a more popular choice of 
profession than any field of conservation. Rambo ruled. God 
lived on Wall Street and drank Perrier water. The ethic for 
the 1980s was "Greed is good, rules are for fools, and he who 
has the most toys at the end wins." 

What will the generation of the 1990s select for an ethic now 
that the fear of nuclear destruction has diminished? I don't 
know. Trendsetters and futurists suggest we are entering a 
period of personal freedom. Others suggest we will see more 
public responsibility. Dare we hope for both personal freedom 
and public responsibility? Whatever the attitude of this 
generation, it will be driven by forces of freedom and cooper
ation that the world has not yet seen. It will be the major 
force affecting how we view the land and what we can do about 
desertification. My own predictions are that the people of 
this decade will want to stop desertification and repair 
damage done in the past. Their success will depend on several 
key issues. 

Major Issues Affecting Land Degradation 
and sustainable Lifestyles 

There are many different issues that will affect land degrada
tion and restoration in the future. Most of these will in
volve people and their institutions. 

Demographics 

Our generation was concerned about feeding a hungry world. 
Then an embarrassment of surpluses led many to believe that 
the need for agricultural production had lessened. But the 
problem of hunger remains. Only the time frame has changed. 
Today, some 40,000 people die each day of starvation and 
disease. Many people in the new republics face a winter short 
of food. 

Sustainability, equity in this generation, means feeding 
those less fortunate than we, whether they are in Ethiopia, or 
Armenia, or Alabama, or the Texas plains. 
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Population growth is only one of the pressing demographic 
issues. The gap between the haves and the have nots is much 
more immediate. Populations in poor countries are growing 4 
times as fast as in rich countries. Worldwide, 4 out of 5 
babies are born in poverty. 

Rich countries are not growing . . • they are growing old. 
Old people control most of the resources and political power 
in much of the world. Americans over 50 represent 25 percent 
of the population, but control 70 percent of the net worth. 
Eighty percent of Americans now alive will live past so. 
Similar patterns are true in Japan and western Europe . 

The research needed to cure land degradation will not be 
restricted to soil science and agronomy. It must include 
sociology, psychology, and the social sciences. 

Economic Trends 

During the last decade the world financial centers have moved 
from London and Wall street to somewhere on the Pacific Rim. 
The European Economic Community has come of age and other 
regional economic communities are being considered. 

Eastern Europe and the Soviet republics are moving toward 
a market economy. At this stage no one knows what effect this 
will have on the world economy. 

The global economic future, at least in the short term, is 
tied to the supply of hydrocarbons for energy . Much of the 
world's known supply of oil is in politically volatile areas . 

Most major potential markets and the present labor supply are 
in poor countries, but they are unable to participate in 
global trade . Their standard of living must be raised if they 
are to become active advocates for land restoration. 

sustainability, and equity for future generations, depends on 
world peace, world trade, and a non-hydrocarbon energy policy . 

Research on economics-both macroeconomics and economics of the 
firm-is needed to help new countries enter the market econo
my . We must have studies on how to make alternative energy 
policies profitable and how to improve the environment while 
producing goods and services. 

Material Science and Technology 

We live in a world in which designers first imagine a product 
and then ask engineers and chemists to create a building 
material with the characteristics to make their imagined 
product possible. Material science is developing new poly
mers, graphite, ceramics, and other materials that release 
designers from standard materials. Wood, wool, cotton and 
other natural materials will not become obsolete, but demand 
will change. And as they change, the need for specific land 
uses will change. 
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I mentioned earlier our dependence on oil. The alternate 
energy sources now available have not been perfected because 
they are not economically viable under present conditions. 
The environmental consequences of using hydrocarbons for 
energy may change future desertification patterns more than 
any single land use. The effects of greenhouse gases on 
global warming may be debated, but there is little doubt that 
the rich countries' extravagant use of oil contributes to the 
greenhouse effect. As China, Poland, and other countries 
industrialize using coal as their major fuel, atmospheric 
gases will further increase. 

Information processing, biotechnology, and other high-tech 
technology will change how we address land degradation prob
lems, but it is not reasonable to expect technology to solve 
the land use problems. 

Sustainability-long term stability balanced against short term 
profits-means adapting new tools through a combination of 
ecology, economics, and technology. This suggests additional 
research in ecology, systems science, information processing 
and computers (GIS), genetics, and biodiversity. 

Philosophical Trends 

Good land use depends upon the ecological potential of the 
land, what people want from the land, and the economic and 
political feasibility of getting what the people want without 
ruining the land . 

What people want depend upon their philosophy about land, 
life, and their god. I discussed earlier my observations about 
American students in the past two decades. Global philosophi
cal trends may have more to do with what we do about land 
degradation than any technology. 

Of the major world powers, only China remains communist. 
Environmental enhancement must be made profitable if it is to 
succeed in a market economy. Environmental programs must be 
consumer programs, not governmental programs. For instance, 
programs to stop desertification will work only if consumers 
are willing to pay for the products from the land. 

Capitalism does not have many good models of consumer demand 
for conservation, but success is most likely after basic needs 
of consumers are met. If consumers are expected to pay for 
reversing land degradation, they must be able to see the link 
to their own personal well being. 

Of the 10 largest countries, only three are "Christian." I 
use the term as an indicator of philosophy, or of western 
thought, rather than in a religious sense. As the population 
increases in the non-western world, there will be some obvious 
trends affecting land use . Animal rights movements will 
change from a few radicals seeking ethical treatment of ani
mals to a broad based religious movement . Vegetarianism will 
become more widely accepted. 

7 



But more important, much mor e important, will be new and 
different concepts of equity, beauty, property, productivity, 
work. We have a lready changed our concept of work as some
thing you do with your hands. 

Work now is what we can imagine. Vladimir Horowit z , o ne of 
the greatest pianist of all times, died last year. A clever 
comput er programmer can make a synthesizer play Horowit z, Chet 
Atkins, Alabama, the Grateful Dead, Madonna, or even Bob 
Wills . But she must first be able to imagine the music. 

Work today, and perhaps even in the past, is u sing one ' s b ra in 
to make technology produce what we want. Sustainability, 
environmental enhancement , or leaving the world better than we 
found it, will depend on what we want. It will depend more on 
what is our concept of better . . . our philosophical base 
... than on our t echnology. 

Notably absent from my list of important future issues is 
climatic change. I did not leave it out because I think it is 
not important, or because I believe it wi l l not happen , but 
because it is a sympt om • . . not a cause . Action organiza
tions and scientists should concentrate on causes, not ef 
fects. 

Society usually gets most concerned over the symptoms of 
underlying issues. Some major symptoms that will occupy 
public a ttention for the next decade are biodiversity and loss 
of species , clean water and clea n air, wast e disposal and 
recycling , agricultural pollution and food supply, deforesta
tion and tropical forests, land degradation and deserti 
fication , and animal welfare and animal equity. Halting and 
repair ing desertification will depend on how well the land 
degradation symptom is related to the underlying issues of 
demographics, economics, technological use, and philosophy . 

some Thoughts on sustainability, Land Degradation 
and Restoration 

Sustainability and stoppi ng land degradation i s linked to what 
we can imagine: creati vity. Education in the broad sense 
must convince consumers that healthy land is in their self 
interest ; it must be worth their paying for it. 

There are some simple steps to take in education-make people 
aware of the problem, give them some problem solving skills, 
give them a bag of t ools, and inspire them to do something to 
solve the problem. 

We can apply these simple steps to the land degradation 
problem. We need to tie science and application together. We 
must show people how they are benefitted. 

First, we identify what is causing non-sustainability of land . 

Second, we set priorities and determine what we can do t h at 
will make a major change. We will not l et " feel good" actions 
divert us from the major cause . For example , if our goal is 
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to prevent global warming and everyone planted a tree , and all 
the rain forests were saved, we would do l i ttle unless we 
change fossil fuel use. 

Third, we can improve our bag of tools . We can d o good s c i
ence, tie ecology and land management together, accept social 
sciences as land management tools, and improve our application 
of science . 

Fourth, we must inspire. Technology is useless unless people 
willingly apply it to the problem. 

we land scientists have a special responsibility. We shou l d 
teach what is known and what is good science, educate the 
public on what is reliable science, and do research to fill in 
the gaps . 

The status of Land Degradation and Restoration 

The papers you hear at this conference will define where we 
stand on the land degradation prob lem . You will hear some 
discouraging horror stories. You will l e arn of some encoura g
ing new developments . But in the end you will probably c on
clude that we still have a major problem. 

Some say we are going round in circles . We are not in a 
circle. We are in a spiral . The global desire for sustain
ability is driven by an environmental conc ern that i s coming 
round again . But as we come around, we are on a higher pla
teau. We are no longer led by powerless youth. sustain
ability is a grass roots movement. our science is better. 
Peace may be upon us. We realize that people are an importa nt 
part of this new conservation movement. We occupy the high 
ground in the war on land degradation. 

The future for a sustainable planet is bright if we remember 
equity for today's generation: 

• a better life for our grandkids; 
• leave options open for those who follow us; 
• leave the world better than we found it. 

But we will not have, indeed we do not deserve, the public's 
support, if we continue business as usual, organize our pro 
grams of education and research around n a rrow commodit i es, and 
underestimate the grass roots support for sustainability, of 
which the land degradation issue is only one manifestation. 

I pray that history will show that we here-scientists, teach
ers, conferees-in this generation set the stage for a better 
world tomorrow. 

I am pleased to have been asked to give this overview to start 
the conference. 

I am especially honored to share the stage with these impor
tant world scientists as we pay tribute to Harold Dregne . 
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I have been incredibly fortunate to have been a teacher at 
major universities on several continents. 

I am proud to have been the first director of ICASALS and a 
dean in a Land Grant school . 

I am pleased to be a different kind of teacher today. I 
appreciate your kindness in letting me spout my biases . 
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Desertification 

Mohamed Kassas 

:tntroduction 

Worldwide hie-productive lands provide their associated humans 
with materials of food, fuel, etc . There are limits to the 
quantity of biomass materials that may be harvested sustainab
ly, and if exceeded (overexploitation) the hie-productivity 
declines and land shows signs of degradation. In humid terri
tories the limits may be within a wide range: hie-productivi
ty is active and is capable of replacing the harvested biomass 
at rates that redress the damage. By contrast, limits in 
drylands are narrow, hie-productivity is low, and the capacity 
of the ecosystem to recuperate and to redress damage is very 
little. This restricted resilience is often described as 
fragility. 

Fragility of dryland ecosystems relates to a number of attrib
utes, including: 

1. water resources limited (low rainfall) and variable 
(recurrent incidents of drought); 

2. plant cover thin (does not afford effective protec
tion against erosion), productivity low (carrying 
capacity limited); 

3. plant growth with notable seasonal variations; 

4. skeletal soils (surface deposits showing little de
velopment), with low content of organic carbon (lit
ter actively oxidized at surface and not incorporated 
in A horizon); 

5. physico-geo-chemical processes may form surface 
crusts (in stabilized deposits), subsurface carbon
ate/sulphate-rich layers, or hardpans; 

6 . bio-geo-chemical processes within the ecosystem re
tain nutrients within the above-ground biomass (vege
tation) and not in the soil (Ayyad et al . 1985); 
removal of plant growth deprives the ecosystem of its 
stock of nutrients. 

Plant growth in drylands faces one principal limiting factor: 
water. Other ecological conditions (e.g., temperature, light, 
etc . ) are favorable to plant life. Changes in water income 
cause dramatic changes in plant growth: irrigation in oases 
or river valleys across deserts (e . g., the Nile) produces 
highly productive farms. Similarly, a wet season may trans
form the otherwise barren desert into green carpets. For the 
rest of the year, and probably for a few years to follow, the 
land lies dry and barren. Pastoralists and their herds may 
journey 300-400 miles to take advantage of the accidental 
plant growth (gizzu grazing, Rattray 1960) that sprouts after 
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rare incidents of rain in the otherwise rainless territories 
of northern Sudan. 

Drylands are territories where water income (rainfall) is less 
than potential water expenditure (evapotransipration, runoff, 
etc.). They cover a wide range in water balance. Four kinds 
of deserts may be recognized within the drylands: 

1. rainless deserts (rainfall is not an annually recur
ring event, e.g., central Sahara); 

2 . runoff deserts (rainfall less than 100 mmj year, sea
sonal and variable), perennial plant growth restrict
ed to favored habitat (runoff collecting basins); 

3. rainfall deserts where rainfall is insufficient for 
sustained crop production (100-200 mmjyear, seasonal 
and variable), perennial plant growth widespread; 

4. man-made deserts, parts of the semiarid and dry 
subhumid territories (rainfall 200-500 mmjyear) that 
have been transformed to non-productive drylands due 
to overexploitation (desertification). 

The definition of these subdivisions could be refined, for 
purpose of mapping and global assessment, by using formulae 
for estimates of aridity (see World Atlas of Desertification, 
UNEP and E. Arnold Publishers 1992). 

Our concern here is with desertification. It affects the 
fourth type of desert (above), extensive areas of productive 
rangelands in type 3 , and areas of irrigated farmlands in all 
desert types. The word desertification remains elusive , 
mainly due to differences in perception. At present there 
seems to be agreement that desertification is conceived as 
"land degradation in drylands (arid, semiarid and dry subhumic 
territories) caused mainly by impact of human over-use . " 

Perceptions 

Terms like "encroachment of the Sahara" (Bovill 19 21) and 
"creeping desert" (Stebbing 1937, 1938, 1953) suggest that the 
desert expands its area as it extends beyond its natural 
(climatic) limits to the bordering territories . This percep
tion may be valid as regards the mobile sand bodies t hat move 
from their sites of origin in the desert and overwhelm farm
lands and settlements in oases or i n lands outskirting the 
desert. The preparatory studies for the United Nations Con
ference on Desertification 1977 (UNCOD) presented a different 
perception. The UNCOD report (UN 1978) , states (p. 5 , sen
tences re-arranged), 

Deserts themselves are not the sources from which desert· 
ification springs . It is generally incorrect to 
e nvision the process as an advance of the desert frontie: 
engulfing usable land on its perimeter: the advancing 
sand dune is in fact a very special and localized case. 
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Desertification breaks out, usually at times 
of drought stress, in areas of naturally vulnerable 
land subject to pressures of land use. These de
graded patches . . . link up and carry the process 
over extended areas . . . . Desertification, as a 
patchy destruction that may be far removed from any 
nebulous front line, is a more subtle and insidious 
process. 

Desert i fication remains an elusive concept because it is often 
conceived as a process of ecological degradation (reduction of 
plant cover, reduction of biodiversity, soil erosion, etc.). 
Manifestations are varied, the common feature relates to a 
productive land ecosystem losing its ability to produce what 
the associated human society expects. Ecological degradation 
and economic degradation are not synonyms. We shall describe 
here a few incidents that may explain the differences among 
varied manifestations. 

Grassland Invaded by Shrubs 

Schlesinger et al. (1990) studied ecosystem processes on the 
Jornada Experimental Range in southern New Mexico, and noted 
that 

during the last 100 years, large areas of black grama 
(Bouteloua eriopoda) grassland have been replaced by 
communities dominated by shrubs, especially creosote bush 
(Larrea tridentata) and mesquite (Prosopis glandulosa) . 
Similar shrub invasion in formerly productive grasslands 
has occurred in a large area of western Texas and eastern 
New Mexico that represents the transition between semi
arid and arid lands in North America. 

Grazing of large herds of domestic livestock seems to cause 
the decline in the cover of grass species, changes in soil and 
other habitat conditions, and eventual invasion of shrubs. 

Bush-invaded grassland is a widespread menace that undermines 
extensive areas of rangelands in USA drylands (Thomas et al . 
1968), in South Africa (Acocks 1964), Australia (Newman and 
Codon 1969), etc. Here the productivity of the rangeland, 
that is, its capacity to feed animals, is reduced, causing a 
loss of economic productivity. 

This type of rangeland degradation represents economic loss 
but not necessarily ecologic degradation. Schlesinger et al. 
(1990) note that 

although desertification is often assumed to result in a 
reduced level of plant growth, net primary productivity 
is similar in the native grasslands and the invasive 
shrub communities. . . . However, changes in the quality 
of net primary production with shrub invasion lower the 
economic potential of the landscape, especially as range
land . Thus, total net primary production may not always 
be the best measure of desertification processes. 

1 3 



The shrub-grass cyclic replacement change may be part of the 
natural ecology of the steppe vegetati-on, especially where 
fire is a prevalent factor. Smith (1944) noted that within 
the low rainfall savanna on clay (in Sudan), Acacia mellifera 
thickets alternate with grassland growth, a nd showed that 
these two vegetation types alternate in space and in time in a 
cyclic relationship. Hancock (1944) describes a similar 
grass-Acacia seyal cycle. Land degradation caused by exces
sive exploitation (overgrazing, repeated use of fire, etc.) 
may affect the rhythm of the replacement change and hence the 
bush phase remains longer. Schlesinger et al. (1990) show 
that 

when net, long-term desertification of productive grass
lands occurs, a relatively uniform distribution of water, 
nitrogen and other soil resources is replaced by an 
increase in their spacial and temporal heterogeneity. 

In these new plant communities, soil resources are 
concentrated under shrubs. 

Rangeland Degraded 

Overgrazing seems to be a worldwide practice. In his review 
of rangeland degradation, Dregne (1983) noted that according 
to Pearse (1971) and Nemati (1977) the livestock numbers in 
Iran were 5-12 times the carrying capacity of the rangelands. 
Similar imbalances are reported in surveys of Niger, Austra
lia, USA, Chile, China, USSR, etc. Figures given by Berry 
(1984) showed that the total number of livestock animals in 19 
Sudano-Sahelian countries (Africa) in 1969-71 as compared with 
1984 were : 

cattle 
sheep 
goats 

1969-71 
91,878,000 
79,147,000 
92,203,000 

1984 
109,110,000 
103,871,000 
113,669,000 

In many African countries the increase in numbers of animals 
was associated with changes in rural economies . The earlier 
set-up was primarily based on subsistence: herds to provide 
food needs and social prestige associated with numbers of 
owned animals. This was replaced by economies that addressed 
national aspiration to participate in the international trade 
(export of meat). But land available to pastoralis ts was 
often reduced. Water storage schemes in African river basins 
provided for irrigated farmland that produced cash crops f or 
export (cotton, peanuts, etc . ) and not fodder crops . The 
newly reclaimed irrigated farmlands transform parts of range
lands previously available to pastoralists. The combination 
of increased numbers of livestock and reduced area available 
for grazing is common all over territories mena c e d by deserti
fication. 

In years of above-average rainfall, farmers are tempted to 
extend their rainfed farmlands into areas that are tradition
ally kept for grazing. Pastoralists and their herds are 
pushed back, lands available to the ir livestock shrink, and 
animal pressures inc rease. But as farmers harvest the ir 
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crops, pastoralists may be allowed to bring their animals to 
graze the stubble. Land left barren with its surface broken 
by earlier plowing is particularly vulnerable to erosion. 
These ill-advised practices are often against the law (in 
Niger, a 1962 decree prohibits cropping north of isohyet 350 
mm, but this is rarely enforced). In these instances deserti
fication is initiated in years with above-average rainfall, 
and may later be aggravated in years of drought . 

Land use conflicts between pastoralists and farmers formed one 
of the driving forces of history in the steppe-savannah belt 
of Africa. Van Raay (1975) gives a detailed study of the 
Fulani pastoralists and Hausa farmers in Nigeria and the 
impacts of their relations (who has the upper hand) on land 
use. At present, pastoralists in arid and semiarid territo
ries are politically marginalized and their concerns are not 
accorded priority in national policies. As they contrive to 
eke their living from a shrinking resource base, they overuse 
the available pasture and cause its degradation. 

Degradation here is a process by which plant growth is impov
erished, with relics stands incapable of expansion nor repro
duction. Soil is exposed to erosion, loss of nutrients, and 
organic matter. The end result is barren landscape that is 
desert-like . This is a process of ecological degradation and 
of economic loss . 

Shiftinq Cultivation 

Rainfed agriculture is a widespread land use in semiarid 
regions. It involves crop rotations to increase fertility, 
use of fire, etc. We shall consider, as an example, the case 
of rainfed farming in the midland belt (between 250 and 450 mm 
isohyets) of western Sudan (sandy plains of southern Darfur 
and Kordofan provinces, south of Lat . 14°N). The shifting 
cultivation comprises a cyclic rotation between crop and bush. 
Here the bush is the gum arabic-producing Acacia senegal; in 
eastern Sudan (on clayey plains) the bush is Acacia seyal (for 
charcoal production). The cycle is summarized below (after 
Jackson and Shawki 1950) . 

1. Cultivation period: Acacia scrub is cleared, usually 
by fire. Dukhn (Pennisetum typhoideum) and dura 
(Sorghum vulgare) are cultivated. Cultivation in the 
summer rainy season extends for 3-4 years; the soil 
becomes exhausted and fields are heavily infested by 
buda (Striga hermonthica). The land is then aban
doned . 

2. Fallow and colonization period: Annual and perennial 
grasses invade the abandoned field. Eventually Aca
cia senegal establishes itself, and in 8-10 years the 
shrubs are ready for tapping. 

3. Geneina period: The established Acacia senegal (with 
associated individuals of ~ seyal) reduces the grass 
undergrowth and the vegetation looks like a well
spaced orchard (geneina). Shrubs are tapped for 6-10 
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years. Gum arabic is the cash crop, dukhn and dura 
are subsistence crops. 

4. Deterioration phase: Heavy and repeated tapping of 
Acacia senegal damage the shrubs and the population 
begins to die almost simultaneously. The fallen 
shrubs with their spines provide protection against 
grazing. Grasses prevail and increase in cover and 
biomass year after year; regeneration of Acacia is 
poor. 

5. Return of cultivation: The land with its grass cover 
and fallen shrubs is ready to be burned and cleared 
for crop cultivation, the rotation starts again . 

The cycle as described provides for a 25-30 year rotation, it 
seems ecologically sound, and has been sustained for centu
ries. In recent decades deterioration became apparent. In 
the northern section of the belt, cultivation does not pay; 
Acacia senegal fails to come back in the colonization period 
and is replaced by the more drought-tolerant Acacia tortilis 
and A. raddiana. In the middle section, Calotropis procera 
pioneers the colonization phase, eventually it is replaced by 
Guiera senegalensis and Albizzia sericocephala. In areas 
south of isohyet 400 mm, regeneration of Acacia senegal is 
successful, and it seems to replace the combretaceous parkland 
in areas extending to isohyet 900 mm. 

The collapse of the described system has taken place in recent 
decades and is attributable to overuse. Population pressut:.gs 
an~~.S:~iat.inq cc;>mp~~ioJ! . ._!?r Tand .. ~nticed lang~!:!~ 
QrolQ!!g_~h.~ _ _gy_l_t!Yat.l.Qn . .12.er.J,§.<l-~lic1'to sh~~_n t~_f!t!J9w 
periods. The final result is- th"at"'l:J:le-·-gum arabic belt of 
~raofan and Darfur (Sudan) is now a belt of desertified lands 
containing forsaken reminders of once-inhabited hamlets. Here 
is an example of desertification caused not by a system of 
land use that was not sustainable, but by the rhythm efland 
use becoming too intensive under escalating population pres
sures. 

Desertification in Irrigated Farmlands 

According to Arnold et al. (1990, p. 79), 80 percent of the 
irrigated farmland of the world is in arid and semiarid re
gions 

more than 50 percent of the land irrigated at present has 
been severely damaged by secondary salinization-alka
lization as well as by waterlogging. This is partly due 
to the poor technology of irrigation and drainage, and 
partly to improper selection of site, method, and design 
of irrigation systems • • . every year about 10 million 
hectares of irrigated land must be abandoned as a conse
quence of the process. • • • This hazard is particularly 
great in developing countries. 

A world-wide survey of desertification by Dregne (1991) esti
mated that 145.5 million hectares are under irrigation (91.7 
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million ha in Asia) and that some 38 million ha (30 percent) 
are moderately or severely damaged by desertification, that 
is, salinization. The principal cause is the imbalance be
tween excessive irrigation and inefficient drainage. 

Ecological Analysis 

Directional Changes 

Processes of autogenic vegetational succession as perceived by 
Clements (1928) may not be recognized in arid lands . As 
Shreve (1942) explains, "One of the principal reasons for the 
abeyance of successional phenomena is the almost total lack of 
reaction by the plant on its habitat." Apart from building 
phytogenic mounds and hillocks, plant growth and bio-geo
chemical processes seem to have little impact on the develop
ment of the habitat and its vegetation . Fallen litter is soon 
blown away or quickly dried and oxidized, with negligible 
contribution to the soil organic carbon. Autogenic vegeta
tional succession may be of little significance in drylands, 
but allogenic succession driven primarily by physico-geo
chemical processes that are independent of plant growth is one 
of the principal factors that set the vegetational pattern in 
deserts. 

Cumulative vegetational change in drylands comprise progres
sive and retrogressive changes . The former changes are pri
marily related to physical geomorphological processes that 
result in the accumulation of surface deposits (soil) . These 
deposits may be water-borne (alluvial deposits in drainage 
systems and their deltaic terminals) or wind-borne, or mixture 
of both. The build-up of surface deposits provides better 
beds for germination and emergence of plants and increases the 
capacity of these deposits to hold and to conserve soil mois
ture. The gradual increase in depth of the surface deposits 
initiates changes in plant growth in steps that eventually 
reach a climax type (see, for instance, Kassas and Girgis 
1965) . 

Retrogressive changes follow the deterioration of the surface 
deposits. Here we may note the distinction between natural 
and man-induced degradation. The gradual maturation of gravel 
desert is an example of natural change (geomorphological 
process). The original mixed fluviatile deposits provide for 
infilteration and storage of water and hence provide habitat 
favorable for plant growth (open scrub in arid regions and 
more dense vegetation in less arid regions). As fine par€1-
cles in the deposits are gradually removed by wind and/or 
water, lag materials (coarse gravel) accumulate at the surface 
and eventually become so closely strewn as to form a concrete
like desert pavement. This mature form provides little room 
for plant growth . Post-maturation development may include the 
formation of subsurface horizons of gypsum that add to the 
ecological sterility of the habitat (see Kassas and Imam 
1959). This condition of natural ecological retrogression may 
be accelerated by man-made reduction of plant cover ; 
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Other examples of natural ecological deterioration include the 
case of gradual build-up of salinity in depression (including 
playas) in dryland. Here the geochemical changes in the 
surface deposits cause vegetation to change . Plant life in 
the extensive depression of Qattara (N.W. Egypt) provides 
evidence of change from dryland scrub (Acacia raddiana), to 
salt-tolerant scrub (Tamarix spp.), to halophytic thickets 
(Nitraria retusa or Suaeda monoica). As salinity increases 
and surface salt layers accumulate, the habitat becomes ster
ile. 

The more widespread form of deterioration is induced by action 
of man or the impacts of his livestock. Under natural condi
tions, perennial plant life is confined to water-collecting 
habitats in more arid regions (runoff vegetation) and is more 
diffused in semiarid and dry subhumid regions (rainfed vegeta
tion). In all cases (restricted and diffused), the mature 
(climax or near-climax) type of vegetation prov ides protection 
to the surface deposits and hence the stability of the habitat 
and its plant growth. A stand of Pennisetum dichotomum grass
land in Wadi Garawi southeast of Helwan (southern suburb of 
Cairo) was photographed by o . Stocker on 19 April 1925 (Stock
er 1926) and was re-photographed in February 1953 (Kassas and 
Imam 1954) and later (1970) seen by the writer with little 
change. 

Destruction of the vegetation caused by overcutting or over
grazing leaves the surface deposits vulnerable to agencies of 
erosion. Deposits that may have taken decades (or centuries) 
to build may be dramatically decimated and washed away by a 
strong torrent or may gradually deteriorate under impacts of 
water and wind . The gradual deterioration may entail retro
gressive stages of change in the vegetation . 

Replacement Changes 

Replacement changes are probably the most widespread form of 
desertification in semiarid and dry subhumid regions. Here a 
vegetation type that provides good pasture is replaced, under 
overtaxing pressures of use, by a different type that is poor 
pasture. Palatable grasses and legumes are replaced by woody 
thorny or succulent plants. This replacement change may be 
replication of a natural (or seminatural : fire induced) 
change (grass-bush cycle) but one phase (bush) stays much 
longer than usual. But some forms of replacement may be 
noncyclic, e.g., shrubland encroachment described by Grover 
and Musick (1990) . 

Here vegetational change may not be associated with apparent 
deterioration of surface deposits (soil) . Desertification 
here is not primarily a process of ecological deterioration 
but is a process of economic deterioration (utility of plant 
growth) : useful plants are replaced by less valuable plants. 

Soil may, however, be subject to certain subtle changes. 
Schlesinger et al. (1990) note that the apparent manifestation 
of desertification in the Jornada Experimental Range (Chihuah
uan Desert, USA, rainfall 210 mmjyr) is the replacement over 
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the last 100 years of Bouteloua eriopoda grassland by communi
ties dominated by Larrea tridentata and Prosopis glandulosa. 
Their detailed analyses show that this replacement change 
entails change from a habitat situation with homogeneous 
distribution of soil moisture and nutrients to a habitat with 
heterogeneous pattern of -distribution of soil resources. The 
temporal change from a homogeneous (diffuse) pattern of grass
land growth and soil nutrients to a heterogeneous (restricted) 
pattern of spaced shrubs and patchy distribution of soil 
resources is reminiscent of the spatial change from the dif
fuse pattern of the rainfall desert to the restricted pattern 
of the runoff desert. 

Global Dimensions 

Desertification is an environmental hazard that menaces the 
drylands of the world (c. 40 percent of the world land sur
face). Recent estimates (Dregne 1991) suggest that 70 percent 
of the productive drylands is affected, that is, about 3 . 6 
billion hectares: 3.3 billion ha of rangelands, 215 million 
ha of rainfed farmland and 38 million ha of irrigated farm
land. Global impacts of desertification relate to its effects 
on world food-producing capacity, world biodiversity, and 
world climate. 

Desertification entails the destruction of vegetation and 
diminution of many plants and animal populations. It is an 
effective cause of loss of species. Many crop (wheat, barley, 
sorghums, millets, etc.) and fodder species (medicagos, trifo
liums, etc.), that form the backbone of world agriculture and 
pasture husbandry, have their origins in arid and semiarid 
territories (Vavilov 1949; Barigozzi 1986). Hundreds of wild 
plant species native to drylands are sources of valuable 
medicinal materials (UNESCO 1960). Loss of populations of 
those plants and their wild relatives represents loss of 
valuable and irreplaceable genetic materials. The impact of 
desertification on loss of germplasm resources may be, from 
the economic aspect, no less severe than the impact of defor
estation. 

Impacts of desertification on climate relate to several pro
cesses. First, deserts and desertified territories are sourc
es of atmospheric dust that may modify the scattering and 
absorption of solar radiation in the atmosphere. Its effect 
on temperature would depend on the altitude to which it is 
borne (Bryson 1972). Climatic impacts of suspended particu
late substances in the atmosphere may be no less than that of 
many other pollutants, including greenhouse gases. 

Impact of impoverishment of plant cover on ground surface 
energy budget and on the temperature of the near-surface air 
was the subject of many studies: Jackson and Idso (1975'), 
Balling {1988, 1991), Schlesinger et al. (1990), etc. Two 
processes are involved: increased surface albedo and reduced 
removal of soil moisture by evapotranspiration. Balling's 
(1991) measurements show perceptible increase in temperature 
of ground surface and of near-surface atmosphere as a conse-
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quence of desertification. Regional and global impacts are 
discussed by Schlesinger et al. (1990). 

The extensive area of non-productive drylands (natural deserts 
and desertified territories) play little part in the global 
sinks of carbon dioxide. They represent space available for 
programs of afforestation and other forms of revegetation. 
The greening of these areas would expand the global sinks for 
greenhouse gases. 

Socioeconomic Aspects 

National Priorities 

Drylands that are prone to desertification are mostly pasture
lands where population densities are low and communities 
dispersed or nomadic. These are marginal people deriving 
their livelihood from marginal lands and are often far from 
the national centers of political power. Agricultural devel
opment schemes often comprise irrigation projects dependent on 
river control schemes or development of groundwater resources. 
These projects use areas that were earlier available for 
pastoralists. Irrigated farmlands are often used for growing 
cash crops (cotton, groundnut, rice, etc.) for urban and 
international markets. These schemes create oases of inten
sive agriculture that are alien to the indigenous communities 
and contribute little to their development. Two instances may 
be quoted to illustrate the low priority given to land and 
people menaced by hazards of desertification. 

1. Dregne (1984) in his analysis of activities towards 
combating desertification in the African Sahel notes 
that 

As much as 10 thousand million dollars may have 
been spent from 1978 to 1983 (six years) by 
bilateral and multilateral donor agencies • • • 
on projects that were said to have a deserti
fication component. Of all these dollars, 
probably no more than one-tenth was spent on 
field control of desertification. • • • On the 
other hand expenditure on what were called 
desertification projects • . . (went to] ancil
lary projects or infrastructure. 

This situation shows that desertification control, 
and the development of dryland resources for the 
benefit of their native inhabitants, does not consti
tute -a high priority. 

2 . The following statements are quoted from an OXFAM 
report (Twose 1984): 

(a) The Sahel has a consistent record over the 
last 20 years of failure in food production for 
local consumption, but a steady success in 
cultivation of export crops (peanut, cotton). 
Half of the cultivated land in Senegal is used 
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to grow peanuts. In 1960, Senegal grew no 
cotton, by 1971 it produced 21,209 tons. In 
Upper Volta (Burkina Faso) cotton production in 
1960 was 2,341 tons; in 1982 it reached 75, 000 
tons. In Mali during the drought years of 
1967-1972, cotton production increased 400 
percent and peanut production increased by 70 
percent . 

(b) Almost all the Sahel's cereal production 
comes from rainfed agriculture, but only 16 
percent of the $7.45 billion of aid poured in 
after 1975 was directed towards food crops . 
Irrigation programs have been almost exclusive
ly used to produce rice, a cash crop for urban 
consumption or for export . These comments are 
similar to those contained in other reports on 
the Sahel and the African crisis, e.g., Timber
lake (1985). 

Economic Aspects 

Actions for combating desertification are inseparable from 
actions of resource development and management in arid and 
semiarid lands. It should be realized, however, that anti
desertification projects often entail gestation periods that 
are longer than those normally involved in development 
schemes, while the cost-effectiveness of these projects is 
often non-competitive on a financial basis. Schemes that aim 
at checking land degradation in pasturelands, rainfed farm
lands, and irrigated agricultural lands; at sand-dune stabili
zation; at establishing large-scale green belts; at introduc
tion of soil and water conservation systems in resource man
agement; or at reclaiming new territories of arid and semiarid 
lands, are apt to be costly. They are not as costly as large 
irrigation schemes, which are particularly expensive. Such 
projects are commonly non-competitive by prevalent market 
values, at least when compared with present rate s of interest. 
Investment in land reclamation projects commonly do not pay 
well financially . 

It may be remembered that agriculture in well-established 
farmland in temperate countries (e.g., countries of western 
Europe) has become increasingly dependent on government subsi
dy. Government-subsidized ventures have social f unctions that 
relate to societal needs (in this case, satisf action of basic 
needs for food). This shift towards social s e rvice activities 
rather than commercially feasible ventures, relates mainly to 
costs of capital investment in land reclamation projects, and 
only partly to the running expenses of farming. National 
policies (and policies of aid institutions) should recognize 
this situation and develop practices of operation that accom
modate it. 
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A Case Study 

The coastal belt of the Mediterranean, extending from Alexan
dria to Salloum on the Egyptian-Libyan border (50,000 km2), is 
the homeland of some 100,000 semisettled people who combine 
farming (figs and olives in the coastal zone, barley in the 
plains) and grazing (sheep and goats). Animal populations are 
two to three times the carrying capacity of the natural range, 
feed materials are provided through the World Food Program 
(WFP) and government aid and relief subsidies, and herders 
may, in season, bring their animals to the farmlands on the 
fringes of the Delta to graze the stubble. 

Land reclamation programs in the 1970s included an irrigation 
canal that extended westward of the Delta to Borg-El-Arab (45 
km west of Alexandria) and Bahig (20 km farther west). The 
reclaimed land was divided into 5- to 10-acre fields and 
eventually sold by auction. A native of the area complained 
and was told that the irrigation scheme transformed the area 
of modest rainfed production (less than 150 mm annual rain
fall) into perennially irrigated orchards and farms . He 
answered that under the austere system of rainfed farming they 
managed the land and had some olives every year and plenty of 
barley in wet years (rainfall above average), and added that 
with the new scheme land was auctioned and purchasers were 
people from the city of Alexandria who used the land primarily 
for building summer houses or farmers from the Delta who 
brought with them the farm husbandry of heavy-water-duties 
(800 m3jacrejyear) and intensive agriculture. The land could 
not take it, and waterlogging and salinization soon became 
widespread. 

This raises two issues: (1) for whom is development conduct
ed, and (2) what is the socially accepted system of resource 
management and the ecologically sound technology to be ap
plied. This development scheme created an oasis that did not 
benefit the inhabitants. An alternative system that would be 
developed for the inhabitants would combine the following 
elements. 

1. Water from the new canal would be used not to inten
sively irrigate 20,000 acres of orchards and farm
lands (7,000-8,000 m3 jacrefyear), but to irrigate 
70,000 acres of pasture (supplementary irrigation of 
2,000 m3 jacrejyear). This low water use (equivalent 
to 500 mm rainfall) would avoid problems of waterlog
ging and salinization. 

2. The irrigated pasture would be integrated with the 
whole coastal belt from Alexandria to Salloum. The 
animal herds would graze the extensive natural range 
for the proper season (February-May) and then flock 
to the irrigated pasture of the new scheme for the 
rest of the year . 

3. The 100,000 inhabitants are now socially organized 
into tribal units and use the land within a code of 
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tribal rights. For use of irrigated pastureland, 
they may need to be reorganized into cooperative 
units each owning a part of the scheme. 

4. Because people would be settled in the irrigated pas
ture scheme for most of the year, education and vet
erinary and medical services could be easily and 
effectively provided. 

The scheme, in this form, would lead to the socioeconomic 
development of the native people. This may not be the most 
renumerative alternative for development but it would be 
socially the most cost effective (Kassas 1989). 
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Degradation of the Australian Drylands: 
An Historical Approach 

J. A. Mabbutt 

The history of land degradation in the dry parts of Australia 
is linked with their settlement and development by European 
pastoralists and farmers over a period of not more than 150 
years, following their occupation by nomadic Aboriginal hunt
er-gathers over many millenia-a sequence that closely paral
lels the North American record. In both continents, the 
European pioneers advanced from colonial bases established on 
a better-watered periphery into a dry interior, successively 
through subhumid, semiarid and arid zones. In both areas the 
spread was spurred by growing markets in an industrializing 
Western Europe, and in both it was made possible by contempo
rary developments in technology, including transport by rail 
and shipping, the manufacture of agricultural machinery, well
boring equipment and fencing materials, and the breeding of 
plants and animals suited to dry climates. 

In neither case was there a single and continuous pioneer 
frontier. Movement to the interior took place from separate 
bases at different times, usually in response to some combina
tion of favorable exploration reports, good seasons, high 
commodity prices, and legislation to make land available. 
There were halts and occasional reverses due to drought or 
economic depression . The adaptation of land tenure and farm
ing systems established in higher-rainfall areas to the re
quirements of a dry climate commonly proved a painful lesson, 
as evidenced by abandoned farms and rural settlements. But it 
was not only the pioneers who suffered; the land itself was 
damaged in the process. 

An historical approach is adopted in this account of dryland 
degradation in Australia for several reasons. First, the 
evidence is that considerable land degradation occurred during 
the early stage of European occupation, so much so that under
standing the initial impacts may go far towards explaining the 
present status of the land. False expectations concerning 
land productivity, ignorance of environmental hazards, inexpe
rience in management and inflexibility of operation due to 
lack of infrastructure-all contributed to land degradation in 
the early years. Second, many of the obstacles to successful 
adaptation have had their origin in the past; for example, 
inadequate holdings based on subdivisions in higher-rainfall 
areas, and traditional systems of tillage unsuited to semiarid 
cropping but maintained through rural conservatism. Third, 
the historical record of land degradation can show the dynam
ics of the processes involved, identify the variable factors 
at work over time, and assist in establishing long-term 
trends. 
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Some Characteristics of Dry Australia Relevant 
to Land Use and Degradation 

Despite the similarities with the North American record, 
however, certain features of the Australian drylands hav e 
given a distinctive character to land use and degradation 
here. 

Extent and Nature of Dry Climates 

The great extent of dry climates in Australia is of primary 
importance {Figure 1). Arid, semiarid and tropical subhumid 
climates cover almost 85 percent of a continental area of 7.7 
million sq km (Gentilli 1972). Arid and semiarid climates 
extend to the coast in the west and along much of the south, 
while even the more humid southeastern quadrant, the Eastern 
Uplands carry the limit of semiaridity eastwards in their lee 
to within 350 km of Sydney, with the arid boundary a mere 300 
km farther west. Given this narrow humid and subhumid fringe, 
the discontinuous coastal plain and the difficult terrain of 
the backing uplands in the first-settled southeast, the impe
tus for early agricultural colonization of the interior plains 
is understandable; but because of steep climatic gradients, 
cropping soon began to approach its dry limit, with increasing 
risk of drought failure. 

The restricted area of humid and subhumid temperate lands has 
limited population growth in Australia-as predicted 7 0 years 
ago by the controversial geographer Griffith Taylor-however 
unpalatable a factor to politicians and would-be developers 
dazzled by extent on the map. Governments aiming for a sub
stantial element of yeoman farmers were slow to appreciate 
these climatic limitations in their early land subdivisions, 
and holdings in semiarid farmlands and arid pastoral country 
alike were commonly inadequate for effective management, a 
factor contributing to land degradation. 

The great extent of arid and semiarid land was from early 
times reflected in the predominance of its products-wool, 
wheat and beef-in the Australian economy, despite the small 
numbers of people directly involved in their production. This 
economic dominance has, however, tended to diminsh over the 
last few decades with the diversification of the Australian 
economy generally and with intensification of agriculture in 
higher-rainfall areas, and with this has come a reduction in 
the political clout of the dryland rural communities, accentu
ated by a continuing decline in their numbers. This has 
relevance to dryland degradation to the extent that economic 
and political considerations can influence the priorities 
accorded to support for conservational mana gement and remedial 
measures. 

A limited domestic market has left our dryland producers 
dependent on export markets and exposed to the vagaries of 
world commodity prices. This adds uncertainty to the risks 
inherent in a dry climate, and can introduce economic pres
sures which conflict with conservational land management. 
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A second important characteristic of Australia's dry climates 
is their tropicality; for example, 60 percent of its semiarid 
lands lie in or close to the tropics. Consequences relevant 
to land degradation are the high erosivity of intense summer 
rainfalls in northern agricultural areas, the rapid mineral
ization of soil organic matter under high temperatures, with 
its adverse effects on topsoil structure, and the low nutrient 
status of its northern dry-season pastures. The climatic 
challenge facing the early settlers was not only that of 
adapting to low rainfalls, but in part also that of tropical 
seasonal regimes. This second challenge has not been met to 
any extent, and most of semiarid and subhumid northern Austra
lia remains under extensive pastoral use. 

The Legacy of Dryland Soils 

The north and west of arid Australia consists mainly of plains 
expressive of geologic stability and a longer subaerial histo
ry. Mantles and soils on these old land surfaces, on younger 
plains etched into them, and on derived alluvium have been 
deeply weathered under past wetter climates, such that most 
soils are deficient in mineral nutrients, notably phosphorus, 
and commonly also in trace elements such as molybdenum and 
zinc, where these have been concentrated and fixed by weather
ing. The endemic plant species of dry Australia are adapted 
to the low mineral-nutrient levels, but introduced pasture 
plants must generally be supported by the addition of fertil
izers. 

The low organic matter content and restricted biological 
activity resulting from high temperatures and low rainfall 
produce massive and brittle topsoils which set hard on drying. 
The massive red earths of the arid plainlands exhibit many of 
these features, and are also liable to surface sealing where 
topsoils are loamy-textured, further impeding infiltration and 
increasing their liability to sheet erosion . These soils are 
readily compacted through trampling by stock or by rainbeat on 
surfaces left bare by fire or overgrazing, with acceleration 
of erosion through enhanced runoff. In Western Australia the 
red earths commonly have massive siliceous hardpans at shallow 
depth, further adding to the erosion risk. 

In the absence of young orogenesis, mineral-rich soils devel
oped on little-weathered rocks are restricted; the red, grey, 
and black cracking clays formed on cretaceous rocks in the 
northeast quadrant of the drylands are an important exception , 
supporting the main areas of edaphic grassland . 

In the absence of glaciation the Quarternar y inheritance in 
dryland soils is mainly aeolian. Over most of the arid zone 
this consists of the red siliceous sands and clayey sands of 
the dunefields and sandplains. Along its southern part and in 
the adjoining semiarid zone, however, calcareous sands and 
clays are extensive, as dunes or sheets of loessic clay or 
("parna"), and as aeolian clay accessions in soils on stony 
plains. Although partly leached of an initial content of 
cyclic salt and gypsum, these soils-for example the solonised 
brown soils and solodised solonetzic soils-remain salt-affect-
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ed. Being wind-formed, most are susceptible to wind erosion 
when made barren by fire, overgrazing or drought, or if dis
turbed by trampling or tillage. The solonetzic soils are also 
vulnerable to sheet erosion, resulting in exposure of the 
massive, hard-setting and saline subsoils in bare "scalds"-the 
typical form of salting in pastoral lands. 

Natural Vegetation 

At the broadest scale, climatic controls are evident in the 
distribution of major vegetation types in dry Australia, with 
Acacia shrublands dominant in the arid core and eucalypt or 
mixed woodlands on the semiarid fringes, extending to mesic 
tall-grass savanna in the tropical subhumid north. Within 
this scheme, however, edaphic controls may be paramount. 
Among such soil-vegetation associations are the extensive 
hummock grasslands with spiny Triodia and Plectrachne grasses 
on red sands and clayey sands and some shallow stony soils, 
low chenopod shrublands on solodized solonetzic and salt
affected calcareous soils, eucalypt woodland (Mallee) with a 
variety of understories on solonized brown soils and other 
calcareous sandy soils, and open perennial tussock grasslands 
with Mitchell grasses (Astrebla spp.) on cracking clays (Vert
isols). 

Of the above, only the Mitchell grass plains are true grass
lands; elsewhere, tree and shrub layers characterize the 
vegetation of dry Australia, even on the droughty sands of the 
so-called hummock grasslands. The upper vegetation storeys, 
together with the perennial grasses, not only serve as dry
season forage but are additionally important as protection and 
anchorage to the soil, particularly during drought . Early 
British settlers found the open park-like aspect of parts of 
the temperate semiarid woodlands attractive as a reminder of 
the Home Country and for the ease of agricultural clearing; 
however, they failed to appreciate the role of fire, including 
wildfires and firing by Aborigines, in maintaining the balance 
between trees, shrubs and grasses, and a combination of over
grazing and restricted burning in these areas has resulted in 
an increase in low-value woody shrubs and trees at the cost of 
grasses. 

Deterioration and Degradation of 
Australian Rangelands 

The rangelands of Australia potentially cover 7 million sq km, 
throughout the arid center of the continent and the semiarid 
and subhumid tropics and over considerable parts of the tem
perate semiarid zone in association with extensive cropping . 
Only two-thirds of this area is used for grazing, however, the 
remainder consisting of reserves, including Aboriginal Lands. 
The pastoral industry operates through pastoral holdings or 
"stations," which in the arid and tropical areas are held 
under Crown lease but which also include freehold lands in the 
southern semiarid zone. They comprise family-owned and oper
ated undertakings as well as properties run by large companies 
through resident managers-the latter particularly in the 
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north. Some pastoral companies are foreign-owned and many 
operate multiple leases. 

The animals raised are merino sheep and beef cattle, the 
latter mainly Shorthorn-Hereford crosses, with some Brahmin 
stock in the north. The geographical separation of sheep and 
cattle is partly economic, partly linked with range type, and 
partly historical. Sheep are more productive, were economi
cally more feasible in the early decades of pastoral settle
ment, and are well-adapted to shrubland. Cattle are less 
selective feeders, more tolerant of low levels of management, 
and have been the pioneering stock in remote rangelands; they 
better withstand high temperatures and rainfalls and can use 
tall grassland, and hence predominate across the north. They 
are also less vulnerable to the dingo, which effectively 
confines sheep to areas within dog fences. cattle are often 
run with sheep as a financial back-up, where grass is avail
able and beef prices justify the cost of yards; sheep are 
rarely stocked as a minor element on cattle stations. 
Throughout the arid and temperate semarid zones, year-round 
set stocking is the rule, management being confined to control 
of stock numbers and of stock movements by fencing and the use 
of watering points. This in part reflects the aseasonal 
rainfall regime in the arid core and the absence of severe 
winter conditions; in contrast, the alternation of wet and dry 
seasons in the northern savanna rangelands and the associated 
burning practices necessitate a seasonal response in manage
ment. 

The Impact of Grazing on the Rangelands 

The impact of introduced commercial livestock on range pas
tures in Australia and their role in the degradation and 
erosion of rangeland soils resemble those in other comparable 
areas. Impacts on vegetation include a decline in palatable 
species and a relative increase in those of little use as 
forage, a decrease in perennial components, diminishing the 
resilience of the pasture in drought, and a reduction in plant 
cover, with reduced protection to the soil. These changes 
tend to be zoned around watering points (Plate 1) and to be 
greatest in favored pastures, for average stocking rates are 
only a crude guide to actual grazing pressures on open range. 

Effects of livestock on the soil include compaction of moist 
surfaces through trampling, a common cause of erosion along 
tracks, and pulverization of medium-textured topsoils, leading 
to deflation and to corrasion by drifting sand as well as 
subsequent crusting. These changes enhance runoff and can 
result in accelerated water erosion, problems with seedling 
emergence, and less favorable soil-moisture regimes, with 
consequent lowered productivity. 

Adverse impacts are naturally greatest during drought, and 
heavy grazing pressure during early pasture recovery can 
prevent its regeneration. Unfortunately, stocking levels do 
not match the fluctuations in forage production induced by 
variations in rainfall; stock numbers rarely vary beyond a 
factor of 2, much smaller than the contrasts in available 
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Plate 1. Severe degradation around a stock watering-point in 
river-frontage country, southern Northern Territory. 
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forage, and even then with a lag of a year or so. Moreover, 
the domestic livestock share the pastures with considerable 
numbers of native and introduced animals. 

The numbers of large herbivorous marsupials in the Australian 
drylands before European occupation is unknown; however, their 
breeding patterns, with slow recovery of populations following 
drought losses, their migratory range and dispersed grazing 
habits suggest that they are unlikely to have caused vegeta
tion deterioration prior to European settlement. Moreover, 
being soft-footed and not gregarious , they probably had little 
effect on soils. However, their numbers have increased subse
quently in many rangelands with the provision of stock water
ing points, and this native fauna is now seen by pastoralists 
as competing for forage with commercial livestock. There is 
indeed overlap in their use of pastures, although dietary and 
habitat preferences differ with range type and animal. In the 
chenopod shrublands, kangaroos browse much less than sheep and 
normally depend on grasses, and , in any case, sheep tend to 
avoid areas frequented by kangaroos. In central Australia, 
kangaroos favor open mulga shrubland with annual grasses 
rather than the open grassland preferred by grazing cattle. 
When forage is plentiful, there is little competition; it can, 
however, become significant during drought, when diets overlap 
most, particularly where the numbers of large marsupials are 
comparable with those of livestock. 

The title of a book on feral animals in Australia, They All 
Ran Wild (Rolls 1960), sums up the defenselessness of Austra
lian ecosystems in the face of introduced or escaped domestic 
animals. Among these, wild cattle, horses, donkeys, camels, 
and goats compete with domestic stock for forage in the range
lands-for example, wild cattle make up a quarter of the graz
ing load on some properties in northern -Australia-and so 
contribute to range deterioration through overgrazing at 
critical seasons, since they are not subject to control. 
Indirectly, also , they are an obstacle to improved management; 
for instance, as a disease pool, as a hindrance to herd im
provement, and through damage to fences and watering points. 

Wild goats are numerous in sheep country, where they are 
protected by exclusion of the dingo, above all in hilly areas 
with natural waters or in close shrubland. They compete with 
sheep for forage, particularly in dry seasons, and are more 
efficient browsers through their climbing ability. In limited 
numbers they can usefully diminish shrub density in favor of 
grass pastures, but their populations are not easily con
trolled, and heavy browsing by goats in mixed shrub~ands will 
result in a predominance of unpalatable shrubs. 

The most significant of all introduced animals has been the 
European rabbit (Oryctolagus cuniculus), which entered from 
the south in the early 1880s and has since spread through much 
of the arid zone . By the turn of the century it was already 
recognized as a major cause of deterioration in the chenopod 
shrublands of western New South Wales and adjoining parts of 
South Australia . With its ability to increase rapidly in 
numbers following rains and its relatively sedentary habits , 
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its local impact on pastures can be heavy, with forage con
sumption during rabbit plagues far exceeding that of pastured 
livestock. Their most serious effects occur with the onset of 
drought, however, when rabbits expose and destroy the roots of 
shrubs and perennial grasses in their search for moist forage 
and strip the bark from shrubs and young trees, causing death 
through ringbarking. Grazing of seedlings by rabbits has been 
a main cause of failure of palatable shrubs to regenerate in 
arid Australia. The rabbit is also a major problem in crop
lands and improved pastures in semiarid and subhumid areas, 
where it grazes out from warrens on field and road borders or 
in areas of shrub infestation. 

The introduction of the myxomatosis virus in the 1950s has 
seen a reduction in plague numbers, but the virus has been 
more effective in higher rainfall areas, where rabbits are 
locally concentrated, than in the rangelands, where the effec
tiveness of the virus is lessened by dispersed populations and 
a lack of insect vectors. Rabbits prefer calcareous and sandy 
soils for burrowing and also favor a mosaic of shrubs and 
grassland, and such areas serve as permanent refuges from 
which rabbits spread in good seasons . The direct effect of 
rabbit-burrowing on soils has not been quantified, although 
densities of large warrens of up to 10 per sq km indicate a 
considerable overturning, but the main threat posed by rabbits 
to soil stability lies in their destruction of anchoring 
vegetation. 

The Record of Rangeland Degradation 

Pastoral occupation began at different times in different 
parts of the rangelands, but the history of stocking has 
everywhere been similar: high stocking levels were reached 
within a few decades as the country was opened up, followed by 
a drastic reduction in an ensuing major drought, after which 
they show a recovery, but without reaching the levels previ
ously attained, with continuing fluctuations about this lower 
level attributable mainly to rainfall (Figure 2) . 

The standard interpretation of this pattern is that in each 
area the range underwent initial deterioration due to over
stocking, with displacement to a lower plane of productivity 
to a degree depending on the sensitivity of the rangeland. 
This argument stresses the primitive operating conditions of 
the first decades of occupation, when stock were dependent on 
natural waters and were controlled by herding in the absence 
of fences. In dry seasons very large numbers of stock became 
concentrated around more permanent waters, and the "frontage 
country" along the rivers became severely overgrazed. There 
was little opportunity for reducing stock numbers by sale or 
by paying other ranchers to feed them, only the desperate 
measure of "boiling down" for tallow. Eventually stock routes 
were established along river plains or lines of man-made 
waters, and these in turn became severely degraded by travel
ling stock. The deterioration of frontage country was at 
first offset by the occupation of back country as watering 
points and fences were provided, but eventually a major 
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Figure 2. Livestock numbers for selected pastoral districts 
in dry Australia, showing high stocking rates 
within a few years of settlement, with subsequent 
decline to lower levels . 
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drought, particularly when in combination with economic de
pression, would bring environmental and financial collapse. 

A note of caution must be sounded about using fluctuations in 
stock numbers as an index of changes in range condition, 
particularly when employing the same figures as evidence of 
overstocking! For western New South Wales it has also been 
noted that the higher rainfalls of the 1880s may have justi
fied higher contemporary stocking rates; others have pointed 
to economic factors and to improvements in animal productivity 
as partial reasons for the failure of stock numbers to climb 
back to early levels (Duncan 1972). Nevertheless, there is 
good evidence of serious range deterioration in the early 
stages, when stocking rates were far higher than the present 
condition of the range would warrant. The consequences for 
land degradation vary between rangeland types, however, and 
for this reason they are here treated separately . 

Chenopod Shrublands 

Comprising about 7 percent of the rangelands, these low shrub
lands occupy a discontinuous arc of broadly undulating low
lands and alluvial plains in the south and southeast of the 
arid and semiarid zones, in which the dominant, more reliable, 
and effective winter rainfall is the more relevant for pasto
ral use. The perennial shrubs consist of bladder saltbush 
(Atriplex vesicaria) and other Atriplex species from which the 
common name 11saltbush country" derives, together with bluebus
hes (Maireana spp.) and smaller subshrubs including Sclerola
~ spp. (Bassias) (Plate 2A) . Soil texture and soil-moisture 
regime control the distribution of shrub communities, with 
bladder saltbush on clays and solodized solonetzic soils, and 
bluebushes on loamier and more calcareous soils. Within 
saltbush communities the shrubs are commonly strongly pat
terned in association with soils and microtopography as deter
minative of the redistribution of surface water. Ground cover 
between the shrubs consists of annual or ephemeral forbs and 
grasses with few perennial species; the perennial shrubs 
constitute the main and more durable component of the standing 
biomass, although most of them, notably the saltbushes, shed 
leaves in drought. 

This was the first of the arid rangelands to be occupied by 
pastoralists and it has proved to be highly productive for 
merino sheep. Their preferred forage is green forbs and 
grasses, followed by dry herbage and annual chenopods . The 
perennial shrubs are browsed only in dry conditions, when 
their role as reserve drought forage becomes important; as 
long-lived perennials, however, their principal role is in 
stabilizing the soil. Normally, diet-preference brings about 
a system of deferred grazing which allows perennial shrubs to 
recover after drought, but severe defoliation by sheep can 
kill shrubs under stress, particularly bladder saltbush . 
Hence, moderate stocking rates and attention to the degree of 
defoliation of the perennial shrubs are essential. 

Where the perennials have been replaced by shorter-lived 
species (Plate 2B), the durability of the pasture is 
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Plate 2A . Chenopod shrubland with perennial saltbush 
(Atriplex vesicaria), with fence-line contrasts due 
to differences in grazing pressure; Flinders 
Ranges, South Australia. 
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Plate 2B. Degraded chenopod shrubland with virtual replace
ment of perennial shrubs by annuals; evidence of 
wind erosion of solodized solonetzic soils, with 
sand-mounding around shrubs and bare "scalds" with 
sealed surfaces; northwestern New South Wales. 
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diminished, and the consequences are worst where soils are 
unstable or where the vegetation replacing the perennial 
shrubs has low pastoral value. Problems are most severe on 
the solodized solonetzic soils, where the root systems of the 
shrubs bind the friable topsoil . With shrub removal, wind or 
water erosion can expose the massive, hard-setting, and saline 
clay subsoil , leaving bare areas or "scalds." Calcareous 
loams and earths are susceptible to wind erosion, and frequent 
dust storms are a feature of degraded shrublands (Plate 3). 

The sharp rise in sheep numbers in the chenopod shrublands of 
New South Wales west of the Darling River, from 2 million in 
1880 to more than 8 million in 1894 (Figure 2), took place 
with a combination of good rainfall and falling wool prices, 
when the advent of the drilling rig and wire fences made it 
possible to open up back country (Mabbutt 1973). The droughts 
of the 1890s found the industry overstocked and financially 
stretched, while the situation was worsened by the rabbit 
plagues of the late 1880s. Widespread financial failure among 
pastoral companies and homestead lessees led a Royal Commis
sion in 1901 to inquire into their conditions. Evidence to 
the Commission confirmed the large-scale disappearance of 
saltbush and bluebush, the spread of inedible shrubs, and the 
failure of pastures to germinate because of grazing by rab
bits. Pastoralists and station inspectors estimated that 
carrying capacities had diminished by 50 percent and that 
almost 1 . 5 million ha of rangeland had already been abandoned. 
There was abundant evidence of wind erosion of topsoils, 
exposing tree roots and leaving bare claypans. Drifting sand 
was a major problem, burying fences and filling earth tanks 
and drains, and dust storms had become more frequent. 

Causes of range deterioriation were listed by the Commission 
as droughts, rapbits, and overstocking, attributed to an 
overestimation of carrying capacity by pastoralists and their 
reluctance to sell sheep at prevailing low prices. This 
situation had been aggravated by a combination of high rentals 
and declining wool prices. Failure of pastoral concerns had 
been most common among the smaller homestead leases, and the 
Commission e xpressed a first recognition of the unsuitability 
of close settlement in pastoral areas, and the need for longer 
leases on terms that encouraged investment and conservational 
management. 

The reports of pastoral inspectors and two studies in this and 
adjoining areas in South Australia in the 1930s (Ratcliffe 
1936, 1937; Beadle 1948) reveal little change in range condi
tion, but there was improvement in tenurial and administrative 
conditions and in the understanding of management require
ments. Recommended stocking rates were set at a realistic 
level of 1 sheep per 10 ha and new leases formed by the break
down of large company holdings were five times or more larger 
than earlier ones. The condition of the industry continued to 
fluctuate with rainfall and wool prices over the next half 
century, with continuing but slower replacement of perennial 
shrubs by annual pastures. The failure of perennials to 
germinate was noted, as was the incidence of wind erosion 
during droughts. Field studies in the interests of pasture 
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Plate 3. Dust storm in degraded chenopod shrublands; north
western New South Wales. 
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and soil conservation began only in the 1950s, after a dry and 
economically difficult wartime period. 

A review carried out some 20 years ago (Newman and Condon 
1969) rated these shrublands as the most deteriorated range
land type, with 65 percent showing moderate or severe 
degradation. The maintenance of productivity over the past 50 
years suggests that the changes have so far affected the more 
durable rather than the more productive elements of the pas
tures, but with increasing risk of accelerated erosion and 
long-term decline. 

Arid Mulga woodlands 

These occupy 17 percent of the rangelands in two separate 
areas within the arid core, where the dominant mulga (Acacia 
aneura) appears to depend on the combination of summer and 
winter rainfall. The larger western area is a fairly uniform 
expanse of woodlands on the interior plateau of Western Aus
tralia, on red earths or red clayey sands with a siliceous 
hardpan. The mulga commonly grows in contour-aligned groves. 
Shallow medium-textured red earths carry a ground cover of 
forbs and short annual grasses and a sparse shrub layer (Plate 
4A), while deeper sandier soils also support useful perennial 
grasses and denser shrubs (Plate 4B) . There are valuable 
valley tracts of chenopod shrubland and areas of included 
sandplain with low-value hummock grassland. 

It is predominantly sheep country, and pastoralists moved into 
the area along the river frontages in the 1870s (Wilcox 1963). 
Sheep numbers rose to a maximum of 5.5 million in pastoral 
Western Australia in the 1930s, by which time most of this 
country had been taken up; they slumped to about 3 million in 
the prolonged drought of 1936-41 and have since fluctuated 
around that level. Lambing percentages show a similar de
cline . 

Some 60,000 sq km representative of this country in the Murch
ison River catchment was surveyed in 1957-58 (Mabbutt et al. 
1963), followed by a survey of similar extent in the Gascoyne 
Basin in 1969-70, which became the Australian case study 
presented to the UN Conference on Desertification (Wilcox and 
McKinnon 1972). In both areas the riverine saltbush country 
with its shallow groundwaters was first exploited, while the 
adjoining perennial grass communities of the "wanderrie coun
try" were also taken up early . This is reflected in the 
present degraded state of these two components. The more 
extensive short grass-forb pastures have proved the least 
resilient, their shrub layers have deteriorated and their 
shallow loamy red earths have shown a tendency to sealing, 
with sheet erosion and exposure of sterile hardpan (Plates SA 
and 5B). Senescence of the useful perennial plant communities 
is evidence of a lack of regeneration, and all areas show an 
increase in unpalatable woody shrub and herbs, to which the 
reduced carrying-capacity and lower productivity have been 
attributed. Wildfires have caused periodic widespread death 
of mulga . 
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Plate 4A. Arid mulga shrubland on loamy-surfaced red earths, 
in undegraded condition but with lighter ground 
cover of annual short grasses and forbs; central 
Northern Territory . 
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Plate 4B. Arid mulga shrubland on sandy-surfaced red earths, 
in undegraded condition with good ground cover 
including perennial "wanderrie" grasses; Wiluna
Meekatharra area, Western Australia . 
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Plate SA. Moderately degraded, groved arid mulga shrubland on 
loamy-surfaced red earths with shallow hardpan, 
with bare sheet-eroded intergroves and gullying to 
hardpan on lower grove margins; Wiluna-Meekatharra 
area, Western Australia. 
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Plate 5B. Severely degraded arid mulga shrubland with rem
nants of former groves and extensive exposure of 
shallow hardpan; locality as in Plate SA. 
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In the Gascoyne Basin, 15 percent was considered so severely 
degraded that continued pastoral use would result in irrevers
ible damage, and a further 52 percent moderately degraded with 
some erosion and in urgent need of restorative conservational
management. Most degraded was the chenopod shrubland compo
nent, while in general the more valuable and hence earlier
settled valley plains were more degraded, yet still more 
productive than later-occupied and less desirable upper catch
ments. Severe water erosion was noted at 20 percent of sites 
surveyed, with sheet erosion on valley floors and gullying on 
slopes, and was attributed to loss of ground cover through 
grazing, compaction and sealing of soils, and intense cyclonic 
rains. Serious wind erosion had occurred at 8 percent of the 
sites. Comparison with earlier records suggested that both 
forms of soil erosion were still active. 

The probable main cause of range deterioration is not simply 
overstocking but the current practice of continuous grazing 
without concern for the requirements of pasture components, 
particularly during recovery from drought. one handicap to 
effective management is that many properties in the area are 
uneconomically small. It is ironic that critical concern with 
rangeland degradation in the Gascoyne Basin originated from 
damage caused by the resulting flooding of irrigated lands at 
its coastal outlet, suggesting a tolerance of land degradation 
under pastoralism until disaster struck at a more intensive 
form of use. 

The central Australian occurrence of this rangeland type is 
one of diverse relief and soils, and the mulga country with 
red earth soils lies in a mosaic of other pasture types, 
including open woodland on alluvial fans, shrubby grasslands 
on calcareous soils, open gidyea (~ georgina) woodland on 
loamy clays and floodplains with eucalypt gallery woodland 
(Foran 1984). The area is used for cattle on properties of 
between 100 and 2500 sq km. Under current management, favored 
areas receiving run-on are subject to heavy grazing, with the 
result that the floodplains are in poor condition and the open 
woodlands and shrubby grassland pastures are in fair condition 
only, while the less attractive mulga country is rated good 
(with perennial grasses) to fair (with annual grasses). 
Nevertheless, closer fencing to protect individual. components 
would entail additional costs and could result in reduced 
production. 

A survey of soil erosion and pasture degeneration in the area 
in 1965-67 (Condon, Newman, and cunningham 1969) attributed 
much of the deterioration to the build-up in cattle numbers 
which preceded and continued into the severe drought of 1957-
65 (Figure 2). Widespread sheet erosion was related to the 
low infiltration capacity of most soils, including those with 
sandy texture, while calcareous soils and texture-contrast 
soils in the south of the area had additionally been subject 
to deflation and sand-drifting. Mulga country with chenopod 
shrubs on solonetzic soils with deep sandy surface horizons 
had undergone particularly severe wind erosion. 
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Other problems relevant to range condition in this area in
clude wildfires-although there is scope for controlled burning 
to combat local shrub invasions and to maintain ecological 
diversity-and competition for forage from feral animals, 
including rabbits. In general, the condition of these central 
Australian ranges is not critical, although selective deterio
ration is continuing and there is a need for a more conserva
tional approach to management . 

Tropical and Subtropical woodlands 

These eucalypt savannas, which constitute almost 20 percent of 
the rangelands, extend across the north of dry Australia and 
are mainly subhumid, passing to semiarid in the south. The 
drier areas are midgrass woodlands with wire grasses (Aristida 
spp.) dominant, while the mesic savannas of the subhumid zone 
are tallgrass woodlands, with annual sorghums or kangaroo 
grass (Themeda australis). In the east, the latter has been 
replaced by black speargrass (Heteropogon contortus) under the 
influence of sheep-grazing and repeated burning. The climate 
is characterized by a hot wet growing season and a mild dry 
season which becomes cool in the subtropics, where winter 
growth may be checked by low temperatures, and the length of 
the rainy season decreases with rainfall, both southwards and 
westwards. Soils include shallow lithosols and red and yellow 
earths, together with solonetzic and solodic soils in the 
wetter eastern areas. The balance of upper and grass stories 
is maintained by fire, which has increased in frequency 
through its use as a management tool by Aborigines and more 
recently by European pastoralists. 

Cattle raising on large holdings is the main land use in the 
tallgrass woodlands, with sheep additionally in the midgrass 
woodlands. The rangeland has low productivity, reflecting the 
low-nutrient status of the soils, the major limitation being 
the low quality of the herbage over the dry season, when 
cattle lose condition; in the drier parts the seasonal defi
ciency is less marked, but this is offset by the lower and 
more variable rainfall. Since stocking rates are related to 
the lowest carrying capacity, they remain low throughout the 
region, with consequent low overall level of herbage use. 
There can be little control of grazing under the present 
system, but burning is widely used as a management tool, to 
remove dead pasture and check competition from trees and 
shrubs. There is little management of fires, and burning 
tends to be excessive, with subsequent waste of herbage. In 
the north, burning is carried out early in the dry season to 
allow a dry-season grazing; in the semiarid south, burning at 
the end of the dry season following opening rains gives a 
cooler burn and a rapid onset of new growth, but the less 
marked seasonality of rainfall here introduces uncertainty 
about the resulting amount of regrowth. 

Firing increases the risk of sheet erosion by heavy summer 
rainfalls on bared soils that are inherently prone to sealing, 
and heavy grazing of kangaroo grass pastures during the early 
months of the dry season also leaves vulnerable bare areas 
which are liable to erosion or to invasion by less palatable 
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grasses. Despite the prevailing low stocking rates, it is 
estimated that 15 percent of rangeland in the Northern Terri
tory has suffered erosion and requires some form of remedial 
treatment. The situation is critical in the Ord River catch
ment, where severe sheet and gully erosion have affected 4,000 
sq km of calcareous loams in riverine tracts, threatening the 
siltation of water storages in the down-valley Ord River 
Irrigation Scheme, and also in the floodplain and frontage 
country of the Fitzroy valley in the West Kimberleys, and it 
has become necessary to exclude stock from parts of both 
areas. Severe sheet and gully erosion have also occurred on 
solodic and solodized solonetzic soils with sodic subsoils 
over 12 percent of the upper Nogoa and Burdekin River catch
ments of central Queensland. 

Mallee Woodlands 

"Mallee" refers to the low to medium eucalypts, ground-branch
ing from a lignotuber root-stock, that form dense woodlands in 
the southern semiarid zone of predominant and effective winter 
rainfall. They cover almost 5 percent of the drylands and 
were once more extensive, but considerable areas have been 
cleared for cropping. Their pastoral use is mainly restricted 
to New South Wales and South Australia. 

Much of this rangeland consists of parallel low dune rises and 
swales with brown solonized soils, but calcareous loams occur 
on the plains of the Nullarbor mallee and there are also 
tracts of siliceous sands, including fields of higher red 
dunes, and some solodized solonetzic soils. This range of 
soils determines a variety of understories, including porcu
pine grass (Triodia irritans), perennial chenopod shrubs, and 
short-lived perennial grasses such as variable speargrass 
(Stipa variabilis), most of which extend in from open communi
ties within the mosaic of woodland. The most important forage 
components are the ephemeral grasses and forbs which follow 
good winter rains. 

The main pastoral enterprise is merino wool production, al
though many properties carry some beef cattle. Carrying 
capacity varies widely with the amount and quality of included 
open country, and the maintenance of such open areas is vital 
to pastoral management. Mallee rangeland is commonly regarded 
as of low productivity by pastoralists whose holding include 
other types of country and who see its main value as a drought 
reserve. 

Because of the large amounts of. litter fuel produced and the 
flammability of green mallee foliage, this rangeland is vul
nerable to disastrous wildfires, particularly after good 
rainfall seasons and abundant growth, such as occurred, for 
example, in 1974-75. These can result in severe stock losses 
and damage to fences, destruction of forage, and enhanced 
risks of wind and water erosion in the burnt areas. The 
existing pattern of vegetation is a product of such events and 
also an inheritance of firing by Aborigines . Fire management 
and the establishment of firebreaks is accordingly essential 
for the maintenance and improvement of these pastures, to 
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reduce wildfire hazard, to restrict woody plants and stimulate 
grass growth, and to maintain soil stability and ecological 
diversity. Supportive livestock management may involve the 
removal of stock to allow fuel to accumulate for prescribed 
burning and a period without grazing following burning to 
allow the vegetation to recover. 

A problem of management in this rangeland is the difficulty of 
providing enough watering points to give control of grazing 
pressure, due to the scarcity of surface waters and the un
suitability of the pervious subsoils for earth dams. The 
provision of piped supplies on a large scale has been neces
sary in some areas. Other problems include difficulties in 
mustering sheep in close woodland and the grazing loads im
posed by feral goats, rabbits, and increasing numbers of 
kangaroos, which are a potential cause of overgrazing. In
crease in inedible shrubs and decrease in edible shrubs are 
common signs of the deterioration of mallee lands through fire 
or grazing. Most mallee soils are liable to wind erosion 
where bared of vegetation and trampled by stock, and preserva
tion of the shrub layer is essential to soil stability. 

Temperate Semiarid Woodlands 

These occupy 7 percent of the rangeland area, in the east and 
southeast of the drylands, and are used mainly for sheep 
grazing, with small numbers of beef- cattle. Woodland types 
reflect the increase in rainfall eastwards and the variety of 
soils. On red earths, low mulga woodland gives place to 
poplar box (Eucalyptus populnea) and cypress pine (Callitris 
spp.), large areas of rosewood-belah woodlands (Heterodendrum 
oleifolium - Casuarina cristata) occupy solonised calcareous 
soils in the south, and brigalow scrub (Acacia harpophylla) 
and gidgee (Acacia cambagei) occur on heavier soils in the 
north. With the southward decline in summer rainfall and 
seasonal temperatures, the longer-lived perennial grasses of 
the northern areas decline in importance and are replaced by 
shorter-lived perennials and by ephemerals and annuals of high 
forage value but of low drought persistence. 

The early pastoralists were unaware of the role of fire in 
maintaining the balance of grass and woody vegetation and of 
the susceptibility of the grasses to grazing. In consequence, 
the area has deteriorated under grazing and fire restriction, 
through increase in woody shrubs and trees at the expense of 
the ground cover. While woody shrub invasion is the most 
immediate problem, it is the overgrazing of the perennial 
grasses, despite their low to medium forage value, which has 
been the primary major factor in land degradation, directly 
through soil degradation and indirectly through the reduction 
in fuel and hence in the frequency of fire. 

With the loss of ground cover the shallow topsoils of the 
predominant red earth soils have been washed away, together 
with their limited store of mineral nutrients, and rainbeat 
and animal trampling on the hard-setting subsoils have left 
compacted, sealed surfaces resistant to water penetration. 
The resulting reduction in soil-moisture has lowered the 
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productivity of the rangelands across most of the area, while 
the added runoff has contributed to the increased density of 
unpalatable shrubs in the shallow valley tracts . 

While land degradation in this rangeland has its main cause in 
a failure to regulate grazing pressure in response to the 
needs of the perennial ground layer, several other factors 
have contributed. These include the initial small size of the 
family holdings, which have become increasingly uneconomic 
with rising costs in the industry, high kangaroo numbers, 
which are difficult to control in close country, and the 
impact of feral goats and pigs. 

Mitchell Grasslands 

Edaphic grasslands characterized by Mitchell grasses (Astrebla 
spp.) occur in an arc across the north of the arid and semi
arid zones. They constitute just under 5 percent of the 
rangeland area, mainly in west-central Queensland, but are of 
major importance to pastoral production by virtue of their 
high carrying-capacity and resilience to grazing. They are 
associated with deep alkaline cracking clay soils with self
mulching surface horizons, on undulating lowlands of Creta
ceous rocks and in broad plains of young alluvium along some 
major rivers. These soils are fertile and physically stable 
in most situations. 

The pastures are dominated by the tussocks of the perennial 
Mitchell grasses (Plate 6A), which respond to the predominant 
summer rainfall. However, livestock preferentially graze the 
palatable and high quality ephemeral forbs which appear after 
early and later summer rain and also with the winter rains 
that increase in importance southwards. The animals only then 
progress to lower-quality pasture components, including the 
Mitchell grasses, which provide the main dry-season forage. 
This constitutes a form of deferred grazing that assists the 
regeneration of the perennials following rains. 

The northern areas of this rangeland are used for beef cattle, 
including breeding and fattening, and the central and southern 
parts for sheep, although with a varying proportion of cattle 
reflecting changes in relative profitability, since the latter 
usefully complement the seasonality of labor demand and finan
cial returns associated with sheep. 

The grasslands were among the first areas selected by pastora
lists, but despite their long use they show little degenera
tion. Newman and Condon (1969) estimated that 85 percent of 
this rangeland type had undergone minor or no change, with 
only moderate degeneration in the remainder. This reflects 
the low relief and stable fertile soils, the resistance of the 
tussock grasses to grazing and drought, the stabilizing effect 
of the long-lived tussocks on the soil, and the sequential 
grazing of the pasture components already mentioned. A local 
exception is the replacement of the perennials by annual 
grasses in parts of the north, probably due to a combination 
of heavy grazing with stress in the more marked dry season 
there, which could favor the annual species . 
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Plate 6A. Plains with perennial Mitchell grasses (Astrebla 
~) on cracking-clay soils are the only true 
edaphic grasslands in dry Australia and form valu
able pastures which are generally little-degraded 
despite heavy stocking; central Northern Territory. 
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Hummock Grasslands 

These include most of the dunefields and sandplains of arid 
Australia, with spiny ("spinifex") grasses of Triodia and 
Plectrachne spp. on droughty, infertile red sands and clayey 
sands, together with some stony desert plains and mountain 
ranges. They are not true grasslands, in that scattered trees 
and shrubs occur throughout (Plate 6B). Although they consti
tute 30 percent of the rangelands they are of little signifi
cance pastorally. Largely waterless away from the uplands, 
they proved an obstacle to explorers and have since been 
avoided by pastoralists, remaining the most remote of the 
rangelands. 

From the air they appear as a mosaic of areas burned at dif
ferent times and in various stages of recovery, for the ligne
ous and oily leaves are highly flammable and the hummock 
grasslands are liable to periodic wildfires . These may extend 
into and damage adjacent useful rangeland, calling for the 
establishment of protective firebreaks. After good rains, 
particularly after fire, annual grasses and forbs can be 
abundant between the tussocks, and cattle from adjoining 
pastoral holdings may graze in the area, which may also be 
seen as a drought reserve. An attempt to establish sheep 
grazing in conjunction with winter burning of Triodia pungens 
(soft spinifex) grassland in the Pilbara region of Western 
Australia led to decline in the associated palatable grasses 
and an increase in spinifex, and consequently to infestation 
with the euro (the hill-kangaroo, Macropus robustus), which 
can subsist on the regenerating spinifex. 

Generally the sandy soils are stable under their vegetation 
cover, with moving sand restricted to bare dune crests, but 
more widespread sand-drifting can occur during drought or 
after fire. Serious problems only arise where this rangeland 
interfingers with pastoral country or where cattle congregate 
on its margins, when moving sand can bury tracks, fences, and 
yards. It is estimated that no more than 10 percent of this 
rangeland has undergone moderate or severe degradation. 

Degradation in Lands Under Extensive cropping 

Because of low pressure of population on the land, much of 
semiarid and subhumid Australia within the climatic limits of 
cropping remains as rangeland . The frontier of farmland 
against pastoral country is a dynamic one, determined by 
periods of higher or lower rainfall or by comparative finan
cial returns from cropping and livestock, and also influenced 
by technological change. The safe climatic limit of cropping 
is generally defined by the probability of effective seasonal 
rain, blurred by critical differences in soil-moisture stor
age, but tolerance levels in farming decisions also change 
over time. 

Initially, the native vegetation in these areas was seen as an 
obstacle and a cost in land-clearing for cropping. Wheat
farming spread rapidly in the open woodlands of southeastern 
Australia but its advance into the denser Mallee had to wait 
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Plate 6B. Hummock grasslands with spinifex grasses (Triodia 
and Plectrachne ~) and a variable tree and shrub 
cover constitute about 30 percent of Australia's 
rangelands, on siliceous red sands in extensive 
sandplains and dunefields; their generally good 
condition reflects a negligible usefulness as 
pastures ; central Northern Territory. 
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the development of the horse-drawn mallee roller and the 
stump-jump plow in the late nineteenth century . Clearing of 
brigalow scrub (Acacia harpophylla woodland) in central 
Queensland and more recent cropping advances into mallee in 
central and southwestern New South Wales occurred when high 
grain prices justified the use of heavy equipment for clear
ing. The importance of clay soils in agricultural development 
in northern Australia can partly be attributed to the ease o f 
clearing their grassland cover, partly because the heavy soils 
ensure carry-over moisture for growing winter crops in areas 
of summer rainfall. 

Deterioration and Erosion of Soils in the Southern Wheat zone 

The record of degradation of cropland in semiarid Australia is 
closely linked with that of wheat production, particularly in 
the southern zone of predominant winter rainfall. The trend 
in wheat yields over time (Figure 3) shows an initial decline 
marking the depletion of soil nutrients under monocropping, 
followed by two pulses of increasing yield, the first with 
replenishment of phosphorus and the second with improvement in 
nitrogen budgets through the use of legumes in rotations. 
Donald (1967) saw the recovery from the "nadir of Australian 
agriculture" as a change from extensive cropping to intensive 
cropping assisted by technology, but this is not entirely true 
for much of the semiarid zone, where cropping has continued 
its expansionist pattern and where the yield increases indi
cated in Figure 3 have not been fully shared. 

Wheat farmers in the semiarid zone have indeed adopted super
phosphate fertilizers and have also subsequently turned to 
rotational cropping with pasture legumes, but a critical 
factor limiting sustained productivity has been the physical 
stability of the soils. These are mainly red earths together 
with a range of calcareous soils, notably the solonised brown 
soils of the Mallee country. Among the latter group, topsoils 
are commonly sandy, low in organic matter and weakly aggregat
ed, and break down under cultivation. In a region of dry 
summers with strong westerly winds they have proved vulnerable 
to wind erosion on bare fallows. The loamier red earths , on 
the other hand, tend to form impervious crusts and are liable 
to sheet and rill erosion in occasional intense summer rains . 

Farmers committed to wheat production under favorable condi
tions have commonly attempted to ride out a subsequent fall i n 
wheat prices by extending and intensifying production, eventu 
ally to be defeated by drought and by degradation of the s oil 
resource. The levelling of productiv ity curves in Figure 3 at 
yields below those attained in some other continents, has 
traditionally been taken to signify fertility limitations in 
Australian soils, but there is growing recognition that it ma y 
represent a changing balance between benefits from improve
ments in technology and greater inputs on the one hand and t h e 
adverse effects of soil degradation on the other. Given the 
potential rates of soil loss through accelerated erosion of 
croplands in these areas and what is known of rates of soil 
formation in Australia, it is arguable that-with the e xception 
of favored alluvial sites-soil beneath the Al horizon should 
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be regarded as a non-renewable resource, and its loss viewed 
accordingly . 

Over a period of 130 years, many of the environmental and 
economic factors contributing to land degradation have operat
ed in cyclic patterns, and continue to give rise to concern 
for the future stability of land use in the wheat/sheep zone, 
one of Australia's most financially effective farming areas. 
This is illustrated by a sequence of case studies over time. 

A First Lesson: The Northern Districts of South Australia 
The earliest episode of land clearing and agricultural expan
sion was into the northern districts of South Australia in the 
1870s, after legislation allowing the acquisition of land with 
deferred payment (Meinig 1962) . Good rains in the late 1870s 
encouraged an expansion of cropping into saltbush country 
designated for pastoral use, supported by concepts such as 
"rain follows the plow." The advance was checked and then 
reversed by the drought of 1880-82, but this defeat was al
ready foreshadowed by declining wheat yields from the 1860s 
onwards. Repeated wheat cropping with short fallows and no 
manuring had exhausted the nutrient store of the red earth 
soils, and practices such as stubble burning had further 
depleted soil organic matter. The low yields became critica l 
as wheat prices fell after 1884 and continued to decline into 
the agricultural depression of the 1890s, and with further dry 
years agriculture retreated and the amalgamated farm holdings 
returned to sheep grazing. This experience was soon to be 
repeated, on a larger scale and with more serious consequenc
es . 

The Mallee Story-Part I 
Areas of eucalypt woodland in eastern South Australia and 
northwest Victoria had been opened up for extensive sheep 
grazing in the 1880s, and the expiry of pastoral leases al
lowed the entry of wheat farming from 1905 onwards, after two 
decades of drought and economic depression. The movement 
received government support through the construction of rail
ways and provision of waters and by making land available on 
liberal terms. Further, the costs of clearing, already low
ered by new equipment, could now be discounted as an improve
ment . 

Clearing advanced northwards in two phases separated by the 
First World War and the years immediately following. The 
first was mainly into the southern areas of higher and more 
dependable winter rainfall and took place with good seasons 
and rising wheat prices. The later phase, associated particu
larly with the settlement of returned soldiers, saw the entry 
of cultivation into high-risk areas with less certain annual 
rainfalls of less than 200 mm. 

During this whole period the agricultural frontier advanced 
over 2 million ha of land of debatable potential for permanent 
agriculture, about half of which was to be brought into culti
vation (Williams 1974). Initial optimism was based on a 
number of agricultural innovations . One was the new drought
resistant and disease-resistant wheat varieties, another the 
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availability of cheap superphosphate fertilizer and a means of 
drilling it in during seeding. There was also great confi
dence in long fallowing practices borrowed from the much 
publicized American system of "dry farming" (Sims 1977). 

Wheat yields did indeed show a resurgence in the first decade 
of the century (Figure 3), but thereafter declined in the 
mallee lands with the exhaustion and deterioration of soils. 
Under these conditions the post-war fall in wheat prices on 
over-supplied world markets and frequent droughts in the 1920s 
proved disastrous to marginal farmers who were generally 
undercapitalized and burdened by debt. Initially they sought 
to compensate by additional planting and narrowing rotations, 
so accelerating soil exhaustion; although land clearing fell 
off after 1928 the area under wheat continued to increase 
until 1930, despite the fact that farmers were operating at a 
loss . 

Dry-farming practices increased erosion hazard in an environ
ment inherently vulnerable to wind erosion . The climatic 
factors of low and uncertain rainfall and strong drying west
erly winds in autumn and spring are here reinforced in a 
landscape of low dunes with sandy solonized brown soils and 
occasional deeper crestal sands. Longer fallows left the 
ground exposed to drying westerly winds . Frequent tillage 
with harrowing and disking to produce a fine tilth to reduce 
soil-moisture loss and give a good seed bed resulted in sur
face pulverization; clean weeding to reduce evapo-transpira
tion and promote mineralization of organic matter further 
exposed the soil and led to breakdown of topsoils. Deep 
plowing to allow water to penetrate subsoils only caused 
further destabilization. Stubble burning added to loss of 
soil organic matter, while clearing of ridge crests increased 
soil surface wind velocities and erosion risk. Rabbits also 
contributed to crop losses and soil instability. 

In bureaucratic eyes the problem was still seen in terms of an 
inadequate operation of the existing system of land use rather 
than as indication of a need for change; farmers were exhorted 
to practice fallowing to conserve moisture and increase avail
able nitrogen, with the result that the proportion of wheat 
grown on fallow in the mallee lands increased from one-third 
in 1930 to three-quarters in 1934. This further increased the 
incidence of wind erosion, which had assumed major proportions 
with the onset of drought in 1928. 

Deflation and sand drifting were both widespread (Plate 7). 
Deflation was damaging through its selective removal of the 
finer soil fractions, richer in soil organic matter and miner
al nutrients, and it doubtless contributed to the sharp drop 
in wheat yields in the 1930s. Sand-drifting buried fences, 
stock-water channels, roads, and railways, and in 1933 it was 
reported that 125 km of the 435 km of railway in the Victorian 
Mallee was threatened by sand. 
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Plate 7. Fence buried by drifting sand after extensive crop
ping on sandy solonized brown soils in cleared 
rnallee; southwestern New South Wales. 
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Initially the problem of sand drift was treated in isolation , 
through such measures as the exclusion of stock and rabbits by 
fencing, the use of mulches and the establishment of sand
binding grasses and other plants on drifts, the seeding of 
bare sand surfaces with legumes such as lucerne, and the 
planting of trees in shelterbelts. It was not until 1936 that 
the need for change to a more conservational land use was 
officially recognized, in part in the light of contemporary 
North American experience. This involved a restriction on 
cereal-growing for sale as grain and an emphasis on rotational 
pastures and feed crops for livestock. Bare fallow, fine 
tillage, and clean weeding were discouraged, the use of fire 
was to be avoided and the planting of shelter belts was pro
moted . 

In the ensuing war period the problem of these marginal lands 
was reviewed in the context of post-war agricultural policy, 
and the inadvisability of close settlement in areas of inade
quate rainfall was emphasized. It was noted that stable 
wheat-growing required a 70-80 percent probability of getting 
five months of effective winter rainfall, whereas the rnallee 
cultivators had extended into areas with a less than 50 per
cent chance of an effective season. At the same time there 
was a considerable repurchase and redistributi orn of land by 
State governments aimed at providing larger leaseholds, a 
process that is still continuing by private sales and amalgam
ations. 

The switch to a livestock-based industry carne after 1945, with 
the advent of annual legumes in pasture rotations, together 
with the subsidized addition of superphosphates. Wheat yields 
had increased markedly by 1950, but the wheat acreage has 
remained unchanged, the main increases being in green forage 
crops and barley , also as a feed grain. Stability has appar
ently been restored to this rnallee landscape, but a later 
report (Bureau of Environmental Studies 1975-76) estimated 
that 25 percent of the 1.85 million ha under mixed farming was 
susceptible to immediate deterioration if neglected and in 
need of constant vigilance, while 20,000 ha needed urgent 
treatment for sand stabilization. This points to a continuing 
need to monitor social as well as physical ind i cators, since 
any narrowing of the gap between costs and prices could lead 
to a reversal of past improvements and a resurgence of soil 
erosion. 

Salting in Dryland Farming Areas 

The extension of cropping has involved the large-scale clear
ing of eucalypt woodland in the semiarid and subhurnid zones of 
temperate Australia, particularly on flat or gently undulating 
terrain, and the replacement of deep-rooted evergreen trees 
and shrubs by annual cereals, pasture grasses and fallow. The 
consequent reduction in the amount and zonal depth of evapo
transpiration has led to a rise in water tables, the develop
ment of seepage zones along lower hillslopes, and water log
ging in valley bottoms. Where weathering mant l es and subsoi l s 
are saline, salts are mobilized and concentrated in shallow 
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groundwater and seepage zones and released in stream dis
charges. The dynamics of the processes involved underline the 
seriousness and urgency of this problem. Salting c an occur 
between 5 and 20 years after clearing, is accelerated after 
individual wet seasons, and has increased in extent noticeably 
over the last 30 years, with corresponding marked changes in 
stream salinity. 

The worst-affected area is the inland wheat belt of Western 
Australia, where a number of terrain and soil factors have 
contributed to the extent and severity of salinization: a low 
relief of broad shallow valleys and sluggish surface drainage 
with shallow water tables, thick mantles of weathered granite 
with sodium salts, and extensive sodic texture-contrast soils 
with massive subsoils, providing a large salt store and fav or
ing the development of perched soil-water tables. In addi
tion, the region continues to receive accessions of cyclic 
salt from eastward-moving weather systems . These conditions 
occur with a markedly seasonal rainfall regime, under which 
salts mobilized after winter rainfalls become concentrated at 
the surface by evaporation in the succeeding hot dry summer. 

Salinization occurs as seepage salting on lower hillsides, in 
part fed by through-flow and associated with perched soil
water tables, and more extensively on valley floors, with 
capillary rise of saline groundwater following the general 
rise of a saline groundwater table. Salinity is indicated by 
bare surfaces with salt efflorescences, locally with dead 
vegetation or invading salt-tolerant shrubs (Plate 8), but 
salting may affect crops and vegetation over larger areas, 
directly through salt toxicity or induced osmotic stress or 
indirectly by soil changes which restrict the availability of 
water. The process becomes self-accelerating in that bare 
seepage areas and sealed topsoils increase the amount of wat er 
shed to lower ground, with consequent increase in waterlogging 
and valley salting. Salt-bared areas can be extended by sheet 
erosion from enhanced runoff and may also initiate gullying on 
the slopes above. 

Although salting may directly affect only a few percent of a 
catchment, this commonly includes the most valuable arabl e 
land. Moreover, its effects are more widely transmitted 
through saline groundwater and streamflows; for example, a 
fifth of farm bores and wells and 7 percent of farm dams in 
the Western Australian wheat belt have been abandoned throug h 
salinity. The headwaters of the larger river systems are 
already too saline for farm and domestic use, while supplies 
to Perth and irrigated coastal farms are threatened by salini
zation in the backing Darling Range . 

The second worst-affected area is northwestern Victoria, where 
seepage from water-supply channels on the Wimmera Plains has 
caused rising water tables and where clearing on the uplands 
to the south has led to valley salting at the upland front, 
with severe gullying and sheet erosion of texture-contrast 
soils. 
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Plate 8. Dryland salting on valley floor, with eroded bare 
salinized patches, invading halophytic shrubs and 
dead trees; subhumid east-central New South Wales. 
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Degradation of Rainfed Croplands in the Tropical and Subtropi
cal Drylands 

Despite 150 years of stated "prospects" for rainfed agricul
ture in the north, cropping presently occupies only 0.24 
percent of the area. Of this, 98 percent is in Queensland, 
and of that area less than half, in central and southern 
Queensland, falls in the drylands. While the hazards of 
tropical climate and soils may have served as secondary deter
rents, the main reasons for lack of agricultural development 
there have been the remoteness of the area and associated 
economic disincentives. The main rainfed crops are grain 
sorghum, wheat-grown in southern areas where an element of 
winter rainfall supplements water stored in summer fallows 
-feed grains, and pasture crops. 

The soil properties that have determined the distribution of 
cropping are those that determine water entry and soil-mois
ture storage, for carry-over soil water is essential to 
rainfed cropping in these areas of variable seasonal rainfall 
and high potential evaporation. For this reason most broad
acre cropping has so far occurred on soils of heavy texture. 
These are mainly the black cracking clays of the grasslands, 
which have the additional advantages of ease of clearing and 
relatively high fertility, but acacia woodlands on grey clay 
soils in brigalow (A. harpophylla) country have also been 
cleared for wheat. Farming on the lighter-textured red earths 
of the northern areas is very localized. 

The clay soils are fairly stable structurally, but are liable 
to crusting, particularly where A1 horizons are sodic, and 
erosion of bare soils can be severe on slopes under intense 
summer rainfalls; for example, annual soil losses of between 
75 and 200 tons per ha have been recorded from the Darling 
Downs due to rilling and gullying of bare fallows on black 
cracking clay soils . This is between 5 and 15 times tolerance 
levels in temperate wheat cropping, and it emphasizes the 
importance of developing methods of seeding which maintain a 
vegetative cover. 

waterlogging and Salting of Irrigated Land 

The history of irrigation in Australia extends back barely 100 
years, but the twin problems of waterlogging and soil saliniz
ation are already serious and growing. Four-fifths of Austra
lia's irrigated lands, about 15,000 sq km, are in the riverine 
plains of the Murray-Darling Basin, where they consume three
quarters of all irrigation water supplies. They include the 
earliest-irrigated areas in Australia, and the most extensive 
problems, and attention is accordingly focused on them in this 
paper. 

The main irrigation areas, and the oldest, occur in the plains 
of the middle and lower Murray and Murrumbidgee Rivers and the 
lower sectors of the Goulburn and Loddon tributaries of the 
Murray. Prior to irrigation, depths to watertable decreased 
downvalley, from 15 m or more in the Murrumbidgee and the 
Murray tributaries to 5 m near the lower Murray. Groundwaters 
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were saline, with salinities increasing downvalley from 5,000 
to 20,000 ppm, in part derived from connate salts in marine 
sediments of the Murray Basin, in part a legacy of Quaternary 
deposition by prior streams under dry climates, and in part 
from continuing accessions of cyclic salt. The lower flood
plain soils are mainly heavy brown and grey clays, red brown 
earths are more extensive in the eastern plains, and areas of 
solonized brown soils occur where low dunes border the Murray 
River. The lower clay plains are largely used for irrigated 
pastures and for rice cropping, while horticultural and grain 
crops are grown on the lighter soils. One aim of irrigation 
was the stabilization of the pastoral industry, and 60 percent 
of the area irrigated consists of the flood-irrigated pastures 
of the "irrigation districts." A second objective was the 
achievement of close settlement, particularly for returned 
soldiers after the First World War, resulting in the close 
subdivision of lands in "irrigation areas . " 

Waterlogging 

Irrigation was introduced in the Loddon and Goulburn tributary 
valleys of the Murray River in Victoria {the Kerang and Shepp
arton areas, respectively) in the late 1880s and early 1890s. 
Water tables rose rapidly and by the end of the century were 
already within capillary range of the surface in lower parts 
of the Kerang. By the 1930s shallow water tables {< 2m) were 
general in that area. A system of surface drains was con
structed with outfall ' to the Murray via a local tributary and 
the spread of shallow water tables was slowed, and then stabi
lized by improvements in irrigation. Conditions across the 
Murray River in the Wakool area of New South Wales are compa
rable to those in the Kerang, with the additional problem of 
periodic flooding from the Murray River, but irrigation began 
here only in 1935 and problems are consequently on a smaller 
scale. Pumping with tubewells after 1967 lowered the ground
water mound in the Wakool area and allowed the reclamation of 
some affected pastures, but the area of shallow groundwa~er 
continued to increase into the 1970s. 

In the Shepparton area and in the Murrumbidgee plains of New 
South Wales, where water tables were originally deeper, the 
advent of waterlogging was delayed, but the problem has 
emerged and has increased dramatically, particularly in the 
Shepparton area, where the extending groundwater mound now 
threatens unirrigated land in the adjacent plains . In the 
Murrumbidgee area, shallow water tables affected 150 sq km by 
1950 and this area has since more than doubled, notably with 
the expansion of rice cropping. 

The causes of rising water tables include seepage from unlined 
supply canals, inefficient application of irrigation water, 
over-irrigation, inadequate land drainage, particularly in 
heavy soils, and the small size of holdings in some irrigation 
area. It has been estimated that 50 percent of irrigation 
water is lost during conveyance and that, of the remainder, 
only half is used effectively in the crop root zone . overirr
igation is encouraged by cheap water in these State-operated 
schemes, which price water at between 30 and 75 percent of 
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supply costs, with no allowance for the capital cost of irri
g~tion wo~ks. A major input to groundwater is attributable to 
r1ce grow1ng, which was introduced in the mid-1920s and has 
increased in area to 110,000 ha in 1980. It is grown in 
ponded bays using a 4-month flooding period, and surveys have 
shown that a quarter of the water applied, some 20 times the 
leaching requirement, may go to groundwater. In the Colleamb
ally extension of the Murrumbidgee area, where an initial 
quota of rice cropping has been used to assist farm establish
ment and where rice occupies 25 percent of the crop area and 
accounts for 60-80 percent of water inputs, planting is now 
confined to heavier soils and is excluded from areas underlain 
by sand beds. 

Systems of surface drainage have been improved at various 
times as their inadequacy has been revealed through waterlog
ging, but subsurface drainage is still virtually confined to 
the horticultural areas, where tile drainage was installed 
after severe winter flooding in 1950. Apart from this, sub
surface drainage by tubewell pumping benefits about 6 percent 
of the irrigated lands, mainly in the Shepparton and Murrum
bidgee areas, although its primary objective remains water re
use rather than water table control . 

Irrigation Salting 

Salting became apparent in the Kerang and Wakool districts of 
the Murray plains, where groundwater salinities were original
ly highest, within 20 years of the commencement of irrigation . 
By 1968 surface salinization affected some 550 sq km in the 
Kerang and that area has since almost doubled, affecting 
productivity over a third of the area. Most farms in the 
Kerang have part of their land badly salinized, often bare 
save for halophytic vegetation, and irrigation in the remain
der has to maintain a careful balance with the groundwater 
system. In the adjacent Wakool area, with comparable condi
tions but a shorter history of irrigation, surface salinizat
ion covers 90 sq km. Further east at Shepparton and in the 
Murrumbidgee plains, with less saline groundwater, salinizat
ion has become apparent relatively recently, but given the 
groundwater salinity, the problem threatens wherever soils are 
waterlogged . 

With increasing development of irrigation, dilution at low 
river discharges has become increasingly adequate and there 
has been a gradual and significant rise in salinity of the 
lower Murray waters over the past 40 years. The quality of 
irrigation water is critical for stone fruit and citrus grow
ers along the lower Murray and its decline is responsible for 
the current replacement of overhead sprinklers by drip sys
tems. It has also caused increased costs to domestic and 
industrial consumers in Adelaide and other South Australian 
centers. 
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Lessons in How Not to Plan for Irrigation 

At the Local Scale 
For the early settlers of the semiarid Murray plains the 
combination of a dry climate, perennial rivers, and extensive 
alluvial soils made the option of irrigation development an 
obvious one for a drought-stricken pastoral industry . The 
necessary steps were seen in engineering terms only-the con
struction of headworks and distributary canals . The selection 
of irrigated areas was made on a topographical basis on 
grounds of economy and the schemes went ahead with no previous 
study of the hydrogeology and soils of the area . Soil surveys 
came only in the 1930s, after the advent of high water tables 
and the first salinity problems. Even then, soil salinization 
tended to be discounted as a potentially serious problem, and 
the suitability of land for irrigation was assessed primarily 
in terms of soil tilth and permeability. It was held that 
"careful" or "low intensity" irrigation could avoid water 
table and salinity problems, particularly in the Shepparton 
district, where groundwaters were not regarded as significant
ly saline . No recommendations were made at that time for 
subsurface drainage, which was subsequently introduced as tile 
drainage in the horticultural areas only after severe tree 
losses in the wet winters of the 1950s . 

At the Larger Scale: The Politics of the Murray-Darling Basin 
Three State governments are involved in the operation of these 
irrigation areas, but the management of land and water re
sources in the Murray-Darling Basin within which they are set 
additionally brings in Queensland and the Australian Capital 
Territory, together with the Federal government in its coordi
nating role. The River Murray Waters Agreement signed in 1914 
was little more than a formula for sharing the Murray water, 
guaranteeing certain minimum flows to South Australia and 
confirming the rights of Victoria and New south Wales to use 
the water in their tributaries, but ignoring the recommenda
tion of a 1902 Inter-State Royal Commission that "the river 
and its tributaries must be looked on as one . " The River· 
Murray Commission set up to administer the Agreement had 
limited powers, and attempts to extend them involved bitter 
disputes which continued through the 1970s despite growing 
awareness of the serious and urgent water quality problems in 
the irrigated areas. 

When in 1983 the Commission was finally empowered to concern 
itself with water quality, the States still did not have to 
refer it to developments that might affect the quality of 
surface and ground waters in the Murray-Darling Basin. 

Dryland Degradation caused by 
Non-Agricultural Land Uses 

Non-agricultural land uses have also led to reduction in 
vegetation cover, soil instability, enhanced erosion and other 
forms of land degradation in dry Australia. They include 
mining, settlements, tourism, and recreation, variously con
nected in that mining has created and supported most large 
towns in dry Australia, all of which use the surrounding areas 
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for recreation, while many have also become tourist centers. 
In all cases the initial impacts tend to be localized, al
though secondary effects may be transmitted over larger areas, 
for example in streamfloods or dust storms. The localization 
and capital-intensive nature of the activities responsible for 
this form of land degradation and the immediacy of the human 
impacts generally make it physically possible and economical
ly, politically and aesthetically worthwhile to undertake 
conservational and reclamatory measures. 

Impacts of Mining 

The scale of disturbance due to mining activities varies 
enormously, from individual small shafts to large open cuts, 
while the impacts associated with non-access mining embrace 
the large installations required with modern oil and gas 
extraction, including offices and living quarters, initial 
treatment plants and service facilities, transport parts and 
airstrips, pipelines and pumping stations, and a large network 
of sealed and unsealed roads. 

Adverse impacts include the following: 

• in earlier days particularly, removal of trees and 
shrubs for fuel or for mine timber; 

• destruction of vegetation and disturbance of soil in 
exploration and mining operations, including open 
cuts, seismic lines, unsealed tracks and pipelines, on 
an increasing scale with increasing use of heavy ma
chinery, and leading to accelerated wind and water 
erosion and to dust nuisance over wide areas; 

• unsightly and generally unvegetated .mine waste dumps 
which are a source of dust and drifting sand and abra
sive "rock flour;" 

• noxious liquid wastes from mines and treatment plants 
or in runoff and seepage from dumps, resulting in 
death of vegetation and pollution of soil, streamflows 
and groundwater; 

• noxious fumes that kill vegetation; 
• adverse effects of pumping or discharge of water on 

surface and groundwater systems and on water re
sources; 

• unsightly abandoned plant and buildings. 

These problems are not restricted to drylands, but they assume 
distinctive characteristics in arid areas. This partly is an 
effect of the arid environment itself, for example the partic
ular fragility of soils and vegetation, the slow revegetation 
of disturbed land and the inadequacy of leaching and surface 
runoff to remove residues. Partly it results from the isola
tion of many of these activities, the apparent emptiness of 
their surrounds, and the abundance of space. In such areas 
mining companies may be extravagant in their use of land and, 
as sole occupiers relatively independent of its surface re
sources and under little immediate pressure from the public at 
large, fail to recognize their obligations to either. This 
has certainly been a source of conflict between mining compa
nies and pastoralists. Further, since mining tends to be a 
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temporary activity, there may be a failure to consider longer
term impacts, or the need to clean up after ceasing activi
ties. 

There is now strong pressure of public opinion calling for 
environmental conservation and regenerative measures, and 
these are also reflected in government legislation, particu
larly through requirements for environmental impact assessment 
before mining can begin. There is also greater sensitivity 
about the protection of prior local rights, notably those of 
Aboriginal communities. Mining companies, aware of the impor
tance of public relations to their operations, are generally 
becoming responsive and responsible in these matters, and most 
larger ones employ environmental specialists. Furthermore, 
they have the engineering resources and, in these capital
intensive enterprises, should have the financial resources to 
undertake protective or remedial actions. 

Impacts of settlements 

Here one must distinguish between the older, isolated towns of 
arid Australia, which have over a long period drawn upon the 
surrounding area for certain requirements, involving consider
able environmental impact, and the new towns, often planned 
company settlements, which are less dependent on local re
sources. For the older settlements, three concentric zones of 
environmental impact can be recognized : the built-up area, an 
aureole a few kilometers wide directly affected by the activi
ties of people living in the settlement, and a broader tribu
tary area which has served as a source of wood fuel and tim
ber. 

The older town layouts are commonly open rectangular grids 
with large individual housing blocks and broad street reserves 
with large unpaved areas, showing little regard for prevalent 
wind directions ·or patterns of sun and shade. Where mining 
has brought an adequate water supply, these disadvantages may 
be reduced by tree-planting, but supplies are commonly insuf
ficient to provide the necessary ground cover, shade, and 
shelter by vegetation, while buildings are generally too far 
apart and not suitably orientated to do so. The immediate 
town surrounds are usually the most degraded areas, often 
having served as grazing commons, rubbish dumps, and early 
sources of wood. They tend to be crossed by unplanned and 
unsealed vehicle and animal tracks which act as dust sources, 
many of them serving shanties and small holdings on the bush
land perimeter, which also serves as a convenient recreation 
area for shooters, trail-bike riders, and the like . 

The Example of Broken Hill 

Broken Hill, an isolated town of about 20,000 inhabitants in 
arid western New South Wales, provides an example of land 
degradation caused jointly by mining and by the settlement 
that grew to serve it. It is typical in the record of degra
dation but less characteristic in the degree to which restora
tion has been achieved. 
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Before the pastoralists and miners arrived, the present town 
area consisted of patchy low chenopod shrubland, sparser tall 
shrubland with mulga that covered the ridges that traverse it, 
and larger eucalypts bordering the main creeks . Severe dis
turbance followed the opening of the mines in 1885. These 
needed large quantities of wood for timbering and to fuel the 
steam engines, while the rapidly-growing township wanted it 
for buildings, fences, and firewood. As the railway had not 
yet reached the town, wood had to come from its precincts, and 
the larger trees were soon virtually cut out. Large numbers 
of goats were introduced to provide the early milk supply, 
followed later by other stock, and the unfenced commons were 
soon reduced to sandy wastes with a few annual weeds and 
unpalatable low shrubs. Severe rabbit plagues from the late 
1880s onwards also contributed to the degeneration. 

With the removal of vegetation, dust storms and sand drifting 
intensified, including rock flour from the growing waste dumps 
along the central ridge marking the worked reef, and refer
ences to these problems became increasingly frequent in the 
local press in the first three decades of this century. 
Conditions were worst on the western outskirts, open to the 
prevalent westerly summer winds, where several houses were 
abandoned because of drifting sand. 

The extension of mining operations on this exposed flank of 
the town in the mid-1930s called for some protection for the 
mine plant and offices, and this led to the initiation of a 
regeneration area in 1936. Initially 10 ha were fenced off, 
with sheet-iron fences on the exposed side and a hedge of Old 
Man Saltbush (Atriplex nummularia) planted in its lee, togeth
er with 1400 local eucalypts. The area was irrigated with 
waste water from the mines through open drains. Good rains 
helped the establishment of ground cover and success was such 
that the three mines later combined as a social service to 
complete an arc of seven such areas, about 800 m wide, around 
the western town perimeter, while an additional area was later 
fenced with State government funds. Only a few of these 
additional areas were planted and irrigated, the rest relied 
on the exclusion of stock and some furrowing to trap seeds. 
The Regeneration Area, as it is now known, was subsequently 
extended to form a green belt almost completely around the 
town. A botanical survey in 1939 (Pidgeon and Ashby 1940) 
confirmed an increase in biomass, the re-establishment of 
essential perennial shrubs and a reduction in undesirable 
species through competition, and an increased variety of 
annual and perennial species. Attempts have also been made to 
stabilize and revegetate the dead mine dumps overlooking the 
town center. 

Impact of Tourism 

Growing tourism in arid Australia reflects an appreciative 
response to its dry sunny climate, its scenic attractions, 
glimpses of outback and aboriginal life, and above all the 
restorative effect of wide natural expanses on urban man. 
Gross receipts from tourism in the Northern Territory have 
exceeded the net return from the cattle industry for several 
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years, and this is moreover an enterprise not adversely af
fected by drought! 

Australian desert landscapes consist of islands of spectacular 
scenery or local points of cultural interest separated by 
broad tracts of lesser interest . Tourist camps tend to be set 
up at sites chosen for their scenic attraction, rather than 
ease of access or environmental stability, and these can 
become foci of land degradation . The example of Ayers Rock 
illustrates these problems and the scope for combative action . 

Ayers Rock is a spectacular reddish inselberg in the desert 
plains 340 km southwest of Alice Springs. The surrounding 
country consists of sand dunes and sandplain vegetated with 
spinifex hummocks and scattered shrubs and trees, while the 
Rock itself is fringed by narrow sandy plains, locally with 
red earth soils, where a denser cover of trees and tall shrubs 
benefits from runoff from the hill. The area was gazetted a 
National Park in 1958 and is now visited by more than 250,000 
tourists annually, with a peak in the winter (July) school 
holidays . 

A road rings the Rock at a distance of a few hundred meters, 
with walking tracks to points of interest around the base, 
including caves, waterholes and aboriginal cultural sites. 
This ring road originally connected with a controlled camping 
site, tourist village, and motels 1-2 km distant. Many tour
ists make the 350 m ascent up the smooth and occasionally 
steepish end-flank, and it is also customary to photograph the 
Rock as it reddens at sunset, from a dune crest about 3 km 
away to the east known as "Sunset Strip." 

After less than a decade of organized tourism, when the annual 
number of visitors was still around 50,000, degradation of the 
area had caused concern. A report (Ovington et al. 1972) 
stated the damage as follows : 

• destruction of vegetation cover through trampling and 
picking of plants by tourists . This was most marked 
on Sunset Strip, where the devegetated cres t had been 
lowered by wind erosion and areas of moving sand had 
appeared on the access flank. Other areas of sand 
drift existed along walking tracks and where vehicles 
had maneuvered. 

• death of trees where water supplies had been cut off 
or water impounded by graded tracks or earthworks; 

• accelerated sheet and gully erosion, particularly of 
red earth soils near the Rock base, where runoff had 
increased on surfaces compacted by trampling or had 
been channelled along paths and graded tracks; 

• dust haze from traffic on the perimeter road and from 
unvegetated surfaces, inc luding the then-unsealed 
airstrip, sufficient at times to interrupt air traf
fic; 

• disturbance in and around camping areas, including 
those used for unofficial camping, involving de
struction of vegetation f or campfires; 
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• problems of waste disposal and widespread littering; 
• health risks through inadequate sanitary arrangements. 

A management plan guided by the concept of recreational carry
ing capacity recommended the rehabilitation and revegetation 
of disturbed areas, the construction of platforms at sandy 
viewing sites, a sealed partial ring road at a greater dis
tance from the Rock than the existing track, with sealed 
access tracks to the foot of the Rock; stricter control of 
pedestrian and vehicular movement by fencing; replacement of 
the airstrip by a sealed strip outside the Park; spreading the 
tourist impact by providing alternative activities and by 
scheduling coach movements; improving sanitation and water 
supplies; designing buildings and other installations to 
harmonize with the setting; and strengthening the educational, 
information, and public relations aspects .of the operation. 

Continuing growth in tourist numbers has necessitated an even 
more radical response. The new Yuluru tourist village, taking 
the Aboriginal name of the rock, is sited among dunes some 
kilometers outside the Park, with its tourist information 
center, camping and caravan park, motels and hotels, and 
sealed airstrip. It receives its water supply from mountain 
ranges 150 km to the north. Viewing platforms on surrounding 
dunes provide first views of the Rock. An Aboriginal settle
ment is included within the village . Private vehicles stop 
here and all entry to the Park is by coach, with foot traffic 
along sealed. paths to individual points of interest. The 
sacred Aboriginal site has been closed to tourism. 

Ayers Rock could be protected in this way because of its 
isolation, the single access road and the possibility of 
controlling entry to the fenced National Park. There are many 
other situations where the degradation caused by tourism and 
recreation will be less easily avoided or repaired . With the 
advent of cross-country coaches and private vehicles, remote
ness no longer protects scenic areas and other tourist tar
gets, and the long and generally unengineered access tracks 
can develop into swathes of churned-up country as vehicles try 
alternative paths across difficult areas. Since there is 
little likelihood that roads will ever be sealed in the more 
remote areas, environmental depredation by the adventurous 
will continue, and as better roads and control of movement 
spread out from the main tourist bases, many will wish to 
operate beyond them, despoiling the apparently endless country 
stretching ahead. Restriction of movement in such areas seems 
opposed to the enjoyment of open space, but the use of them by 
tourist enterprises and growing numbers of individual tourists 
cannot continue uncontrolled without eventual cost. As has 
already been perceived by other users of the Australian 
drylands, the land is not unlimited. 

status and Trends of the Drylands: 
A National stock-Taking 

Under the Australian constitution, the management of land 
resources is reserved to the States, which have jealously 
guarded these rights, and the role of the Federal government 
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has traditionally been confined to research. However, there 
have been significant changes since the 1970s. The Australian 
government now plays a more positive part in environmental 
matters, possibly responding to the growing international
ization of concern for the environment stemming from the 
Stockholm Conference. All Federal governments since that time 
have included an environment portfolio. Among the cooperative 
activities engendered was the Collaborative Soil Conservation 
Study, carried out between 1975 and 1977 (Department of Envi
ronment, Housing and Community Development 1978), which pro
vided the first systematic records of land degradation on a 
national basis, summarized with supporting maps in 1983 (Woods 
1983). At about the same time, the Working party on Dryland 
Salting in Australia (1982) produced its report, while the 
events that led to the formation of the Murray-Darling Basin 
Commission resulted in a series of publications bearing on 
water quality in the Murray River and problems in adjacent 
irrigated lands. Together these provide a basis for a state
of-the-nation assessment of the condition of the Australian 
drylands after approximately 125 years of settlement by Euro
pean colonizers . 

The assessment of land degradation for the Collaborative Study 
was carried out by officers of the state soil conservation 
services and classifies land condition on the basis of whether 
or not ameliorative treatment is required, and on the extent 
to which that treatment requires only improved management 
practices or additional erosion control works. For non-arid 
Australia, this information was assessed for 77 regions com
partmented within State boundaries but characterized by par
ticular types of land degradation-in effect expressive of 
climate, soils, topography, and vegetation and major changes 
in intensity of lanq use . Informatio~ on land use and tenure 
and on the characteristics, causes and effects of land degra
dation was collected for each region by State collaborators . 
For arid Australia an assessment was also made for 18 similar
ly-defined regions, but in view of the close links between 
pastoral land use and rangeland type, assessments were addi
tionally made for 11 types of country which can be loosely 
matched with the rangeland categories used in this paper. For 
the arid pastoral country, degradation classes were based on 
the degree of vegetation deterioration and the extent of soil 
erosion. 

Status and Trends in Australian Rangelands 

Range Condition 
Table 1 gives the extent of degradation classes within the 
Australian arid rangelands in 1975 as indicated by the Collab
orative Study, by States and for Australia as a whole (Woods 
1983) . With 48 percent shown as not requiring treatment and 
only 13 percent classed as severely eroded, the condition of 
the Australian rangelands would seem to compare favorably with 
those in the Old World. 

Some discrepancies between States in Table 1 probably reflect 
different official attitudes, notably the unwillingness of New 
South Wales officers to admit that some rangeland within its 
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Table 1. Approximate extent ('000 sq km) and forms of land 
degradation requiring treatment in pastoral areas of 
arid and semiarid Australia (from Woods 1983). 

Australia NSW QLD SA WA NT 

Area in use 3 356 335 840 441 1114 626 

Area not requiring 
treatment 1 506 - 404 81 634 387 

Area affected by: 

Vegetation degradation · 
and little erosion 950 32 234 173 372 139 

Vegetation degradation 
and some erosion 467 150 80 120 61 56 

Vegetation degradation 
and substantial erosion 284 110 50 56 39 29 

Vegetation degradation 
and severe erosion 148 43 71 12 7.3 15 

Dry land salinity -
sometimes in combination 
with water erosion 1.1 - 1.1 - - -

Total area needing 
treatment 1 850 335 436 360 480 239 
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borders could not benefit significantly from improved manage
ment . Other differences can be eiplained by regional con
trasts in the history of pastoral land use and by differing 
proportions of vulnerable and more stable country within State 
boundaries. For instance, the high proportions of rangeland 
not requiring treatment in the Northern Territory, Queensland 
and Western Australia reflect a large extent of lightly-used 
tropical and subtropical rangeland; conversely, rangelands in 
New South Wales and south Australia, earlier-settled and with 
much vulnerable chenopod shrubland, have little or no land not 
requiring treatment and relatively large areas in the substan
tially and severely degraded categories. The figures for 
severely and substantially eroded rangeland in Queensland 
record long-continued degradation on the alluvial plains and 
mulga woodland in the southwest as well as the severity of 
erosion on some vulnerable tropical rangeland soils. 

Turning to the assessments by type of country (Figure 4), the 
drier part of the semiarid woodlands, with 45 percent of its 
area substantially degraded and no more than 20 percent in 
fair condition, shows as the most degraded of the main range
land types. However, this assessment also usefully highlights 
the equally poor condition of floodplain and frontage country, 
usually the first-occupied, heavily-stocked in dry seasons 
before back country was opened up, and always the favored 
routes for travelling stock. Furthermore, their sandy tex
ture-contrast soils are very susceptible to wind and water 
erosion. This land type is extensive in the Channel Country 
of southwest Queensland, where its poor condition contributes 
to the high state figures for substantially degraded range
land, but it forms an element in several types of rangeland. 
Chenopod shrublands, with 15-20 percent substantially degraded 
but with only 15 percent in fair condition, are the next most 
degraded of the ' main rangeland types, and probably owe this 
second ranking to the stability of the clay soils of the 
shrublands in the Riverina of New South Wales, for those on 
solodized solonetzic soils, as in the far west of that State, 
show extensive moderate degradation. Ranked with these are 
the hill lands, which are anomalous in combining substantially 
eroded lands with extensive areas having no degradation. This 
is explained by the inaccessibility of much hill country to 
grazing, while lower hillslopes are susceptible to severe 
gullying on erodible soils, as already noted in the catchments 
of the Ord, Nogoa, and Burdekin Rivers. 

The arid woodlands and the drier areas of the semiarid temper
ate woodlands on red earth soils rank close behind the cheno
pod shrublands in extent and degree of degradation, indicating 
the vulnerability of medium-textured red earths to sheet 
erosion where ground cover is lost through overgrazing. 
Widespread erosion in the higher-rainfall areas of the temper
ate woodlands and severe problems with woody shrub invasion 
indicate that this rating would hold for temperate woodlands 
overall . 

The eucalypt savannas of the tropics and subtropics were not 
included in the Collaborative Study because they are mainly 
subhumid, but accounts of this rangeland refer to herbage 
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Percentage of land In use with substantial degradation 

H - Uplands and rocky plains 
C - Chenopod shrubland 
A - Arid mulga shrubland 
T - Temperate woodland 
E - Mallee woodland 

S - Sandy hummock grassland 
M - Mitchell grass plains 
F - Floodplains and frontages 
B - Tropical Savanna woodland 

+---General path of Increasing degradation 

Figure 4. Degradation status of types of rangeland in arid 
and semiarid Australia, based on Woods (1983). 
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decline, invasion of tallgrass woodlands by speargrass under 
the influence of sheep grazing and repeated burning, and 
invasion by woody shrubs, while included hill country has 
undergone substantial degradation in limited areas . This 
suggests a middle ranking for range condition, given the light 
stocking rates as a whole and the inclusion of much inaccessi
ble and little-used country in the northwest. 

Lands without substantial degradation, but with 30 to 40 
percent of the area showing some vegetation deterioration and 
slight erosion, include the Mitchell grasslands-evidence of 
the stability of the perennial grasses and the cracking clay 
soils under continuous grazing-and the mallee woodlands. This 
assessment for the mallee country is probably biased by the 
extent of little-grazed mallee in Western Australia; the more 
utilized country farther east would probably rank lower, 
particularly areas with a chenopod shrubland or perennial 
grass understorey. The hummock grasslands of the dunefields 
and sandplains are assessed as least degraded, with vegetation 
deterioration and minor erosion recorded for about 30 percent 
of the area, presumably on the margins of this little-used 
country. 

Breakdown into rangeland types gives a less favorable picture 
than the figures for the Australian rangelands as a whole, to 
the extent that the overall figures are distorted by the 
inclusion of large areas of country which is of little pasto
ral value or virtually inaccessible to grazing and which is 
accordingly classed as in good condition. In view of the 
relatively short grazing history and the smaller pressure on 
the land in comparison with the Old World rangelands, many 
Australian rangeland types are shown to be inherently very 
vulnerable to degradation. Considering, moreover, that the 
pasture deterioration recorded over 52 percent of the range
lands may be a precursor of soil degradation, the figures 
justify concern about future trends. 

Trends in Range Condition 
The Collaborative Study made no estimates of trends in range 
condition beyond affirming the widely-held view that much of 
the recorded degradation occurred in the early years of pasto
ral settlement. Beyond this there is no general agreement 
about range trends, which are likely to differ both between 
and within rangeland types. 

For the chenopod shrublands of northwe stern New South Wales, 
comparison of pastoral reports from the 1920s, scientific 
descriptions of 50 years ago (Beadle 1940), and later obser
vations over 20 years at Fowlers Gap Research Station (Hannah 
1984) give no firm evidence for recent trend in condition, up 
or down, although there have been claims for improvement in 
parts of this rangeland type over the last 20 years, assisted 
by good rains in the early 1970s (Condon 1982). A continuing 
slow decline in range condition might have been predicted 
insofar as methods of pastoral land use have not changed 
fundamentally; on the other hand, a decrease in severity of 
rabbit plagues since the 1950s, movement towards an increase 
in lease size, greater influence over stocking levels by State 

76 



authorities supported by a program of range assessment, better 
lease terms to encourage station improvements and a growing 
recognition among pastoralists of the need of conservational 
management may have assisted in stabilizing if not in improv
ing range conditions. 

For the western section of the arid mulga woodlands, a contin
uing slow decline in range condition in the Gascoyne Basin 
since 1972 has been postulated (Morrisey 1984}, despite some 
advance of buffel grass (Cenchrus ciliaris} on sandy alluvial 
soils. Elsewhere in this western region the general picture 
is of little current change in condition, although improvement 
in an area of chenopod shrubland has been reported from the 
Murchison catchment (Davies and Walsh 1979). 

More rapid change in condition would seem to be likely in 
those rangeland types extending into higher rainfall areas, 
particularly in the tropics. Severe erosion is still active 
in the Ord Basin and in central Queensland, but there is no 
evidence of trend. 

Condition and Trends in Areas of Extensive Cropping 

The Collaborative Study applied the term "extensive cropping" 
to the semiarid winter-rainfall belt of wheat/sheep farming 
across southern Australia and to summer-rainfall cropping in 
warm-temperate and subtropical central Queensland. These two 
areas are treated separately here, although they grade into 
each other through northern New South Wales. 

The Winter-Rainfall Belt 
The extensive croplands of the winter wheat belt occupy 
417,000 sq km, of which two-thirds have been assessed by the 
Collaborative Study as requiring treatment for degradation 
(Table 2}. Differences between New South Wales, where all the 
cropland is so classified, and South Australia, where only 
one-third is assessed as requiring treatment, must partly 
reflect differences in approach by State authorities, but 
probably also have some real basis in the great extent of 
sheet erosion on long slopes with medium-textured soils in 
central New South Wales, where three-quarters of the cropland 
is stated to be affected. Gullying predominates in the West
ern Australian wheat belt, with its steeper-sided valleys and 
texture-contrast soils, commonly as a consequence of salting, 
and similar conditions occur along the northern upland border 
in western Victoria, with localized gullying and moderately 
extensive sheet erosion. The greater importance of wind 
erosion in Victoria and South Australia, where it affects more 
than two-thirds of all degraded land, is indicative of the 
susceptibility to wind action of solonized and sandy calcare
ous soils in the mallee country, particularly on fallows. 

Grazing lands within the wheat-cropping belt have undergone 
significant wind erosion throughout the mallee country and in 
the Riverina of New South Wales, moderate sheet erosion in 
central New south Wales, with gullying in the steeper and more 
humid eastern part, and salting in northern Victoria. 
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Table 2. Approximate extent and forms of land degradation 
requiring treatment in areas of extensive cropping 
in Australia (from Woods 1983). 

Form of degradation Australia NSW VIC QLD SA WA 

000 km2 000km2 000km2 OOOkm2 OOOkm2 000km2 

Area in use 443 121 56 24 92 148 

Area not requiring treatment 142 1.2 24 1.8 61 51 

Water erosion 206 91 10 22 12.4 70 

Wind erosion 52 - 21 - 18.2 13 

Combined wind and water 
erosion 42 28 - 0.4 - 14 

Dryland salinity sometimes 
in combination with water 
erosion 0.9 - 0.63 - 0.31 -

Other 0.47 - 0.40 - - om 
Total area requiring treatment 302 120 32 22 31 97 
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The summaries do not distinguish degrees of severity of ero
sion other than that suggested by its relative extent but 
additional evidence is provided by the extent of land'for 
which alternative (i.e . , non-cropping) uses are suggested, for 
example, 400 sq km in Victoria, or 2 percent of the area 
affected by wind erosion. 

In areas which have undergone severe land degradation in the 
past and where there has been some success in restoring at 
least partial stability, as in much of the winter-wheat belt, 
complacency can heighten the risk of renewed degradation. The 
large proportions of these croplands revealed as needing 
treatment by the Collaborative study should dispel any notion 
that the problem of land degradation has gone away. Wind and 
water erosion are both shown to be active, and moreover, there 
are recent developments which could lead to renewed land 
degradation in the wheat/sheep zone of New South Wales. 

The Mallee Story-Part II 
The history of the mallee lands of South Australia and Victo
ria described earlier was shared by similar but smaller areas 
of mallee in southwestern and in central New South Wales, with 
similar consequences. A further resurgence of clearing of 
mallee woodland for wheat-growing has occurred in New south 
Wales, initially in the 1960s and on a larger scale in the 
late 1970s and early 1980s (Mabbutt 1982). 

Clearing has taken place on sheep-raising properties and the 
immediate impetus has been the greater profitability of wheat 
in comparison with wool. The two phases of clearing have also 
been periods of above-average winter rains, and clearing has 
been made economically possible by the use of bulldozers with 
chains and of rotary rakes for windrowing the pushed timber. 
Air photos and LANDSAT imagery indicate that about 21,000 ha 
of mallee was converted to rotational wheat-cropping in the 15 
years to 1979 and that another 86,000 ha of mallee had been 
"pulled" in preparation for cropping or pasture. More than 
half this activity had occurred in southwestern New South 
Wales, which consists of pastoral leases on which the State 
exercises legal control over clearing and cropping, whereas 
the central area was mainly agricultural freehold land excempt 
from such controls. 

The southwestern area is more subject to drying westerly winds 
in summer, while its landforms and soils make it particularly 
vulnerable to wind erosion. Dune relief is stronger and more 
widespread there, including areas unsuited to cultivation, 
while the soils, which include extensive brown solonised 
mallee soils, are generally sandier and more calcareous . In 
contrast, the central area has a greater incidence of summer 
rain and hence of intense rainfalls, and the soils are gener
ally loamier and less calcareous, including loamy red earths 
on extensive undulating bedrock plains. This gives a greater 
risk of water erosion in the central area, particularly of 
sheet erosion on long slopes. 

In both areas the soils have sandy surface textures, low 
organic matter content, and low nutrient levels, with notable 
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deficiencies in nitrogen and phosphorus, and organic matter 
and mineral nutrients are largely concentrated in the upper 
few centimeters. This results in rapid mineralization of 
organic matter and short-lived structural stability under 
cultivation, with consequent liability to erosion and further 
reduction in nutrient status. Significant concentrations of 
sodium render medium-textured soils prone to crusting, result
ing in enhanced runoff and sheet erosion, with associated 
decrease in soil-moisture storage. 

While extensive grazing appears to pose little threat to the 
stability of these Mallee landscapes, even where carrying 
capacities are raised by fire management or pasture improve
ment, the changed land uses involve additional risks of land 
degradation. Removal of tree cover has significant conse
quences for the energy balance of exposed soil surfaces, 
including increase in temperatures, accelerated mineralization 
of soil organic matter and surface desiccation. Rotational 
pasture-cropping could also have adverse long-term impacts, 
for example, the effects of stubble burning on soil organic 
matter and the stability of the topsoil, the erosional risks 
of long fallows, which continue to be favored by growers, and 
the loss of soil nutrient status through crop export. Given 
the vulnerability of the soils to wind erosion and the vital 
importance of maintaining ground cover during summer fallows, 
current problems with the establishment of rotational pastures 
following cropping, linked with the lack of suitable legumes, 
are a cause for concern . 

This concern resulted in an embargo on clearing of mallee for 
cropping in western New South Wales in 1984. Although this 
general embargo has since been lifted, subject to licensing 
control by the Western Lands Commission, it has been retained 
in the southwestern area within the Murray Basin for addition
al reasons, namely the threat of dryland salting in conse
quence of rising saline water tables with increased recharge 
following clearing. 

Many aspects of the new wave of cropping hold a promise of 
greater stability than in the past, including the integration 
of cropping with livestock grazing on larger holdings and the 
smaller percentage areas under crops. In central New South 
Wales in particular, land clearing for cropping is a useful 
counter to woody shrub invasion in the temperate woodlands and 
is commonly represented as a means of pasture improvement. In 
the southwestern areas, moreover, regulations limit the extent 
of clearing, which can be carried out only under license, 
exclude vulnerable areas such as dune crests, seek to maintain 
shelterbelts, and place limits on the amount of cropping in 
relation to rotational pasture with the object of maintaining 
the primacy of livestock grazing. 

Because of adverse economic conditions, no mallee is presently 
being cleared in New South Wales, but it will undoubtedly 
resume with any improvement in wheat prices relative to wool. 
There are elements in this situation which call for continuing 
watchfulness, notably the general tendency to shift the main 
limit of cropping westwards into areas of lower rainfall and 
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higher drought risk, and the possibility that the present 
growing emphasis on cropping relative to livestock in the 
central area could also become characteristic of the more 
vulnerable southwestern region. The economic advantages of 
wheat-cropping which gave rise to the advance of cropping into 
higher-risk areas have been associated with problems in the 
wool and beef industries which, together with a steep increase 
in superphosphate prices in 1973-75, have reversed an upward 
trend in pasture improvement which began i n 1945, while the 
earlier expansion of sown pastures has also levelled off, with 
consequent reduction in the carrying capacity of sheepfwheat 
farms. 

This change of trends in pasture-improvement, which had come 
to be seen as the stabilizing element in the Australian 
sheepfwheat farm, could undermine the stability of farming in 
low-rainfall parts of the semiarid zone where livestock-rai s
ing should retain its primacy. For these reasons it is impor
tant that present regulatory controls on the extension of 
wheat farming in high-risk environments be maintained and 
supported by agricultural extension where they exist, and that 
the principles which they exemplify be promulgated through 
farmer education. 

The Problem of Dryland Salting: Magnitude and Future Trends 
An Australia-wide assessment of dryland salt i ng (Working Party 
on Dryland Salting 1982), issued within a few years of the 
report of the Collaborative Soil Study, gave the area rendered 
completely unproductive by seepage salting as 426,000 ha, o r 
twice the extent of irrigation salting . This makes up 0.5 
percent of the wheatjsheep zone across the south of the cont i 
nent, but 90 percent of this occurrence is in .its western half 
and two-thirds in interior Western Australia, where it has 
affected 3 percent of the cropland. The decline in capital 
value of the affected lands was put at A$135 million (1980 
values) or around A$200 million at present costs, and the 
annual costs in lost production at around A$25 million at 
today's values . The Working Party estimated that under pres
ent land use the salinized area could double over a period of 
20 years. The period over which a new hydrological balance 
might be obtained in the poorly-drained interior of Western 
Australia has been put as high as 400 years (Peck and Hurle 
1973). 

The figures for the extent of salting in the sheep/wheat z one 
given by the Collaborative study are incomplete and smaller 
than those produced by the Working Party; for instance, 63 , 000 
ha in Victoria compared with 90,000 ha by the Working Party , 
partly because the latter value includes affected pastureland 
within the zone . 

Status of Croplands Within the Summer Rainfall Semiarid and 
Subhumid Zones 
The vulnerability to water erosion of extensive cropping land 
under rotational systems in the subtropical summer-rainfall 
zone is illustrated by the Queensland figures in Table 2, 
which indicate that more than 90 percent needs treatment to 
combat sheet and gully erosion. The high soil losses on clay 
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soils in the Darling Downs cited earlier demonstrate the 
effectiveness of these processes under high-intensity rainfall 
on bare sloping ground and the urgent importance of developing 
cropping methods which maintain ground cover. It has been 
recommended that 85 sq km in the Darling Downs be taken out of 
cropping because of severe soil degradation. 

condition and Trend in Irrigated Lands of the Murray-Darling 
Basin 

Information on the extent and severity of waterlogging and 
salinization in irrigated areas tends to be of a higher order 
of accuracy than assessments of degradation in rainfed farming 
areas. Table 3, based on studies carried out for the River 
Murray Commission, shows 35 percent of the 15,000 sq km of 
irrigated lands in the Murray-Darling basin with permanently 
shallow water tables (< 2 m) in 1983, but the extent of water
logging varies markedly from season to season due to the 
occurrence of surface flooding after heavy winter rainfalls; 
in the wet year 1981, for instance, the total area of shallow 
groundwater was stated as more than 8,000 sq km. It is note
worthy, however, that the estimates in Table 3 exceed the 1971 
projections of shallow water tables for the year 2000. 

Waterlogging is unevenly distributed within the irrigated 
areas. In the lower plains, the area waterlogged in the 
Kerang has stabilized at around 70 percent of the area irri
gated, or 2500 sq km, through a combination of surface drain
age and pumping. The Wakool and Shepparton districts show 
large variations between seasons, but pumping with tubewells 
generally confines the shallow water tables to around 15 per
cent of the Wakool area (550 sq km) whereas it now affects 
most of the Shepparton district and continues to extend there 
by about 10 sq km annually, threatening adjacent non-irrigated 
land. Along the Murray itself, between 20 and 25 percent has 
shallow water tables. Waterlogging presently occurs over 350 
sq km in the Murrumbidgee section, that is in about 7 percent 
of the area, but it also continues to extend. 

About 8 percent of the irrigated area is shown as experiencing 
surface salinization in Table 3. By far the worst-hit dis
trict is the Kerang (nearly 1,000 sq km, or three-quarters of 
the area affected), while smaller but significant areas occur 
in the adjoining Wakool district (90 sq km) and particularly 
along the mid to lower Murray (215 sq km). Although most 
horticultural lands in this last area are protected from 
salinity by tile drainage, the worsening quality of irrigation 
water down-valley has necessitated higher leaching require
ments, creating seepage hazards for adjacent lower-lying land. 
In the Shepparton region surface salting now affects 30 sq km, 
but the continuing extension of high water tables indicates 
that this will increase, with additional serious impacts on 
nearby non-irrigated land. At this stage salting is not a 
serious problem in the Murrumbidgee plains. 
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Table 3. Estimated areas (sq km) of saline soils and shallow 
water tables in irrigated lands in the Murray
Darling Basin, Australia (based on Smith and Finlay 
son 1988). 

Sub-region Irrigated Saline Watertables 
area soils <2 m 

Kerang and Shepparton 4 300 920 4250 

Murray-Riverina 2 780 80 800 

Murrwnbidgee-Lachlan 5180 4 350 

Lower Murray 620 215 140 

Upper Darling & Tributaries 2 110 - -

Totals 14 990 I 219 5420 
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Salinity can be assumed to affect productivity over a far 
larger area, however, given the extent of shallow water tables 
and the generally saline character of the soils, while manage
ment problems linked with the irrigation of soils affected by 
saline soil water are even more widespread. For example, 
irrigated red-brown earths in the cultivated areas of the 
Murrumbidgee plains are subject to slaking of topsoils, caus
ing diminished infiltration, and also to perched water tables 
due to diminished permeability in subsoils in which there has 
been a build-up of salt. Some areas have reverted from crop
ping to pasture in consequence. Clay soils have also become 
impervious through surface compaction due to trampling by 
livestock in perennial pastures or as a result of the repeated 
passage of heavy machinery on cultivated lands, and swollen 
saline clay subsoils restrict deep drainage in many areas. 

Differences of approach between State authorities account for 
discrepancies between the figures given above and the summary 
results of the Collaborative Study (Woods 1983). For example, 
the whole irrigated area in Victoria (8,300 sq km) has been 
classified as subject to salinization and requiring treatment 
under the Study, while for New South Wales and South Austra
lia, only areas with shallow water tables (3,100 sq km and 240 
sq km, respectively) have been classed as subject to salinity, 
and only those with existing salinity problems (600 sq km and 
110 sq km, respectively) are noted as requiring treatment. 

The annual salt load in the lower Murray River has increased 
markedly as a result of irrigation. The discharge of saline 
drainage water from the Kerang district into the Murray River 
as a ~esult of the extension of surface drainage represents an 
annual salt loading of 200,000 tons, or about 17 percent of 
the total; another 500,000 tons comes tprough seepage from 
groundwater into the channel in the incised lower sector of 
the river, and there is an additional 500,000 tons from tribu
tary discharges. The impact on irrigation and domestic water 
supplies to South Australia has already been noted, but the 
effect on the ecology of the lower plains of the Murray-Dar
ling Basin is also causing concern; for example, the conse
quences of increasing salinities on swamp forests and wild
life. 

Prospects for Remedial Action 

The ultimate objective of national action-a secure land 
resource-will be reached only when the principles of good 
land use have been accepted and put into use by agricul
ture as a whole. But agriculture as a whole is based on 
the activities of individuals (who) enjoy the rights of 
private ownership. National conservation action must 
spring from people on the land and to a large extent be 
advanced by them as individuals, with the help of govern
ment. 

This quotation from Hugh Hammond Bennett's Soil Conservation 
(1939) is as applicable to Australia as to the United States. 
And so is his preceding statement: "Men who farm the land 
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must make a living." Together they set conditions for action 
to combat land degradation in Australia. 

Rehabilitation of Rangelands 

The Collaborative Study concluded that about 1.85 million sq 
km of Australian rangeland has undergone significant vegeta
tion deterioration, and that a quarter of this has also expe
rienced substantial or serious soil erosion. It also took the 
view that natural revegetation of denuded rangeland is unlike
ly in parts of the winter-rainfall zone receiving less than 
350 mm annual rainfall and in the summer rainfall zone with 
less than 600 mm; in other words, that some form of remedial 
action is necessary throughout the arid and semiarid zones to 
secure the regeneration of degraded lands. 

Of the total rangeland area, 40 percent or some 750,000 sq km 
requires improved management practices; in an additional 35 
percent, improved management should be supported by land 
management works, mainly new or additional fences but also 
including improvements such as water points. In addition, for 
the badly eroded lands, erosion control works are recommended, 
including pitting or furrowing of denuded areas together with 
seeding and the addition of fertilizers. About 1800 sq km of 
rangeland is so badly degraded that it should be removed from 
pastoral use. The estimated costs of the required works is 
A$65 million at 1975 prices, or about A$150 million at present 
values, two-thirds of it for erosion control works. 

The effectiveness of pitting or furrowing in the revegetation 
of "scalds"-denuded areas where hard-setting subsoils are 
exposed-has been demonstrated in parts of west-central New 
South Wales with predominantly winter rainfall of about 300 mm 
(Plate 9), together with water-spreading and water-pending on 
suitable terrain and soils (Cunningham, Walker and Green 
1976), and have also been used to combat dust problems from 
scalded plains near Alice Springs airport (Sallaway 1978), but 
under present economic conditions they are unlikely to be 
widely used. 

The 1974 review of farm incomes that supported the Collabora
tive Study found-at a time of reasonably good economic condi
tions-that on two-thirds of all pastoral properties net income 
was so low that it was unlikely that additional funds could be 
found for erosion control works. In the existing recession 
this is likely to apply through most of the rangelands. Land 
management works with an eventual promise of increased income, 
which might in other circumstances have been considered, are 
also unlikely to be undertaken with the present low returns 
from livestock. For these reasons the main options for range 
improvement will in the near future be restricted to improved 
management of livestock and the natural pastures and to con
trol of rabbit and kangaroo numbers where relevant. 

This view is supported by a 1984 estimate of gross returns in 
the arid mulga woodlands of Western Australia (Morrisey 1984), 
which gave 60¢ per ha for sheep and less for cattle. It was 
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Plate 9. Reclamation of a formerly bare scald by checker
board furrowing, with re-establishment of saltbush; 
west-central New South Wales . 
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concluded that with such low incomes improved production by 
cultivation and reseeding, water harvesting, or the applica
tion of fertilizers was impracticable except with government 
subsidy, leaving the manipulation of grazing intensity as the 
only means of improving range condition. Under the present 
management system this involves destocking at critical times, 
and the view of most range scientists is that livestock num
bers are too high over much of the rangelands. However, 
experience shows firstly that managers are unlikely to remove 
stock at a time of declining profits, whether the cause be 
range deterioration or falling commodity prices, and secondly 
that natural rates of recovery from destocking are likely to 
be delayed until a run of exceptionally good years occurs-a 
period of 15-20 years is proposed for the exclusion of stock 
on degraded frontage country along the Fitzroy River in West
ern Australia, for instance-and that even then success may 
depend on a viable seed supply, the resilience of the native 
pasture, and the control of kangaroos and rabbits. 

Fire management is a feasible supportive management tool in 
the mallee, the Temperate Semiarid Woodlands and the Tropical 
and Subtropical Woodlands as a means of reducing wildfire 
hazard and of increasing forage production through control of 
shrub and tree populations. For the first two of these range
lands it has been demonstrated that cooperative burning by 
neighboring managers can be carried out at low cost and show 
positive returns (Hodgkinson et al . 1984), although burning 
regimes must be based on a knowledge of the response of the 
vegetation to fire at different times. For the arid woodlands 
and the Mitchell grass plains it is rather a question of 
excluding episodic wildfires to prevent loss of forage, by 
establishing firebreaks. 

In the northern savannas, annual burning has long been widely 
used as a management tool in the northern and eastern tall
grass woodlands, for reasons already mentioned. There is no 
evidence that the stability of these rangelands has been 
adversely affected, despite the change from kangaroo grass to 
black speargrass in the eastern area, and the early-season 
burning in the north and end-season burning in the south seem 
well-suited to regional needs. Unfortunately, the fires are 
not controlled and much forage is needlessly destroyed, caus
ing feed deficiencies, and there is scope here for improvement 
of management. Another possible means of range improvement in 
this area is through thinning of tree cover, which in the 
drier part of the eastern tallgrass country has resulted in a 
twofold increase in herbage production, an equivalent increase 
in carrying capacity, and improved growth rates in cattle. 

The northern areas are the only rangelands where replacement 
pastures of introduced grasses and legumes are feasible on a 
large scale (Matt and Tothill 1984). High productivity and 
stability have been achieved with sown pastures of sabi grass 
(Urochhloa mosambicensis) and verano (Stylosanthes hamata) in 
the northeast and northwest, and buffel grass (Cenchrus cilia
ris) and Rhodes grass (Chloris gayana) are widely adapted 
further south, in conjunction with the legume siratro (Macrop
tilium atropurpureum). Introductions have not so far proved 
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economically attractive, however, and sown pastures are re
stricted to less than 5 percent of the area . For the very 
large pastoral stations-up to 3,000 sq km and more-associated 
with the poor quality native tropical pastures in the north 
and west of this area, pasture improvement presents major 
logistic and financial problems. 

A number of introduced grasses have shown promise in the arid 
zone, more particularly in the northern area of predominant 
summer rainfall, but their use will almost certainly remain 
confined to favorable locations where water-spreading or 
small-scale irrigation is possible, and the low-nutrient 
status of the soils requires the addition of phosphatic fer
tilizers in establishment. 

Rabbit control by the ripping of warrens has been shown to be 
cost-effective in the chenopod shrublands, where it has re
sulted in recovery of saltbush pastures and significant gains 
in carrying capacity, while culling of kangaroo numbers and 
aerial baiting for control of dingoes promises to be worthwile 
in the temperate semiarid woodlands. 

Dryland marginal farming may be a means of overcoming economic 
obstacles to the reclamation of degraded rangelands in the 
semiarid zone of southern Australia, where returns from two or 
three years of cropping can meet the cost of tree clearing and 
land preparation for the establishment of exotic pastures 

based on annual legumes or perennial clovers. Increases in 
carrying capacity of between 2 and 5 times have been demon
strated for mallee country, the Temperate Woodlands and for 
Mitchell grasslands. Clearing for cropping has proved an 
effective coun~er to woody shrub invasion in central New South 
Wales (Plate iO}, where it has in fact been the rationale for 
some of the expansion of wheat farming, although it entails 
the usual risks of land degradation associated with marginal 
cropping. 

None of these various approaches to the reclamation and im
provement of rangelands should be seen as an alternative to 
judicious management of the native pastures based on land 
capability assessment, with the aim of preventing further land 
degradation. 

Rehabilitation of Extensive Cropping Lands 

Of the 440,000 sq km under extensive cropping, more than 90 
percent is in the southern winter-rainfall zone. The Collabo
rative Study estimates that about two-thirds of this land is 
in need of treatment, half of it through improved land manage
ment only, and the remainder additionally through land manage
ment works and erosion control works, while 630 sq km should 
be taken out of cropping (Table 2). 

Improvements in land management involve practices aimed at 
retaining soil cover to minimize erosion risk, and at the 
maintenance of soil structure, stability, aeration, and fer
tility. They include the correct choice of land and crop 
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Plate 10. Clearing invasive woody shrubs by bulldozing, in 
former mallee woodland on sandy red earths; west
central New South Wales . 
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varieties, the adaptation of management to suit soil and 
climatic conditions and to minimize erosion, the use of cover 
crops and shorter fallows, adequate fertilization and the 
incorporation of crop residues, improved tillage practices 
such as minimum tillage, improved rotations, contour cultiva
tion , and strip cropping. Among land management works are the 
provision of graded contour banks and graded waterways, fences 
and shelter belts, and drainage to control salting; erosional 
control works include gully-stabilization and sand stabiliza
tion works. The main degradational processes to be combatted 
are water erosion, particularly in New South Wales and Western 
Australia, wind erosion in Victoria and South Australia, and 
dryland salting, chiefly in Western Australia. The estimated 
cost of all works was almost A$200 million in 1975 values, or 
around A$500 million at present costs, more than 80 percent of 
which was for land management works . 

The importance placed on improved management practices alone 
as distinct from management plus works, as expressed through 
the areas of land concerned, varies between states in an 
interesting way: in Victoria and South Australia the greater 
emphasis is on management, suggesting an appropriate response 
to the problem of wind erosion on light soils; in New South 
Wales, the two are given equal importance, no doubt reflecting 
a view already noted, that virtually all the extensive crop
land needs improved management; in Western Australia the 
emphasis is on works plus management, since extensive land 
management works are called for to combat salting . In the two 
States most prone to water erosion the emphasis is on land 
management works, suggesting that sheet erosion is a more 
serious problem than gullying, but in Victoria and South 
Australia works to control wind erosion are needed rather than 
land management works. Most of the area recommended to be 
taken out of cropping is in Victoria, where it consists of 
vulnerable sand dunes. 

The Queensland estimates are taken as representative of summer 
rainfall areas and subtropical conditions . The transition 
through northern New South Wales blurs this separation some
what, but the areas involved are in any case small, with only 
24,000 sq km of extensi ve cropping in Queensland. As with New 
South Wales, almost all this area is considered as requiring 
treatment, but with emphasis on land management works in 
support of management, probably indicative of the severe 
threat of soil erosion in the summer rainfall areas . Consis
tent with this, it is recommended that 85 sq km of severely 
eroded land in the Darling Downs area be removed from cultiva
tion. 

The average cost of proposed works in areas of extensive 
cropping was put at A$1,500 per sq km in 1975 values, or 
A$3,500 at present costs. The concurrent survey of farm in
comes indicated that slightly more than half the properties 
could in 1975 have been in a position to fund some conserva
tion measures, and it was noted that prospects of positive 
returns from such investments were more favorable than on 
grazing properties, whether arid or non-arid . Economic condi
tions are now less favorable than in 1975 and interest rates 
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on agricultural loans are much higher . This might suggest 
that, as with the arid pastoral zone, action to combat land 
degradation in areas of extensive cropping will in the near 
future be largely restricted to improvements in management, 
but there are aspects of the problem that suggest a greater 
degree of State government involvement. 

Firstly, there is greater sense of the urgency of the problem 
in the cropping areas, given the high erosion rates on culti
vated land, the greater losses in land values through degrada
tion of croplands, and the higher costs of diminished produc
tivity. Secondly, the off-site costs of soil erosion are 
greater in these more closely settled areas; for example, 
through siltation of water storages, adverse impacts on stream 
discharges and water supplies, and erosional damage to roads. 
In some areas also, government is already authorized to inter
vene, as in licensing requirements for land clearing and 
cropping in western New South Wales. In many of these areas, 
State soil conservation authorities have long been engaged in 
cooperative actions with land holders. 

These considerations are well exemplified in the case of 
seepage salting in croplands, where the evidence of degrada
tion is clear, where its relationships with land use practices 
are recognized, where its dynamics are appreciated and its 
existing and potential costs are calculable, and where its 
off-site consequences are being experienced by many people 
over large areas through increasing salinities in surface
water and groundwater supplies. For example, it has been 
predicted by the Working Party on Dryland Salting (1982) that 
by the year 2000, unless immediate steps are taken, the area 
presently affected will have doubled, about 2 percent of all 
agricultural land in Western Australia, South Australia and 
Victoria will have been ruined, at a capital cost of A$300 
million (present values}, that annual losses in production 
will amount to A$30 million and that costs of land rehabili
tation will have risen to around A$100 million. Considerable 
remedial actions have already been taken in Western Australia, 
including restrictions on clearing and replanting schemes 
aimed at establishing woodland over 40 percent of affected 
catchments, operating on a stream-catchment basis and with co
operation between land users and the State through Land Care 
Associations . 

Rehabilitation of waterlogged and Salted Irrigated Lands in 
the Murray-Darling Basin 

Among the treatment measures envisaged by the Collaborative 
Soil Study, considerable emphasis is placed on improvements in 
land management, including avoiding soils unsuitable for 
irrigation, selecting crops, equipment and management practic
es suited to soil type, correct water application, better farm 
layouts, and the use of soil ameliorants such as gypsum. To 
these are added the provision of surface and subsurface drain
age, including pumping from tubewells where appropriate (Woods 
1983). This stress on the land manager is noteworthy in view 
of the prominence normally given to large-scale engineering 
solutions of irrigation problems. 
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The cost of works to combat waterlogging and salinization in 
this area was estimated at A$68 million (1975 values), equiv
alent to A$180 million at present costs, with two-thirds 
relating to Victoria. It would appear that the difference of 
definition referred to in the preceding section account for 
the far higher estimated costs per unit area treated for New 
South Wales (A$10 million) and South Australia (A$18 million) 
compared with Victoria. Although high, the costs involved 
nevertheless seem justified in view of the large annual losses 
attributable to waterlogging and irrigation salting, estimated 
at between A$60 million and A$100 million. It is predicted, 
for example, that salt interception schemes for the Murray 
River below Mildura with a capital cost of A$41 million and an 
annual operating cost of around A$1.4 million would bring 
annual benefits in excess of A$12 million through reduction in 
salinity at the take-off point for South Australian town 
supplies. 

Salinity in the lower Murray River remains a long-term prob
lem. Small-scale schemes to divert saline water into evapora
tive basins away from the main channel are already in opera
tion and a number of more costly major diversion schemes are 
in progress or under consideration, but unless periodic flush
ing were possible the problem of their eventual renewal would 
remain, together with the risk of return saline groundwater 
flow to the Murray. An extreme solution could be the con
struction of a fresh water canal for irrigation supplies, 
leaving the Murray as a salt drain, but this would meet con
siderable opposition on ecological, recreational, and aesthet
ic grounds. 

The permanency of such solutions is in any case questionable. 
Tackling the problem of shallow water tables by the installa
tion of expensive pumping equipment and diverting saline water 
in costly schemes must be seen as palliative measures unless 
they are accompanied by the changes in irrigation farming 
suggested by the Collaborative Study. Present arrangements 
whereby the State meets much of the operational costs of 
irrigation-in effect a subsidy which in New South Wales alone 
is put at A$17 million annually-have encouraged an inflexi
bility in the farming systems such that there is neither 
incentive nor scope for improvement. The delicately balanced 
salinity and water budgets in the area demonstrate that irri
gation water inputs are the critical factor, and there is a 
need to reflect this by putting a cost on inefficient water 
use through realistic water-pricing systems, which should in 
turn encourage the recommended farming improvements. 

This also raises the broader question of the effects on the 
water and salt balances of land use in the Murray-Darling 
Basin as a whole, including irrigation in the head-tributaries 
of the Darling and Murrumbidgee Rivers, and the need for 
integrated planning at that scale. "With the happy coinci
dence of four Labor governments," a Murray-Darling Basin 
Agreement was signed in 1987, establishing the Murray-Darling 
Basin Commission to plan for the catchment as a while, hope
fully supported by improved inter-State collaboration. In the 
last couple of decades there has been growing recognition of 
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the delicate balance between surface water and groundwater in 
these areas, of the importance of interchanges between them 
for the water table and salinity problems, and of the conse
quent need for careful evaluation based on hydrogeology, 
geomorphology, and soils. In view of this it is disturbing 
that current planning for new irrigation developments else
where in the Murray-Darling Basin and in northern Australia is 
currently proceeding without evaluations of this kind. 

Among the problems facing the new Commission are those linked 
with the complex regulation of flows for irrigation and other 
purposes, including the growing recreational use of the river, 
the impacts of numerous uncoordinated development&-industrial, 
urban, and agricultural-along channel frontages and the conse
quences of the clearing of riverine red-gum forests for timber 
and fuel, which collectively have resulted in bank erosion, 
siltation, and channel shifts. However, limited evidence of 
its operation so far suggests that the States are still not 
prepared to cede their sovereign interests in the area to an 
interstate body. 

Illustrating the urgent need for overall catchment control, 
and since the first draft of this paper was prepared, the 
Darling River system was invaded in late 1991 by toxic blue
green algae linked with high nitrate and phosphate concentra
tions in river waters during a period of low discharges due to 
drought, aggravated by excessive and in part unauthorized 
withdrawals for irrigation of cotton crops. Significant stock 
losses and widespread death of fish and wildfowl resulted, and 
emergency water supplies had to be provided by Australian Army 
engineers to riverside towns. The sources of the water pollu
tion responsible have been identified as urban sewage dis
charges, effluent from feedlots and abattoirs, and drainage 
waters from irrigated lands subject to high fertilizer inputs, 
involving Queensland and New South Wales. Heavy late-summer 
rains have scoured the river systems affected and the problem 
has temporarily disappeared, but it remains to be seen what 
can be done on an inter-State basis to avoid an otherwise 
inevitable recurrence. 

Present Prospects for conserving Land 
Resources in Dry Australia 

A common feature in the record presented here is the early 
onset of significant land degradation, under pastoralism, 
extensive dry farming, and irrigation, alike. The question 
arises, "Have those involved in land use in these areas benef
ited from past experience, and are there prospects for more 
sustainable land uses in the future?" 

Some ingredients of more stable land uses in the drylands are 
already present . In the pastoral industry, more realistic 
leasehold conditions have been established on the basis of 
governmental assessment of carrying capacity and in recogni
tion of the need to encourage better management and investment 
in improvements by lessees. A younger generation of pastoral
ists is better-qualified technically than in the past; many, 
for instance, are members of the Australian Rangeland Society 
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and contribute to its newsletter, and there is a widespread 
awareness and sensitivity among them about range condi
tion-only too evident on modern satellite imagery-as a verdict 
on management. 

The wheatjsheep farms of the temperate semiarid zone, fol l ow
ing readjustments in farm size and improved captialization, 
have emerged as among the more stable and successful in Aus
tralia, on a mixed-farming basis supported by pasture-improve
ment in long rotations. In Western Australia and Victoria, 
the problem of dryland salting in parts of these areas is 
being addressed cooperatively by farmers and State conserva
tion officers through restrictions on clearing and require
ments for replanting on a catchment basis. 

The support provided to graziers and wheatjsheep farmers by 
State conservation services has also improved. An earlier 
emphasis on engineering solutions has given place to a holis
tic environmental approach aimed at the maintenance of soil 
condition and fertility-more appropriate where today's prob
lems tend to be physico-chemical rather than purely physical . 
Advice comes in the framework of management systems rather 
than as isolated interventions, and with a fuller acknowledg 
ment of economic and social realities, and greater stress is 
placed on education and c ooperation than in the past. 

Moreover, the last decade or so has brought increased govern
mental and public ·acknowledgment of the threat posed by lan d 
degradation, informed by the findings of the Commonwealth and 
State Government Collaborative Soil Conservation Study and 
with a general recognition that Australia's land resources are 
not unlimited and that in part they must even be seen as non
renewable. The 1988 Bicentenary served to focus attention on 
an unsatisfactory record of land use and the need for a stew
ardship of resources on behalf of future generations of Aus
tralians. Since the mid-1970s there has also been an unprece
dented involvement in environmental matters by a Commonwealth 
Labor Government; despite constitutional limitations on its 
powers in relation to land resources, its interventions were 
assisted by a predominance of State Labor governments over the 
period . 

By and large, that period of widening environmental concern 
was one of economic prosperity; now Australia is in deep 
economic recession, with its farmers among the worst-hit, a nd 
there are signs too of a political swing to the right. The 
auguries are not all unfavorable-for example, the collapse o f 
wool-price stabilization has brought a subsidized reduction in 
wool-sheep numbers which should benefit the rangelands in t he 
long term-but there must be concern about conservation pro
grams and even about management standards in the face of 
financial crisis, particularly since there has so far been no 
sign of large-scale government spending on land improvement s 
as a form of unemployment relief. 

There is already evidence of a lowered priority for soil 
conservation in the eyes of certain State governments facing 
budgetary problems, and of a corresponding loss of morale 
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among professional staff in their conservation services. 
Irrespective of party, any political changes in Australia that 
increase the influence of State governments relative to the 
Commonwealth will tend to favor local lobbying at the expense 
of broader-scale and longer-term considerations in relation to 
land resources. This could, for example, hamper the rational
ization and improvements essential for the survival of irriga
tion farming in Australia, as well as interstate operations at 
the scale of river-basin management needed to underpin them. 
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Land Degradation and Restoration: The Story in 
the People's Republic of China 

Zhao Songqiao (Sung-chiao Chao) 

Introduction 

Land degradation is generally caused by an interplay between 
the physical environment and human actions. It occurs most 
frequently in ecologically fragile environments such as arid 
and semiarid areas, loessic plateaus and hills, and steep 
mountains and coastal zones, where environmental changes are 
readily triggered and accelerated. However, the human impacts 
usually serve as the dominant factor in land degradation as 
well as restoration. For example, in an arid environment, if 
land, water, and other resources are misused or over-used, the 
destructive desertification process will be triggered and 
greatly accelerated; on the other hand, if these resources are 
carefully and rationally used, the restoration (de-desertific
ation) process will eventually get an upper hand. 

China is a very large country with varied environments. Some 
of these environments are quite fragile and susceptible to 
land degradation, such as the extensive montane areas which 
account for about two-thirds of China's total land area (about 
6.5 million sq km) as well as the arid and semiarid lands 
which occupy 52.5 percent of the total land area (about 5.0 sq 
km). Some areas are particularly notorious for land degrada
tion hazards, such as the Loess Plateau for water erosion, the 
Ordas Plateau for wind erosion, the Elbow Plains for saliniza
tion, and the upper reaches of the Chang Jiang (Yangtze River) 
for montane hazards. Furthermore, China also has a very long 
agricultural history (nearly 80 centuries) and a very huge 
population (more than 1.1 billion). Humans have made imprints 
nearly everywhere; practically no virgin land and primary 
vegetation still exist. Consequently, land degradation and 
restoration processes have been proceeding on a very large 
scale, to the point of having global significance. 

This paper deals principally with major land degradation 
problems and the strategies for restoration of degraded lands 
in China's arid and semiarid areas. However, conspicuous land 
degradation hazards in other parts of China will also be 
discussed briefly. 

Physical Background 

With a land area of about 9.6 million sq km, China is part of 
the largest continent (Eurasia) and borders the largest ocean 
(Pacific) in the world. The highest plateau (Tibetan) is 
located within its southwestern territory, as is the below
sea-level Turpan Depression. Consequently, China has a rich 
and varied physical geographical environment (Zhao 1985a, 
1985b, 1986). 

1. Climate. China is chiefly characterized by four cli
matical features. First, China has about 98 percent 
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of its land area located between 20°-50° N, hence the 
temperate zone and the subtropic zone are most exten
sive, accounting for 45.6 percent and 26.1 percent of 
its total land area, respectively. This is a great 
asset for agricultural development . Second, the 
monsoon climate is dominant in its eastern half, with 
significant changes of wind direction between winter 
and summer as well as seasonal variation of precipi
tation according to maritime monsoon advances or 
retreats. Third, climatic continentality is conspic
uous, especially in northwest China, with a wide 
spread in arid (annual precipitation generally below 
200-300 mm) and semiarid (below 500-500 mm) climates 
where desertification is a big environmental problem. 
Fourth, many climatic types exist in China, each with 
its specific environmental problems. 

2. Landforms. China is a mountainous country, with 
mountains, hills, and high plateaus occupying more 
than 65 percent of its total land area, attaining the 
level of 96 percent in Yunnan Province . From the 
lofty Tibetan Plateau eastward, the topography of 
China is arranged into three great topographic steps: 
(1) the Tibetan Plateau, which averages 4,000 m above 
sea level; (2) from the eastern rim of the Tibetan 
Plateau eastward to the Great Hinggan Mountains
Taihang Mountains-Wushan Mountains line, composed 
mainly of plateaus and basins with elevations mostly 
from 2,000-1,000 m; (3) from the above mentioned line 
eastward to the coast are distributed the largest 
plains of China, which are interspersed with numerous 
low mountains and hills generally below 1,000 m in 
elevation. All montane areas, especially in the 
first and second topographic steps, have suffered 
badly from soil erosion and montane hazards. 

3. Vegetation. China has rich and varied vegetation 
types . From southeast to northwest, as the distance 
from the sea increases and the precipitation de
creases, natural vegetation changes from forests to 
steppes to deserts. In humid and subhumid eastern 
China, where forests generally dominate, forest types 
change from south to north as latitude increases 
while temperature decreases: from rain forest and 
monsoon forest to evergreen broad-leaved forest to 
deciduous broad-leaved forest and to needle-leaved 
forest. Vertical zonation of vegetation is also 
conspicuous in the widely distributed montane areas, 
particularly on the lofty Tibetan Plateau and its 
surrounding high mountains. 

4. Physical regionalization. First of all, three natu
ral realms can be identified in China, each with 
specific physical features and different environmen
tal problems. They can be again subdivided into 
seven natural divisions and 33 natural regions as 
shown in Table 1. 
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Table 1. Comprehensive physical regionalization of China. 

Natural realm 

Eastern monsoon China 

Northwest Arid China 

Natural division 

I. Temperate humid and 
subhumid division 
(Northeast China) 

Natural region 

1. Great Hinggan Mts.-needle-leaved forest region 
2. Northeast China mountains-mixed needle and broad-leaved 

forest region 
3. Northeast China Plain-forest steppe region 

II. Warm-temperate humid 4. 
and subhumid division 

Liaodong-Shandong Peninsulas-deciduous broad-leaved forest 
region 

(North China) 5. North china Plain-deciduous broad-leaved forest region 
Shaanxi-Hebei mountains-deciduous broad-leaved forest and 
forest-steppe region 

III. Subtropic humid 
division (Central 
and South China) 

IV. Tropical humid 
divis i on (South 
China) 

v. Temperate grassland 
division (Inner 
Mongolia) 

VI. Temperate and warm-
temperate desert 
division 

6. 

7. Loess Plateau-forest-steppe and steppe region 

8. Middle and lower Changjiang plain-mixed forest region 
9. Qinling-Dabie mountains-mixed forest region 

10. Southeast Coast-evergreen broad-leaved forest region 
11. South Changjiang hills and basins-evergreen broad-leaved 

forest region 
12. Sichuan Basin-evergreen broad-leaved forest region 
13. Guizhou Plateau-evergreen broad-leaved forest region 
14. Yunnan Plateau-evergreen broad-leaved forest region 
15. Lingnan hills-evergreen broad-based forest region 
16. Taiwan Is . -evergreen broad-based forest and monsoon forest 

regi on 

17. 
18. 
19. 

20. 
21. 
22. 

23. 
24. 
25 . 
26 . 

Leizhou-Hainan-tropical monsoon forest region 
Southern Yunnan-tropical monsoon forest region 
South China Sea islands-tropical rain forest region 

West Liaohe Basin-steppe region 
Inner Mongolia Plateau-steppe and desert-steppe region 
Ordos Plateau-steppe and desert-steppe region 

Alashan Plateau-temperate desert region 
Junggar Basin-t~mperate desert region 
Altay Mts.-montane grassland and needle-leaved forest region 
Tianshan Mts.-montane grassland and needle-leaved forest 
region 
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Table 1. Continued. 

Natural realm 

Tibetan Frigid Plateau 

Natural division 

VII . Tibetan Plateau 
division 

Natural region 

27. Tarim Basin-warm-temperate desert region 
28. Southern Himalaya slope-tropic and subtropic montane forest 

region 
29. Southeastern Tibetan Plateau-montane needl e-leaved forest 

and alpine meadow region 
30. Southern Tibetan Plateau- shrubby grassland region 
31. Central Tibetan Plateau-montane and alpine grassland region 
32. Qaidam Bas i n and Northern Kunlun Mts. slopes-desert region 
33 . Ngari-Kunlun Mts.-desert-steppe and alpine desert region 



a) Eastern Monsoon China. This region occupies 
about 45 percent of China's total land area and 
has a population accounting for 95 percent of t he 
country's total population. The humid and sub
humid monsoon climate dominates, with forests as 
the chief natural vegetation. Topographically, 
it is mainly located at the second and third 
great topographic steps . The major parameter for 
areal differentiation is temperature, decreasing 
from south to north with four natural divisions . 
The major land degradation hazards include soil 
erosion, deforestation, coastal salinization and 
montane hazards. 

b) Northwest Arid China. This region occupies about 
30 percent of China's total land area but only 4 
percent of the country's total population . The 
arid and semiarid continental climate dominates, 
with steppe, desert-steppe, and desert as the 
chief natural vegetation types . It i s mainly 
located at the second great topographic step. 
The major parameter for areal differentiation is 
moisture, decreasing from east to west with two 
natural divisions . The major land degradation 
problems are desertification (including drought, 
shifting sand, inland salinization and grassland 
degradation). 

c) Tibetan Frigid Plateau. This plateau occupies 
about 25 percent of China's total land area but 
supports less than 1 percent of the country's 
population. It is located at the first great 
topographic step, with a mean elevation above 
4,000 m. Consequently, it has a frigid climate 
although arid and semiarid climates prevail in 
its middle and northwestern parts . The major 
land degradation problems include montane hazards 
and water erosion in its southeastern part and 
wind erosion in its northwester n part . 

Human Impact 

Dozens of recently excavated Neolithic sites such as those at 
Dadiwan of eastern Gansu Province (western Loess Plateau) , 
Peiligan of northwestern Henan Provice (southeastern margin of 
the Loess Plateau), and Cishan of southwestern Hebei Province 
(on the eastern margin of the Loess Plateau), all show that 
dry-farming with millet as the chief crop developed 7,000-
8,000 years ago (Southern China Montane Areas Integrated 
Scientific Investigation Team, Chinese Academy of Sciences 
1990). Subsequently, the Hemudu culture of northern Zhejiang 
Province (along either side of the Hangzhou Estuary) started 
rice cultivation about 7,000 B.P. Since then, China has been 
continuously an agricultural country with traditional peasant
gardener practices as the dominant farming system. During the 
last 80 centuries, Chinese peasants have gradually transformed 
wild environments into cultural landscape. Coupled with 
increased population, the area of farmland has expanded in a 

103 



spiral curve. The general trend has been upward; yet, when 
the country was divided and stricken by civil wars or foreign 
invasions, both population and farmland decreased, sometimes 
sharply for a period of time. China's first nationwide census 
in 2 A.D. recorded a total area of about 38 million ha and a 
total population of about 59.6 million. Presently, China has 
about 100 million ha of farmland and more than 1.1 billion 
inhabitants, of which about 80 percent are still engaged in 
agriculture . A selected list of population and area data a r e 
shown in Table 2. 

In geographical distribution (Figure 1), primitive shifting 
cultivation was at first mainly scattered in small patches in 
Eastern Monsoon China, especially in the middle and lower 
reaches of the Yellow River and the Chang Jiang. On the eve 
of the Qin Dynasty (221-206 B.C.), when China was unified for 
the first time, the agricultural landscape expanded to most 
parts of Eastern Monsoon China, with the Great Wall serving as 
the farming-pastoral boundary . During Western and Eastern Han 
Dynasties (205 B.C.-220 A.D.) when China was united and power
ful and the traditional peasant-gardener farming system became 
sophisticated, agriculture was pushed forward to the south
western part of Northwest Arid China (e . g., the Elbow Plains, 
the Hexi Corridor, the rim of the Tarim Basin, etc.) and to 
the northeastern margin of the Tibetan Frigid Plateau . Then 
came a long period of relative stability up to mid-19th centu
ry, when a program of active "pioneer settlement" spread to 
northeast China and northwest China, pushing the modern 
farming-pastoral boundary northwestward a few dozen or even a 
few hundred kilometers . 

Table 2. A selected list of population and area data in 
Chinese history (1 ha equals 15 mu)* . 

Year (A. D.) 

2 (Western Han Dynasty) 
105 (Eastern Han Dynasty) 
755 (Tang Dynasty) 

1083 (Northern Song Dynasty) 
1293 (Yuan Dynasty) 
1562 (Ming Dynasty) 
1753 (Qing Dynasty) 
1812 (Qing Dynasty) 
1949 
1957 
1971 
1980 

Farmland 
(million mu) 

570 
510 

1120 
410 
770 
334 
652 
729 

1472 
1676 
1514 
1540 

Population ' 
(million person) 

59 . 6 
53 . 3 
52.9 
25.0 
60.6 
59.9 

102.8 
361.7 
541.4 
646.5 
852.2 

1031.9 

*Compiled from different historical documents, not necessarily 
authentic. 

Areal differentiation of agricultural development is consp i cu
ous. Based upon agricultural historical development and 
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physical geographical regionalization, seven agricultural 
regions might be identified. Five are l ocated in the physi
cally best conditioned and the economical l y developed Eastern 
Monsoon China, while the other two are in natural realms: 
Northwest Arid China and the Tibetan Frigid Plateau; each 
contains one agricultural region only. Development and dis
tribution of farmland in seven agricultural regions d uring the 
last 300 years are estimated in Table 3. 

Table 3 . Development and distribution of farmland in seven 
agricultural regions during recent 300 years (in 
million mu) (1 ha equals 15 mu)*. 

Agricultural Region Year !A.D. I 
1685 1766 1812 1887 1949 1957 1971 1980 

North China 277 . 7 331.4 330 . 8 371.6 489.7 540.1 464.9 447.4 
Northeast China 0 .3 2.8 22 . 8 30.1 224.3 255.8 275.8 276.5 
Northwest Arid China 10.3 35.1 24.8 26.1 114 . 6 187.4 161 . 3 162.0 
Central China 261.1 294.5 299 . 4 304.5 388.1 376 . 8 322 . 7 364.4 
South China 49.2 59.0 54 . 7 57.1 103.0 118 .0 105 . 1 106.9 
Southwest China 9.2 59.9 58.6 58.8 166.0 191.4 172.0 170.2 
Tibetan Frigid Plateau 6.7 7 .6 12.6 12 .2 

Total 607.8 784.7 791.7 847.8 1472. 6 1676.1 1514.4 1539.6 

*Compiled from different sources, not necessarily authentic. 

soil Erosion versus soil conservation 

Soil e r osion is probably the most serious land degradation 
problem in China (Chinese Science and Technology Assoc i ation 
1990 ; sun et al. 19.90; Zhao 1981). According to one estimate, 
annual so.il H)ss caused by water erosion (not including eolian 
deflation) totals about 5 billion tons, of which about two
fifths empty into the sea. In the ear l y 1950s there were 
about 1.5 million sq km of Chinese territory affected by soil 
erosion, of which about 0.4 million sq km have been more or 
less r e habilitated through soil conservation measures during 
the last 40 years. 

Three regions are especially prone to erosion : the Loess 
Plateau, South China montane areas, and new lands in Heilong
jiang Province . 

1. The Loess Plateau. This extensive area is the most 
notorious example of large scale soil erosion in 
China, probably also in the world (Jing 1988; Lo et 
al . 1988). It has a total area of about 484,000 sq 
km, with an average erosion modulus of 3,100 tonsfsq 
kmfyr. About 278,000 sq km have been h eavily eroded, 
and about 110,000 sq km in northern semiarid areas 
are badly eroded . The soil erosion modulus ranges 
upward to 10,000-25,000 tonsfsq kmfyr and even as 
high as 39,000 tonsfsq kmfyr in local gullied areas . 
Consequently, many parts o n the Loess Plateau (espe
cially in northern semiarid areas) have been dissect
ed into "badland", with rugged hills a nd gullies 
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dominating. In recent years, the total amount of 
soil loss on the Loess Plateau has been around 2. 2 
billion tonsjyr, of which about 1.6 billion tons j yr 
enter into the Yellow River while the balance is 
intercepted by dams and water reservoirs. 

Soil erosion on the Loess Plateau can be subdivided 
into two types : geological (normal) and human (ac
celerated). Geological erosion was present before 
historical time and was caused by the interplay of 
many natural factors. The first erosion factor in
volves the easily-eroded ground surface materials 
which are thick-bedded loess covering most parts of 
the Loess Plateau at an elevation around 1,000 m. 
The second factor is the concentration of annual 
precipitation (decreasing from 600-700 mm in the 
subhumid southeast to 200-300 mm in the semiarid and 
arid northwest) in the summer time (about 70 per
cent), which in turn is further concentrated in tor
rential rainstorms (about 50 percent) . The third 
factor is the great drainage density, which has a 
correlation coefficient with soil erosion of 0 . 81 . 
The fourth factor is the sparse vegetation cover, 
especially the semiarid steppe vegetation area in the 
northwestern Loess Plateau, which produces about 90 
percent of the total sediment load of the Yellow 
River at the Shanmenxia gauging station. I t is esti
mated that total geological soil erosion on the Loess 
Plateau might have reached 1.1 bill i on tonsjyr in 
prehistorical time, or about one-half of the total 
present volume of eroded soil. 

Human-made accelerated soil erosion has occurred in 
historical time. The Loess Plateau is the cradle of 
China's agricultural civilization . For 8 0 centuries 
millions of peasants have lived and cultivated it . 
The easily eroded lands have been repeatedly misused 
or over-used, especially by extensive cultivation and 
overgrazing on slope-lands, which has caused destruc
tive soil erosion. According to a recent field mea
surement, a non-terraced farmland on a 25° loessic 
slope produces soil erosion amounts as large as 
20,000 tonsjsq kmjyr. Consequently, the Loess Pla
teau has long been plagued by low agr icultural pro
duction and the dire poverty of peasants, which in 
turn has intensified abusive over-cultivation and 
overgrazing resulting in destructive soil erosion . 
An old Chinese saying goes, therefore, that "the 
poorer the peasants, the more loessic slopes will be 
ruthlessly cultivated; and the more loessic slopes 
are reclaimed, even the poorer the peasants." 

Since the founding of the People's Republic of China 
in 1949, great care has been taken for soil conserva
tion on the Loess Plateau, although up to now, only 
about 100,000 sq km of heavily eroded areas have been 
more or less restored. A comprehensive soil-water
forest strategy and a series of engineering and bio-
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logical measures that have been taken are briefly 
mentioned as follows: 

a) Engineering measures: 
(1) Slope modification: mainly by building 

terraces; 
(2) Valley construction. Starting from the 

upper reaches of a river valley; a se
ries of dams and water reservoirs has 
been constructed; 

(3) Small-scale water conservancy construc
tion such as irrigation ponds, under
ground water reservoirs, flood irrigat
ing-silting devices, etc. 

b) Biological measures: 
(1) Soil-erosion protection: mainly by pl

anting trees, shrubs and grasses on bad
ly eroded areas; 

(2) Tree (shrub) shelterbelts on farmlands 
and along the river channels; 

(3) Comprehensive biological protection sys
tem: For example, the Quyu Brigade of 
Hegu County, Shaanxi Province have re
cently developed a system on a regional 
scale that involves planting major tree 
shelterbelts along the Yellow River cha
nnel; planting minor tree shelterbelts 
on the flood plains and along the high
ways; planting sand-protection forests 
on sandy hills and water-conservation 
forests on loessic hills. They have 
also planted shrub shelterbelts on the 
margins of terraced farmlands and tree 
shelterbelts on the margins of plain 
farmlands where grain crops are inter
cropped with fruits and other economic 
trees. All narrow gorges and settlement 
neighborhoods have been afforested and, 
as a whole, the area has been transfor
med from a yellowish, sparsely-vegetated 
badland into a greenish and lush mosaic. 

c) Agro-measures : 
(1) To increase surface roughness of farm

lands so as to decrease sheet erosion, 
deep plowing, ridge-planting, hole-plan
ting, etc. have been accomplished. 

(2) To increase crop canopy coverage so as 
to decrease gully erosion, intercrop
ping, mixed cropping, crop-grass rota
tion, etc. have been carried out . 

2. South China montane areas. The extensive montane 
areas south of the Qinling-Huaihe (from Xian to near 
Nanjing) line, under a humid tropic and subtropic 
climate and heavy human impact, have also been sub
ject to severe soil erosion (Southern China Montane 
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Areas Integrated Scientific Investigation Team, Chi
nese Academy of Sciences 1990; Zhang and Wang 1988). 
It is estimated that total soil loss in the upper 
reaches of the Chang Jiang (Yangtze River) during the 
last 40 years has increased from 1.3 billion to 1.57 
billion tonsjyr. At the Yichang Hydrological Sta
tion, Hubei Province, the average silt load of the 
Chang Jiang was 0.52 billion tons from 1950 to 1978 , 
but increased to 0.63 billion tons from 1980 to 1985. 
Some people even talk about Chang Jiang's being 
turned into "a second Yellow River" in the near fu
ture. 

The granite mountains are especially easy to be weat
hered and eroded. One example is the Wuhua Territo
rial Management Station, Guangdong Province; out of 
its total area of 23.47 sq km the granite montane 
area occupies 15.93 sq km of which about 66 percent 
is subject to severe soil erosion, incuding 6.15 sq 
km in sheet erosion, 2.48 sq km in gully erosion, and 
1.83 sq km in land slide . A series of soil conserva
tion measures, both engineering and biological, has 
been effectively undertaken. 

Another example is the granite Shenchong Basin of 
Deqing County, Guangdong Province, where detailed 
field studies have been recently conducted and in
strumented by the joint China-Canada Soil Erosion 
Project (1987-1990). The sediment yield is as high 
as 9,426 tonsjsq kmjyr. 

The key measure for combatting soil erosion in South 
China montane areas is to use the land according to 
its specific slope conditions. A tentative proposal 
is suggested in Table 4. 

A good example of soil conservation on a regional 
scale is the Pingnan country, Guangxi Zhang Autono
mous Region where an overall Vertical Agriculture 
Development Planning project for 15 years {1986-2000) 
has been seriously undertaken, with good results both 
in promoting agricultural production and in combat
ting soil erosion. This county has a population of 
about one million people and a total area of about 
3.0 million mu (15 mu = 1 ha), distributed on both 
sides of the middle West River (Xi Jiang) and located 
roughly along the Tropic of Cancer. From mountain 
top to valley bottom, five vertical agricultural 
zones are identified. 

a) Montane forest conservation zone: With a total 
area of about 1.5 million mu, and located mainly 
on montane slopes above 200 m in elevation, it is 
suitable for afforestation (pine, fir, etc.) with 
the purpose of soil and water conservation and 
timber production. 
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b) Hilly economic trees zone : With a total area of 
about 0 .6 million mu and located mainly on slop
ing lands between 50-200 m in elevation, this 
area is suitable for growing fruit and other 
economic trees such as lizhi, longan, mango, tea , 
orange, etc. 

c) Dry-farming economic crops zone: With a total 
area of about 0.3 million mu and located mainly 
on gentle slopes and valley floors below 200 m in 
elevation, this area is suitable chiefly for 
highly productive economic crops such as sugar 
cane, tobacco, mulberry tree, hemp, etc. Great 
care must be taken to follow soil conservation 
measures. 

d) Paddy rice zone : With a total area of about hal f 
a million mu and located mainly along the valley 
floor below 50 m in elevation, this area is the 
food base for the whole county . Very intensive 
farming systems are employed, including double
cropping of paddy rice. 

e) Fishery and aquaculture zone : There are about 
120,000 mu of water bodies in the county of which 
about one-half are occupied by rivers, chiefly 
used for irrigation and transportation; the other 
half include water reservoirs and ponds usable 
for developing fisheries and aquaculture on 
farms. 

3. New land reclamation area in Heilongjiang Province . 
This was the so-called "Great Northern Wilderness" 
and has been gradually transformed into "Great Nort
hern Granary" during the last 100 years (Zhao and Xia 
1984) . From 1897 through 197 6 , the area of farmlands 
in the Heilongjiang Province increased by more than 
1,600 times and still continues to increase at a high 
rate. The terrain is flat or undulating, consisting 
mainly of the Northeast China Plain. Most soils are 
fertile Chernozem and black earth, usually with a 
dark upper layer 50-100 em deep. It is now one of 
the largest commercial grain producing areas in Chi
na. The newly reclaimed farmlands are mostly situat
ed on loessic, gentle slopes where soil erosion has 
been rather severe. According to an estimate, about 
one-half of the total farmlands area in Heilongjiang 
Province hasbeen subjected to soil erosion, half o f 
which has been rather severe. The darkish uppe r soil 
layer originally was 60-70 em deep on gently sloping 
lands (generally 3° - 7° ) which might now be reduced t o 
only 20-30 em deep after 40-50 yea rs cultivation . 
Some farmlands have their loessic parent materials 
exposed. Hence, a recent soil conservation project 
has been " to move farmlands downward to depressed 
meadows and flood plains while at the same time mov
ing forestland and grassla nd upwards to hilly 
slopes." 

110 



Desertification versus De-Desertification 

Desertification and de-desertification are t wo major environ
mental processes in China's vast arid and semiarid lands (Zhao 
1988a) . Desertification refers to land degradation; de-deser
tification is land reclamation. They are closely interrelated 
and often co-exist. Generally desertification dominated 
before 1949 A. D., resulting in "man retreats before the ad
vancing sand;" whereas de-desertification has been dominant 
since 1949, resulting in "man advances before the retreating 
sand," although in many cases desertification hazards remain 
quite serious. 

1. Desertification. Dese rtification, in the form of 
wind erosion, is a serious land degradation problem 
that has plagued Northwest Arid China throughout 
history, especially during the last 100 years (Zhao 
1985c). It is estimated that due to shi f ting sand 
alone, about 120,000 sq km of land area was deserti
fied during early historical time and another 50,000 
sq km desertified during the last 100 years (Zhu and 
Liu 1988). The Mu-Us Sandy Land on the southeastern 
margin of the semiarid Ordos Plateau and the Lop Nur 
area in the eastern extremely arid Tarim Basin are 
two notorious examples of desertification. Other 
conspicuously desertified a reas inc lude the mixed 
pastoral-farming zone in eastern Inner Mongolia, t he 
northern Ulan Buh Desert, and the southern rim of the 
Taklimakan Desert. 

a) The Mu-Us Sandy La nd. This is the most notorious 
example of "southward march of shamo (sandy 
desert)" in China (Figure 2). Since the Tang 
Dynasty (628-907 A.D.), desertification processes 
(sometimes alternated with the de-desertification 
process) have bee n very signific ant there. 

(1) Before the Tang Dyn asty, the Mu-Us Sandy 
Land had a much better physical environment, 
possibly being a vast tract of shrub grass
land scattered with patches of " swamp jun
gle" (Rhamanus erythroxylon, Salix mongoli
ca, etc.). Human use was mainly pastoral. 
In 413 A.D., the Xia Kingdom established 
Tung-fan city (the present ruin of "White 
city" in northern Chenpian country, Shaanxi 
Province) with a population of a bout 200,000 
as the capital. According to historical 
documents, lush grasslands a nd meadows were 
e xte ns ive ly distribute d in the suburbs and 
the rivers we re c l ear at that time. 

(2) Since the 
ing human 
ing civil 
processes. 

middle Tang Dynasty ever-increas
impact s , including many devastat
wars, initiated d esertification 

Wind-shifting sand began being 
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Table 4. Proposed land use patterns under different slope conditions. 

Slope Categories 

Flat land (< 3°) 

Undulating land (3°-7°) 

Gentle slope (7°-15°) 

Sloping land (15°-23°) 

Steep slope (23°-35°) 

Very steep slope (> 35 " ) 

Degrees of Soil Erosion 

Very slight 

Slight, except on loessic 
farmlands and sandy lands 

considerable, if not terraced 

Severe when vegetation cover 
removed and farmlands 
unterraced 

Very severe when vegetation 
cover removed. Above angle of 
repose under wet condition. 

Very severe when vegetation 
removed. Many barren rock 
outcrops . Above angle of 
repose under dry condition. 

Best Land use Patterns 

Intensive farmi ng, multiple land uses 

Farming and orchards under soil 
conservation measures. 

Terraced farming and orchards. No 
farming with mechanical equipment. 

Terraced orchards and economic trees. 
Marginal terraced farmlands. No plowing. 

No farming. Natural conservation. 
Forestry and pasturing. 

No farming. No pasturing. Forestry only. 
Strictly natural conservation . 
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deposited around Tung-fan suburbs in about 
828 A.D. When the city was finally de
stroyed in 904 A.D., the area had been 
largely transformed into shifting sand. 

(3) In 1473 A.D., the Great Wall was rebuilt 
along the southern margin of the Mu-Us Sandy 
Land and served as the boundary between pas
toral and farming areas. Large patches of 
shifting sand appeared in the farming area. 
In the mid-19th century, the Qing government 
began to open up the Mongolian "wasteland," 
large tracts of sandy lands on the south
eastern Ordos Plateau. The lands were ruth
lessly cultivated, which resulted in the 
further devastation of grasslands and ex
panded the encroachment of shifting sand. 
The line dividing pastoral and farming areas 
moved further northward to the present pro
vincial boundary between Shaanxi and Inner 
Mongolia. Along the Great Wall, a broad 
belt of about 60 km wide of shifting sand 
formed over a period of about 300 years 
(from middle Ming Dynasty to late Qing Dy
nasty). 

(4) After the founding of the People's Republic 
of China in 1949, great efforts were taken 
in the 1950s to combat the desertification 
process . A network of tree (shrub) shelter
belts and sand-protection soil treatments 
were established in the southeastern part of 
the Mu-Us Sandy Land. Even rivers were di
verted to flow through and to wash down the 
shifting sandy dunes so as to create new 
farmlands. For a short period, the Mu-Us 
Sandy Land stopped marching southward but 
instead retreated northward. 

(5) The n came the so-called Great Leap Forward 
and Cultural Revolution, when local pastoral 
inhabitants were compelled to c ultivate 
sandy grasslands on a large scale . Large 
patches of lush grassland were converted 
into badly managed rainfed farmlands, only 
to be abandoned and degraded to barren 
wastelands after only a few years of culti
vation . Such ruthless cultural activities 
also caused ne ighboring grasslands to dete
riorate or even become devastated on a large 
scale. It is estimated that, for each hec
tare of reclaimed farmland, at l east three 
hectares of good grasslands were devastated. 
Consequently, shifting sand extended both 
southward and northward. The southern bor
der of devastated land has now encroached 
upon the northern margin of the Loess Pla
t eau while the northern border has nearly 
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merged with the Hobq Desert on the northern 
margin of the Ordos Plateau. 

(6) Since 1978, great efforts again have been 
undertaken to harness the Mu-Us Sandy Land. 
The management strategy is to make better 
use of different land types in accordance 
with their specific suitability and capabil
ity. Strict soil conservation measures are 
applied to these badly desertified areas. 
The desertification process is now again 
being checked and the de-desertification 
process is gaining success. 

b) The Lop Nur area. The serious desertification 
hazard in the lower reaches of the Tarim River 
and its terminal lake-the Lop Nur-has been chief
ly caused by the shifting of drainage channels 
and drying up of inland water bodies (Zhao and 
Xia 1984) which, in turn, has been chiefly due to 
ever-increasing agricultural activities and the 
misuse of irrigation water in the middle and 
lower reaches of the Tarim River. The so-called 
"wandering lake," Lop Nur, has been the subject 
of speculation and controversy for more than 100 
years. The problem of its environmental change 
has been solved only very recently, relying 
chiefly on scientific results of the Lop Nur 
Expedition Team of the Chinese Academy of Scienc
es (1979-82). The desertification process, oc
curring during historical time in the Lop Nur 
area, may be summed up as follows: 

(1) From about 1st century B.C. to 330 A.D., the 
Lop Nur was the terminal lake of the Tarim
Konqi river system, with a water surface 
area of more than 5,000 sq km. 

(2) About 330 A.D., the lower Tarim-Koniq river 
system shifted southwestward and emptied 
into a new terminal lake, Kara Koshun, while 
the ancient Lop Nur, together with the Lou
lan Civilization, disappeared. 

(3) In 1921 A.D., owing to construction of a 
dam, the lower Tarim-Konqi river system 
flowed eastward again into the ancie nt Lop 
Nur while Kara Koshun dried up. The Lop Nur 
was then about 2,400 sq km in area. 

(4) In 1952 A.D., again due to human interven
tion, the Tarim and the Konqi were finally 
separated at Yuli . The former turned south
westward again and emptied into a new small 
terminal lake, Detama, while the latter con
tinued to flow eastward and to enter into a 
much dwindled Lop Nur which entirely dried 
up in 1964. 
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(5) In 1972 A.D., the Great West Sea Reservoir 
with an area of 104 sq km was built near 
Tikanlik. Since then, all lower river chan
nels downstream as well as all terminal 
lakes of the Tarim-Koniq river system have 
dried up . And the dried up Lop Nur appears 
like a "Great Ear" in Landsat imagery. 

The seriously desertified Lop Nur area is now 
plagued by two "too little" (water and vegeta
tion) problems as well as two "too much" (sand 
and salt) problems. An effective land restora
tion project is much in need. The key measure is 
to provide water to the dried up lower reaches of 
the Tarim River, although it is not necessary for 
the Lop Nur to be refilled with water . 

2. De-desertification (oases-making). In Northwest Arid 
China, large patches of barren desert have been re
claimed into irrigated, lush oases. As of 1980, 
about 18 million ha of farmlands were cultivated in 
Northwest Arid China. Of these de-desertified areas, 
the Hexi Corridor is a typical large-scale old oasis 
while the Manas valley in the Junggar Basin a modern 
one. Other important oases include the Elbow Plains 
along the middle reaches of the Yellow River, the 
middle and lower reaches of the Tarim River and the 
Turpan Basin , which is an excellent example of turn
ing gravel desert (gobi) into a grape and melon gar
den . 

a) The Hexi Corridor. With an area of about 200,000 
sq km, it is sandwiched between the Qilian-Altun 
mountain system (northeastern border ranges of 
the Tibetan Plateau) and the Mazong-Longshu moun
tain system (southwestern border ranges of the 
Mongolian Plateau) . Three NW-SE trending physi
cal regions are identified: 

(1) The Qilian-Altun Mountains : composed of 
high mountains with ridge lines of 4,000-
5,000 m in elevation . They form a huge "wet 
island" in China's vast arid areas with an
nual precipitation of more than 300-5 00 mm. 
All three major rivers in the Hexi corridor 
(the Shiyang, the Black and the Shule) orig
inate here then flow into the corridor 
plain. Yet the terrain is rugged and the 
climate is cold, suitable mainly for pasture 
and forestry . 

{2) The Corridor Plain : Stretching nearly 1,000 
km from southeast to northwest, the corridor 
has a width of 10-50 km. It is blocked and 
interrupted by the Yangzhi Mountain and the 
Black Mountain which divide the plain into 
eastern (Shiyang River basin), middle (Black 
River basin) and western (Shule River basin) 

116 



sections. With an elevation of 1,000-1,500 
m sloping generally northward, the plain is 
mainly composed of diluvial and alluvial 
deposits. The climate is arid , with scanty 
and sporadic rainfall that decreases from 
southeast to northwest (Wewei 162.3 rnrn, Zha
ngye 124.8 rnrn, Jiuquan 85.1 rnrn, Yumen 56.8 
rnrn, Anxi 40.6 rnrn, Dunhuang 4 3 .5 mm). Culti
vated crops must be irrigated at least 2-4 
times during the growing season . The size 
and distribution of oases are mainly decided 
by available irrigation water which is gen
erally most abundant in the middle reaches 
of the three inland river systems . 

(3) The Mazong-Longshu Mountains: Four NW-SE 
trending ranges with elevations of 1,500-
2,000 m compose the Mazong-Longshu Moun
tains . Barren denuded hills and stony gobi 
are most widely distributed, leaving little 
potential for oases-making. 

The oases-making process began in 121 B.C. when a 
Chinese army took over the region and established 
four prefectures (Wewei, Zhangyi, Jiuquan, Dunhu
ang) for civil administration. Irrigation agri
culture flourished along the middle and lower 
reaches of inland rivers . The middle reaches of 
the Black River and the Shiyang River were par
ticularly well developed and were called "Golden 
Zhanzye" and "Silvery Wuwei," respectively. 
Irrigation agriculture not only created produc
tive oases, but also improved the ecological 
environment . For example, irrigated and fertil
ized oasis soil in the Dunhuang oasis generally 
has a high organic matter content more than 2 m 
deep that has accumulated over 2,000 years of 
continuous farming . 

The de-desertification process has been dominant 
in the Hexi corridor ever since 121 B.C., which 
has kept it as the largest commerc ial grain base 
in Northwest Arid China. The magnitude of this 
process has fluctuated somewhat . It was larger 
when China was united and strong, but smaller 
when split and weak. Since 1949 the total area 
of irrigated farmlands has more than doubled. 
With a population of about 3 . 5 million, there are 
now nearly 0 . 33 million ha of irrigated farmland 
in the Shiyang River basin, 0.27 million ha in 
the Black River basin, and 0.07 million ha in the 
Shule River basin (Figure 3). 

Desertification has also plagued the Hexi Corri
dor throughout history. In particular during the 
recent 100 years, desertificat i on has become 
quite serious in the lower reaches of the Shiyang 
River . Since the 1950s the annual discharge of 
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the lower Shiyang River decreased from more than 
600 million cu m to less than 300 million cu m in 
the late 1970s, while the ground water table in 
the Minqin area declined from about 1-3 m beneath 
the ground surface in the 1950s to more than 6-8 
m beneath the ground surface in the 1980s. As a 
result, irrigation water shortage has been very 
acute since 1959 . More than one-third of the 
total irrigated farmland has suffered from water 
shortage, which has resulted in low production. 
Even a considerable portion of Elaegnus moorcro
fii forests planted in the 1960s and 1970s were 
found to be dying in the 1980s. 

The shifting sand hazard also has been quite 
serious in the lower Shiyang River basin which is 
surrounded by the Tengger Desert and the Badain 
Jaran Desert from the northern, western and east
ern sides. A comprehensive sand control system 
has been devised and implemented at the Minqin 
Desert Transformation Experimental Stati on (Fig
ure 4). 

The lower one-third portion of the windward slope 
of a shifting sand dune is an important pos i tion. 
It can be stabilized through the use of vert i ca l 
mulch checkerboards together with the planting o f 
shrubs. The checkerboards are generally con
structed in squares 1 m by 1 m, utilizing grass 
or crop straw. Clay from the nearby interdune 
depressions might also be used. This method 
provides the dual benefits of fixing the shi fting 
sands and improving soil structure and fertility. 

The upper two-thirds of the windward slope should 
be left bare (or spread with pebbles or have wind 
funnels built into it) to allow deflation to take 
place. 

Tree or shrub shelterbelts should be planted at 
the foot of the slip-off slope to prevent further 
movement of sand dunes . 

Irrigation, drainage, and salini zation- control 
measures should be implemented in interdune de
pressions. 

Finally, the interdune depressions might be 
brought under intensive agricultural use . Spe
cial wind deflation-control and salinization
control farming techniques such as strip farming, 
crop and grass rotation, interbeddding of high
and low-stalk crops, and cultivation of drought
tolerant and root crops should be practiced . 

b) The Manas Valley. The Shihozi Reclamation Area 
of the Manas Valley, Junggar Basin, is an 
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an excellent example of the transformation of 
sandy desert into oases. The valley occupies a 
total area of 24,000 sq km, of which mountains 
and hills constitute 25 percent, plains (includ
ing gobi, salt marsh and shame) 45 percent and 
oases 30 percent. From south to north the relief 
decreases from 900 m in the Tian Shan foothills 
to 300 m in the southwestern margin of the Glir
ban-tlingglit Desert. Until about 200 years ago, 
the region was primarily grazing land. By 1949 
it had a population of about 50,000 and a crop 
area of about 33,000 ha. Modern large-scale 
reclamation efforts have been implemented since 
1956, and as of 1977 the population has increased 
16-fold while farmland has experienced a nearly 
10-fold increase. 

The oases-making (de-desertification) process is 
based on an overall plan for fully utilizing rich 
natural resources. The first step involves a sophis
ticated use of water resources including good irriga
tion and drainage systems and the "fixing of farmland 
according to water availability." Then tree shelter
belts are planted and salinization-control measures 
are taken . Finally, newly reclaimed farmlands are 
put to effective, intensive agricultural use . 

Salinization versus De-Salinization 

The salinization hazard occurs generally in depressed land
forms together with frequent waterlogging, highly mineralized 
ground water and high evaporation rate . Thus, salinization 
occurs mainly in the arid inland basins and along the sea 
coast (Chinese Science and Technology Association 1990; Sun et 
al. 1990; Zhao 1981). overirrigation without adequate drain
age contributes to secondary salinization in farmlands. 
According to one estimate, about one-fifth of China's 100 
million ha of total farmland have been more or less threatened 
by the salinization problem. For example, in oases along the 
middle and lower Tarim River, usually more than 15,000-22,500 
cu mjha of irrigation water are used annually without any 
drainage. Not only are huge amounts of precious water re
sources wasted, but also huge amounts of harmful salts are 
deposited in the farmlands. Consequently, in the middle and 
lower Tarim Reclamation Area, soil fertility has been degraded 
since the large-scale reclamation began in 1955. Humus con
tent has decreased by 67 percent while 9 . 5 percent of the 
total area of irrigated farmland has been laid waste by salin
ization. Another notorious example is the Black Elbow Plain 
along the middle reaches of the Yellow River. With an area of 
about 0.2 million ha, all farmlands are irrigated and about 50 
percent are salinized. Four billion cu m of irrigation water 
is estimated to be used (of which only 5 percent goes into 
drainage channels) and a total of 0.8-1.6 million tons of 
salts are deposited each year . However, the major irrigation 
water source here-the Yellow River-has good water quality with 
a mineralization level of only 0.2-0.4 percent. 
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Good management of irrigation water is the key to control 
secondary salinization, and drainage is an indispensable part 
of an irrigation system. Drainage canals can lower ground 
water tables, thereby preventing salinization. In the West 
Elbow (Yinchuan) Plain, a drainage ditch 2.5 m deep will lower 
the ground water table of a belt (200 m wide on each side) by 
10-30 em. It is also important to "wash" saline soils so that 
soluble salts can be leached out. In newly reclaimed saline 
farmlands, if irrigation water is abundant (such as in the 
Yinchuan Plain), rice can be grown in paddies during the 
initial two or three years to leach out soluble salts. Other 
de-salinization measures include: deep plowing, strip farm
ing, cultivating green manure and salt-tolerant crops, mixing 
loose sand with sticky saline soils, and irrigating sandy soi l 
with saline water. 

In the coastal North China Plain (Zhao 1988b) the interplay of 
natural conditions and human impacts also creates a serious 
salinization problem. The critical ground water table for 
salinization hazard in the North China Plain is about 2.5 m 
below the ground surface and hence, saline soils are mainly 
concentrated in alluvial depressions (with the ground water 
table at 1 . 5-2.5 m below the surface) and along the marine 
coast (less than 1 . 0 m) . In the late 1950s and early 1960s, 
salinization laid heavy havoc on more than 4 million ha of 
croplands in the North China Plain. Since then, a better 
irrigation-drainage system has been developed and the ground 
water has been drawn off by deep wells so that the ground 
water table has been lowered in many localities. Salinized 
lands have now been reduced to less than 3 million ha. 

Deforestation versus Afforestation 

Deforestation has been a very serious environmental problem in 
China (Zhao 1991). It has generally kept pace with the spread 
of farming and the increase in population. Judged from Chi
na's physical conditions and supported by historical docu
ments, forests might have occupied about 40 percent of the 
total land area (occupying about 80 percent in eastern monsoon 
China, about 5 percent in northwest arid China, and about 10 
percent in Tibetan frigid plateau) during prehistorical times. 
But now China is a poorly wooded country with forests account 
ing for less than 13 percent of the total land area. Scarcity 
of timber has been one of the most acute economic problems in 
China . 

Since 1949, much has been done in afforestation. About 3 
million ha of forested area has been planted each year, proba
bly the biggest in the world. Yet only about one-fourth of 
these forested areas have survived. In the principal timber
ing areas, such as the Great and Small Hinggan Mountains in 
Northeast China and the Hengduan Mountains in the southeastern 
Tibetan Plateau, cutting is still much greater than planting 
by a ratio of 3:1. According to official statistics in the 
1980s, annual afforestation since 1949 has totaled about 104 
million ha, yet at the same time deforestation (including 
timbering and forest fires) of other areas has amounted to 
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about 250 million ha, for a net forest land decrease of nearly 
150 million ha. 

It is worthwhile to point out that the so-called "plain for
est" has been developed remarkably in the heavily populated 
and farmland-crowded North China Plain (Zhao 1988b). Fast
growing timber trees or fruit trees are scattered on the 
croplands with intervals about 5-10 m in rows and 30-50 m 
between rows. Because trees have their root zone much deeper 
than field crops, they are also sparsely planted so that they 
do not compete with crops for moisture, soil, and light. 
Instead, they protect the crops in a huge network of shelter
belts and improve the ecological environment as a whole. In 
such an agroforestal system, wheat yield per unit area in
creases by 7-·20 percent while trees also yield a handsome 
output. Mainly through such an intercropping system, forest 
coverage in the North China Plain is estimated to increase 
from about 5 percent at present to about 10-15 percent in 
early 21st century. 

Montane Hazards versus Vertical Agriculture 

As stated above, China is a very mountainous country. In the 
extensive montane areas, natural resources are rather scanty 
(except mineral and forest resources). They are especially 
poor in arable land resource (Sun et al. 1990; Tang and Wu 
1990; Zhao 1985b; Zhao et al. 1990). The Chinese peasants 
have built up numerous terraced farmlands on montane slopes, 
and steep slopes of more than 25° are often used without 
terracing for dry-farming agriculture. Little attention has 
been paid to tree crops and forestry and environmental protec
tion has been quite neglected. Consequently, montane hazards 
occur frequently and extensively . Examples are the cata
strophic rock-mud flows that occur in montane areas practical
ly all over China, especially in the margins of the first and 
second great topographic steps. The Small River basin of 
northeastern Yunnan Province is notorious for its rainstorms 
which trigger more than 100 rock-mud flows e ach year. Slope
slips and avalanches also occur frequently in alpine montane 
areas where they are usually triggered by heavy rainstorms and 
severe earthquakes. 

The optimal land use pattern in montane areas as well as the 
best strategy for combatting montane hazards is the so-cal l ed 
"vertical agriculture", which is characteriz ed by zonal, 
vertical distribution of land use types, each of which is 
adjusted to its specific ecological environment and hence is 
sustainably productive and relatively free from natural haz
ards. For example, the vertical agriculture system in south
eastern Hengduan Mountains area is generally composed (from 
inter-montane valley upwards to montane top) of the foll owing 
four broad. land use zones : 

1. Farming and multiple-use zone: This zone is distrib
uted mainly in the intermontane dry valleys which, 
with a total area of 11, 200 sq km, are widely scat
tered along the valley bottom of the Jinsha (upper 
reaches of the Chang Jiang), the Lancang (Me kong 
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River), the Nu (Salween River) and other large riv
ers. They are generally less than 2,000-2,500 m in 
elevation and receive less than 1,000 mm in annual 
precipitation (due to "rain-shadow" effect). Culti
vated lands are mainly located intermittently in 
diluvial fans, on river terraces and on gentle mont
ane slopes occupying about 16 percent of the total 
land area. Rainfed agriculture dominates, with 
wheat, corn and small grain food crops comprising the 
chief crops which are usually double or triple crop
ped each year. Yet one-fifth of the total farmlands 
are irrigated for paddy rice. Animal husbandry 
(pigs, chickens, cattle, sheep, and goats) are the 
chief livestock species. Fisheries are also main
tained . The piedmont belt and lower gentle montane 
slopes are the best sites for developing orchards 
(orange, apple, pear, chestnut, walnut, etc.) and 
economic trees. 

2. Forestry zone: Forests are widely distributed imme
diately above dry valleys up to the tree line (about 
4,400 m on northern slopes and 4,000 m on southern 
slopes). This is the second largest timber-producing 
region in China. Yet, owing to overexploitation and 
ruthless destruction for several hundred years, for
ests occupy only one-eighth of the total land area 
now. Since 1949 in the upper reaches of the Nu riv
er, forest coverage has decreased from 30 percent to 
18 percent. Principal tree species include Abies, 
Picea, Tsuga, Pinus, Quercus, etc. Environmental 
protection and soil conservation measures are urgent
ly needed in this vertical zone. 

3. Transhumance animal husbandry is practiced on alpine 
shrubby meadows above the tree line up to the snow 
line (about 5,400 min elevation). In the winter 
time, flocks are fed on farm stubble and shrubby 
vegetation in dry valleys. In the spring and autumn, 
sheep, yak and other flocks feed on the scattered 
montane grassland. The higher the elevation the 
larger the proportion of the draught yak. During the 
summer time alpine shrubby meadows are heavily pas
tured . 

4. Above the snow line are the majestic snow-clad peaks 
and ridges. They are called the "solid water reser
voir" for the neighboring rivers. They also might be 
used as a recreation ground inasmuch as the mighty 
Gongga Mountain (7,566 m) has already been famous for 
such a function. 

Conclusions 

Human influences have altered the land environment nearly 
everywhere in China, to the point that it is difficult to find 
virgin land and primary vegetation. Land degradation has 
accompanied that alteration in many parts of the country, 
particularly during the 8,000 years that agriculture has been 
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practiced . Deforestation has reduced China's forests from 
about 40 percent of the land area to 13 percent. 

Water erosion, both natural and accelerated, on the semiarid 
and subhumid Loess Plateau is especially severe. Human
induced water erosion is estimated to be about one-half of the 
total volume of eroded soil from the Plateau. Eroded sediment 
has raised the bed of the Yellow River to the point where the 
bottom of the river is at a higher elevation than the irrigat
ed land around it in the North China Plain. 

Wind erosion is extensive on sandy croplands and grazing lands 
in eastern Inner Mongolia and in the northern part of the big 
bend in the Yellow River. Wind erosion has become serious in 
the past 100 years as the population has increased steadi l y. 
It has received much attention during the last 20 years. 
Attempts to expand cropland have periodically increased the 
wind erosion problem. 

Salinization threatens about one-fifth of China's 100 million 
ha of cropland. The situation is most acute in the North 
China Plain, the Tarim River Basin in Xinjiang, and in the 
Black Elbow Plain on the Yellow River in Inner Mongolia. 
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An Overview of Vegetation and Land Degradation 
in World Arid Lands 

H. N. LeHouerou 

Abstract 

Vegetation and land degradation are widespread in the world 
arid lands, leading to the expansion of man-made deserts. 
There are, however, large geographic differences in the impor
tance (intensity and extent) of the phenomenon . It is often 
linked to the density of human andjor livestock populations, 
to the standard and conditions of living of the former and t o 
the management practices that are applied to the latter. Some 
continents are little or moderately affected such as Austral i a 
and North America, while others are strongly affected such as 
Asia and Africa; yet there are large local differences in the 
extension and intensity of the processes within continents, 
subcontinents or even countries. 

The present paper is an attempt to analyze the nature , cause s, 
extent and consequences of vegetation and land degradation in 
various arid zones of the world, to evaluate the efforts that 
have been developed to counteract the scourge, and to rev iew 
the actions that should or could be taken to that end on 
local, regional and global scales . 

Definitions, Nature and Processes of 
Vegetation and Land Degradation 

Vegetation degradation is herein defined a s an essentially 
long term decrease in biomass and ground cover of perennial 
native vegetation, with respect to a pristine or primeval 
condition under little or no anthropozoic impact . Such long 
term decline of perennial vegetation also includes changes in 
structure and botanical composition of the plant communities. 
Vegetation degradation is thus not necessarily harmful to the 
environment or to the land, unless it reaches a high degree of 
intensity and/or extent, whereby the topsoil is e xposed to the 
erosion forces (rain storms and strong winds) over long peri
ods of time during the annual cycle and several consecutive 
years, over substantial areas . 

Land degradation is regarded as a reduction in the long term 
soil productivity, either under natural or man-made condi
tions. The processes involved in land degradation are numer 
ous and complex (LeHouerou 1990a, 1990b) . Again, land degra
dation may be slight and easily cured such as, for instance , 
restoring farmland productivity with improved tillage practic
es, contour cultivation, drainage, etc. But it may also be 
intense and destructive like under heavy erosion or salinizat
ion. In the present paper we shall only consider drastic 
vegetation and land degradation leading to a considerable 
reduction in the sustainable productivity of the land. 

The decrease of perennial plant cover and biomass below a 
certain threshold leads to a chain of spiraling detrimental 
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phenomena. Reduced perennial phytomass automatically results 
in a decrease in organic matter production from both above and 
below ground plant parts, essentially leaves and rootlets, a 
decrease in root biomass and development and therefore in soil 
nutrients utilization, water use and organic matter incorpora
tion into the soil peds. It also implies a reduced litter 
production (which is proportionate with the above gound phyto
mass and canopy cover). Reduced litter production necessarily 
means less organic matter in the soil over time, hence reduced 
structural stability of soil peds, therefore less permeabili
ty, hence less water intake and availability. It is a well 
known fact that structural stability is 2 to 3 times higher i n 
soils under permanent grassland as compared to cultivated 
fields, in otherwise similar conditions (Monnier 1965; Henin 
et al . 1969). Furthermore, reduced soil organic matter con
tent means also a diminished microbial activity and less 
faunal activity, hence a slower geobiogene turnover and thus a 
lower fertility and productivity . 

When a large proportion of soil surface is exposed over sub
stantial periods of time, sealing by raindrop splash may occur 
in soils having a low organic matter content and a poor struc
tural stability, thus reducing drastically permeability and 
water intake and increasing runoff and erosion . It has been 
shown that runoff may be increased by a factor of 5 and ero
sion by a factor of 50 in cereal fields as compared to forest 
under otherwise similar conditions, at the scale of small to 
intermediate watersheds, under semiarid mediterranean climates 
(Cormary and Masson 1964). As a matter of fact, runoff/infil
tration ratios under various land use types exhibit the fo l 
lowing orders of magnitude, compiled from a large data base 
(FAO 1965) : forest, 2 percent; grassland, 5 percent; wheat 
and barley, 25 percent; maize and cotton, 50 percent. 

The main roles of perennial vegetative cover (be it natural or 
crops) include the following: 

• To reduce raindrop speed and kinetic energy at the 
soil surface. This energy is the overriding factor in 
soil erodibility (Wischmeier 1960; Wischmeier and 
smith 1958, 1961, 1978); 

• To reduce wind speed at ground level, i.e., wind ero
sion potential. Field studies show that wind erosion 
hazards are inversely related to perennial canopy 
cover and to mean annual rainfall below an overall 
threshold value of about 25 percent canopy cover (Bag
nold 1943; Chepil and Woodruff 1959, 1963; Woodruff 
and Sideway 1965; Khatteli 1983; LeHouerou 1987; Bend
ali 1987, Bendali et al. 1990); 

• To pump large amounts of water into the atmosphere in 
run-in depressions, in seepage areas, in high water 
table zones, and in areas subject to waterlogging and 
salinity in general. The elimination of perennial 
vegetation, particularly trees and shr ubs, often re
sults in problems of waterlogging and secondary salin
ity andjor alkalinity . This fact is very well docu
mented in the U.S . Great Plains (McKell et al. 1986) 
and in Australia (Bettenay 1986). In the latter, the 
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elimination of Eucalyptus forest and woodland in the 
semiarid wheat belt resulted in large seepage and 
salinity problems with some 4.3 million hectares sub
ject to secondary salinity; the area thus affected in 
Canada and the United States is some 3 . 5million hect
ares. 

Other causes of destruction of perennial vegetation and of 
consequent land degradation are either natural or man-induced. 
Among natural causes one may cite: volcanic activity, lava 
flows, ash rains, etc., landslides on clay hills slopes and 
montane areas following heavy rains, forest, shrubland or 
savanna wildfires ignited by thunderstorms, treefall gaps from 
local gales, and flooding and sedimentation following abnor
mally heavy rains (which are far from being unusual in arid 
zones). 

The most common man-induced causes are the following: 

• Deforestation due to overexploitation : timber, fire
wood, charcoal and other forest products, often com
bined with overbrowsing and overgrazing. 

• Long standing and heavy overstocking and overgrazing. 
• Inappropriate grazing systems and patterns, heavy 

stocking combined with continuous grazing, for in
stance. 

• Forest, shrubland and savanna wildfires ignited by man 
for various purposes (new grazing, land clearing, 
hunting, protection from predation, etc.). 

• Clearing of natural vegetation for cultivation, inap
propriate cropping without adequate precautions for 
soil and water conservation, cultivation of land which 
is too arid, too steep, too sandy, etc. 

• Inadequate tillage practices such as up-and-down 
slope, the use of disc plows in sandy soils, etc. 

• Chemical exhaustion of soil nutrients, lack of fertil
ization, crop rotations enhancing soil nutrient leach
ing, export of nutrients via wildfires or inappropri
ate grazing systems. 

• Loss of agricultural productivity through inappropri
ate irrigation schemes using waters that are too sa
line on soils that are too heavy, or poorly drained; 
excessive irrigations, etc. 

The reduction of plant biomass and canopy cover (either native 
or cultivated) being the overriding factor of land degrada
tion, let us see what are the main factors inducing vegetation 
depletion and thus, indirectly, land degradation. 

causes of Vegetation and Land Degradation 

The overriding cause of degradation is overutilization of 
natural resources, which, in turn, is usually (but not neces
sarily) tied to excessive pressure exerted on fragile ecosys
tems via overpopulation by humans andjor livestock (occasion
ally wildlife). But high human and livestock densities are 
not necessarily correlated on a world scale. It is true that 
in most developing countries high stocking pressures coincide 
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with high human population densities. But, in countries like 
Argentina, Australia or parts of the United States, very low 
human densities may correspond with high (excessive) stocking 
rates. In such cases there is actually no relationship be
tween human and livestock populations; this is the more true 
as the standard of living in the society is higher and more 
evenly distributed. Some degrading activities are tied to the 
type of society which is operative . Clearing of rangeland for 
high-risk cropping of staple cereals in arid zones is typical 
of low income rural societies, such as in Northern Africa, 
parts of the Near and Middle East, the Sahel, Eastern Africa, 
India, Northwest China, etc. These, in turn, have very high 
demographic growth rates of the order of an exponential 3 
percent per annum. The same model applies to deforestation, 
charcoal making, firewood collection and some other activities 
such as the collection of medicinal plants. 

Other types of activities are linked, to the contrary, with 
high income societies, such as dune destabilization by dune 
buggies, some forms of tourism development, urban and indus
trial pollution of air, water, vegetation and soils, and 
shrubland wildfires. Fire occurrence, for instance, is almost 
10 times higher in the industrial countries of the northern 
shores of the Mediterranean than in the developing countries 
on its southern shores (LeHouerou 1973, 1977, 1987); large 
destructive fires are much more common in the United States in 
Southern California than in the adjacent Mexican Baja Califor
nia chaparral (Minnich 1983). Wildfire occurrence in tropical 
savanna tends to be inversely related to human population 
density. In densely populated and farmed areas such fires 
tend to disappear for lack of fuel, whereas they are very 
common in sparsely populated areas such as in northern Austra
lia, the African Sudanian and Miombo ecological zones, etc. 

Mild overgrazing and moderate overstocking tend to provoke the 
replacement of preferred forage plants by unpalatable species. 
But heavy, long standing overgrazing may result, in arid 
zones, in the elimination of virtually all perennial plants 
and therefore leave a bare, and increasingly barren, soil 
surface outside the short annual rainy season. 

In developing countries livestock numbers grew at about half 
the pace as the human population since World War II (1-2 
percent per annum) (Figures 1 and 2). As rangelands have 
receded at almost the same rate because of clearing, livestock 
density grew by a factor of approximately 4 to 1 over the past 
40 years (Figures 3, 4, 5, 6, 7). The increase in stock 
density has not been compensated for by improved techniques 
and production practices; pastoralists have not adapted to the 
greater stock density (LeHouerou 1959, 1968, 1976, 1979). In 
some instances modern technology contributed very strongly to 
deterioration. For example, the drilling of boreholes in 
pastoral areas without any management enforcement resulted in 
large concentrations of stock of 20,000-30,000 of cattle year
round which resulted in the rapid destruction of the range 
within a radius of 20 km around the permanent, virtually 
unlimited, water source (Bernus 1974). Similarly, other water 
development policies without any range management policy 
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resulted in similar consequences, in East Africa and northern 
Africa, for instance . 

Clearing natural vegetation in order to try to meet the food 
requirements of an expanding population is widespread in 
virtually all developing countries. A number of case studies 
in Africa and Asia show that the rate of clearing is about 
0.5-0.7 percent increase per annum and locally up to 2 percent 
or more (LeHouerou 1968, 1976, 1979, 1987, 1989; Floret and Le 
Floc'h 1973; Haywood 1981; Gaston 1981; De Wispelaere 1980; 
Peyre de Fabregues 1985; Barral et al. 1983; Zhu Zhenda and 
Liu Shu 1983; Zhao Songqiao 1984; Pabot 1962; Pearse 1970, 
1971). Moreover, as population increases larger areas of land 
need to be cultivated to harvest a greater amount of food and, 
as in many cases, there is no more land available for clear
ing . The fallow period is shortened or altogether cancelled 
thus reducing fertility and therefore yields, and larger areas 
of cropland are thus increasingly needed. We are here, again, 
in an often described self-catalyzing spiral of degradation 
and desertization. 

The relative importance of various causes of vegetation and 
land degradation in various arid zones of the world depend on 
the area and the style and standard of living of the human and 
rural populations concerned. 

In northwest China, Zhu Zhenda and Liu Shu (1983) found that 
the desert was expanding by 1,000 km2 annually (0.6 percent); 
they estimated causes of desertization, in percentage of land 
affected: 

• Land clearing (crop expansion), 45 percent; 
• Firewood collection, 18 percent; 
• Salinization, 1.5 percent; 
• Overstocking, 18 percent; 
• Urbanization roads, 3 percent; 
• Sand seas expansion, 5.5 percent. 

In northern Africa and the Near and Middle East, over an arid 
zone area of 3 million km2 , desertization is progressing at a 
pace of at least 0 . 5 percent (more than 15,000 km2 )per annum. 
In a well known case study in southern Tunisia, Floret and Le 
Floc'h (1973, 1977) found an annual increase of 0.68 percent 
over a large test zone, after a very detailed study over 10 
years. The rate of 0.68 percent per annum is, incidently, to 
be compared with the 0.6 percent found in northwest China by 
Zhu Zhenda and Liu Shu (1983) and that of 0.65 percent found 
by Vinogradov (quoted by Rozanov 1990) in a test zone of 
76,000 km2 in Kalmykia, southern USSR. The relative impor
tance of various causes may be estimated as follows in the 
arid zone of northern Africa and the Near and Middle East 
(estimate based on my 40 years of continued field experience 
in these areas): 

• Clearing of steppe shrubland and rainfed high-risk 
cropping, 50 percent; 

• Urbanization and tourism, 1 percent; 
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• Overgrazing, 26 perce nt; 
• Fuel wood collection, 21 percent ; 
• Salinization, 2 percent. 

In the Sahel and East Africa arid zone, over 3.1 million km2, 
desert e xpansion takes place at a rate of about 0 . 5 percent 
per annum, 1 . e . , 15,500 km2 ; the relative importance of the 
various causes may be estimated as follows: 

• Clearing and cultivation, 25 percent; 
• Wood collection and "brush fence" buildi ng, 10 per-

cent; 
• Salinization, negligible; 
• overgrazing and overbrowsing, 65 percent; 
• Urbanization, tourism, negligible. 

In the arid zones of Middle Asia, in the USSR, Kharin (quoted 
by Rozanov 1990) found a desertized area of 1.07 million km2 

in a zone covering 1.8 million km2, i.e., 60 percent. But 
these include various degrees of degradation . Among the 
various causes of desertization, Kharin and Kirilsteva (1988) 
found: 

• Overgrazing, 62 percent; 
• Water development, 10 per cent; 
• Technological development, 10. 6 percent; 
• Water erosion, 1 percent ; 
• Undergrazing, 0 . 4 percent; 
• Wind erosion, 5 percent; 
• Salinization, 9 percent. 

These estimates, based on remote sensing, cover the following 
arid zones of USSR: Turkmenia, Uzbekistan , and southern 
Kazakhstan . 

In the United States, the importance of various causes hav e 
not been quantified, as far as I am aware of, but the impor
tance of the various processes of land degradation has been 
accurately measured, particularly in the 17 western states 
(west of 95° Long . W., which is the boundary between the areas 
of water deficiency [P < PET] to the west and of water surplus 
[P > PET] to the east) . 

These 17 western states cover an area of 5 . 6 million km2 in 
which land degradation represents the areas shown in Table 1 
(Sabadell et al . 1982). 
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Table 1. Land degradation on U.S. rangelands. 

Degradation. by land use 

Rangeland 
Very poor condition 
Poor condition 

Cropland sheet and rill erosion 
Over 25 tons/ha/yr 
12-25 tons/ha/yr 

Cropland wind erosion 
Over 25 tons/ha/yr 
12-25 tons/ha/yr 

Secondary salinity 
Dryland seepage 

Severe 
Moderate 

Irrigated 
Moderate and severe 

Total 

Percent degraded, by 
land use 

14 
37 

4.4 
8.7 

21. 3 
15.8 

0.14 
0.48 

0.92 

33.9 

From the above table it appears that the prime cause of land 
degradation in the United States arid zone is range depletion, 
responsible for 73 percent of the damage in terms of acreage 
concerned, then wind erosion on farmland, responsible for 16 
percent, then sheet and rill erosion on cropland, which ac
counts for 6 percent of the havoc, and salinity, affecting 
almost 5 percent of the degraded areas. 

I n Australia, where arid lands represent 70 percent of the 
surface area of the continent, the main causes of vegetation 
and land degradation are, first, overstocking by livestock 
and/or wildlife (local kangaroo population) or feral animals: 
rabbits or local dromedaries . Overstocking may be responsible 
for 75 to 80 percent of the damage. The second major cause of 
land degradation is secondary salinization by dryland seepage, 
particularly in the wheat belts of Western and South Austra
lia, where the elimination of Eucalyptus forest and woodland 
lead to serious problems of secondary salinity . - Vegetation 
destruction also resulted in the development and extension of 
"scalds" (bare sealed/crusted saline zones, principally in 
"duplex soils") in Victoria and New South Wales. Wildfires 
are an important cause of vegetation and soil degradation, 
particularly in the mediterranean "mallee " (where many fire
adapted species of Eucalyptus are present) and in the Eucalyp
tus savannas of the Northern Territory and Queensland. Urban
ization and industrialization are a locally important cause , 
principally around mining towns of the interior " outback" : 
Kalgoorlie, Broken Hill, Mount Isa, Coober Pedy, Cobar, etc. 
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Generally speaking, in industrial or sparsely inhabited coun
tries (United States, Australia, Argentina, Chile, Spain) 
vegetation and land degradation come primarily from overstock
ing, in combination or not with wildfires. Salinity also is 
rather high as a result of faulty irrigation or widespread 
deforestation. 

In developing countries, the situation is variable in northern 
Africa, the Near and Middle East, as well as in northwest 
China. Land clearing and overcultivation rank very high (40-
50 percent of the degraded zones) because of the very high 
demographic pressure (Figure 8). In low density zones such as 
the Sahel, eastern Africa and southern USSR, overstocking is 
responsible for over 60 percent of the degraded areas. Fuel 
collection is important in areas where cultivation is the 
primary cause of degradation: northern Africa, Near and 
Middle East, China. 

Effects and Consequences of Vegetation 
and Land Degradation 

The physical obvious impact of vegetation and land degradation 
in arid zones is the expansion of desert or desert-like land
scapes, the generation of shifting sand dunes and clay dunes 
(lunettes), expanding sand-seas, and crusting of bare soils. 
The result is an increased frequency of sand storms (e.g., the 
well documented "dust bowl" in the United States in the early 
1930s), floodings and sedimentation. All these result from 
the destruction of the vegetation . 

The biological consequences are perhaps less spectacular but 
still dramatic as the ecosystems' primary and secondary pro
ductivity decreases steadily with the elimination of perennial 
plants which are, so to speak, a kind of degradation-proof 
insurance (Figures 9 and 10). Degraded lands may have a 
productivity of less than 10 percent of that of pristine 
conditions (LeHouerou 1977). Rain-use efficiency, for in
stance, may be reduced from 5-7 kg DM/hajyrjmm in arid zone 
ecosystems in fair to good dynamic condition down to 0.5-1.0 
in desertized areas. This reduction is a consequence of the 
change incurred in the botanical composition and structure of 
natural plant communities and the functioning of the ecosys
tems. All these result from a drastic reduction in soil 
organic matter content which, in turn, is provoked by the 
diminishing above ground plant biomass, as explained above. 
Vegetation tends toward communities of tiny annual ephernero
phytes and eremophytes or perennial ephemeroids. Examples of 
the first are, in the African tropics: Aristida adscensionis, 
Chloris pycnothryx, Eragrostis tenella, Harpachne schimperi, 
Leptothrium senegalense, Microchloa indica, Oropetium spp . , 
Schyzachyrium humile, Tragus racemosus to quote only a few 
locally dominant species. In the mediterranean arid zone are 
Aristida adscensionis, Stipa capensis. Among the Asian ephem
eroids are Poa bulbosa, Poa sinaica, Carex pachystylis, ~ 
physodes and the African Cyperus jeminicus. 

Moreover, the variability of primary production, and therefore 
of secondary production, increases steadily with ecosystem 
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Figure 8. Evolution of land use in the arid lands of northern 
Africa (N. of the Sahara) between 1990 and 1990. 
Projections for the year 2000. 
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Figure 9. Evolution of the green phytomass of Stipa tenaciss
ima in the arid highlands of Algeria under graz ing 
regime (Rogassa) (After A. A1doud, 1989 ). 
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Figure 10 . Evolution of the green phytomass of Lygeum spartum 
under grazing regime in the arid highlands of 
Algeria (El Biod) (After A. A1doud, 1989). 
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depletion: the Production to Rain Variability Ratio (PRVR) is 
the ratio of the coefficient of variation of annual primary 
production _to the coefficient of variation of annual rain
fall). It may increase from 1.2-1.5 in vegetation in fair to 
good dynamic condition to 3.0-5.0 in depleted vegetation/ 
ecosystems . In other words, not only has productivity dramat
ically decreased, but it has become much more unreliable. 

one of the first consequences of vegetation and land degrada
tion is the elimination of shrubs and trees which greatly 
contribute to the functioning of nondegraded ecosystems. 
woody species play a major role in nutrients and geobiogene 
elements turnover and their extraction from deep soil layers 
and geologic substratum, the utilization of deep water tables, 
nitrogen symbiotic fixation (legume trees and shrubs), reduc
tion of raindrop splash, ground level windspeed, shade and 
organic matter production, and therefore overall ecosystem 
productivity. In the Sahel, for instance, the primary produc
tion of the grass layer, and therefore photosynthetic effi
ciency, is 4-6 times higher in the grass layer under trees 
than in the open (LeHouerou 1980b). similarly, pearl millet 
production under Faidherbia albida trees is on average 2.5 
times higher than in the open {Charreau and Vidal 1965). 
Similar conclusions were drawn regarding the same crop in 
Rajasthan under Prosopis cineraria trees {Mann and Shankanara
yan 1980). 

The consequences of the elimination of the tree and shrub 
layers in the Sahelian and eastern African arid zones are 
dramatic on the livestock husbandry. Trees and shrubs are the 
sole source of green forage during the 9-11 month dry season 
and therefore the only supply of protein and beta carotene 
(provitamin A) for that period. Moreover, they also provide 
most of the minerals, particularly phosphorus, during that 
season (LeHouerou 1980) . When trees and shrubs have been 
destroyed livestock cannot be kept any more in these immense 
areas outside the short annual rainy season, thus threatening 
the main source of livelihood of local populations. 

Other consequences of degradation are the ever expanding 
cultivation of staple grain crops (Figure 11) and the reduc
tion or downright cancellation of fallowing in an attempt to 
meet the food requirement of an evergrowing population . This 
has a spiraling effect since fallow reduction or cancellation 
results in lower yields and therefore in more land to be 
cleared and tilled. 

There are many more consequences to arid lands degradation 
that space do not allow me to elaborate on, such as: 

• Decreasing food production per capita, increasing 
dependency on food aid; 

• Increasing frequency of sand and dust storms and of 
catastrophic floodings; 

• Invasion of villages, towns and various structures by 
drifting sand; · 

• Movement to larger cities of destitute pastoralists 
and farmers; 
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Figure 11. Evolution of human and livestock populations and 
of rainfed cereal crops hectareage in the Sahel 
countries between 1950 and 1990, projections for 
the year 2000. Source : Production Yearbooks, 
FA0 1 for 1950-1990 . 
Sahel countries: Burkina Faso, Chad, Mali, Mauri
tania, Niger, Senegal , Sudan. 
TLU/UBT cattle equivalents: Cattle, 0.81 mean 
population weight; camels, 1.16; asses, 0. 53 ; 
sheep, 0.18; goats, 0.16 = 250 kg liveweight. 
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• Fuelwood crisis; 
• Socio-political destabilization such as in the Sahel 

and the Horn of Africa. 

World-wide Importance of Arid Land Degradation 

The world land area is 130.7 million sq km. About one-third 
of this area is arid land (Table 2) . A number of estimates 
have been published on the importance of land depletion. 
There are a number of discrepancies between those, for various 
reasons. The methods of evaluation differ from one author to 
another and the intensity of the phenomena may be differently 
evaluated depending on the authors' own field experience. 

My estimate of the size of the arid lands of the world is 
shown in Table 2. The criteria used are mean annual rainfall 
and the P/PET ratio but the ratio I used is different from 
that used in the UNESCO Map of the World Distribution of Arid 
Regions, as I have attempted to fit together the criteria of 
P, P/PET, and natural vegetation boundaries. Thus, the 100 mm 
mean annual rainfall isohyet does not correspond with a P/PET 
ratio of 0.03 but of 0.06. The P/PET value of 0.03 actually 
corresponds with a mean annual rainfall of 50 mm, which I have 
taken as the upper limit of the Eremitic zone . The upper 
limit of the arid zone I have selected is the isohyet of 400 
mm which generally corresponds with a P/PET ratio of about 
0.28 and not 0.20 as used in the UNESCO map. The upper limit 
of the semiarid zone in this estimate is 600 mm, which roughly 
corresponds with a P/PET ratio of 0.45, instead of the 0.50 in 
the UNESCO map (LeHouerou and Popov 1981; LeHouerou 1989a, 
1990). According to these criteria the overall size of the 
world arid zone, in million sq km, are as follows: 

• 41.4 (LeHouerou 1989a) 
• 41.8 (De Martonne 192 7) 
• 48.8 (Meigs 1957) 
• 47.7 (Joly 1957) 
• 48.4 (Kassas 1957) 
• 48.8/46.8 (Shantz 1958) 
• 31.4 (Petrov 1973) 
• 46.1 (Dregne 1976) 
• 53.3 (UNESCO 1977 ) 
• 37 . 8 (Rozanov 1990) 

The arithmetic value of these is 44 .8 , with a standard error 
of 1.9. 

The total world area of degraded (desertized) land as estimat
ed by various authors is as follows, in million sq km: 

• 19.9 (Rozanov 1990) 
• 45.6 (Dregne 1977) 
• 32 .7 (Dregne 1983) 
• 37 .7 (Mabbutt 1978) 
• 47.0 (Dregne 1986) 
• 7 .8 (FAO 1984) 
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Table 2. Size a nd distr ibution of world arid zones (in 1,000 sq km) . 

Areas/ Geographic ----------------- ------EcoclimatTi:subzones--------
Countries Area Eremitic Hyper arid Arid (s.s . ) Semiarid Total 

approximate mean annual rainfall, P in mm Area ' P<50 50<P<l00 100<P<400 400<P<600 
Budyko's Aridity 
Index (=I) I>50 50>I>10 10>I>3 3>I>2 

P/PET (=Q) Q<0 . 03 0.03<Q<0.06 0.06<Q<0 . 28 0.28<Q<0.45 

Africa 30312 6232 3017 3570 2951 15770 52 

Northern (Medit . ) 
Africa 6019 3952 1137 505 248 5842 97 
Algeria 2381 1562 438 210 90 2300 97 
Egypt 1001 685 286 30 -- 1001 100 
(Sinai excluded) 
Libya 1760 1435 230 90 2 1757 99 
Morocco 713 240 150 120 130 640 90 
(W. Sahara included) 
Tunisia 164 30 33 55 26 144 88 

Western Afr. 8722 2120 1475 1250 955 5800 67 
!Sahelian & 
Sudanian Zones) 
Burkina Faso 274 -- -- 10 70 80 29 
Chad 1284 370 230 125 100 825 64 
Mali 1240 380 370 185 120 1055 85 
Mauritania 1030 375 330 300 25 1031 100 
Niger 1267 435 355 225 95 1110 88 
Nigeria 924 -- -- -- 185 185 20 
Senegal 197 -- -- 30 110 140 71 
Sudan 2505 560 190 375 250 1375 55 
Sahara* 8684 6010 2612 62 ** -- 8684 100) 

*The Sahara includes part of the following countries: Algeria, Egypt, Libya, Morocco, 
Tunisia, Chad, Mali, Mauritania, Niger, Sudan, i.e., those parts of the countries shown 
under Eremitic and Hyperarid zones. 

**The Sahara includes also within its geographical boundaries some montane areas that are 
arid (s.s.): Hoggar, Tibesti, Jebel Elba, etc . 

Table 2. Continued . 



Table 2. Continued. 

---
Areas/ Geographic -----------------------Ecoclimatic Subzones-- ------ --- -------- - --
Countries Area Eremitic Hyper arid Arid (s.s.) Semiarid Total 

appr oximate mean annual rainfall, P in mm Area % 
P<50 50<P<100 100<P<400 400<P<600 

Budyko's Aridity 
Index (=I) I>50 50>I>10 10>I>3 3>I>2 

P/PET (=Q) Q<0.03 0.03<Q<0.06 0.06<Q<0 . 28 0.28<Q<0.45 

Eastern 
Africa 3641 40 215 898 622 1775 49 
Ethiopia 1222 25 35 310 250 620 51 
Djibouti 22 5 10 5 2 22 100 
Somalia 638 10 170 393 65 638 
Kenya 583 -- -- 1 85 1 20 305 52 
Uganda 236 -- -- 5 30 35 15 
Tanzania 940 -- -- -- 155 1 55 16 

Southern 
Africa 5428 120 190 900 1095 2305 43 

.... Angola 1247 -- -- 15 65 80 6 
~ Botswana 600 -- -- 200 400 600 100 
ID . Mozambique 783 -- -- -- 70 70 9 

Namibia 823 105 145 310 250 810 98 
South Africa 1222 15 45 375 250 685 56 
Zambia 753 -- -- -- 60 60 8 

Madagascar 587 -- -- 15 30 45 8 
CaQe Verde Isl. 4 - - -- 2 1 3 75 

Extra-Tropical 
Africa 8312 3952 1193 899 529 6572 79 

Inter-Tropical 
Africa 22000 2280 1824 2673 2422 9199 42 



Area sF GeographiC- ~------~---------------Ecoclimatic Subzones----------------------
Countries Area Eremitic Hyper arid Arid (s.s.) Semiarid Total 

approximate mean annual rainfall, P in mm Area % 
P<50 50<P<l00 100<P<400 400<P<600 

Budyko's Aridity 
Index (=I) !>50 50>!>10 10>!>3 3>!>2 

P/PET (=Q) Q<0.03 0.03<Q<0.06 0.06<Q<0.28 0.28<Q<0.45 

Nort ern 
America 21322 10 90 1025 1935 3060 14 
Canada 9976 -- -- -- 30 30 0.3 
USA 9373 5 15 455 1675 2150 23 
Mexico 1973 5 75 570 230 880 45 

Temperate -- -- 460 1640 2100 69 
Mediterranean 10 10 75 70 165 5 
Tropical & Subtrop. -- 80 490 225 795 26 

...... Southern \Jl 
0 America 17818 275 105 972 1274 2626 14 

Argentina 2777 -- -- 725 726 1451 52 
Bolivia 1099 -- -- 53 42 95 9 
Brazil 8512 -- -- 120 330 450 5 
Chile 757 185 75 40 12 312 41 
Colombia 1139 -- -- 1 9 10 1 
Ecuador 285 -- -- 3 15 18 6 
Paraguay 407 -- -- -- 50 50 12 
Peru 1285 90 30 25 65 210 16 
Venezuela 912 -- -- 5 25 30 3 

Temperate -- 438 445 883 34 
Montane -- -- 120 100 220 8 
Trop. & Subtrop. 138 70 659 669 1236 47 
Mediterranean 137 35 55 60 287 11 
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Table 2. Continued. 

Areas/ Geographic --~-- --------------Ecoclimatic Subzones---------------------
Countries Area Eremitic Hyper arid Arid (s.s . ) Semiarid Total 

approximate mean annual rainfall, P in mm Area t 
P<50 50<P<100 100<P<400 400<P<600 

Budyko 's Aridity 
Index (=I) I>50 50>I>10 10>I>3 3>I>2 

P/PET (=Q) Q<0.03 0.03<Q<0.06 0.06<Q<0.28 0.28<Q<0 . 45 

As~a 43770 1595 3225 5415 4817 15042 34 

Near East 4593 919 1873 938 272 4002 87 
Egypt (Sinai) 60 20 35 5 -- 60 100 
Iraq 435 -- 96 291 48 435 100 
Israel 21 4 3 5 9 21 100 
Jordan 98 18 25 40 15 98 100 
Kuwait 18 -- -- 18 -- 18 100 
Oman 212 107 91 12 2 212 100 
Qatar 22 -- 22 -- -- 22 100 
Saudi Arabia 2150 700 1250 200 10 2150 100 
Syria 185 -- 10 157 18 185 100 

.... Turkey 781 -- -- 50 130 180 23 
Vl Un. Arab Emir. 84 -- 84 -- -- 84 100 .... 

Middle East 6035 20 306 1497 1277 3100 51 
Afghanistan 647 -- -- 220 155 375 58 
Iran 1636 20 306 685 375 1386 85 
Pakistan 779 -- -- 312 347 659 85 
India 2973 -- -- 280 400 680 23 

USSR & Middle 
Asia 33142 656 1056 2960 3268 T940 24 
China 9305 656 776 1375 1293 4100 44 
Mongolia 1565 -- 80 105 625 810 52 
USSR 22272 -- 200 1480 1350 3030 14 

Australia 7618 -- -- 3250 1375 4625 61 

Europe 
Spain 500 -- -- 100 300 400 80 

World 130737 7500 7059 14330 12651 41440 32 



These estimates suggest a need for an international agreement 
on the principles and methods to be used to assess vegetation 
and land degradation; some of the above estimates come up with 
an area larger than the overall surface of world arid lands, 
including climatic deserts (which should not come under de
graded lands for obvious reasons). If we accept that the 
overall size of arid lands is 41.4 million sq km and that 
climatic deserts occupy an area of 14.6 million (Table 2), the 
degraded arid lands are necessarily less than 41.4 - 14.6 = 
26.8 sq km. 

Dregne (1986) states that 52 percent of degraded lands have 
undergone a slight desertization while 29 percent are moder
ately, 18 percent severely and 0.1 percent strongly degraded. 
If we apply these percentages to world arid lands, climatic 
deserts exclusive, we find a total degraded area of 26.4 x 0.8 
= 21.1 million sq km. It is worth noting this figure comes 
close to Rozanov's estimate of 19.9 million sq km, but the 
breakdown is different in the latter: irrigated lands, 1 . 4 
(63 percent), rainfed cropping lands, 2.9 (62 percent), range
lands, 15.6 (96 percent); i.e., an overall 19.9 million (86 
percent of world arid lands, excluding climatic deserts) 
(Rozanov 1990). 

A more realistic assessment of soil (not land) degradation 
should soon be available via the Global Assessment of Soil 
Degradation (1/10,000,000 map) project published by the ISRIC 
(International Soil Reference and Information Centre, Wagenin
gen, The Netherlands) for the United Nations Environment 
Programme (UNEP). 

The number of people affected by vegetation and soil degrada
tion was estimated in 1977 to be about 78 million in areas 
having recently undergone severe desertization (Kates 1977 ), 
but he estimates 700 million living in the world arid lands 
were threatened over the medium to long term. Given the fact 
that most of those are in developing countries with high demo
graphic growth rates, the figures are likely to be of the 
order of 275 million and two billion, respectively, today, 
combining an annual 3 percent population growth with an annual 
0 .5 percent area expansion. 

Combatting Desertification in Arid Lands 

The United Nations Conference on Desertification (UNCOD) 
issued in 1977 a world plan of action for preventing and 
combatting desertization; this is a 31 pages lis t of 28 recom
mendations for sound agricultural development policies, par
ticularly geared towards developing countries and expressed in 
careful diplomatic terms. This plan addresses the many facets 
of the problem of desertization control: land management 
improvement and anti-desertization corrective measures, insur
ance against drought, food security, strengthening science and 
technology, socioeconomic aspects including control of popu
lation growth, and international cooperation to include anti
desertization programs in comprehensive development plans. 
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The plan met with very limited success due to the inability of 
most countries to tackle the core of the problem: population 
growth control. Some piecemeal actions have been taken in 
most countries, in particular regarding the development of 
agroforestry (Baumer 1989) . But the accomplishments are far 
from commensurate with the magnitude of the destructions. 
There is a difference of more than two orders of magnitude, 
and perhaps three, between the size of areas degraded, on one 
hand, and protected or rehabilitated, on the other. In over
all terms the efforts made remain unnoticed, and degradation 
is continuing at an ever-increasing pace. UNEP reckoned in 
1984, 7 years after the UNCOD conference, that land degrada
tion proceeded at a pace of 260,000 sq km per annum, of which 
60,000 were irretrievably lost to desert and 200,000 reduced 
to a zero economic productivity (Timberlake and Clarke 1986). 
The reasons given were as follows : 

• Failure to see desertization in context as part of the 
socioeconomic development process . 

• Failure of the developing countries affected to incor
porate the problem in their rural development program
mes. 

• A wrong approach to the problem; actions being geared 
rather towards the consequences than against the caus
es . 

• Little if any activities oriented to people andjor 
involving their participation. 

• Lack of action-oriented corrective projects. 
• Unfavorable climatic conditions, particularly in the 

African Sahel which has undergone an almost continuous 
drought between 1970 and 1985. 

• A number of interrelated international setbacks af
fecting commodity prices and increasingly unfavorable 
trade terms to developing countries, debt payment 
crisis, and reduced international aid. 

• Poor coordination between aid agencies and their very 
low overall efficiency. It has, for instance, been 
estimated that no more than 5 percent of the amount of 
aid money reached its target in field action, 95 per
cent being lost in the hands of donors' and recipi
ents' bureaucracies. As a matter of fact, in the 
livestock sector alone over one billion u.s . dollars 
was spent in Africa from 1960 to 1985 with a virtual 
zero result in terms of long time sustained develop
ment (LeHouerou and Gillet 1985) . Corruption and 
nepotism are high among the problems . 

• No population growth control policy nor family plan
ning action of any sizable scale (with the exception 
of India and China) . 

What could/Should Be Done? 

There is plenty of evidence that most degraded arid land 
vegetation and soils could, in principle, be restored to 
productivity from the purely technical viewpoint . Many exper
imental research and demonstration projects all over the arid 
zones of the world have evidenced this fact. 
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The obvious next question that comes to mind is: if rehabili
tation is possible, why do people not do it? There are many 
reasons that combine to prevent positive action from those 
concerned. Among the most common reasons are the following: 

• Lack of know-how in local populations and lack of 
traditions in soil and water conservation . There are, 
however, many ethnic groups that do have the technolo
gy and traditions. There are many examples of this 
nature in Africa and in Asia (water harvesting, con
tour terracing, water diversion, mulching, dry farming 
techniques, etc.). 

• Inadequate land tenure systems are widespread, whereby 
crops and stock are privately owned while land and 
water are communally owned. In that situation it is 
to every individual's advantage to draw the maximum 
immediate output from the common resources whatever 
many happen in the long run. Governments have invari
ably been reluctant, to say the least, to tackle this 
problem. It is true there are some very rare cases of 
rational management of common resources such as among 
the Baran pastoralists of Kenya and Ethiopia~ but this 
is the exception, not the rule. 

• Land reform transferring ownership to individuals or 
small family groups would help alleviate the land 
degradation problem, making productive land investment 
possible. 

• The development of agroforestry, for instance, is 
hardly possible without a responsible management stra
tegy by private owners or long term tenants. This 
worked successfully in many peasant societies in arid 
lands over all continents (Faidherbia albidajmillet 
system in West and East Africa, Prosopis cineraria / 
millet system in India and Pakistan, the Argania spin
osafbarleyjgoats system of southwest Morocco, the 
oakjwheatjpigjsheep system in southern and southwest
ern Spain and Portugal, the oakjwheatjgrazing system 
of northern California, the Pistacia verajcereal/ 
grazing system in Tajikistan and Afghanistan, etc . 

In recent years the expanding use of government-subsidized 
cereal and concentrate feeding of sheep in northern Africa and 
the Near East is having very perverse consequences on deserti
zation of the arid steppes, enabling very high stocking rates, 
resulting in quick range deterioration and land degradation . 
Cutting government subsidies to concentrates and feed cereals 
would alleviate the situation (LeHouerou 1991) . 

The everexpanding high-risk cropping of cereals in the arid 
steppes of northern Africa (Figure 8), the Near and Middle 
East, India, China, the Sahel and East Africa is a very effi
cient land degradation agent. Laws were enacted in several 
countries to prohibit cultivation below a given mean annual 
rainfall (usually 350/400 mm); these laws, however, share one 
common feature: they were never enforced. 

Population growth control, though most unpopular in the coun
tries concerned, could be attempted provided there were some 
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sort of social security compensation and other encouragements 
to smaller families. Little imagination has been shown on the 
subject. 

Conservation-protection areas are very few and of little 
extent in the arid lands of developing countries. Most of 
those in existence were established before these countries 
became independent, at a time when the pressure on the land 
was much weaker. The reason why there is so little area left 
for conservation is that the population living in would-be 
parks or reserves has nowhere else to go as virtually all the 
land is overpopulated. Botswana is an exception with a densi
ty of human population of 1 person per sq km. It also is one 
of the rare arid lands with still some 400 kg of mammals per 
sq ~m and large game reserves attracting an increasing number 
of tourists (LeHouerou 1989; LeHouerou and Gillet 1985). 

There is obviously no overall simple blueprint solution but a 
number of package deals more or less adapted to each and every 
case. Strategies have to be designed involving the popula
tions concerned and using appropriate technology, but this may 
not be enough because local population may have a wrong or 
unrealistic approach to the problems. Most local farmers or 
pastoralists, when asked, would request more water and subsi
dized concentrate or cereals for their stock, but it has been 
shown that unsound water development leads to ecological 
catastrophes as do indiscriminate feed subsidizing. 

In the present situation many resources are devoted to re
search and monitoring. This is of little help if nothing is 
done on the large scale agricultural development front. The 
fact is that most of these research and monitoring efforts 
remain fruitless by lack of transfer into application in real 
life situations . A good example of this is given in Senegal 
where a rangeland monitoring project was implemented between 
1980 and 1985. Every year at the end of the rainy season, in 
October, the project provided the country's authorities with a 
map of range resources which could have helped alleviate the 
very serious problems of drought in 1983 and 1984 . These maps 
were never used (LeHouerou 1988, 1989). Many examples of this 
kind could be cited; tons of vegetation and soil maps that 
cost millions of dollars have never been used, unless to feed 
termites in ministries' vault shelves. 

Probably the best use of the aid resources in developing 
countries could be achieved in small projects by Non-Govern
mental organizations (NGOs), provided these have the adequate 
know-how (which they do not always have) and that there is 
government support, but no direct interference. Experience 
has shown far beyond doubt that heavy bureaucratic machineries 
like most of the multilateral or bilateral aid agencies have 
an extremely low output in terms of actual development field 
work achieved per dollar spent, when having any output at all. 

Governments on their side have to commit themselves to diffi
cult and often unpopular goals such as population growth 
control, land reform, and various legal administrative and 
financial incentives to sound land management. 
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Conclusions: Is Arid Land Degradation Unavoidable? 
Is Climate and Drought To Be Blamed Alone, 

or Is Man Guilty? 

There are many examples and ample evidence that natural arid 
land ecosystems are able to withstand prolonged drought, 
virtually without damage, provided the anthropozoic impact is 
light. A number of large state-owned ranches in the Sahel 
having a moderate stocking rate have gone, virtually without 
damage, through 15 years of drought . The same applies to 
protected areas in the arid zones of East Africa, southern 
Africa, the Near and Middle East, and Middle Asia and various 
parts of the Americas. The answer then is quite clear: land 
degradation does not come from climate and drought alone; 
vegetation and soils have adapted to these conditions for 
centuries and millenia, when the pressure of man and his 
animals was slight. 

What is new in the modern world is that the density of humans 
and stock has increased tremendously (Figures 1 and 3); thus, 
the combination of a heavy human and animal impact with natu
ral periods of drought hav e rendered these ecosystems fragi l e 
and prone to degradation by rain and wind and also by faulty 
irrigation. 

There is no evidence of climatic aridization over the past 
2,000 years, with perhaps the exception of northwest China 
along the Silk Road. 

Man is guilty of the degradation of the arid lands owing to 
his mismanagement . Naturally, climate affects that degrada
tion since as sequences of rainy or drought years, coming in 
pseudo-cycles, may slow down or hasten the degradation pro
cesses. 
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Modifications of the Sahelian and Sudanian Ecosystems 
in Western Mali: Study of Desertification With 

Remote Sensing Data 

Monique Mainguet, Lionel Guyot, Marie-Christian Chemin, 
and Alain Braunstein 

If taken at its literal etymologic meaning (reduction of a 
productive area to a desert-like landscape), "desertification" 
might be considered as an irreversible process, at least on a 
human time scale. 

Observations during the last three years in the Sahel have 
shown that apparently desertified Sahelian sectors have grown 
green again after one or two good rainy seasons (Toulmin 
1988) . 

According to the observations made after the last long drought 
(1968-1984}, it seems that drought is more the revealer than 
the cause of land degradation. 

The purpose of this study is to examine data that can be 
detected by remote sensing and which may be indicative of 
ecosystem changes that have taken place in the Sahelian and 
Sudanian zones from the 1950s up to the present time (Figure 
1). Climatic fluctuations, soil degradation processes, chang
es in land occupation and vegetative cover are analzyed . 

study Methods 

To define the changes in the ecosystems, several transects 
were selected that were oriented approximately north-south 
according to the tracks of sun-synchronized satellites (Col
lective 1989}. 

In this paper we consider the first transect which follows 
path number 40 of SPOT satellite for Mali at latitude 15° 40'N 
to the Mauritanian border up to latitude 10° 50'N at the 
Guinean border (Figure 2). 

The environmental changes were studied using four data sourc
es: 

1. Aerial photographs from the 1950s. 

2. A double aerial photograph cover of 16 November 198 7 : 
in false color infrared at a 1:36,000 scale; in a 
panchromatic black and white at a scale of 1:50,000. 

3. Three images of the Sahelian and Sudanian part of the 
SPOT path number 40 rows number 319, 322, 327 which 
in Mali (at Nara, on the Mauritanian border at Mourd
iah about 100 km south of Nara, and at Yanfolila on 
the eastern border of Guinea) were acquired at a date 
as close as possible to the date of the aerial imag
ing (Figure 2). The false color infrared aerial 
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Figure 2. Location of SPOT images used in study (black rec
tangles). 
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photography and the SPOT multispectral mode are also 
sensitive to electromagnetic radiation with wave
lengths from 0.5 to 0.9 micrometers. The images 
produced after development of the aerial photographs 
and graphical plotting of the satellite's digital 
image are visually comparable. 

4. A ground truthing mission which took place from the 
end of January to the end of February 1988. 

Climatic Fluctuations 

Figure 3 shows the location of isohyets for three different 
periods: 

• One period, almost 60 years long, from 1922 to 1980. 
• One period of 10 years, corresponding to a wetter 

episode from 1951 to 1960, which is expressed by a 
shift of isohyets northward. 

• One period also of 10 years, which corresponds to a 
drier episode, from 1971 to 1980, which is expressed 
by a shift of isohyets southward, as Table 1 shows: 

Table 1. Amplitude of isohyet "oscillations." 

I soh yet (mm) Amplitude of oscillation (km)* 
concerned West Center 

400 
600 135 120 
800 40 40 

1,000 90 160 
1,200 75 150 

*From the longitude of Kayes in the west to the 
longitude of Mopti in the east (Figure 3). 

East 

125 
100 

60 
120 
140 

These isohyets were established through interpolation using a 
rather dispersed measurement network; however, recent studies 
using the NOAA satellite images on the Sahelo-Sudanian area 
have allowed the corroboration of the isohyet traces obtained 
under comparable conditions. 

Figure 3 and Table 1 show the following: 

1. The smallest oscillation in amplitude occurs between 
the wet and dry episodes for the 800 mm isohyet. The 
Mourdiah SPOT scene 40-322 is concerned precisely 
with this isohyet. 

2. For other isohyets, the amplitude of oscillation is 
of the order of 100 km; greater in the east than to 
the west for the 1,200 mm isohyets and, conversely, 
greater in the west than in the east for the 600 mm 
isohyet. 
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3. The southern location of the 400 mm dry episode isoh
yet is near the most northerly position of the 600 mm 
isohyet reached during the wettest episode . The same 
is true for the 600 mm dry episode and 800 mm rainy 
episode and 800 mm dry episode and 1,000 mm wet epi
sode . As far as the 1,000 mm dry episode and 1, 2 00 
mm rainy period pairs and their 1, 2 00 mm and 1,400 mm 
equivalents are concerned, the shift is such that the 
dry episode isohyet of each pair was actually located 
farther south than the rainy period isohyet of each 
pair. 

The consequences of such oscillations are obvious: they are 
less damaging in the south, where rainfall varies from 1,200 
mm to 1,400 mm, than in the north, in the vicinty of Nara , 
where the rainfall varies from 400 mm in dry periods to 600 mm 
in rainy periods. Total rainfall, of course, is frequently 
less important than the distribution of the rain during the 
growing season . 

soil Degradation: The Influence of Aeolian and 
surface water Erosion 

Table 2 represents a summary of observations made on the 
remote sensing images used in the study of this first tran
sect. 

The analysis of the satellite images and the aerial photo
graphs have allowed an objective delineation of the northern 
and southern boundaries of dynamic regions and potentially 
dangerous mechanisms. 

All planners must take into account the following dangerous 
mechanisms: 

1. Aeolian erosion. This is significant only north of 
14° 30 1 N; the risks of recurring erosion are signifi
cant in case of development undertaken without spe
cific precautions (e.g., windbreaks). 

2 . Interaction of aeolian and water erosion. It occurs 
between 14° 10 1 and 13° 35 1 N. A maximum-vulnerabili
ty sector, as regards erosion, is located between 14 ° 
00 and 13° 35 N. 

3 . Water erosion . This is dominant between 13° 35 1 and 
13° 20 1 N. Farther south, water erosion causes col
luvial deposits. This erosion is less dangerous, but 
its consequence is, nonetheless, exhumation of the 
hard lateritic crust. 

4. The main geomorphological changes observed in the 
landscapes are: 
a) Increase of the surface of hard-setting soils. 

Hard-setting soils are soils with dense, sometime 
weakly-cemented surface horizon (Lal et al. 
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Table 2. 

Latitude 

14° 30'N 

14° lO'N 

14° OO'N 

13° 50'N 

13° 35 'N 

13° 20'N 

13° 00 'N 

Boundary of dynamic processes and potentially dangerous mechanisms according to the 
latitude and the isohyets from different periods. 

1 

2 

Potentially Dangerous 
Mechanisms 

Exclusive aeolian 
erosion 

Boundaries of Dynamic Processes 

1. Northern boundary of trauma
tizing surface water degrada
tion mechanisms discernible on 
satellite and aerial photograph 
images. 

2. Southern boundary of the in-
Interaction of aeolian herited continuous sand sheet . 

3 

4 

5 

6 

7 

and surface water 
mechanisms 

Surface water erosion 

Diffuse surface water 
erosion 

Col~uvial deposition 

3. Northern boundary of the maximum 
surface water degradation area. 

4. Southern boundary of perceptible 
indices of aeolian reshaping, 
by deflation, of cultivated land . 

5 . Southern boundary of the maximum 
surface water degradation area. 

6. Southern boundary of surface 
water degradation mechanisms 
discernible on satellite images 
and aerial photographs. 

7 . Northern boundary of discernible 
hard, lateritic crust on satel
lite images and aerial photographs 
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1989). On these soils, because of low porosity 
and fine laminations in the upper few millimeters 
establishment of plants is difficult and runoff 
of sheet-wash is usual. They are characterized 
by the absence of a vegetative cover and by a 
smoothed waterproof surface. The hard-setting 
soils were easily detected on satellite images 
because of their high reflectance . Their prefer
ential latitude is around 14° 06'N which corre
sponds to an average annual rainfall of 700 to 
750 mm. On aerial photographs of 1953 observed 
around 7° 40'W one can see that already at this 
date indicators of vegetative cover depletion are 
detectable on the areas where-later on-these 
hard-setting soils appeared. The surface of 
these areas increased notably in the last three 
decades; some of them have reached a length of 1 
km. On the periphery of the hard-setting soils, 
the vegetative cover is also depleted. 

b) Appearance of areas of skeletal soils. These 
impoverished soils are visible between 13° 20' 
and 14° 10'N, more precisely along the break o f 
slope between the top of the hills and the side
slope . They increase towards the top and down
hill. 

c) Rill erosion. Rill erosion is omnipresent north 
of 14°N, mainly north of the sector of Mourdiah 
(14° 06'N and 7° 40'W) . We did not observ e nota
ble changes in its density in the last decades. 
South of 14°N its density decreases. Between 13° 
and 14° N and 7° and 8° w most rills are now 
revegetated. The vegetative cover in the rills 
at this latitude has, paradoxically, increased . 

Changes in Land Occupation 

The location of crops for the year 1987 and the agricultural 
land area in its entirety (including the annual cropland1 and 
all the lands having been cultivated in the past but currently 
left fallow), as well as the annual frequency of bush fires 
was obtained from an examination of the SPOT scenes and aerial 
photographs . This examination revealed the following (Table 
3) : 

• the amount of annual cropland approximately doubled 
between 1950 and 1987 for the three sectors studied; 

• there was a large increase in cultivated land in the 
Nara sector (25 percent to around 50 percent), onl y a 

1one must be very careful in interpreting these figures. 
The land actually cropped during the year may vary from one 
year to the next for the same area. However, a study of 
several photographic pairs from the 1970s shows that, for a 
given year from this period, the areas of cropped land during 
the year have values between those of the 1950s and those of 
1987. 
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slight increase for the Mourdiah sector, and a non
significant variation for the Yanfolila sector. 

This results in a crop rotation period which changed very 
little in Nara but shortened in Mourdiah and in Yanfolila , and 
in an important increase in crop area (70 percent or more) and 
a decrease in fallow land for these latter two sectors . 

Table 3 . Changes in land occupation, by sector. 

Area .of SPOT 
images 

Cropland in 
1950s (C1) 

Cropland in 
1987 (C2) 

Cultivated land 
in 1950s (T1)+ 

Cultivated land 
in 1987 (T2)+ 

Ratio of cultivated 
land to cropland, 
1950s and 1987* 

NARA 
ha % 

60,300 100 

1956 
2,498 4.1 

4,397 7 . 3 

(1956) 
16,300 28 

33,600 

T1/C1 
6,5 

T2/C2 
7,6 

55 

MOURDIAH 
ha % 

69,700 100 

1952 
4,500 6.4 

10,500 15.1 

(1952) 
45,300 65 

49,500 

T1/C1 
10,1 

T2/C2 
4,7 

7 1 

YANFOLILA 
ha % 

66,800 100 

1952- 53 
2 , 920 4 . 4 

7,130 10. 7 

(1952-5 3 ) . 
49,430 74 

48,800 

T1/C1 
16 , 9 

T2 / C2 
6,8 

73 

+Cultivated land includes actual cropland plus fallow land. 
*Indicates length of fallow period, in years. 

Changes in Cultivated Land Area 

In the 1950s, one sees very c learly, going southward, the 
increase in the area of cultivated land in relation to the 
total area: 28 percent for the Nara region, 65 percent for 
the Mourdiah region, and 74 percent for the Yanfolila region. 

The influence of latitude is clearly felt: on the one hand, 
the rainfall is more favorable to crops in the south and, on 
the other, the more abundant rainfall allows one to be less 
restrictive concerning the soil characteristics . 
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In 1987, the situation changed. The area of cultivated land 
in the Nara sector doubled in relation to the 1950s, increas
ing to 55 percent, whereas that of the Mourdiah sector had 
barely increased and that of the Yanfolila region did not vary 
significantly, since it reached 73 percent in 1987 compared to 
74 percent in the 1950s. There were no increases in the total 
cultivated land south of the 800 mm isohyet (south of the 
Mourdiah sector) . 

Changes in Annual cropland 

As far as the crops are concerned, it is striking to observe 
that it is once again the Mourdiah sector which has from 1950 
onwards the highest percentage of cropland: 6.4 percent of 
the total area in 1952, whereas the Nara sector has only 4.1 
percent in 1956 and Yanfolila only 4.4 percent in 1952-53. 

This situation was duplicated and even accentuated in 1987 for 
the Mourdiah sector: 15.1 percent of the total area was 
cropped during the year whereas only 7.3 percent was cropped 
in the Nara sector and 10 . 7 percent in the Yanfolila sector. 

Thus, it is the latitudes of the Mourdiah sector which are 
most highly exploited by people, and it is also in these 
latitudes that land is left fallow for the shortest period. 

In the more northerly latitudes of the transect, in the re
gions which receive less water (400 mm isohyet), the increase 
in the cultivated land area responded to the demographic 
explosion. In the latitudes of the 800 mm isohyet, the culti
vated land already occupied most of the cultivatible area in 
the 1950s and had not been able to increase significantly; 
what is reduced is the time of crop rotation in this limited 
space, thus confirming that the essential part of human pres
sure on the ecosystems takes place in the middle and southern 
part of the transect. In Yanfolila, however, the crop rota
tion time, even though it was considerably shortened during 
the period, still remained at around seven years. 

Changes in the Vegetation cover 

Analyses were made for the 1950s and for 1987 of the types of 
vegetation cover present in the area. In the Sahelian zone 
around Nara, the dominant vegetation complex is shrub and tree 
savanna. Farther south, the Sahelo-Sudanian zone represented 
by Mourdiah is dominantly tree savanna. Yanfolila is in the 
Sudano-Guinean zone, with the vegetative cover consisting 
mainly of some combination of savanna woodland and tree savan
na. 

Two major observations can be made about conditions and 
changes in the area: 

1. The absence or quasi-absence of grass savanna. The 
dominant types of vegetative cover, from the richest 
in trees to the poorest, are savanna woodland, tree 
savanna and shrub savanna. We consider that the 
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shift from the first to the second and third types 
represents a degradation of vegetative cover. 

2. The increase at all latitudes between 1952 (or 1957) 
and 1987 of the cultivated land with the maximum at 
the latitude of Mourdiah. 

Table 4. Land use in three locations in Mali. 

Cropland 

Irrigated agriculture 

Dry forest 

Woodland savanna 

Tree savanna 

Shrub savanna 

Grass savanna 

Tree steppe 

Shrub steppe 

Grass steppe 

Wet grassland 

Swamp 

Bowal 

Tree bowal 

Forest along 
water course 

Bare soil 

Villages 

Water courses 

Nara 
1957 1987 

4.1 

1.2 

64.1 

20.9 

0.9 

3.4 

2.4 

2.7 

0 

0.1 

7.3 

1.3 

38.3 

44.1 

0.8 

1.8 

2.8 

2.6 

0 

0.9 

0.1 

The savanna Woodland 

Mourdiah 
1 952 1987 

6. 4 15.1 

0 0 

10.8 6.5 

73. 4 53.0 

8 . 6 16.8 

0 0 

0.1 

0.2 

0 

0 . 1 0 . 2 

0 . 2 1.0 

0 0 

0 7 . 2 

0 .1 

0 

Yanfo1ila 
1952 1987 

4.4 

0.3 

28.0 

41.8 

14.9 

3 .4 

1. 9 

1.4 

2.3 

1.0 

0 

0.2 

0 . 6 

10. 7 

2 . 4 

1.3 

63.2 

12.2 

2.2 

1.9 

0.4 

0.2 

1. 2 

2 . 0 

1. 4 

0 . 4 

0 . 5 

0.2 

In Nara, this type of vegetative cover was represented by only 
1.2 percent of the surface. 

In Mourdiah, it covered 11 percent in 19 52 and 6.5 percent in 
1987 . This decrease represents a degradation: 60 percent of 
the surface has been replaced by the tree savanna and 9.7 
percent by barren soils. 

This type of vegetation cover has resisted e limination only in 
unusable areas, on hills with steep slopes where c ultiva tion 
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or grazing were not possible. A good example is observed near 
the village of Djenefine, 13°N and 17° 45'W . Near the village 
of Gabakoro-Toungara {14° 12'N and 7° 38'W}, the woodland 
savanna is preserved in a deep and narrow gully . Neverthe
less, near this last village, residues of savanna woodlands 
exist in cultivated areas. 

At the latitude of Yanfolila the increase of the surface of 
the savanna woodland, from 28 percent in 1952 to 63.25 percent 
in 1987 suggests an apparent improvement of the vegetative 
cover. 

The Tree Savanna 

At the latitude of Nara, the tree savanna surface has de
creased: it was 64 percent in 1957 and only 38 percent in 
1987. Of this initial surface, 7.5 percent had become farm
land, 1 percent savanna woodland and 42 percent shrub savanna. 
This implies a degradation of the vegetative cover. 

At the latitude of Mourdiah, a similar trend is observed : 
from 73.5 percent of the surface in 1957, it had decreased t o 
53 percent in 1987. Of the initial 73 . 5 percent, 13 percent 
was cultivated in 1987, 5 percent was more densely vegetated, 
17 percent had become a shrub savanna, and 7. 2 percent had 
been transformed into barren soils. 

The tree savanna is in general far from the villages (1.5 km 
minimum on average}, where human impact is less intensive. 

The Shrub Savanna 

The shrub savanna can result from degradation of the savanna 
woodland or from the rehabilitation of the vegetative cover 
during the fallow periods. This explains its location prefer 
entially near the villages. 

This type of vegetative cover is the least attractive for 
farmers because it indicates that only partial reconstruction 
of the original vegetation had occurred during the fallow 
period. In general, its surface has increased. From 21 
percent in 1957, it has reached 44 percent in 1987 at the 
latitude of Nara. At the same latitude, the grass areas had 
improved on 38 percent of the surface and were similar on 19 
percent. The shrubs had disappeared or grown into trees in 
the neighboring areas. 

In Mourdiah, this type of vegetation is less extensive. Its 
surface grew from 8.6 percent in 1952 to 16.8 percent in 1987. 
In 1987, 27 percent of the surface of 1952 was used for farm
ing, 31 percent had become a tree savanna, 33 percent did not 
change and 5.4 percent was transformed into barren soils. 

The shrub savanna at the latitude of Yanfolila decreased from 
15 percent of the surface in 1952 to 2.2 percent in 1987 (5 9 
percent became savanna woodland, 16 percent tree savanna, 13 
percent farmland, 0.6 percent irrigated land}. 
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Conclusion 

Setting the physical and human data side by side leads to the 
basic and new conclusion that ecosystems in sub-Saharan West 
Africa with 650 to 800 mm of average precipitation are the 
areas most affected by environmental degradation . It is also 
in these areas that, as one moves south from the drier north, 
one first finds population densities greater than 10 inhabi
tants per square kilometer, and even, locally, than 20 inhab
itants per square kilometer. 

The 800 mm rainfall zones are those which had the least oscil
lation in the amplitude of isohyets between dry and wet peri
ods. It is in this fringe at the boundaries of the Sahelian 
and Sudanian regions, where rainfall remains more stable, that 
population regrouping almost certainly takes place when north
ern climatic conditions become unfavorable . 

It is also in the northern half of the Sudanian e c o z one that 
in 1987 barren soils reached their highest percentage ( 7 .2 
percent). Barren soils were almost non-existent in 1952 . I n 
1987, they amounted to less than 1 percent at the latitude of 
Nara and 0.5 percent at that of Yanfolila. 

Along the ' north-south transect there is no general rule for 
the recent evolution of the vegetative cover . The surface of 
the savanna woodland is doubled in the Sudanian ecosystem. 
The surface of the shrub savanna is also doubled at the lat i 
tudes of Nara and Mourdiah. A general regression of the tree 
savanna type is observed along the whole transect. 

The land degradation observed results more from human pres
sure, increased by the impact of drought , than from drought 
itself. If irreversible desertification in the Sahel itself 
is difficult to demonstrate, it appears nevertheless that the 
north Sudanian ecosystem with 800 mm annual rainfall and the 
highest percentage of land occupation has suffered the most 
severely . 
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Dry Land Salinity in the Indo-Pakistan Subcontinent 

N. T. Sinqh 

The Indo-Pakistan subcontinent, with basically an agrarian 
economy, is one of the most thickly populated regions of the 
world. T~e combined population is around 955 million and is 
mostly concentrated in dry subhumid, semiarid and arid areas . 
About 66.8 percent of the economically active population of 
India and 50 . 2 percent in Pakistan is directly engaged in 
agriculture. The density of population in the Punjab provinc
es of both countries is the highest {Table 1) and per capita 
availability of land is shrinking. Pakistan has a proportion
ately large area under rangelands, forests, and non-agricul
tural uses but in India further extension of the cultivated 
area is impossible. Huge investments have been made in the 
subcontinent to develop the irrigation potential, with the 
cost of bringing canal water to a hectare of land in India 
between Rs. 30 to 40,000 . Both countries cannot afford to 
lose an inch of such land through any degradation process. 
Therefore, soil salinity, which has been encroaching on fer
tile lands, has been a cause for concern in the subcontinent. 

Geoloqy 

Geoloqy, Physioqraphy, and soils 
of the Subcontinent 

The dryland zone of the subcontinent has three distinct geo
logical regions, i . e., the Peninsular Shield, the Indo-Gange
tic alluvial plains, and the Extra-Peninsular region compris
ing Himalayan ranges and their extensions (Figure 1) . The 
Peninsular Shield is composed of Archaean gneisses and schi sts 
penetrated profusely by igneous rocks and Pre-cambrian sedi
ments. It has five major regions : the southern peninsula is 
occupied by rocks of the Dharwar system consisting of hornble
nde and other schists, crystalline limestone, slates, quartz
ite and dolomite; the Bundelkhand region with Bundelkhand 
gneiss; south Bihar and north Orissa are occupied by old 
metamorphic rocks and iron ore series; the Eastern Ghats with 
Khondalites and Chernokites as dominant rock types; and the 
Aravalli system in Rajasthan and the metamorphic rocks of t he 
Satpura basin. The Khondalites consist of spandites, orthocl
ase, apatite, and manganese pyroxene in varying proportions 
(Krishnan 1968). The Chernockite series show characters of 
both igneous and metamorphic rocks. The Aravalli system 
contains limestone showing varying degrees of metamorphism . 
The basal beds rest on Bundelkhand gneiss. The Satpura belt 
contains gneisses, schists, phyllites, crystalline dolomites 
and limestones. The soils developed on Archaean rocks inherit 
their red color from the iron bearing minerals of the parent 
rock . 

Besides Archaeans, the Proterozoic group in the Peninsular 
Shield has a succession of quartizites and slaty shale. The 
Delhi system consists of slates, phyllitic quartizite, lime
stone, etc. and the Vindhyan system is represented by Malani 
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Table 1. Extent of semiarid and arid area and population 
density in the subcontinent . 

State 

Rajasthan 

Gujarat 

Punjab 

Haryana 

Maharashtra 

Andhra Pradesh 

Karnataka 

Punjab 

Sind 

Baluchistan 

N.W.F.P.* 

Geographical 
area 

million ha 

34.22 

19.60 

5.36 

4.42 

30.77 

27.51 

19 .12 

20.62 

14.10 

34.72 

10.20 

*North-West Frontier Province. 

Semi
arid 

Arid 

______ , _____ _ 

36.77 57.42 

47.50 33.72 

60.18 26.84 

59.11 29.32 

61.17 0.42 

44.66 7. 18 

72.60 4.27 

PAXISTAH 

. 28.94 57.86 

4.27 95.73 

56.95 43.05 

22.73 8.32 

180 

Irrigated 
area 

million ha 

3.42 

2.32 

3. 72 

2.35 

1.88 

3. 55 

1.82 

9.30 

5.60 

0.32 

0 . 37 

Population 
density 

per km"2 

100 

174 

336 

294 

204 

195 

193 

229 

135 

12 

146 
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rhyolites in the Aravalli range. The lava outflows, spread in 
horizontal sheets named Deccan Traps, occupy parts of Maharas
htra, Madhya Pradesh and Gujarat. Deccan Traps are extraordi
narily uniform in composition and correspond to basalt or 
dolerite with the silica percentage varying from 43 percent in 
the ultrabasic groups to 73 percent in the acid rocks. As the 
silica increases it gives rise to more pyroxene first and then 
more feldspars . The soils derived from Deccan Traps are the 
well known black soils. 

To the south of the Himalayas, the Cambrian formations with 
their rich fauna represented by the Salt Range present a 
contrast to the Peninsular formations . Marine conditions 
prevailed at different periods. In the Lower Eocene, the 
Potwar region saw the deposition of rock salt, gypsum, and 
dolomite. The similarity of stratigraphy of the Kutch and 
Salt Range regions indicate that a sea connected the two 
through Jaisalmer in west Rajasthan (Krishnan 1968). The 
Sind-Baluchistan region represents Tertiaries. Large stretch
es of wind blown sandy to clayey deposits are seen in Punjab, 
Sind, and Baluchistan. These are very prominent in the Potwar 
plateau, in the Salt Range, and in the Thar area of Baluchi
stan. 

The great alluvial tract of the Ganges, Brahmaputra, and Indus 
rivers separates the Peninsular formations from the Extra
Peninsular region. The origin of the Indo-Gangetic alluvial 
trough is closely linked with the orogeny of the Himalayas. 
The Quaternary period saw the final uplift of the Himalayas. 
Time and again its present site was flooded by the Tethys sea. 
The Indo-Gangetic plain is 2,000 to 3,000 m deep and filled 
with river alluvium mostly derived from the rising Himalayas. 
More than half of the alluvial plains is above the level of 
the highest flood plains of the rivers. This indicates a 
certain amount of irregular warping during the Pleistocene 
with the result that the fresh alluvium (Khadar) is readily 
distinguishable from the ancient alluvium (Bangar). The old 
alluvium invariably contains calcareous beds or nodules dis
tributed in the profile. 

Physiography 

The northern mountains, comprising the Himalayas and their 
northeastern and western extensions, have a clear southern 
boundary defined by the 300 m contour line in the west-except 
for the plateau region in the northwest-and the 150 m contour 
line in the east. From the foothills, the Himalayas rise 
rapidly northwards to over 8,000 m within a short distance of 
80 km providing steep gradients to runoff waters, streams, and 
rivers. The waters carve out deep gorges in the rocky terrain 
and erode large amounts of soil while traversing mountains and 
piedmont plains. The soils are moderately deep, calcareous, 
and show slight salt intrusions when virgin. 

The Indo-Gangetic plains stretch parallel to the Himalayan 
ranges in the north along the courses of the Ganges and its 
tributaries until they merge with deltaic flats in the Bay of 
Bengal. The western part of the plains is drained in a south-
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westerly direction along the courses of the Indus and its 
tributaries, finally merging with deltaic formations in the 
Arabian sea. The plains have a generally flat surface inter
rupted by natural levees and channel remnants. An almost flat 
relief with a slope of less than 0.002 percent is responsible 
for their poor drainage. The elevation of the Gangetic flood 
plains increases from east to west and of the Indus plains 
from south to north starting from mean sea level to 300 m and 
up in the piedmont plains. The elevation of the lower Indus 
plains lies between 80 m at Guddu to 18 m at Kotri Barrage. 

The Central High Lands, bordered by the Aravalli range in the 
west and the Satpura range in the south, separate the Gangetic 
plains from the Peninsular Shield. The east Rajasthan up
lands, with elevations ranging from 250 to 500 m, and the 
Malwa Plateau have fair amount of salinity while it is rarely 
found in the Bundelkhand uplands and Vindhyan scarp lands. 
The Thar desert in western Rajasthan extends across the bound
ary into Pakistan and on the northeast up to the Ghaggar flood 
plains. This area is covered by vast aeolian sand deposits 
amongst rocky outcrops. The sand covered derelict channels of 
old rivers now appear as salt basins. In the far northwest 
occur the loess deposits which occupy a part of the Potwar 
plateau and the Thar area. The soils on the table lands are 
deep and calcareous. The Baluchistan Plateau in the west is 
mainly hilly with small dry valleys. south of the Bolan pass 
there exist flat lands called Kachhi plains with a fair amount 
of salinity. Some of the above formations are clearly seen in 
the satellite picture based on relative reflections (Figure 
2) • 

The Peninsular Shield has, on its west, the Western Ghats 
named Sahyadri which are the source of several rivers travers
ing the region and cutting deep valleys. In the north lie the 
Satpura Range and the Maharashtra Plateau formed of basalt and 
presenting a rolling surface. The east coast is much wider 
but drier than the west coast. The east coast plains extend a 
few hundred kilometers inland. The deltas of Mahanadi, Krish
na, Godavari and Cauvery are rather large and fertile. The 
coastal areas are prone to cyclones and tidal floods. The 
Buckingham channel runs parallel to the coast from Krishna to 
Chingelpet in Tamil Nadu. This backwater channel is the 
source of extensive salinity in the area. The Tamil Nadu 
coast also has saline lagoons and lakes. 

Soils 

The subcontinent has a large variety of soils differing in 
their origin, nature, characteristics, and productivity. 
These can be broadly placed under 6 orders (Figure 3). The 
area under each order is very tentative as, in the absence of 
a detailed survey, firm figures are not available. 

Entisols cover 61 million ha, largely as recent flood plains 
along the Indus, Ganges, and Brahmaputra rivers in the north
ern states of India and in Punjab and Sind provinces in Paki
stan. Coastal and deltaic alluvium, represented by Hapla-
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Figure 2 . Satellite photograph of Indus plains and Thar 
desert in the backdrop of snow-covered Himalayas 
(courtesy G. S. Mavi). 
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Figure 3. 
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quents, Ustifluvents and Udifluvents, is the second most 
important group of Entisols in the subcontinent. The third 
group of Entisols in importance are regosolic and lithosolic 
desert soils in Rajasthan, Punjab, and Haryana and along the 
east coast in India; and in the Thar desert, Cholistan, the 
wind eroded areas of Baluchistan and the Thal sands between 
the Jhelum and Indus rivers in Pakistan. These belong to the 
suborder Psamments. Soil salinity is a common phenomenon in 
river flood plains and in coastal and deltaic alluvium. 

Inceptisols occur on relatively young alluvial surfaces or old 
flood plains and occupy higher surfaces compared with recent 
flood plains along rivers of the Indo-Gangetic system. The 
area under this order in the subcontinent is roughly 23 mil
lion ha. Inceptisols are also met on subrecent erosional 
surfaces and loess in the case of the Potwar Plateau and the 
Peshawar valley . They have an ochric epipedon over a cambic 
or calcic horizon. They are largely irrigated and grow a 
variety of crops . 

Alfisols, both area-wise and in spatial distribution, form the 
dominant soil order in the subcontinent, with about 88 million 
ha starting from Tropaqualfs of West Bengal and Hapulstalfs of 
Orissa to Hapludalfs of the submountainous region and Natrust
alfs of the Indus basin in Pakistan. Alfisols also occur in 
association with Vertisols in the mixed red and black soil 
region . Normally they are very fertile and prime agricultural 
lands but are prone to salination in semiarid to dry subhumid 
regions. 

Aridisols are concentrated in the northwest of the subconti
nent and in a few pockets in the Western Ghats rain shadow 
region of the southern peninsula . Together they comprise 61 
million ha spread over Rajasthan, Punjab, Haryana, Gujarat, 
Andhra Pradesh, and Karnataka in India, and Sind, Punjab, 
Baluchistan and North-West Frontier Province (NWFP) in Paki
stan. In Rajasthan, Calciorthids, characterized by a mostly 
loamy fine sand surface with weakly calcareous subsoil fol
lowed by calcic or gypsic horizons, and Camborthids developed 
on alluvium of the Ghaggar and allied streams, moderately 
calcareous with near level relief intercepted by fine sandy 
dunes, are the major soil groups. They are part of the arid, 
hot, desert landscape which is spread over 20 million ha in 
Rajasthan, 6 million ha in Gujarat, 2.8 million ha in Punjab 
and Haryana, and another 3 million ha in Karnataka and Andhra 
Pradesh. The cold desert in India covers 7 million ha. 
Aridisols in Pakistan cover 25.8 million ha. They have an 
ochric epipedon overlying one or more distinctive pedogenic 
horizons such as cambic, argillic, natric, calcic, gypsic or 
salic, or duripan (Sandhu 1990) and hence qualify for great 
soil groups like Haplargids, Natrargids, Camborthids, Calcior
thids, Gypsiorthids, and Salorthids. 

Vertisols cover about 60 million ha, chiefly in the black soil 
region except for shallow black soils. Vertisols are derived 
from basalts, though sometimes shales, limestone, calcic 
gneisses, and dolerite may also be the parent material. 
Medium and deep black soils of 50-100 em depth are recognized 
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as Vertisols and classified as Chromusterts, Pellusterts, and 
Pelluderts at the great group level. They have a high clay 
content, largely made up of smectites. There is a weathered 
"murrum" layer above the bedrock which is mostly responsible 
for horizontal drainage and saline seeps. Black soils usually 
possess A-C horizons. In southern India where red and black 
soils occur side by side, the latter are often located in 
valley bottoms, are poorly drained, and prone to salination. 
Ultisols occur over an area of 57 million ha, mostly in the 
eastern part of India, much of it outside the dry zone . Red 
soils in southern India are usually coarse textured and devel
oped on granites, gneisses, and schists of the Archaean peri
od. These are not very fertile soils and have low water
holding capacity. Mollisols occur over 7.5 million ha in the 
subcontinent, and about 10 percent of them are in Pakistan in 
the northern mountainous region. These soils have very low 
soluble salt content . 

Climate and water Resources 

Climate 

The bulk of the dry zone in the subcontinent lies in north
western Rajasthan, Punjab, and Haryana in India and a major 
part of Pakistan. The region is endowed with soils of low to 
medium water holding capacity, a short and unpredictable 
period of monsoon rains, and very high summer temperatures . 
The other dry regions are the 320 to 650 mm rainfall peninsu
lar table lands with black clayey soils or red soils of coars
er texture. The undulating nature of the terrain induces 
large runoffs, causing a severe water deficit in the region. 
Lahaul and Sipati in Himachal Pradesh and Ladakh in Jammu and 
Kashmir are cold dry regions with calcareous as well as alkali 
soils. But these areas have not been examined critically, due 
to poor accessibility, and are excluded from this report. 
Other exclusions like the subhumid to humid parts of the 
subcontinent may experience moisture deficits in pre-monsoon 
months and also have a fair share of salinity. 

The boundaries of the climatic regions have been based on the 
bioclimatic analysis of India by Bhattacharjee et al. (1982) 
and superimposed in Figure 3. The semiarid hot region, com
prising large parts of Rajasthan, Gujarat, Punjab, Haryana, 
Maharashtra, Andhra Pradesh, and western Uttar Pradesh in 
India and northern Punjab, Baluchistan, and about 23 percent 
of North-West Frontier Province (NWFP) in Pakistan, is charac
terized by a megathermal regime with annual rainfall between 
800 to 1,200 mm. The region is subject to prolonged and 
severe droughts in winter and summer with meager ground water 
recharge and very little water surplus in the rainy season. 
The annual potential evapotranspiration may exceed 2,000 mm. 
The hot arid region is concentrated largely in western Rajast
han, southwest Punjab, north Gujarat and southern Haryana in 
India and southern Punjab, Baluchistan, and almost 96 percent 
of Sind province in Pakistan. The arid pockets in the penin
sular region fall in the western part of the central Deccan, 
adjoining the eastern slopes of the Western Ghats . The region 
has very hot summers and cold winters with rainfall between 
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100 and 400 mm, while annual potential evapotranspiration 
exceeds 1,800 mm. The rainy period is spread over two to 
three months with uncertain showers of high intensity. The 
remaining period of the year is dry with high water deficits. 

In northwestern India, the Aravallis form the water divide 
with the rain shadow region on the west comprising the formi
dable Thar desert. There are years when western Rajasthan may 
receive high intensity rains. During 1990, Jodhpur in Rajast
han, with a normal annual rainfall of 380 mm, received so much 
rainfall that floods washed away culverts and roads in the 
area. In 1917, the rainfall in western Rajasthan varied from 
400 mm to 1,400 mm as against a normal ranging from 100 to 450 
mm. The following year was one of the worst drought years, 
when rainfall varied from 0 to 200 mm. The entire arid zone 
experiences climatic shifts. Such occasional wet seasons 
amidst an arid tract strongly influence water and salt re
gimes. 

In the entire arid zone of the subcontinent, including the 
peninsular interior, soil moisture is always inadequate, 
necessitating irrigation to meet crop water demand . While 
water deficiency is rather mild in peninsular India, it is 
severe in the western part of the subcontinent. Climatic 
shifts in the latter region are occasional but of a large 
magnitude. Monsoon conditions are said to have been estab
lished in India with the rising of the Himalayas. Between 
10,000 B.P. and subrecent or recent times, the northwestern 
region of the subcontinent has experienced a number of shifts 
in the climate (Singh 1977). These climatic shifts have a 
strong bearing on the present day desertification as does the 
presence of saline basins and different land forms in the Thar 
desert. 

Water Resources 

The Indo-Pakistan subcontinent has a rich endowment of surface 
and ground water resources. The snowclad Himalayas ensure a 
perennial supply of water and the monsoon rains provide sea
sonal recharge to the ground aquifer. The Indian part of .the 
subcontinent receives on an average 1,200 mm annual rainfall 
while the comparatively drier part in Pakistan receives an 
average of 225 mm. A surface water potential capable of 
irrigating 76 million ha has been created in India. The 
contribution of medium and minor irrigation projects to this 
potential is 43 million ha, out of which the share of wells 
and tubewells is 33 million ha. In Pakistan, groundwater is 
being developed both as a source of irrigation water and as an 
anti-waterlogging measure. About 214,000 tubewells have 
already been installed. The perennial and non-perennial 
canals irrigate 16.1 million ha, which is 77 percent of the 
total cultivated area of Pakistan . Waters of Himalayan rivers 
have a low salt content while rivers emanating from the cen
tral highlands or peninsular region carry more salts. 

Compared with river waters, the ground waters in the arid zone 
are heavily charged with salts (Figure 4). The quality clas-
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sification shown in the figure is very general but based on 
local experience. Tank waters in the black soil region also 
contain salts. In Pakistan, in the depth range of 16 to 20 m, 
ground water under 20.8 million ha in Punjab and 4.7 million 
ha in Sind has a salt content below 1,000 mg kg-1 • At a depth 
of 41 m, fresh water occurs in 15.9 million ha in Punjab and 
in 2.6 million ha in Sind. The groundwaters in the dry region 
of the subcontinent carry a heavy salt load, besides toxic 
elements (Table 2), and show distinct hydrochemical zonality 
(Singh 1989). In high rainfall regions, total salt concen
tration of ground waters is usually low but the waters are 
often sadie. 

Ground and tank waters in peninsular India have high residual 
carbonates [(col- + HC03 ) - (Ca2+ + Mg2+)). In the western 
region, the salinity of ground waters is high but they largely 
contain neutral salts. In arid Rajasthan, ground waters in 
nearly 84 percent of the area have electrical conductivities 
exceeding 2. 2 dsm-1 • These waters are used in at least o. 3 
million ha (Dhir 1977). The method followed is cyclic irri
gation, where salt tolerant wheat is irrigated in the dry 
season and accumulated salts are leached in the monsoon period 
when the lands are kept fallow. Where rainfall is less than 
300 mm or in years of low rainfall, cropping is done in alter
nate years or, in extreme cases, once in 3 years. 

In the canal irrigated tracts, where water tables are rising, 
conjunctive use of well and canal waters is encouraged both to 
supplement canal supplies and as a vertical drainage measure. 
Use of shallow pumps is also made in coastal areas to skim 
fresh water lenses floating over saline aquifers. Irrigation 
water is a blessing in dry areas but its injudicious use has 
degraded many productive soils in the subcontinent. 

The Origin of Salts in soils of the subcontinent 

Relic Salts 

The local concentration of salts along the lesser Himalayas 
and Siwaliks may be traced to a culmination of the geological 
and orographical conditions in space and time. Prior to the 
orogeny of the Himalayan ranges, the Tethys sea extended into 
a large part of the present Indo-Gangetic plains, western 
Rajasthan up to the Aravallis, and on to Kutch. With uplift 
of the Himalayas, the foredeep began to fill up with detritus . 
Some of the sea salts precipitated during the process of 
deposition while others entrapped in the alluvium are present 
mainly in the more arid parts of the country (Raheja 1966) . 
Tethysan sediments in the Punjab region cover the lower Hima
layas between the rivers Jhelum and sutlej. Rock salt depos
its of the Pre-Cambrian Shali formation in Himachal Pradesh 
and the salt range in Pakistan, where the Cambrian is repre
sented by 900 m of fossiliferous sand stones, shales, and 

· dolomites underlain by sea marl known as the Saline Series, 
constitute huge sources of salts. 
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Table 2. Incidence of salinity and toxic elements in well waters of a rid Rajasthan. 

District Area No. of Mean Percent distribut ion of samQles 
samples Annual Total dissolved salts F N03 
tested rainfall <1500 1500-5000 >5000 0-2 2-10 >10 0-50 50-500 >500 

km2 mm mm ------- --------- -----------------mg kg1
----------------------------------

Barmer 28387 507 290 22 . 6 50.0 27.4 58.7 38.5 2 .8 32.0 62.2 5 .8 
Bikaner 27291 144 290 33.4 38.8 27.8 66.6 32.0 1.4 38 .2 45.8 18.0 
Churu 16860 316 410 25 . 6 57 .6 16 .8 69.0 29.7 1.3 16.1 57.3 26.6 
Jaisalmer 38384 268 170 31.7 51.9 16.4 65.6 34.4 - 62.7 32 .8 4.5 
Jalore 10640 165 360 29.6 54.0 16.4 57 . 0 42.4 6.5 56.4 40.0 3 .6 
Jodhpur 22860 704 360 40.7 45.5 13.8 67.6 31.4 1.0 41.0 52 .5 6.5 
Nagpur 17718 1080 290 37.6 49.2 3.2 45.5 40.8 4.7 31.0 52. 1 16.9 
Pali 12300 236 470 46 .2 38.6 15 .2 53.8 44 . 1 2.1 71.6 27.5 0.8 
Ganganagar 20629 84 310 48.8 38.1 13 . 1 76.1 23.7 1.2 55.9 35.6 8 . 3 

1-' 195009 3534 34 . 7 48.4 16.9 61.7 35.9 2.4 38.9 49.9 11. 2 \0 
1-' 



Numerous brine springs have been noticed in the Shali belt, 
particularly in the area north of Mandi. In the Megal area 
there are several seepages of brine along the stream beds and 
some of these have a brine discharge of about 14,550 1 hr-1 

during winter months. There is a saline spring near Dewal 
Khas in the bed of the Luni "Khad" which has a discharge of 
about 910 1 hr-1 • The thermal spring at Tatta Pani in the 
Sutlej Valley, within the area of the Shali formation, con
tains 2055 ppm Na and 3243 ppm Cl. This alludes to the possi
bility of the extension of salt formations, perhaps intermit
tently, over a wider area in the Himalayas then was believed 
hither to {Srikantia and Sharma 1972). In the opinion of 
these authors, the Shali basin had extended right up to the 
Saline Series of the Salt Range during the Pre-Cambrian-Cam
brian period. It is also assumed that a saline belt borders 
peninsular India along its northern edge and is now covered by 
the frontal Himalayan thrusts. Recently, halite beds (salt 
domes) have been reported to exist in the Aravalli system and 
thought to be the source of salinity of some lakes like Did
wana (Khandelwal 1975). The significance of these saline 
formations in relation to salinity of the Indo-Gangetic allu
vial plains has never been explored . 

The present river courses in the Himalayas and Siwaliks con
tribute very little salts , but this may not have been the case 
in the distant past. The tectonic upheavals have been chang
ing river courses down the ages. Again, the very deep alluvi
um in the Indo-Gangetic trough does allow subterranean flow 
which may appear in basin situations and deposit its salt 
load. The now-defunct Saraswati, a mighty river of Vedic and 
earlier times, originated in the region, and most of its 
tributaries brought water and sediments from far off places . 
The location of the present and ancient rivers with respect t o 
the saline belt of the north (Figure 5 ) shows a potential 
source of salt in the catchment area of these rivers. Some 
reports associate salinity of lakes in Rajasthan with subter 
ranean transport of salts from Mandi and other areas where 
salt beds are present. 

In-situ weathering 

The only source of in-situ release of salts is weathering of 
minerals constituting the soil or regolith below it, as in the 
peninsular region. The rocks constituting Himalayan ranges, 
principally shales, phyllites, dolomite, and limestone, have 
high lime content . This lime together with other disintegrat
ed and decomposed rock materials, has accumulated giving a 
high Ca to Na ratio and is responsible for highly calcareous 
soils with over 30 percent lime in eastern Uttar Pradesh and 
north Bihar (Raheja 1966). A northern portion of the subco n
tinent contains strongly saline sedimentary rocks which or i gi
nated during Tertiary and Pleistocene time. The arid zone o f 
Rajasthan is composed of younger and older alluvium of recent 
and subrecent to Pleistocene periods, followed by post-Delhi 
instrusions of rhyolites, granites, alkali pyroxenes, and 
amphiboles. The granites contain more albite and magnesite 
than the rhyolites (Bhushan and Mohanty 1986). 
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The analysis of typical rocks like Deccan Traps, hornblende 
schist, and various granites giving rise to black and red 
soils in the peninsular region show large contents of soda and 
lime (Table 3). Feldspars, a common constituent of coarser 
fraction of basaltic rocks, account for 22 to 29 percent of 
light minerals in black soils (Sharma et al. 1988). In the 
silt fraction of a typical Chromustert-saline phase of Sarol 
soil series, the albite content of feldspars was 22.5 to 27.5 
percent (Dubey et al. 1985). In two salt-affected pedons from 
Gujarat, representing typic Natrargids and Aquic Natrargids, 
Na-feldspars were large constituents of coarse sand, fine 
sand, and coarse silt separates (Dubey et al. 1986). A study 
of soil and ground water salinity in Chitradurg district of 
Karnataka, with red soils developed from granitic gneisses and 
Dharwar schists, did not indicate much salt in the weathering 
zone but in some localities and in all situations of chloritic 
schists, this zone was substantially saline with EC5 of 2-2.6 
dS~1 (Singh et al. 1989). 

Almost 44 percent of light minerals in sand dunes of Rajasthan 
contain orthoclase feldspars which undergo weathering and 
release minerals like illite and montmorillonite (Chaudhary 
and Dhir 1982). Salts are natural by-products of such weath
ering. Alluvial deposits in the same area may show different 
minerology due to changes in the source of sediments brought 
by the same river. A typical case is of Mundlana in Haryana 
where two distinctly different soils have developed in close 
proximity. Feldspars make up 6.6 to 6.9 percent of the saline 
soil but the proportion of feldspars in the alkali soil from 
the same place is 16.4 to 18.2 percent (Table 4). While 
dominant clay minerals in black soils are smectites, the 
alluvial soils of the Indo-Gangetic plains are chiefly mica
ceous. The feldspar content in the former is more in common 
with the alluvial soils. However, mechanical separates from 
both soils follow the sequence Na-feldspar > K-feldspar > ca
feldspar. 

Weathering of feldspars occurs in two stages, releasing alka
line earth cations and silicate and aluminate units. The 
silica and Na ions are leached to the regolith but under 
favorable conditions may join the water table (Goyal 1984). 
Highly weathered rocks exist at lower depths in western Rajas
than. The composition of ground waters from various rock 
formations also varies, apparently due to weathering outwash, 
with silica as an important end-product, which moves down 
along with other salts and is redeposited. Saline soils 
exhibit higher affinity for silica absorption. Th~ role of 
the release of silica in alkali soils or that of silica-con
taining irrigation waters in clay mineral transformation, 
phosphate chemistry, soil crusting and in other soil plant 
relations deserves greater attention from soil scientists in 
the subcontinent. 

overland Flows 

Runoff waters pick up salts on their way to low lying lands. 
In western Rajasthan the natural setting of lakes and saline 
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Table 3 . Analysis of typical rocks giving rise to black and 
red soils in Tamil Nadu . 

Constituents 

Si02 

Fe2o3 

Al2o3 

cao 

MgO 

KzO 

Na2o 

Tabl e 

Soil 

0-30 
90-12 0 
210-240 

0-30 
90- 120 
210- 240 

0-14 
26-50 
83-168 

0-1 7 
85-110 
162-195 

4. Na-, 

Black soils 
Deccan Hornblende 
Traps schist 

Red 
g ranite 

Red soils 
White 
granite 

Mica 
granite 

-----------------------------%-------------------------
52.69 50 . 48 71.37 73.36 72 . 15 

8 .05 9 . 60 3.49 1.92 3.60 

23.04 20 . 13 14.54 1 4.12 14.31 

9.43 10 . 98 1. 54 1.40 1. 65 

5.21 4.21 0.42 0.52 0.54 

1.08 0 . 14 0.24 0.13 0.61 

2.74 2.23 3.54 3.69 4 . 21 

K- and Ca-feldspars in soil separates of some 
salt-affected soils. 

pH, ECe Na-K-Ca feldsQars in soil seQar ates 
Clay Silt Sand 

Na K Ca Na K Ca Na K Ca 

dsm·1 -----------------% of soil separates----------

Loam saline soil, Mundlana , Haryana 

7.7 18.7 1.6 1.4 1.0 2.1 1.6 1.2 3 . 2 2 . 0 1.6 
7.3 34 .6 1.6 1.4 1.1 2 . 2 1.7 1.3 3. 1 1.9 1.6 
7 . 2 20 . 8 1.6 1. 3 1.3 2.3 1.4 1.4 3 . 3 1.8 1.8 

Sandy l oam alkali soil, Mundlana, Haryana 

8 . 8 6.6 5 .2 2.0 1.6 7 . 0 2 . 5 2 . 2 10.0 3.4 3.1 
8.9 5 . 3 5.3 2.0 2 . 0 7 .1 2.8 2- 5 10 . 2 3 . 8 3.2 
9 . 0 4. 2 6.2 2 . 5 2.0 7.4 2.9 2 . 5 10 . 9 4.0 3 . 4 

Loam alkali soil , Lal Ganj, Uttar Pradesh 

10.7 2 . 7 4. 2 1.9 1.0 7.3 3.1 1.5 11.4 4.1 2 . 0 
10 . 2 1.3 4 .1 2 . 0 1.2 6 . 0 3 . 1 1. 7 10 . 0 4 .2 2 . 4 
10.2 0.5 3. 1 2.1 1.4 5.2 3.2 2.1 7 . 3 4.3 2 . 9 

Clay l oam alkali soil, Indore ,Madhya Prade sh 

9.1 6.2 7.2 2.0 1.2 12.2 2 . 4 1.8 17.6 3.2 2.4 
9.6 8.2 5.0 2.0 1.6 10.3 2.3 2.1 13.1 3 . 0 3 . 0 
8.6 1.6 4 . 6 1.8 1.7 9.2 2.2 2 . 4 11.6 2 . 9 3 . 1 

195 



basins is such that they have centripetal drainage which 
attracts salt-bearing overland flows from the surrounding 
areas. In Jaisalmer district alone there are saline depres
sions spread over 125 km2 covering 0.33 percent of the dis
trict. These basins are fed by minor channels whose salinity 
is due to salt-releasing marine lithological formations (Kar 
1989). Such micro-niches have low infiltration rates where 
collected waters evaporate, leaving behind their load of 
salts. Overland flows caused by local water concentration 
from swollen seasonal rivulets and streams have contributed to 
salt accession in the Indo-Gangetic plains as salt-affected 
soils in the region are invariably met at slightly lower 
elevations. 

Rivers and streams often carry large salt loads. A water 
sample removed on June 24, 1980 from the Guhiya River, a 
tributary of the Luni River, contained 12.5 kg"1 salts , chiefly 
Cl and S04 of Na (Choudhari and Sharma 1984). The salt load 
decreased with time. Similarly, Ghaggar River and its tribu
taries carry salts as well as alkali silt and clay eroded from 
the foothill soils which are often sodic and calcareous, with 
salts in deeper layers. Rain waters running over such soils 
or moving through salty horizons appear in streams which flood 
lower areas . Salt-affected soils along the defunct or active 
flood plain of the Ghaggar River from the Siwaliks downstream 
into Rajasthan and even across the border in Pakistan are 
remnants of this process. In 1979, flash floods in the Luni 
basin deposited thick layer of sediments composed of v ery fine 
sandy to coarse silty material c harged with salts over highly 
productive agricultural lands, rendering them so saline that 
cultivation had to be abandoned (Joshi and Dhir 1990). 

Subterranean Flux of Salts 

In peninsular India much of salinity in valley lands results 
from salts traveling from uplands laterally along the inter
face between the soil and the underlying "murrum" o r through 
the porous murrum itself . Irrigation canals and c h annels are 
often on the ridge. Their seepage along with salt s moves down 
to lands at lower elevations. Soils i n Madhya Pradesh, Mahar
ashtra , Karnataka, Andhra Pradesh, and Tamil Nadu are prone to 
this process of salination. In the alluvial plains, subterra
nean flows occur below derelict river beds as in Rajasthan. 

The morphogenesis of salt lakes and playas in western Rajast
han is traced to the confluence of prior drainage channels and 
courses of streams which, during the humid phase of climate, 
formed the drainage system of the region (Ghose 1971). Ghose 
and Kar (1984) have used aerial photographs, space imagery, 
and ground surveys to r econstruct the course of the now de
funct Vedic river Saraswati which supposedly originated from 
lower Siwaliks, carried waters of river sutlej, Drishtawati, 
and Yamuna through western Rajasthan , and emptied into the 
Arabian Sea. Rain water sinks through s uch beds and flows 
subterraneously along the buried channels carrying soluble 
salts washed down from the catchment. Evaporation of water 
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from the bed concentrates dissolved salts along the path, 
raising their salinity to as much as 3.2 g kg· 1 of salts 
(Ghose 1971). 

Rain and Wind Borne Salts 

The salts in rain water originate either from strong winds 
that sweep over oceans or salts picked up from dust storms 
causing the salt content of the rain water to vary with local
ity and season. On July 9, 1981, the rain water collected 
from Pachpadra had an EC of 1.612 dsm· 1 and the rain showers on 
September 22, 1981 tested an EC of 0.571 dsm· 1 • This area has 
high wind activity (Choudhari and Sharma 1984) which probably 
accounts for the rather high salt load of rain waters. In the 
central part of the plain with moderate vegetation the rain 
water EC on July 9, 1981 was just 0.299 dsm·1 • Narayanaswami 
(1939) estimated that 110 em of rainfall near Bombay, in an 
area outside the influence of sea spray, deposited 145 kg ha· 1 

of Cl. Salt balance in the Luni basin indicates that stream 
water salinity in the Indian arid z one is due to salts con
tributed by rains and flushing of soil surface through quick 
overland flows . 

Winds also carry large salt loads. In fact, Holland and 
Christle (1909) believed that the source of salts in the salt 
basins of Rajasthan was the Rann of Kutch, from where salts 
were transported by winds and deposited in the lakes. This 
belief has not found wide acceptance due to the variation in 
salt composition of lakes and their localized deposition. 
However, this does not rule out the salt carrying role of 
strong winds. During summer a large part of the Rann turns 
into salt flats. There is differential rise of salts to the 
surface, as salts of Ca and Mg, which reach their solubility 
limits upon concentration, may precipitate in subsurface 
horizons while NaCl concentration increases at the surface. 
The wind will thus sweep only that salt which is dry and at 
the surface. 

Tidal Floods and sea Water Intrusion 

Coastal regions experience ingress of sea water. The east 
coast is especially prone to tidal influence and cyclones 
which innundate coastal plains with saline water. Another 
phenomenon recently noticed in coastal areas is sea water 
intrusion into ground aquifers as a consequence of excessive 
withdrawal of good quality water floating over saline ground 
waters. Overdraft has rendered 120 km along the coastal strip 
in Gujarat saline, forcing people to abandon wells and even 
lands. 

Irrigation Waters 

All irrigation waters, irrespective of their source, contain 
some soluble salts. Rivers of the Indo-Gangetic system are 
mostly snowfed. Except during the rainy season, when they may 
carry salty sediments, or during periods of very low dis
charge, their salt load is very small and the electrical 

197 



conductivity seldom exceeds 0.35 dsm-1 (Singh 1978). But even 
minor additions of salts over long periods would build up 
salinity in the absence of adequate drainage. When canal 
irrigation was introduced on a commercial scale in northern 
India, farmers suspected that progressive salination of their 
lands was due to salts in the canal water. Besides other 
arguments, the then British Government made analyses of soil 
and canal water samples to prove that canal water had nothing 
to do with the incidence of salt lands. 

Agriculture in arid and semiarid parts of the subcontinent , 
where canal water is scarce or not available, depends upon 
ground water as the sole irrigation source. The occurrence of 
saline or highly saline waters in the region is a common 
feature in Rajasthan, Punjab, Haryana, and Gujarat. In Paki
stan, the irrigation quality of well waters is far from satis
factory. some waters are high in fluorides, lithium, silica, 
or nitrates. Farmers having high nitrate wells in Rajasthan, 
Uttar Pradesh and Haryana now use such waters after mixing 
with low nitrate waters and even sell these waters to their 
neighbors. Indiscriminate use of well waters has, however, 
caused widespread soil degradation in the subcontinent. While 
soil scientists in Pakistan maintain that soil salination 
through waterlogging is of limited s ignificance, they consider 
salinity induced in good soils, through low quality pumped 
ground waters, of greater concern (Choudhari et al. 1978). 
There could be differences in the level of perception of 
dangers from different salination processes but prolonged use 
of highly saline waters threatens irreversible soil degrada
tion in arid areas. 

Even in a relatively small area, the presence of salinity and 
the genesis of salt affected soils may be traced to different 
processes like rise in water table, saline irrigation, relict 
salinity, etc. (Figure 6). Soil salinity through tank irriga
tion has been observed in Rajasthan and peninsular India 
(Table 5). The Sardar Samund tank in Rajasthan constructed at 
the confluence of Sukri and Guhiya rivers has become saline as 
the Guhiya brings in waters with more than 9 g kg-1 of dis
solved salts (Kar 1988) . There are 0 . 16 million h a of salt 
affected soils i n Challakere Taluka in Karnataka where the 
source of salinity is tank irrigation (Singh et al. 1989). 

Mode of Salinity Development 

All conditions that favor salt accession in soils are met in 
the subcontinent . Salts are present either in the surface 
soil depths or in the solum. Mineral weathering further 
ensures a steady supply of salts. In a large part of the 
subcontinent, with annual rainfall between 100 to 5 00 rnrn and 
annual potential evapotranspiration exceeding 2,000 rnrn, inade 
quate leaching leaves a positive salt balance. The flat 
topography of the Indo-Gangetic plains, with slopes less than 
0 . 0002 percent, causes either water stagnation in place or 
accumulation of runoff waters in local depressions. These 
pockets become potential sites for salt accumulation. Large 
water deficits in the atmosphere attract water flows from 
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Figure 6. 
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Different modes of soil salinization in arid Rajas
than. Source: Kolarkar et al., 1980. 

199 



Table 5. Influence of source of irrigation water and clay 
content on salt accession in soils of Karnataka. 

Soil pH2 EC. Clay caco3 Ionic comQosition of saturation extract 
depth Na Ca Mg Cl co3 so4 ESP 

+ 
HC03 

dsm·• -----%------ ----------------mer1
------------------

AnthroQogenic salt-affected soil 

(a) Irrigated with saline water 

0-5 9.5 22.3 18. 8 5.1 217.4 4.5 3.8 186.0 15 . 0 18.7 40.4 
5-20 9.8 6.8 24.3 6.1 66.6 1.4 2.5 46.9 15.6 9 . 2 29.9 
20-60 9.9 7.2 25.6 1.8 72.8 3.4 0.8 56.4 10.3 6.4 32. 6 
60-100 9.7 5 . 1 25.9 2 . 6 35.9 2.8 7 . 5 36 . 3 10.6 1.6 22.9 

(b) Waterlogged due to tank irrigation 

0-10 8 . 0 26.4 27 . 6 233.7 54 . 5 5.5 241.9 22.9 30.7 29 . 0 
10-40 8.2 8.4 31.4 68.7 4.6 1.7 55 .0 18.8 tr 28 .2 
40-80 8 . 4 7.0 30.8 3.8 62.4 4.6 1.5 61.7 8.2 2.4 27.6 

(C) Irrigated with sodic water 

0-15 9 . 2 3.4 14.9 0.2 33 . 2 1.3 0.7 24.5 10.4 26.9 
15-35 9.1 2.9 17.8 0.8 28.4 0.8 0.5 20.2 9.8 27.4 
35-60 9.0 2.8 18.7 0.9 27 . 4 0.8 0.6 20.6 9.2 26.8 

Natural salt-affected soil 

0-15 9.8 13.1 31.6 4.7 131.5 9.5 2.7 70.0 34.9 30.7 34.2 
15-40 9.8 5.2 33.4 9 . 3 43.5 5.5 4 . 7 20.0 28.2 6.6 23.7 
40-60 9.8 5.9 34.9 9.3 48.1 8.4 1.9 27.5 28.1 tr 24.2 
60-90 9 . 6 4.8 35.0 10.3 39.1 2.3 2.9 37 . 5 9 . 4 tr 24.9 
90-100 9.3 3.1 31.2 14.4 29.4 3.6 1.6 22.5 10.6 tr 23.5 

Source: Singh et a1., 1989 
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lower soil horizons, facilitating the upward flux of dissolv ed 
salts. With a deep water table, evaporation rates often 
exceed the capillary conductivity of the soil . Consequently, 
rising salts may not appear at the soil surface. In dry areas 
it is not uncommon to find salts either distributed in the 
profile or residing at a depth up to which effectiv e leaching 
of salts occurs during the rainy season . 

A rise in the water table due to a wet cycle, seepage fr om 
canals and water distribution system, or deep percolation from 
irrigated fields disturbs the salt balance in the area . Thi s 
process in the subcontinent is named secondary salination, 
distinct from primary salinity which may be of natural origi n. 
In Pakistan, the water table rise has been observed over a 
large area (Table 6) . Proportion- wise, Sind province is most 
affected and the incidence of salinity is also high. In 
India, the Punjab has largely solved the excess water problem 
in good quality water zones through shallow pumping. Water 
tables have been falling in this zone and salinity receding 
progressively. In the southwestern part of the state, wher e 
ground aquifers are saline, the water table has risen and soil 
salinity increased (Table 7). Between 1974 a n d 1988 , the 
average annual water table rise in Haryana has been almost 1 m 
and that, too, in the saline aquifer zone (Figure 7). The 
incidence of salinity is increasing in this part of the state 
and is a cause for concern due to the absence of a suitable 
outfall for surface and subsurface drainage effluents . 

Based on worldwide experience from dry regions, waterlogging 
and soil salinity are often considered twin problems. This is 
not exactly the case in the subcontinent a s both may be met 
independent of each other . Salt-affected soils are known t o 
exist in the subcontinent in areas which were never water
logged in the recent past. Similarly, much of waterlogged 
area in Sri Ram Sagar command in Andhra Pradesh, in Gandak 
command of Bihar and Sharda Sahayak command in Uttar Pradesh 
and elsewhere is not necessarily saline at present . Salinity 
may follow waterlogging in due course . Large areas in cana l 
irrigation commands already face problems of both waterlogging 
and salinity (Table 8) . In Gang and Indira Gandhi canal 
commands, the annual rate of ground water rise has been 4 3 to 
83 em. Water table rise is threatening Pre-Harrapan and 
Harrapan sites at Kali Bangan in the Ghaggar flood plain 
(Singh 1989) . With the present rate of rise in ground water 
level, 60 percent of the command area will develop drainage 
and salinity problems in another 50 to 100 years (Shankar 
Naryana 1985) . Public concern about problems of waterlogging 
and soil salinity can be gauged from the following excerpts 
from a newspaper report which appeared on Feb. 22, 1991 in 
Times of India. 

Thirty four years after the launching of one of India's 
most ambitious irrigation project&-The Rajasthan cana l 
renamed IGNP-to green the desert districts of western 
Rajasthan (Ganganagar, Bikaner, and Jaisalmer), large 
scale waterlogging and salination threaten this dream o f 
development .. .. Between the salt encrusted lands of 
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Table 6. 

Province 

Pre- and post-monsoon depth to water table in Pakistan in 1988 . 

Area under 
observation 0-1.5 m 

Pre-monsoon 
1. 5-3 m 

Post-monsoon 
> 3 m 0-1.5 m 1.5-3 m > 3 m 

------------------------------------------million ha-------------------------------------------

N.W.F.P.* 0 . 57 0.06 0.12 0 . 39 0.06 0.14 0 . 37 

Punjab 10 .05 0.54 2.32 7.19 1.19 2.84 6.02 

Sind 5.78 0 . 86 3.79 1.13 3.47 1.26 1.05 

Baluchistan 0.40 0.04 0.20 0.16 0.09 0 . 06 0.25 

Total 16.80 1. 50 6.43 8.87 4.81 4.30 7.69 

Percent 9.0 38.0 53.0 29.0 25.0 46.0 

*North-West Frontier Province. 

Source: I. A. Sheikh, 1989. 



Table 7. Influence of water table rise{fall on acreage under salt lands . 

Zone/State Year of LANDSAT Ground water Ground water Affected Area 
imagery depth quality Severely Partially Saline & Total 

affected affected waterlogged 

------------------000 ha--- - - ----
south West Punjab 1972 Shal low Marginal to 41 83 - 124 

poor 
1984 Partially Marginal t o 37 126 96 259 

waterlogged poor 

Rest of Punjab 1972 Shallow Good to 176 399 Not determined 575 
marginal 

1 984 Deep Good to 80 126 23 229 
marginal 

Sodicity Level (root zone} 
Low Moderate High Total 

- -------------------ha-----------------

Khambat Taluka, Gujarat 1975 Shallow to Marginal to 1927 2762 2248 6937 
N 
0 deep poor 
w 1986 Partially Marginal to 17728 6 423 12 130 36281 

waterlogged poor 

Matar Taluka 1977 Shallow to Marginal to 2287 976 335 3598 
dee p poor 

1983 Partially Margina l to 2646 5627 1721 9994 
waterlogged poor 

Source : Sidhu et al. , 1990; Bhagwat , 1985. 
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Table 8. Saline and waterlogged area in selected canal com
mands of India. 

Project 

1 . Ram Ganga 

2. Sharda Sahayak 

3 . Gandak 

4. sri Ram Sagar 

5. Nagarjuna Sagar L.B.C . 

6. Nagarjuna Sagar R.B.C. 

7. Tungabhadra 

8 . Tungbhadra 

9. Ukai Kakrapar 

10 . Kadana (Mahi) 

11. Mahi R.B.C. 

12. Tawa 

13 . Chambal 

14. Indira Gandhi Canal 

15. Nira L.B.C. 

16. Ghod R.B.C. 

17 . Krishna 

18. All Commands 

state 

Uttar Pradesh 

Uttar Pradesh 

Bihar 

Andhra Pradesh 

Andhra Pradesh 

Andhra Pradesh 

Andhra Pradesh 

Karnataka 

Gujarat 

Gujarat 

Gujarat 

Madhya Pradesh 

Madhya Pradesh/ 
Rajasthan 

Rajasthan 

Maharashtra 

Maharashtra 

Maharashtra 

Gujarat 

Waterlogged 
a r ea 

Saline/ a lka li 
a r ea 

----------000 ha-----------

195.0 (9.7)* 352.4 ( 17.6) 

2 60.0 ( 7 .0) 253.3 (6.7) 

562.0 (52.9) 400 . 0 (38.1) 

60. 0 ( 4 7 • 6) 1. 0 ( 0 . 8 ) 

33.1 (9.4) 26 . 4 ( 8 . 0) 

114.0 (24.0) 69 . 2 (14 . 5 ) 

30.0 (10.0) 14 . 8 (5 .0) 

37 .7 (7 . 4 ) 20 . 0 (4. 0) 

1 6 .2 (4.3) 8 . 3 ( 2 . 2) 

89.0 (38. 7 ) 60 . 7 (28.7) 

9.8 (3 .7 ) 35 . 7 (11. 5) 

98. 7 (20 . 3) 

43.1 (8. 0 ) 

0.7 ( 6 .6) 

3 .3 (30 . 9) 

13 .8 (6.1) 

6 .6 (3 .8 ) 

40 .0 (8. 2 ) 

29.1 (5. 4 ) 

2.0 (3 . 3) 

0 .9 (8.1) 

540.0 (23. 9) 

*Figures in parentheses indicate percent of the potential irrigated area . 

Sources: 1. Kandpal (1982); 2 . Ambekar (1980); 3. Das Gupta (1982); 4. 
Hassan and venkata Reddy (1982); 5-7. Govt . of A. P . ; 8. Cent. Soil Sa l . 
Res. Inst., Karnal; 9-14. Joshi and Agnihotri ( 1984); 15-17. Govt . of 
Maharashtra; 18. Dept . of Irrigation, Govt. of Gujarat . 
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Lunkaransar and the canal are the fields of the farmers. 
Hidden between the luxuriant looking crops, however, are 
large tracts of land that have become waterlogged, sa
line, and hence uncultivable {Figure 8). This picture of 
plenty hiding the scars of ecological mismanagement is 
reflected in the lives of people. 

Waterlogging is so widely spread that the subcontinent may be 
the only area of its size in the world with waterlogging 
problems of these dimensions. 

Soil Salinity in the Subc ontinent-Historical 

Salinity is natural to the subcontinent. Indians had long 
back recognized the infertility of soils inflicted by salini
ty. Therefore, in ancient India in the period 2500 B.C. to 
600 A. D., soils were known as Urvara {fertile) and Anurvara 
{sterile). The latter were further divided into "Usara" 
{salty) and "Maru" {desert). Ancient scriptures also mention 
the presence of salts in soils and the futility of cultivating 
such lands . It is only during the middle of the last century 
that salinity was recognized as a potential threat to agricul
ture. In 1865, an executive engineer of the Punjab Irrigation 
Department wrote to his superior, 

Whole of the country in Punjab lying west of Jamuna is 
impregnated with the elements of 'reh' {local term for 
salts) . They exist in the soil and in the water in 
proportions varying from the slightest trace to an extent 
which is absolutely injurious to all vegetable life. 
That these, where the circumstances have favoured them, 
have developed into large or small patches of 'reh' 
effloresence which increase in size as one travels west
wards through the Barh, either from Lahore to Multan or 
from Lahore to Shahpoor andjor from either of these 
places to the Derajat and foot of the Soolimani mountain 
{Whitcombe 19 71). 

The first complaint of soil salinity came in 1855 from village 
Moonak, not far from the present site of the Central Soil 
Salinity Research Institute, Karnal, Haryana . This v illage is 
under the command of the Western Jamuna Canal, which was 
constructed by Feroze Shah Tuglak in 1351 along the abandoned 
channel of the Yamuna River and remodeled in 1839 by the 
British. The British Government at that time had embarked 
upon a number of major irrigation projects in the country and 
wanted to repel any fear lurking in the minds of farmers that 
introduction of canal irrigation caused soil salinity. The 
soil samples from Moonak collected in 1865, along with canal 
water samples, were sent for analysis to the Royal School of 
Mines in England with a forwarding note that the purpose of 
soil analysis was to d e termine whether the opinion about the 
origin of salts in question was born by facts . The problem of 
soil salinity was so acute in some parts of Punjab that in 
some canal commands, like Rangpur and Mailsi, the land allot
ees abandoned their lands when confronted with what they 
called "Chit Dain" {white bitch) . 
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Figure 8. Man-induced salinity fast encroaching upon cult i 
vated lands in IGP, Rajasthan. 
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In 1863, Mr. T. E. Brown, Chemical Examiner for Punjab, ana
lyzed salt affected soils from Punjab. The cause of the 
problem in his view was the presence in the soil of some 
minerals rich in "alkaline," the decomposition of which was 
promoted by the irrigation water. Simultaneous reports about 
soil salinity started pouring in from Faizabad, Bahraich, 
Lucknow, Sitapur, and Hardoi districts of Uttar Pradesh. 
Since canals did not exist in the area at that time, the 
presence of salts was related to natural decomposition of 
minerals. The correspondence on "reh" deterioration published 
in 1864 was the first collected documentation on the problem 
and its analysis. 

The Ganga canal, the largest canal system in India and the 
world at that time, was completed in 1854 and started irrigat
ing lands in Uttar Pradesh in the following year. In 1876, 
Mr. David Roberts, a big indigo planter, petitioned to the 
U.P. Board of Revenue that his lands in Meerut and Aligarh had 
deteriorated fast owing to the appearance of saline efflores
cence following introduction of canal irrigation, and demanded 
relief from the Government. This led to the setting up of the 
"Reh" committee in 1877 to investigate the causes of deterio
ration of lands by "reh." In 1886, Mr. J . W. Wilson, an irri
gation engineer, was deputed by the Government of India to the 
USA to discuss with Dr. E. W. Hilgard the irrigation, drain
age, and salinity problem in relation to Indian agricultural 
practices. A typical area inflected with salinity in the Ram 
Ganga command in Uttar Pradesh (Figure 9) bears testimony to 
the extent of secondary salination. 

A chronological sequence of events will show the seriousness 
with which the problem was pursued in the next 50 years: 

1869 

1874 

1878 

1880 

1891 

1893, 
1896 

Experiments on leaching of salts were ordered. 

Experiments on reclaiming salt affected soils 
started by the newly created Department of Agriculture . 

The "Reh" committee presented its findings on the prob
lem. 

Practical experiments attempted to reclaim "Usar" patc
hes through plantations for fuel and fodder leaves . 
But these were rarely successful . 

Dr. J. A. Voelcker, the first Agricultural Chemist of 
the Government of India reported on large expanse of 
"reh" in northern India and recommended creation of 
permanent post of agricultural chemist for each prov
ince. 

Dr. J . w. Leather, Imperial Agricultural Chemist, 
reported on investigations of distribution and composi
tion of salts in affected soils, and observed that the 
principal salt in soils of Uttar Pradesh was sodium 
carbonate. He calculated gypsum requirements of these 
soils as simply the quantity of gypsum which was 
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Figure 9 . A fertile land-turned wasteland in Ram Ganga Canal 
command in Uttar Pradesh . 
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1902 

equivalent to soluble carbonates present in them (Tiw
ari and Sharma 1989). 

Dr. J. W. Leather characterized well waters of Mathura 
district and fixed a limit for salts at 1, 000 mg kg-1 

which was considered safe when water was used in excess 
to permit adequate leaching. 

1908 The Punjab Government surveyed the Lower Chenab canal 
command area to investigate the problem at the instance 
of the Agricultural Chemist, Punjab. 

1910 Mann and Tahmane reported salinity in the irrigated 
black soil region. 

1914 Dr. J. W. Leather reported results of experiments on 
leaching to show that leaching of alkali plots with 60 
em of water of good quality percolated the salt to 
lower strata. The same year, field experiments on 
reclamation were started at Narwala in Punjab. These 
involved mole drainage but were unsuccessful . 

1915- Problem of waterlogging in Punjab canal commands was 
16 noticed . 

1918 Extremely deteriorated land located in Lower Bari Doab 
canal command and named "bara" land (equivalent of 
present alkali soils) . An experimental station was set 
up to reclaim the land but the efforts did not succeed 
because at that time "land reclamation was ahead of 
research" and the phenomenon of base exchange was not 
clearly understood (Mehta 1951). 

1925 

1928 

1928 

1929-
30 

The Waterlogging Enquiry Committee was set up by the 
Punjab Government to investigate the problem of water
logging. A waterlogged and salt-affected land near 
Chakkanwali in district Gujranwala was taken over by 
the Irrigation Department for reclamation and experi
mental work. An Irrigation Research Laboratory was set 
up which was later upgraded to Irrigation and Reclama
tion Research Institute. 

The Waterlogging Board was set by the Punjab Government 
in place of the earlier committee and entrusted with 
the task of checking waterlogging and soil salinity . 
It was considered at that time that salinity belonged 
primarily to the field of irrigation engineering. 

Inglis and Gokhle reported that heavy irrigation of 
black soils with impeded drainage was the cause of 
salinity in Maharashtra. 

Area damaged by waterlogging and salinity rose to 34 
percent in Nira left-bank canal, which was opened in 
1885, and 42 percent of the lands under sugarcane were 
damaged by 1929 along the Godwari canals opened in 
1911-12. 
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1929 

1933 

1937-
38 

1938 

1938-
39 

1940 

1942 

1945 

Experimental work in the laboratory and field at Chaka
nwali farm showed that, if drainage was provided, wa
terlogged lands could be profitably cultivated. 

Standards were laid out for the survey of waterlogging 
and salinity problems in the Lower Chenab canal com
mand. 

Irrigation Research Institute investigated rise of 
water table in upper Chenab canal area . 

Basu and Sirur investigated soils of Deccan canals and 
reported that soil degradation in black soils planted 
to sugarcane occurred under impeded drainage or when 
the subsoil water level was very high. 

The "Usar" Land Reclamation Committee set up by the 
Uttar Pradesh Government estimated the salt-affected 
area in the state to be 0.88 million ha in 1938. 

Land reclamation was extended to farmers' fields and 
the Land Reclamation Board was set up. 

Land reclamation centers were set up. 

Land Reclamation Directorate was established at Lahore 
which laid out a number of lysimeter studies. The set 
up is in operation today . 

Nature, Classification, and Distribution 
of Salt-Affected soils 

Salt lands in the subcontinent occur ov er varied geological 
formations, in all kinds of soils, and under different condi
tions of climate, relief, and human intervention . According
ly, their extent, characteristics , and response to management 
are highly variable. In India, 27 subgroups of salt-affected 
soils, based on clay mineralogy, presence or absence of calcic 
horizon, textural variations, and ground water condition, hav e 
been identified (Murthy et al . 1980). In Pakistan, salt
affected soils have been grouped on the basis of their reclam
ability (Rafiq 1980). For practical usage, salt-affected 
lands in the subcontinent are identified as saline, alkali, 
sadie, saline-alkali or saline-sadie. A large number of soi l 
analyses show that, on considerations of nature of salts and 
soil reaction, salt lands in India key out into two distinct 
classes. The Central Soil Salinity Research Institute, Karn
al, therefore places salt-affected soi ls in India either under 
the saline or alkali groups (Abrol and Bhumbla 1978; Bhumbla 
and Abrol 1979). 

Saline Soils 

These soils are recognized by an almost singular presence of 
neutral salts like Cl and so4 of Na, Ca and Mg. The pH of a 
saturated soil paste of such soils is 8.2 or less and the 
electrical conductivity of the extract of this paste genera l ly 
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is more than 4 dsm-1 at 25°C. When salts constituting saline 
soils are predominantly those of Na, the sodium-adsorption
ratio (SAR) will exceed 15 to qualify the soil as saline-sadie 
according to the definition given by the U.S. Salinity Labora
tory (USSL 1954) as a soil in equilibrium with such a soil 
solution will attain an ESP of more than 15. In soils with 
enough soluble salts of Ca and Mg, the SAR will be < 15 and 
the ESP will remain below the qualifying limit for a soil to 
be called sadie . An examination of the definition of SAR 
shows that, upon leaching, a saline soil even with small 
amounts of soluble Ca and Mg salts will ultimately a ttain a 
low SAR and a corresponding reduction in its ESP. Khosla et 
al. ( 1979) leached a soil of ECe 63.8 dsm-1 and SAR 123 in the 
surface horizon and classified as salle calciorthid , typical 
of many salt-affected soils of the semiarid and arid regions 
of India. Leaching was accomplished with and in the absence 
of gypsum. Desalination in both cases was accompanied by 
desodication even though more water was consumed in the ab
sence of gypsum. 

In Pakistan, experience from soil surveys of the southern zone 
of the Indus plains shows most salt-affected soils as saline 
or saline-sadie. Real sadie or alkali soil layers are rare 
(Schroo 1967). Analysis of 1,070 samples showed 49 percent 
normal soils, 12 percent saline, 36 percent saline-sadie and 
only 2 percent alkali. Desalination of soil would render the 
soil alkali or normal depending upon the rate at which diva
lent cations become available during leaching. Schroo {1967) 
recorded results from 81 plots where reclamation of saline
sadie (alkali) soils was attempted by leaching under condi
tions of effective vertica l drainage through tubewells and 
ample canal water supplies. After two years, the ECe of 
surface soil was reduced from 16 .4 dsm-• to 4. 4 dsm-• , while the 
ESP declined from 51 to 27 during the same period. He opined 
that simple leaching would reclaim those soils where soluble 
(Ca + Mg) 2+ were high. In case more than 15 mel-1 of (Ca + 

Mg) 2+ were present, it indicated the presence of gypsum. 
However, 70 percent of the soils with low concentrations of 
divalent cations would develop alkalinity upon leaching. The 
{Ca + Mg) 2+ concentration in non-gypsiferous soils will be 
controlled by the presence of soluble carbonates which precip
itate in the form of their low solubil i ty carbonates . Hence 
leaching of saline soils, which are free from conspicuous 
presence of soluble carbonates , will result in a normal soil 
condition. If carbonates are present, the leaching may bring 
out the characteristics of an alkali soil. Hence titrable 
presence of carbonates in the saturation extract is what may 
separate a saline soil from an alkali soil and provide the 
basis for grouping of soils into two distinct groups for their 
management. 

Alkali soils in India contain, besides neutral salts, a large 
presence of sodium carbonates. During soil extraction, the 
actual concentration of soluble carbonates may be masked by 
precipitation with soluble Ca derived from different sources. 
Generally a Na\{Cl + 804 ) ratio > 1.0 should be an indication 
of the presence of sodium carbonate in the soil. Alkali soils 
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of the Indo-Gangetic plains, however, show the presence of 
large amounts of carbonates. This is evident from the thick 
crust of salts on an alkali soil of Aligarh district in Uttar 
Pradesh (Figure 10). It was in this state that almost 100 
years ago the first diagnostic report on the nature of the 
problem by the then Imperial Agricultural Chemist, J. W. 
Leather, stated that salt- affected patches of soils contained 
carbonates and bicarbonates of Na and no other "usar" salts. 
Therefore, the criterion of Na/Cl + S04 ) ratio may be more 
useful for alkali soils of other regions in the subcontinent. 
Alkali soils have a saturated soil paste pH > 8.2. The salt 
content is variable but not restricted to the upper limit of 4 
dsm-1 • The ESP of alkali soils exceeds 15 and this value is 
associated with a soil paste pH of 8.2-8.3 (Abrol and Bhumbla 
1978). Above pH 9.5, the soil may be largely sodium-saturat 
ed. The relationship betwen pH and ESP only holds good for 
alkali soils with free carbonates . Saline soils, accompanied 
by high ESP but with the pH of the soil paste < 8 . 2, upon 
leaching with good quality water, may lose most of their 
exchangeable sodium and sodic character. Therefore, for 
management considerations, the term alkali has been preferred 
for soils that have high sodicity, high pH , and soluble car
bonate (Na\[Cl + S04) > 1.0) with variable quantities of 
soluble salts (Gupta and Abrol 1990) . 

Other CharacteristicsjFeatures 

There are four distinct zones of salt-affected soils; namely 
the Indo-Gangetic plains, the arid West, the Vertisol region 
and the coastal saline soils. In the Indo-Gangetic plains, 
the single largest block of alkali soils is met in Uttar 
Pradesh, India. The latest report on the alkali soils of the 
state (Tiwari et al. 1989) summarizes their following salient 
features: 

1 . The soils have very high pH, recording values up to 
10 . 8 in soil-water suspension, and have high ESP 
throughout the profile, recording values as high as 
90 . 

2 . The soluble salt content is high in the upper part o f 
the pedon, nearly up to 70 em, recording values of 
ECe up to 20 dsm-1• Carbonates and bicarbonates of 
sodium are the principal salts. 

3 . The surface horizon usually has a platy structure and 
soils exhibit very low infiltration rate and hydrau 
lic conductivity. 

4. The soils are highly dispersed and usually there is a 
zone of clay accumulation in the subsurface horizons 
whose bulk density is very high. Natric horizons are 
present in many soils, usually with blocky and not 
columnar structure. 

5 . The natric horizon overlies a zone of calcium carbon
ate accumulation, forming an indurated calcic horizon 
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Figure 10 . Thick crust of salts on an alkali soil in Aligarh, 
Uttar Pradesh. 
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from a few em to almost 1 m thick. The zone of cal
cium carbonate accumulation lies within the zone of 
fluctuating water table . 

6. The subsurface horizons, above calcic or petrocalcic 
horizons, possess distinct yellowish-brown iron mot
tles along with moderate to abundant amounts of 
ferro-manganese concretions. 

7. The water table may appear nearly at the surface 
during the monsoon but subsequently recedes to about 
5 m depth. The ground water in these areas has un
usually low salt content and is comprised mainly of 
Na + and Hco·3 ions. 

The salt-affected soils of the west differ from alluvial soi l s 
of the Gangetic plains in the nature of salts, profile charac
teristics, and modes of formation. These soils contain mostly 
neutral salts and the occasional presence of calcic or gypsic 
subsurface layers (Table 9). The salinity in the region has 
developed due to its dry climate, subterranean and surface 
accretion of salts, and saline unplanned irrigation. The 
saline lakes and playas are a common feature of western Rajas
than and the corresponding area in Pakistan. The soils of 
Kutch, southern Gujarat, and Saurashtra region are black with 
silty clay or clay texture . The pH ranges from 7 .8 to 8.4 and 
salt distribution in the profile does not show any regular 
pattern with depth. The quality of ground waters in this 
region being poor, saline irrigation is often the cause of 
soil deterioration (Dhir 1977; Chaudhary et al. 1978). 

The salt lands in the black soil region are characteriz ed by 
high clay content dominated by smectites and lime in the 
subsoil. These soils have typical swelling-shrinking charac
teristics and show deterioration in physical condition at 
relatively low ESP . As ESP exceeds 20, the typical appeara nce 
of deep cracks is subdued and may even disappear. A rise in 
the water table associated with canal irrigation is chiefly 
responsible for secondary salination when these soils develop 
impeded drainage with compact A horizons (Basu and Sirur 193 8 ; 
Basu and Tagare 1943). As the parent materials in the penin
sular region are complex rock types, the soils may vary from 
red to black and exhibit considerable variance in properties. 
Saline soils show predominance of NaCl while alkali soils in 
the region may have Na2co3 and NaHC03 and sometimes only the 
latter group of salts (Govinda Rajan et al. 1971). Salt 
affected soils in the Vertisol region do not exhibit as high 
pH and EC as their counterparts in the Indo-Gangetic plains 
but, in some, the pH in soil water suspensions may exceed 10. 

Saline soils along the sea coast occur under varied conditions 
of soil, climate, and drainage and hence exhibit different 
characteristics. The soils of the saucer shaped "Bhal" region 
in Gujarat are calcareous with very poor drainage. The salt
affected soils of the Kutch region are found in silt loam to 
clayey salt flats and in upland Banni soils, which are coarser 
in texture . Both groups show mottling in lower horizons and 
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Table 9. Physiographic distribution, classific ation, and nature of salt-affected soils. 

Approximate salt 
affected area 
(million ha) 

Rainfall range (mm) 

Phys i ographic position 

Great group 
Associations 

Indo-Gangetic 
alluvial plain 
(India) 

3.08 

550-1400 

Old river 
terraces, 
young alluvial 
flood plains, 
basin lands 

Natraqualf
Natrustaf
Halaquept 
salinefsodic 
phases of 
Calciorthids, 
Ustochrepts, 
Saline phase 
of Haplaquept, 
Fluvaquent 

Sandy arid 
region 
(India) 

0 . 5 

200-550 

Interdunal 
plains, 
playas, old 
flood plain 

Salorthid
Natrargid, 
Gypsiorthid, 
Camborthid, 
Salinefsodic 
phases of 
Ustochrept 

Inland black 
and red soil 
region 

2.27 

500-10 50 

Valley lands 
carved by 
Peninsular 
river/rivulets 
depressions 
and basin 
lands 

Salinefsodic 
phases of 
Pellustert, 
Chromustert 
Vertic Usto
chrept, 
Usti f luvent, 
Salorthids, 
Natrargids , 
Haplaquents , 
Halaquept, 
Natrudalf 

Deltaic alluvial 
and coastal 
region 

2. 71 

250-2500 

Coastal lands 
below or 
higher than 
m. s.l., back 
water creeks, 
sandbars, 
lagoons, deltas, 
islands 

Halaquept, 
saline 
phase o f 
Haplaquept, 
Fluvaquent 
Vertic 
Ustochrepts 

Indus basin 
north and 
Peshawar vale 

3 .28 

300-750 

Old river 
alluvial 
terraces, sub
recent river 
plains wind 
reworked sandy 
plains, Potwar 
uplands 

Natraqualf, 
Natrudalf, 
Halaquept , 
saline f sodic 
phases of 
Calciorthids , 
Camborthids , 
Ustochrepts, 
saline phase 
of Halaquept, 
Fluvaquent, 
Natrargids , 
Salorthids 

Indus basin 
south and 
deltaic region 

2.68 

100-300 

Rolling plains 
covered by 
wind, old 
alluvium, 
older river 
terraces, 
sub-recent 
river flood 
plains, loess 
covered and 
dunal lands 
Indus delta 

Halaquept
Natrust alf, 
salinef sodic 
phases of 
Calciorthids, 
Salorthids, 
Natrust alf 



Table 9 . Continued . 

Nature of surface 
soi l 

Nature of sub soil 

Ground water qual i ty 

IV 
...... 
-..) 

Indo-Gangetic 
alluvial plain 
(India) 

Alluvial sandy 
to clayey 

Calcic or 
petrocalcic, 
argillic 

Generally good 
with scattered 
sodic waters 

Sandy arid 
region 
(India) 

Loamy to 
coarse sand 

Old alluv ium, 
often calcic, 
petrocalcic 
o r gypsi-
ferous 

Generally 
saline or 
sodic, few 
good 
aquifers 

Inland black 
and red soil 
region 

Shallow medium 
and deep black 
or coarse to 
loamy red 

Permeable 
"murrum" layer 
to hard bed 
rock 

Good to 
marginal , sodic 
waters also met 
i n tanks and 
streams 

Deltaic alluvial 
and coastal 
region 

Sandy along 
coast , clayey 
in deltas 

No layering 
except pyritic 
horizon in some 
soils 

Saline , fresh 
wate r lenses 
floating over 
saline aquifer 

Indus basin 
north and 
Peshawar vale 

Medium to deep 
alluvium 
medium to fine 
textured 

Often calcic 
to petrocalcic 
deposits 

Good to 
margina l 

Indus basin 
south and 
deltaic region 

Alluvial 
medium to 
fine textured 
aeolian 
deposits at 
places 

Calc ic or 
gypsiferous 
deposits 

Generally 
poor except 
in riverine 
tracts 



the presence of gypsum crystals throughout the profile but 
without any regular pattern {Figure 11). The salt-affected 
soils of coastal Andhra Pradesh, with the water table less 
than 50 em deep during cropping season, have restricted drain
age and are mostly saline and difficult to reclaim. Table 10 
shows profile characteristics of some typical salt-affected 
soils of India. 

Classification 

The placement of saline, alkali or sodic soils in Soil Taxono
my (USDA 1970) is largely based on salinity criteria at dif
ferent levels and at 15 and 40 percent ESP. In Aridisols, 
most soils have been classified either as Natrargids or Salor
thids but the occurrence of a natric or a salic horizon within 
a few em of the surface in a large number of soils in the 
Indo-Pakistan subcontinent needs verification. The salic 
horizon requirements are too high for a satisfactory placement 
of the type of soils met in Uttar Pradesh, Punjab, and Haryana 
(Srinivasan 1976). Salic horizons are met in Rann of Kutch 
soil profiles to a depth of a meter or more and contain more 
than two percent salt. 

Alkali soils among Entisols in the subcontinent key out as 
Aquents and Fluvents and may be saline but do not always meet 
EC requirements of salic horizon. Alkali soils among Incepti
sols key out as Aquepts but may lack a typical natric B hori
zon. The ESP often exceeds 15 or more in the top 50 em soil 
but decreases at lower depths. Based on experience with 
alkali soils of the Indo-Gangetic plains, a redefinition of 
natric horizon has been proposed to accommodate a blocky 
structure, which is the most prevalent soil structural unit in 
these soils . Natric, salic, and episalic horizons at the 
subgroup level within the orders of Aridisol and Alfisol have 
been proposed to accommodate most salt lands of India in Soil 
Taxonomy (Sehgal et al. 1975; Srinivasan 1976). Inclusion of 
the subgroups salic, halic, and natric in Vertisols and vertic 
subgroups in Salorthids has also been suggested (Srinivasan 
1976). 

Discussing the scope of introducing new subgroups or intergra
des in soil taxonomy, Murthy et al. {1980) emphasized the need 
for a large volume of supporting data to justify any redefini
tion or modification of the existing criteria or to introduce 
new surface horizons . For instance, episalic horizon may 
disappear within a few years of good irrigation management, 
necessitating changes in the subgroup within few years. The 
classification of salt-affected soils at the great group level 
in Table 9 is for the sake of brevity and convenience and does 
not reflect the range of variation in their characteristics. 
Murthy et al. {1980) have named and classified salt-affected 
soils of India and mapped saline and sodic pedons into 12 
great group associations. Further classification up to phase 
separation with textural variation, slope, EC, ESP, etc. is 
necessary for farm level planning. 
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Figure 11. Soil profiles from Typic Natrargid (Lakhpat) and 
Typic Salorthid (Dandi) from Gujarat (courtesy 
R. C. Sharma). 
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Table 10. Some characteristics of typical salt-affected soi ls 
in the subcontinent. 

Depth 

0-10 
10-48 
48-76 
76-104 
104-163 

0-12 
12-60 
60-87 
87-104 
104-115 
115-140+ 

0-21 
21-74 
74-104 
104-125+ 

0-2 
2-17 
17-53 
53-75 
75-96 
96-155 

0-10 
10-45 
45-83 
83-117 
117-150 

ECe Organic 
carbon 

Clay ESP 

dsm-
1 ------------------%---------------------

Aquic Natrustalf, Cent. Soil Sal. Res. Inst ., Karnal, Haryana 

10.6 
10.2 

9 .8 
9.5 
9.6 

22.34 
6.28 
4.19 
2.34 
1.31 

5 .1 
8 .9 
9.4 

1 2.6 
13.8 

0.14 
0.10 
0.07 
0.05 
0.04 

Calcic Halaquept, Pipra Kothi, Bihar 

9 . 6 
9.5 
9.3 
9.2 
9 . 2 
9 . 1 

12 . 77 
2.78 
2.74 
2.67 
1.11 
1.96 

34.4 
30.5 
32 .4 
31.5 
29.9 
39.2 

0.39 
0.30 
0.18 
0.18 
0.06 
0.16 

12 .5 
18 . 9 
22.7 
21.2 
31.8 

11.8 
19.7 
17.0 
14.0 
12.8 
21.7 

96 
91 
88 
85 
69 

41 
31 
29 
26 
20 
18 

Chromustert, Saline-sodic phase, Kurnool, Andhra Pradesh 

8.4 
8.1 
8.2 
8.3 

9.56 
13 .81 
12 . 75 
12 .75 

6.6 
7 .3 
6.0 
5.2 

Typic Salorthid, Dandi , Gujarat 

7.6 
8.0 
8.0 
8.2 
8.3 
8. 7 

160 
75 
80 
75 
75 
50 

1.4 
1.4 
2.9 
5.3 
6.2 

21.1 

Typic Natrargid, Lakhpat, Gujarat 

8.7 
8.6 
8 . 4 
8.2 
8 . 3 

0.20 
1. 70 
4 . 50 
6.50 
5.50 

1.3 
2.3 
3.7 
1.8 
2 . 1 

0.48 
0.48 
0.47 
0.39 

0.65 
0.54 
0 .49 
0.47 
0.49 
0.14 

0.29 
0.18 
0.20 
0.18 
0.10 

39.7 
34.9 
37.8 
42.7 

41.0 
51.2 
47.0 
49.2 
46.9 
43 .2 

41.6 
51.8 
48.8 
46 . 8 
42.0 

29 
21 
25 
25 

73 
57 
72 
61 
57 
40 

13 
22 
26 
29 
35 

Source : Central Soil Salinity Research Institute, Karnal. 
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Extent and Distribution of Salt Lands 

The reasons for their occurrence may be different but salt 
lands find wide distribution in the subcontinent. They may be 
of ancient origin or their presence may be due to a recent 
secondary salination. Their origin may be traced to in-situ 
release and deposition of salts, or salts may have an external 
source, their presence in dry soils is universal. The Indo
Gangetic plains are a single unit with about 8 million ha of 
such lands with the Indus Basin in Pakistan alone having 5 . 97 
million ha. An annual survey of all commands in Pakistan 
indicated that on average 15 percent of land was visibly 
affected by salts and another 0.5 percent by waterlogging . 
The actual incidence of salinity and alkalinity may be worse 
(Schroo 1967) . Agencies reporting on the extent of salt lands 
in Pakistan have employed different survey methods and classi
fication criteria and came out with different sets of data on 
extent and nature of the problem. But the data reported by 
the Soil Survey of Pakistan appears more authoritative 
(Choudhri et al. 1978). 

The exercise to categorize, delineate and estimate salt land 
area in the subcontinent is beset with a number of uncertain
ties, as the area covered by detailed soil survey is negligi
ble. The sources of information for the data (Figure 12, 
Table 11) have been reports of state departments and research 
papers (Singh 1989). The saline area has been shown sepa
rately. For soils in the arid zone, unless irrigated with 
sadie water, the demarcation between saline and conventional 
saline-sodic soils has been based on the presence of soluble 
carbonates and in some case could be arbitrary and subject to 
sizable shifts . For Pakistan, where salt lands with both high 
soluble salt content and exchangeable Na constitute about 3 .17 
million ha, no such delineation has been attempted. It seems 
that survey reports have grouped together all soils, which 
could be demarcated as alkali according to the definition 
discussed previously, and soils which contained enough soluble 
salts to qualify for a saline soil but also qualified for 
sodic category on the basis of ESP and pH are placed under the 
name saline-sodic soils . Hence, for the limited purpose in 
Figure 12, all saline-sodic soils have been shown as alkali. 
In Punjab, the extent of such soils is more than saline soils 
(Choudhri et al. 1978). Both categories of soils are evenly 
balanced in Sind even though there could be saline soils 
treated as saline-sodic . 

The area under alkali soils in the Indo-Gangetic plain is 
concentrated in the states of Punjab, Haryana, Uttar Pradesh, 
and Bihar. In Uttar Pradesh some districts are severely 
affected. There is another salt-affected area in the semiarid 
and arid west in India, with largely saline soils. The salt 
lands of peninsular India are saline as well as alkali but 
both pH and salt content are not as high as in the Indo-Gange
tic plains. Salt lands in the coastal and deltaic regions of 
the subcontinent are saline, and in high rainfall regions the 
pH may be in the acid range. A statewise brief of salt
affected lands follows. 
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Figure 12 . 
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Distribution of saline and alkali soils in the 
subcontinent (please refer to text for details ) 
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Table 11. Province-wise salt-affected area in the sub
continent. 

State/Province 

Punjab 

Haryana 

Delhi 

Uttar Pradesh 

Bihar 

Rajasthan 

Madhya Pradesh 

Gujarat 

Area classification 

INDIA 

canalftubewell command 

Canalftubewell command 

Canalftubewell command 

Canalftubewell command 

Canaljtubewell command 

Canal/tubewell command 

Canaljtubewell command 

i) Coastal humid to subhumid 
and canal command 

ii) Coastal saline arid to 
semiarid 

iii) Rann of Kutch 

Maharashtra Coastal region 
Canal command 

Goa Coastal region 

Karnataka Coastal region 
Canal and tank commands, 
other inland areas 

Andhra Pradesh Coastal region 

Tamil Nadu 

Canal and tank commands, 
other inland areas 

coastal region 

Nature of 
problem 

Alkali 
Saline 

Alkali 

Alkali 

Alkali 
Saline 

Alkali/ 
Saline 

Alkali 
Saline 

Alkali/ 
Saline 

Alkali 

Saline 

Saline/ 
marshy 

Saline 
Alkali/ 
Saline 

Saline 

Saline 
Alkali 

Saline/ 
Alkali 
Alkali/ 
Saline 

Saline/ 
Alkali 

Extent o f 
affected 

lands 

000 ha 

495 
25 

275 
185 

16 

1100 
195 

400 

403 
330 

242 

388 

399 

436 

70 
464 

18 

86 
318 

283 

530 

204 

Kerala Coastal region Acid sulphate 18 

Orissa Coastal region Saline 404 

West Bengal Coastal region Saline 821 
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Ta ble 11 . continued. 

State/Province Area classification 

PAKISTAN 

N.W.F.P.* Canal command 

Outside canal command 

Punjab canal command 

Outside canal command 

Sind Canal command 

Outside canal command 

Ba luch i stan Undefined 

Total s alt affected area in the subcontinent 

*Nort h-West Frontier Province. 
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Nature of 
problem 

Extent of 
affected 
lands 

. 000 ha 

Saline/ 
alkali/ 
saline- sodic 14 
Saline/ 
alkali/ 
saline- sodic 506 

Saline/ 
alkali/ 
saline- sodic 1628 
Saline/ 
alkali/ 
saline- sodic 1138 

Saline/ 
alkali/ 
saline-sodic 1544 
saline/ 
alkali/ 
saline-sodic 1072 

Saline/ 
alkali/ 
saline-sodic 110 

14,504 



Pakistan 
Punjab-Salt-affected soils are met both in and outside canal 
commands in an area of 2.76 million ha. Maximum-affected area 
lies in Rachna and Bari "Doabs." Almost 50 percent of the 
area in these "Doabs" is slightly saline with 0.2-0 . 5 percent 
soluble salts (Ahmed and Chaudhary 1988). A summary of over
all chemical status of soil profiles conducted in 1977-79 
showed that 27 percent of them were salt-affected and of these 
19 percent were either sadie or saline-sadie (Sheikh 1989). 

Sind-The salt-affected area in the province is about 2.57 
million ha . Out of 5.39 million ha in the canal command area, 
the cultivated area is 4.41 million ha of which 0.56 million 
ha are saline. The semiarid salt lands are either uncultivat
ed or lie outside canal commands. The Indus delta is highly 
saline. Concentration of saline soils is largely confined to 
areas where the water table is less than 1.5 meter deep and 
ground waters are highly saline. 

Baluchistan and N.W.F.P.-salt lands in these provinces are 
confined to the Peshwar valley and the Sulaiman piedmont, in 
the shallow water table area, and in Kachni plains in Baluchi
stan (Choudhri et al. 1978). 

India 
Punjab-Salt-affected lands are met both in canal- and well
irrigated areas. The nature of salts varies with rainfall 
from carbonate-chloride-sulphate types in the subhumid areas 
to chloride-sulphate carbonate types in the arid zone (Singh 
et al. 1980). The majority of alkali lands in the good quali
ty water zone have since been reclaimed and grow excellent 
crops of rice and wheat. On the other hand, the incidence of 
salinity in the high water table area of southwest Punjab, 
largely in districts of Faridkot and Ferozepur where ground 
waters are saline, is increasing (Table 7). 

Haryana-Like Punjab, large areas under alkali soils in Kuru
kshetra and Karnal districts, with good quality aquifers, have 
been reclaimed. The saline area in the saline ground water 
zone is intact. Salinity in Hisar, Rohtak, Jind, and Sirse 
districts, where ground water has been rising, is increasing. 

Uttar Pradesh-The main salt-affected belt lies in the central 
and northwest Ganga-Yamuna Doab and trans-Ganges area. The 
whole of the central zone from Mainpuri to Allahabad is suf
fering from waterlogging. The salt-affected area in Ganga 
canal command is 0.35 million ha. In Sharda Shayak canal 
command, 340,000 ha have dangerously high water tables and 
0.25 million ha have been salinized (Ambekar 1986). 

Bihar-of the 1.05 million ha Gandak Command area 0.4 million 
ha in the calcareous belt in Muzaffarpur, Vaishali, Samastip
ur, Saran, and Gopalganj districts is salt-affected (Jha 
1986). Such soils are concentrated in basin areas which 
receive runoff from uplands. 

Rajasthan-This largely semiarid to arid state is virtually 
sitting over saline substrata in the form of salt-impregnated 
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subsurface horizons or saline ground waters. Given suitable 
conditions, salts appear at the soil surface . Shallow water 
table areas of the Indira Gandhi Canal Command and of Bhilwa
ra, Jaipur, Bharatpur, and Ajmer districts have impeded drain
age and are saline. The Ghaggar flood plains have vast tracts 
of salt-affected soils with very sparse vegetation (Figure 
13). In the Chambal command, black soils of Kota, Bundi, and 
Jhalwar are alkali. Irrigated soils of Pali , Barmer, and 
Bikaner districts are saline as well as alkali depending upon 
the quality of well waters. Salinity and alkalinity was found 
in more than 15 percent of the soil samples rec eived from the 
northeastern and northwestern zones of the state (Pareek and 
Seth 1972). 

Madhya Pradesh-Salinity is observed in 23 districts in the 
black soil region derived from Deccan Traps , with 0.24 million 
ha saline, and in the alluvial zone of Chambal River in the 
districts of Bhind, Morena, and Gwalior. Waterlogging and 
salinity are also prevalent in the Tawa Canal Command in 
Hoshangabad and Barna command in Raisen and Sehore districts. 

Gujarat-Gujarat claims the second largest area of salt lands 
in India, with 0.5 million ha in the interior and 0.7 million 
ha along the sea coast. There are 0 . 3 million ha in a narrow 
strip along the coast where salinity is caused by ingress of 
sea water. Another important salt-affected zone is the flat, 
fine textured Bhal tract. In Ukai-Kakarapar and Mahi-Kadana 
canal commands almost 25 to 30 percent area is salt-affected. 
In Shatrunji and Fatehwadi canal commands about 66,000 ha are 
saline, which include coastal and inland salinity . Kutch 
distri ct has a large area under low level salt fl a ts but the 
uplands are also severely saline or alkali (F i gure 14) . 

Maharashtra-The four coastal districts of the state, which are 
in a very high rainfall area, have about 64 , 000 ha of salt 
lands. In the interior dry region, the canal irrigated areas 
of Sholapur, Ahmednagar and parts of Dhulia, Jalgaon, Pune, 
Sitara, Nasik, Bhind, and Sangli district, with deep black 
lowlands, are salt-affected. 

Karnataka-Besides the two coastal districts with 35,000 ha of 
saline land, salt-affected lands are spread over 15 districts 
under different canal commands. The districts of Bellary, 
Bijapur, Chitradurg, Mandya, Gulbarga, and Raichur contribute 
more than 20,000 ha each (Prasad and Malhotra 1984) . Tungabh
adra canal command is most affected. Salinity is fast devel
oping in Upper Krishna command . Salinity and a lkal i problems 
are also acute in areas irrigated f rom tanks. 

Andhra Pradesh-Coastal districts of Krishna, Guntur, Parkasam, 
and Nellore have large salt-affected tracts, mostly saline but 
also with alkali patches. At present, 114,000 ha are affected 
by waterlogging and salinity in Guntur and Parkasam districts 
under Nagarjunasagar right bank canal command. More than 
60,000 ha are alkali in the districts of Anantapur, Kurnool, 
Medak, Nalgonda, and Mehboobnagar. 
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Figure 13. Defunct saline bed of river Ghagger in Rajasthan. 
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Figure 14. Prosopis juliflora, the sole colonizer of sa line 
flats in Kutch. 
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Tamil Nadu-About 0 . 2 million ha saline or alka l i soils are met 
in the coastal districts of Chinglepet, south Arcot, Thanjav
ur, Puddukoti, Ramanathapuram, and Thirunvelli. Inland salin
ity is present usually in canal commands in Coimbatore, North 
Arcot, and Madurai districts. In Tiruchirapaly, salt-affected 
lands are met along the north bank of the cauvery River. Some 
low lying lands have ancient salinity. 

orissa and West Bengal-The salt-affected area in these states 
is along eight coastal districts spread in an area of 1.29 
million ha. The annual rainfall ranges between 1,500-1, 7 50 mm 
but rainless months occur. The other high rainfall area 
excluded from the report is Kerala, where about 30,000 ha o f 
acid-sulphate or acid-saline soils are met, chiefly in the 
districts of Cannanore, Ernakulum, and Allepy. 

Natural Vegetation of Saline Habitats 

The natural vegetation of salt-affected soils in the subconti
nent consists of trees, hardy shrubs, herbs and grasses. The 
vegetation complex of saline basins in Rajasthan can be named 
as Tamarix-Balvadora-suaeda type with dominant species being 
Tamarix dioica, Suaeda fruitcosa, Zygophyllum simplex, Cressa 
cretica, Salsola foetida , Haloxylon recurvum , Aeluropus laqo p
oides, Sporobolus helvolus, etc. (Sen 1984). Salvadora oleoi
des, Capparis decidua, Zizyphus nummularia, Acacia nilotica, 
Butea monosperma, Teccomella undulata, Calotropis proc era, 
Leptochloa fusca, Desmostachya bipinnata, suaeda fruticosa , 
Salsola baryosma, Portulaca guadrifida, Argemone maxicana, 
Haloxylon salicornicum etc. are also met either in the alka li 
and saline habitats or on their fringes . Some species which 
are met in "dahars" (flat, interdunal lands) in Cholistan are 
not met in saline habitats of Rajasthan or Punjab and vice 
versa (Table 12). Saline habitats in Rajasthan and Cholistan 
are found in interdunal areas . The sands encroaching upon 
saline flats allow establishment of non-halophytes or faculta
tive halophytes. Thus, there is often a mixture of species of 
all kinds in a saline environment and pure stands o f ha l ophy
tes or facultative halophytes may not be encountered . There 
are, however, econiches where halophytes survive and establish 
pure stands (Rao et al. 1989). In a black saline soil a pure 
stand of Cressa cretica was observed between in soils having 
an ECe between 15 to 20 dsm-1• Some "dahars" in Cholistan are 
too inhospitable for any vegetation, some only grow ~ recur
vum and some only Salsola foetida but there are habitats where 
these species may occur in mix ture with non-halophytes (Tabl e 
12). Similar mixing is observed in the Pachpadra saline ba sin 
in Rajasthan (Saxena and Gupta 197 3). Saline habitats in 
India have undergone a spectacular change with the introduc
tion of Prosopis juliflora, which is at times the only maj o r 
shrub in an otherwise desolate countryside (Figure 14) . 

Reclamation and Management of Salt-Affected Soils 

Reclamation of salt-affected soils involves their rehabilita
tion to the original physico-chemical and productive status . 
The whole process has both technical and economic aspects 
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Table 12. Natural vegetation of some salt-affected habitats. 

Species 

Acacia nilotica 
sarvadora oleoides 
~ persica 
Prosopis cineraria 
f.:.. juliflora 
Tarnarix aphylla/ 

T. dioica 
Te~m~ndulata 

Cholistan 
desert 
(dahars), 
Pakistan 

0 

F 

F 

Capparis decidua F 
£:. sepiaria 
Zizyphus nummularia R 
Calotropis procera F 
Leptadenia 

pyrotechnica F 
Calligonum 

polygonoides 
Salsola baryosma A 
Suaeda fruticosa 
HilOXYlon salicornicum A 
~ recurvum A 

UNDER SHRUBS 

Suaeda maritima 
FiCjOrlia arabica 
Aerva persica 
Crotalaria burhia 

ANNUAL HERBS 

Heliotropium supinum 
Portuleca guadrifida 
f.:.. oleracea 
Trianthema 

portulaca strum 
Convolvulus 

microphyllus 
Cressa cretica 
TribUius terrestris 
Argemone mexicana 
Alysicarpus ~ 
Corchorus ~ 
Launaea ~ 
Euphorbia thyrnifolia/ 
~ prostrata 

F 
F 
F 

Relative distribution 

Pachhpadra 
salt basin, 
Rajasthan, 
India 

0 
F 
F 
F 
A 

R 

0 

F 
F 

R 

F 
F 
A 
A 
R 

R 
F 
F 

0 

F 

F 
F 
R 
0 
0 
F 
0 

F 
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Derelict Saraswati 
Ghaggar forest 
bed range, 
Rajasthan, Haryana, 
India India 

F 
0 

0 
F 

0 
R 

F 

F 
0 

A 

A 

R 

0 

0 

A 
F 

F 
A 

0 
R 

0 
F 
F 
0 

A 
A 

F 

0 
A 
R 

F 

F 

R 
0 
F 
0 
0 

F 

Sarnpla
Gohana 
belt, 
Haryana 
India 

F 
F 

0 
A 

0 

F 
F 
F 
R 

F 
F 

A 

R 

A 
F 

F 

0 

R 
R 
R 
R 
R 

F 



Table 12. Continued. 

Species 

GRASSES & SEDGES 

Sporobolus marginatus 
Desmostach~a 

bi]2innata 
Aeluro)2us lago)2oides 
Cenchrus ~ 
Dact~loctneum ~ 
c~nodon dact~lon 

Cl'l!l!2oJ2oqon 
jaworanchusa 

Lasiurus sindicus 
Saccharum SJ20ntaneum 
Le)2tochloa fusca 
Eleusine com12ressa 
C~J2erus ~ 

A denotes Abundant or 
F denotes Frequent. 
0 denotes Occasional . 

Cholistan 
desert 
(dahars) , 
Pakistan 

A 

A 
F 

0 

A 
A 

0 

prominent. 

R denotes Rare and abse nt o r not 

Relative distribution 

Pachhpadra Derelict Saraswati Sampla-
salt basin, Ghaggar forest Gohana 
Rajasthan, bed range, belt, 
India Rajasthan, Haryana, Haryana 

India India India 

A A A 0 

0 A A F 
F A 
A 0 R 
0 0 F 0 
0 F F F 

F R F 
F 0 R 

F F 0 R 
F F A 0 

reported from the region. 
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which influence planning or decision-making at the level of 
the individual, the community, and the Government. Basic 
principles for reclaiming salt-affected lands are now known, 
and needed technologies to match different situations have 
been worked out. For specific cases, involving drainage 
effluents, much remains to be done. Earlier attempts to 
reclaim alkali or saline-sodic soils often met with limited 
success, sorntirnes owing to misplaced efforts to enforce only 
an engineering solution like simple leaching o r drainage for 
their reclamation. The first effort to reclaim 16 ha of 
alkali soil at Arnarau, near Kanpur in Uttar Pradesh involved 
deep plowing and manuring with 20-25 t ha-1 of cattle dung 
(Tiwari and Sharma 1989). After 25 years of manure treatment, 
Leather (1914) analyzed the soil . The physical condition has 
improved in the top 30 ern but no significant decrease in salts 
was observed. Leather was the first scientist to use gypsum 
for reclaiming alkali soils in India but he made incorrect 
assumptions to assess the quantity of amendment needed for 
soil amelioration. The Irrigation Department in Punjab tried 
to accomplish reclamation of saline-sodic soils with leaching 
alone. For this purpose, additional canal water was supplied 
through reclamation shoots and outlets . The efforts remained 
unsuccessful as the soils needed simultaneous application of 
Ca amendments to replace exchangeable Na . The Irrigation 
Department persisted with this approach for several decades. 
The practice of additional water for reclamation has been 
wasteful of precious irrigation water (Choudhri et al. 1978) 
and may have at places unwittingly added to the already seri
ous problem of waterlogging. In Pakistan, where 1.2 million 
ha of salt-affected area is under irrigated agriculture, the 
salinity occurs in patches which cover more than 20 percent of 
the area and are mostly sodic (Figure 15). These patches can 
be reclaimed economically through application of gypsum (Chou
dhri et al. 1978). 

Removal of excess salts from saline soils is accomplished by 
simple leaching provided good quality water is available for 
the purpose and the water table is either reasonably deep or 
there is provision of subsurface drainage and disposal of 
drainage effluents . In lands with shallow but good quality 
ground aquifers, vertical drainage with shallow irrigaiton 
pumps has been successful in the Indian part of Punjab. In 
Pakistan also, installation of tubewells to supplement subsur
face drainage is an important component of SCARPS (Salinity 
Control and Reclamation Projects) . According to a 1988 ap
praisal, more than 6 million ha in Pakistan have water tables 
within 1.5 rn of surface during some part of the year (She i kh 
1989). Much of the area is in Sind where soils are saline or 
saline-sodic and require subsurface drainage to lower water 
table. So far, about 2.7 million ha of affected land has been 
covered by 36 SCARP schemes. Construction of 11,473 irriga
tion tubewells, 1,723 drainage tubewells, more than 200 rn 
cubic meters of surface drains and 5,076 ha of subsurface 
drains was completed by 1988 (Shiekh 1989). In India, sa l ine 
waterlogged soils have been successfully reclaimed in Gujarat 
and Haryana through subsurface drainage. Basic information 
about spacing, depth, and nature of drainage materials has 
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been obtained but the disposal of drainage effluents remains a 
problem in the Indo-Gangetic plains where the land surface is 
very flat. In Pakistan, a Left Bank out Fall Drainage projec t 
has been planned. This system essentially will consist of 
tile drains with sumps to pump water into open drains 1 km 
apart. From here the effluent will be discharged into a 30 m 
wide spinal drain extending 270 km down through the lower 
Indus region out to the sea. India will face the outfall 
problem, to discharge drainage effluents, once subsurface 
drainage is installed to lower water tables in parts of Hary
ana and Rajasthan. On an experimental scale, the Central Soil 
Salinity Research Institute (CSSRI), Karnal, has been recy
cling drainage effluents with EC of 25 dsm· 1 or more for i r ri
gation of wheat and mustard in conjunction with canal water. 
The effluents are high in sulphates and the experience is 
limited to a few years only . Long term effects of such efflu
ents, especially those rich in Cl, could be harmful to the 
soil. The ultimate aim has to be to remove excess salts from 
the immediate soil environment. 

In dry lands, with saline ground water or where salinity is 
associated with waterlogging, immediate reclamation is not 
possible and the solution narrows down to living with salini 
ty. The best alternativ e is to plant such lands with salt 
tolerant plant species like Atriplex and Leptochloa fusca . 
Both species have been grown in Pakistan. A 50 percent yield 
reduction was observed in Atriplex amnicola at salinity levels 
equivalent to ECe 33.0 dsm· 1 and in Leptochloa fusca, a salt 
tolerant grass, at ECe 22 dsm· 1 • The Nuclear Institute for 
Agriculture and Biology at Faisalabad , Pakistan has, in an 
undated publication, emphasized the role of salt tolerant 
plants for economic utilization of saline lands . Atriplex may 
have some scope in saline grazing lands but individual farmers 
with small holdings may prefer a more familiar plant or crop. 
Leptochloa fusca has been planted on a large acreage in Paki
stan (Malik et al. 1986). This grass adapts well in salt
affected soils and is the first colonizer owing to its high 
tolerance to salinity and sodicity. In India it has proved 
much more alkali tolerant than Rhodes grass and Bermuda grass 
(Kumar and Abrol 1986). The mechanism of salt tolerance is 
excretion of salts through leaves as washed leaves contain 
less salt than unwashed leaves (Table 13) . Again, a substan
tial part of Na and Cl taken up by the plant is retranslocated 
from the tops to the roots by the phloem and extruded into the 
growth medium (Bhatti and Wilnke 1984) . ~ fusca can also 
grow well up to a soil pH of 10.3. Its leaf sheath helps i n 
regulating the Na+ content of its lamina by retaining the 
major portion of the Na+ (Qadar 1985). It establishes rapidly 
in alkali soils and improves soil condition to the extent that 
other grasses like Cynodon dactylon can come up as secondary 
colonizers. The other plant which is not native to saline; 
alkali soils but has become firmly established in such habi
tats is Prosopis juliflora. Field studies at the CSSRI show 
that, provided there is proper planting and management, ~ 
juliflora can produce fuel and small timber from highly alkali 
soils (Table 14). It can grow at a pH of 10 but the growth is 
excellent around a pH of 9.5. In highly degraded 
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Table 13. Effect of root medium salinity on ionic composition 
of Lept ochloa fus ca shoots . 

Type of sample Root medium Ionic COmQOSition 
salinity Na K Ca Mg Cl 

dsm-1 ----- - - - - ------c mole kg-•-- ---------- - - ---

Washed 2 26.1 46.2 7.0 10.0 32.0 
10 26.1 44.2 7.0 15.0 40.9 
20 29.1 41.7 8.0 10.0 35.2 
30 32.6 41.7 10.0 10.0 30.7 
40 32.6 34.7 8.0 17.0 34.7 

Unwashed 3 45.1 55.1 12.0 15.5 35.2 
10 72.8 51.0 22.0 27.5 59.3 
20 133.1 40.0 25.0 29.5 89.7 
30 224.5 36.5 28.5 27.5 137.2 
40 279.9 37.5 28 . 5 40.0 164.2 

Table 14 . Growth response of 3-year old Prosopis juliflora to 
soil sodicity. 

Height Observations Girth Mean values of soil characteristics 
class (Me an) pH2* E~* Organic Available N 

carbon 

em em dsm-• % kg ha·• 

No growth 16 0 10.39 2.84 0 . 10 56.9 

0 - 200 22 3. 1 10.16 2.12 0.13 68 . 0 

200-400 44 13.8 9.95 1. 61 0 . 21 87.4 

400-600 19 26 . 3 9 . 70 1.14 0.24 114.3 

600- 900 11 38.0 9.29 0.89 0.38 156.8 

*2:1--water:soil dilution . 

Source: Annual Report 1989-90, Central Soil Salinity Research Institute, 
Karnal. 
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soils, this plant is often the sole source of fuel for the 
poor landless villagers in India. 

Reclamation of alkali soils has been attempted through agro
nomic, chemical, and biological methods. Ea rlier efforts to 
reclaim such lands in Punjab and Uttar Pradesh empl oyed rice 
cultivation with ample quantities of water (Lea ther, 1893; 
Mehta 1940). Since salt-affected soils in the Indo-Gangetic 
plains are calcareous and some soils in Pakistan gypsiferous, 
such efforts had a mixed bag of success. The reclamation 
through mobilization of soil Ca was slow. Sesbania green 
manure, when combined with rice cultivation, was shown to 
accelerate reclamation of alkali soils (Uppa l 19 55). Mean
while, researchers continued to employ gypsum and other calci
um salts, farm manure, and drainage to ameliorate alkali soils 
(Nasir 1923; Singh and Nijhawan 1932) . Amendment use as a 
major mode of alkali soil reclamation had to wait until the 
next 30 years for reasons of supply, cost e ffecti veness, and a 
lagging response of the Government for such a course of ac
tion. The reclamation of alkali and saline-sodic soils picked 
up both in India and Pakistan in the 1960s . The promoting 
factors have been high yielding ric e and wheat varieties, 
establishment of Land Reclamation Corporations and Governmen t 
support for various inputs . These factors hav e led to recla
mation of 0.5 million ha alkali lands in Punjab, Haryana and 
Uttar Pradesh which now annually produce more than 2 million 
tons of food grains. 

In Pakistan, the Water and Power De velo pment Authority (WAPDA ) 
was established in 1958 and given the res ponsibility of tack
ling the problem. Since then a large number of SCARPS hav e 
been launched and completed by WAPDA. In the latest action 
plan the emphasis is on soil reclamation through lowering of 
water tables by private tubewells. About 200,000 have already 
been installed. It is claimed that the extent of salinity has 
gone down from 40 percent to 28 percent (Sheikh 1989). The 
claims of WAPDA have been contested by Choudhr i et al. (1978 ) 
on the basis of a comparison of aerial photographs taken 23 
years apart and subsequent confirmation of results through 
LANDSAT imagery . They acknowledge that a few wet areas hav e 
now shrunk but maintain that large tracts of salt-affected 
lands are still out of cultivation as they were in 1953-54. 
They refer to other studies in SCARP-1 to empha size that crop 
yields in SCARP areas are hardly better than the adjoining 
non-SCARP areas and good lands have been damaged by sodicity 
through use of moderate to high Na hazard irri gation waters 
from tubewells meant for lowering the water table. A combined 
approach employing leaching, soil amendments, a nd subsurface 
drainage coupled with suitable agronomic measures may resolve 
apparent contradictions in reclamation strategies advocated by 
various agencies engaged in this task in Pakistan . 

The reclamation technology for alkali lands has been refined 
by the Central Soil Salinity Research Institute, Karnal, which 
is the nodal research agency for this task in India. The main 
components of this technology are: grading and bunding of 
fields, applic ati on of amendments, judicious fertilizer use, 
and growing of r i ce and wheat in rota tion . I nstallation of 
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shallow irrigation pumps lowers the water table as ground 
aquifers in most alkali areas are of good quality . The method 
for determining gypsum requirement has been refined, and 50 
percent of the actual dose is mixed in the surface 10-15 em 
soil. It has been established that only small amounts of 
additional irrigation water can complete exchange reactions 
and leach down reaction products below the root zone of rice 
(Abrol et al. 1979; Hira and Singh 1980). Both gypsum and 
pyrites are used as soil amendments in India but on equiva
lents basis, the former is more effective in improving soil 
and crop yields (Table 15). About 25 percent additional Nand 
20 to 50 kg ha-1 of zinc sulphate are recommended in the first 
year of reclamation. Alkali soils in the Indo-Gangetic plains 
are well supplied with available P (Singh and Nijhawan 1943; 
Chhabra et al. 1981), making its application unnecessary 
unless the soils test low in available P. Similarly, higher 
rates of N are recommended for wheat than in the normal soils 
due to lowered efficiency of N in alkali soils. The clay 
minerals in soils of the Indo-Gangetic plains are principally 
illite. Hence, the soils do not respond to application . of K. 
The K release also occurs in Pakistan soils which are mostly 
micaceous even though a major presence of clay minerals like 
kaolinite and, in some cases, of smectites is also reported 
(Niazi and Hussain 1991) . 

Another apsect related to soil salinity is the salinity of 
ground waters in the subcontinent. Well waters are often the 
only source of irrigation water available but in the process 
they become an important cause of soil degradation (Dhir et 
al . 1978; Choudhri et al . 1978; Singh et al. 1989; Singh 
1989) . Irrigation water quality aspects have been widely 
researched in the subcontinent. The WAPDA, after studies 
spread over a number of years in various SCARPS, found a 
number of safe limits for ground water use (Table 16) (Haque 
1988) • 

It was assumed that under an avera~e level of water manage
ment, water of TDS up to 100 mg kg- , SAR up to 10, and RSC up 
to 2. 5 mer 1 could be used safely. 

The Central Soil Salinity Research Institute, on the basis of 
its own experience and that of the All India Coordinated 
Research Project on Saline soils and Use of Saline Waters, has 
come up with a set of recommendations for safe use of saline 
and sodic waters (Table 17). Such recommendations are made to 
ensure sustained productivity of soils where saline irrigation 
is practiced. However, prolonged input of salts will eventu
ally build up salinity in subsurface horizons and an occasion
al wet period or rise in ground water level can cause these 
salts to move upwards and salinize surface soil . Therefore, 
saline irrigation has to be restricted to low water require
ment crops on well-drained soils. 
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Table 15. Effect of gypsum and pyrites on crop yields in alkali soils . 

Source Soil type crop Grain ~ield at different rates of amendments (as % GR}* 
and pH 0 25 50 75 100 

G p G p G p G p G p 

----------------------------t ha-1
--------------------------------

Abrol & Verma Alfisol, initial Rice 3 .86 3.86 6 . 71 s. 71 6.81 6 . 09 7.44 6. 71 7.24 6.91 
(1978) pH 10 .5 (Paddy) 

Wheat 0.02 0.02 1.46 0.15 3.15 0.54 3.60 1. 35 4 . 22 1. 35 

Chauhan (1978) A1fisol, initial Rice 1. 73 1. 73 -- -- 2.77 0.54 
pH 9.2 (Paddy) 

Barley 2.62 2. 62 -- -- 3.67 3.64 

Bhatt et al. A1fisol, farmers Rice 2.93 2 . 93 3.23 3 . 49 3.57 3.87 3.13 4.06 4.09 4 .87 
(1978) fields, pH varying (Paddy) 

from 9.0 to 10.5 Wheat 1.50 1.50 1.18 1.18 1. 74 1. 27 1.58 1.60 2.33 1.86 

N Singh et al. Alfisol , initial Rice 2.61 2.61 -- 6. 651 6.87 -- -- 7. 592 

w 7.66 
Q) 

(1981) pH 10.2 (Paddy) 
Wheat 2.05 2.05 -- 3.72 4.80 -- -- 4 . 84 -- 5.00 

Sharma & Gupta Vertiso1, initial Rice 0.14 0.14 0.97 0.84 1. 77 1.60 2.50 2 . 18 
(1985) pH 8.5 (Paddy) 

Wheat 0.50 0.50 1.00 0.88 1.67 1.51 2 .40 2 .32 

Chhabra & Singh Alfiso1, initial Rice 1. 75 1. 75 2 . 93 2 . 09 3.06 2 . 37 -- -- 3.43 2.50 
(1989) pH 10.3 (Paddy) 

Wheat 0.80 0.60 2.40 1. 60 2.70 2.10 -- -- 3.30 2.40 
-------·-

*GR = gypsum requ~rement . 

G = Gypsum; P = Pyrites . 



Table 16. Safe limits for groundwater use. 

Nature of soil Other conditions Safe limits for use as irrigation* 
TDS SAR RSC 

(mg kg-1 ) (m mole 1"1 ) 'h (mel-1 ) 

coarse textured Level, good water 1500 12 5.0 
management 

Medium textured Fairly level lands, 800 10 2.5 
adequate water supply 

Fine textured Level lands, poor 500 5 1.25 
water supply, low 
level of management 

*TDS - total dissolved solids; SAR - sodium-adsorption-ratio; RSC 
residuai sodium carbonate. 
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Table 17. 

Soil 
texture 
(\ clay) 

Fine 
(> 30) 

Moderately 
fine 
(20-30) 

Moderately 
coarse 
(10-20) 

Coarse 
(< 10) 

Guidelines for using poor quality irrigation 
waters. 

(a) Saline waters (RSC > 2.5 mel·1) 

Crop UJ2J2er limits of ECiw (dsm·1l in rainfall regions* 
tolerance < 350 rnrn 350-550 rnrn 550-750 

Sensitive 1.0 1.0 1.0 
Semi-tolerant 1.5 2.0 3.0 
Tolerant 2.0 3.0 4.5 

Sensitive 1.5 2.0 2. 5 
Semi-tolerant 2.0 3.0 4.5 
Tolerant 4 .0 6.0 8.0 

Sensitive 2.0 2.5 3.0 
semi-tolerant 4 . 0 6.0 8.0 
Tolerant 6 .0 8 . 0 10.0 

Sensitive 3.0 3.0 
semi-tolerant 6.0 7.5 9.0 
Tolerant 8.0 10.0 12.5 

rnrn 

*ECiw Electrical conductivity of the irrigation water . 

(b) Sodic waters (RSC > 2.5 c mol kg· 1, ECiw < 4.0 dsm·1 ) 

soil 
texture 
(\ clay) 

Fine 
(> 30) 

Moderately 
fine 
(20- 30) 

Moderately 
coarse 
(10-20) 

Coarse 
(< 10) 

UJ2per limits of SAR and 
RSC in irrigation water+ 

(rnmole/kg) 'h 

10 2.5 - 3.5 

10 3.5 - 5 . 0 

15 5.0 - 7.5 

20 7.5 - 10.0 

+sAR = sodium-adsorption-rat io; RSC 

Remarks 

(l) Limits pertain to kharif
fallow-rabi crop rotation when 
annual rainfall is 350-550 rnrn. 

(2) When the waters have Na < 75\ 
(Ca + Mg > 25\) or rainfall is 
550 rnm, the upper limits of 
the RSC range become safe. 

(3) For double cropping, RSC 
neutralization with gypsum is 
essential based o n quantity of 
water used during winter. 
Grow low water requiring crops 
during summer. Avoid growing 
rice. 

residual sodium carbonate. 
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Table 17. Continued. 

General Comments 

(1) Texture criteria should be applicable for all soil layers down t o at 
least 1 . 5 m depth. 

(2) In areas where ground water table reaches within 1.5 mat any time o f 
the year or a hard subsoil layer is present in the rootzone, the 
limits of the next finer texture class shou ld be used . 

(3) Flourine is at times a problem and limits should be worked out. 

Conclusions 

Soil salinity in the Indo-Pakistan continent has a historical 
past. But considering the high population density, limited 
land resources and agriculture as the main life support system 
of a large majority of its inhabitants, the subcontinent has 
almost no cushion to absorb any loss in soil productivity 
through degradation processes. Per capita land available for 
agriculture in India will shrink to 0 . 15 ha by the year 2000 
A.D . In Pakistan, the per capita land area is more but a 
large part of its geographical area is not available for 
cultivation due to a variety of constraints. Hence, there is 
a growing concern about the deterioration in the land resourc 
es of both countries. The geological and physical setting of 
the area is such that both ancient and secondary salinity may 
be met side by side and together they afflict 14.5 m ha of 
highly productive lands . 

Secondary salinization has assumed alarming proportions after 
perennial canal irrigation was introduced following the con
struction of weirs and later reservoirs across the rivers. In 
most major irrigation projects, 20 to 50 percent of the com
mand area has been already degraded through waterlogging and 
salinity. The gestation period has been 15 to 20 years of t he 
canal opening in most canal-irrigated tracts. In some cases 
inhabitants had to abandon lands and find alternate sources of 
livelihood. Thus, continuing land deterioration is not only 
taking highly productive lands out of cultivation but also 
eroding the huge financial investment made in irrigation 
projects. Soil salinity is also spreading in areas where 
injudicious saline irrigation is practiced. 

The governments of India and Pakistan have taken note of the 
negative socioeconomic and environmental impact of soil salin
ity and waterlogging and initiated steps to alleviate the 
problem. In India reclamation of affected lands is the re
sponsibility of the respective State Governments . The Federa l 
Government, however, provides funds for subsidizing the cost 
of gypsum. An agency named Command Area Development Authority 
(CADA) has been provided in each major canal project. This 
agency undertakes various development works for managing 
irrigation water most efficiently. The important tasks of 
CADA include area development through land leveling and grad
ing, field channel lining, irrigation water distribution like 
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fixing rotation system, and other development works . The 
progress in these works has been less than satisfactory and in 
some cases less than 50 percent targets have been fulfilled. 
Hence, considerable wastage of irrigation water is still 
continuing causing further spread of salinity and alkalinity . 
In Pakistan, a single agency named the Water and Power Devel
opment Authority (WAPDA) is responsible for reclamation, 
including surface and subsurface drainage. This agency works 
through a number of Salinity Control and Reclamation Projects 
(SCARPS). The progress of various SCARPS is a mixed bag of 
successes and failures, depending upon who is evaluating the 
progress. 

The subcontinent is in imminent danger of losing a large part 
of its productive lands through soil salinization. Consider
able area has been reclaimed in both countries but much more 
needs to be done to tackle the problem where ground waters are 
saline and very near the soil surface. There is a lso a need 
to prepare plans for conjunctive use of surface and ground 
waters and subsurface and surface drainage while formulating 
major irrigation projects . 
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Global Desertification Dimensions and Costs 

H. E. Dregne and Nan~Ting Chou 

Introduction 

Desertification has been defined by the United Nations Envi
ronment Programme (UNEP) as land degradation in arid, semi
arid, and dry subhumid areas resulting mainly from adverse 
human impact. This 1991 definition is a revision of the 
definition formulated at the 1977 United Nations conference on 
Desertification. The 1977 definition described desertificat
ion as the diminution or destruction of the biological poten
tial of the land, which could lead ultimately to the formation 
of desert-like conditions (UNCOD 1977). 

Although the 1977 definition appeared to be a simple, 
straightforward statement, there have been no end of different 
ideas of just what constitutes desertification . There has 
been agreement, only, it seems, that desertification was a 
land degradation process. Many people believe it to be wind 
erosion on sandy grazing land or rainfed croplands . At least 
an equal number contend that desertification is confined to 
pastoral lands and is due to overgrazing by livestock. To 
some, desertification is a change of climate toward desicca
tion, caused either by human or natural factors . To still 
others, desertification has occurred only if land has become 
an unproductive wasteland (desert). 

Our view is that desertification is a human-induced process o f 
land degradation that can range in severity from slight to 
very severe and in cause from erosion to salinization to toxi c 
chemical accumulation to vegetation degradation, irrespect i ve 
of climate. In this paper, however, desertification will be 
confined to land degradation in the drylands of the world. 
More specifically, it will be limited to arid, semiarid, and 
dry subhumid climatic zones. Hyperarid (extremely arid) 
climatic zones will be excluded, except for the case of irri
gated land lying in the hyperarid zone, as is the situation i n 
the Nile Valley of Egypt. The rationalization for excludi ng 
hyperarid zone land is that such lands, unless irrigated, are 
incapable of supporting a human occupancy dependent upon 
plants, directly or indirectly, for food . 

Methodology 

The drylands of the world are those delimited on the map 
prepared by the United Nations Educational, scientific, and 
Cultural Organization (UNESCO) (UNESCO 1977). subhumid re
gions shown on the UNESCO map are considered dry subhumid 
regions, for the purpose of this study, since they are only 
the dry part of subhumid regions mapped by other climatolo
gists. Climatic zone areal extent figures, by country, were 
taken from Hopkins and Jones (1983) . The UNESCO map was used 
to determine the area of drylands in each country of the 
world. 
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The principal desertification processes are degradation of the 
vegetative cover, accelerated water and wind erosion, and 
salinization and waterlogging. These processes affect the 
three major land uses in arid regions: irrigation agricul
ture, rainfed cropping (dry farming), and pastoralism on 
rangelands. Rangeland desertification is primarily a matter 
of degradation of the vegetative cover through overgracing and 
cutting of woody vegetation. Rainfed cropland desertification 
is commonly expressed as increased water and wind erosion. 
Salinization and waterlogging are the principal degradation 
processes on irrigated land. Wind erosion, like water ero
sion, affects significant portions of rangelands and can cause 
damage on sandy irrigated lands . 

Other important desertification processes include soil compac
tion and accumulation of toxic substances such as heavy metals 
and persistent pesticides. Mining and tourism can cause land 
degradation at the local level but are of miniscule extent at 
the global scale. So-called dryland salinity is a major 
small-scale problem in the grazing and rainfed croplands of 
Australia, Canada, and the United States but the area is 
limited. Our estimates of land degradation refer to only 
vegetation degradation, water and wind eros ion, and saliniza
tion and waterlogging on irrigated, rainfed, and grazing 
lands. 

Land-use figures are derived from the data in the 1986 edition 
of the FAO Production Yearbook (FAO 1986). Where entire 
countries lie in the drylands, FAO numbers for irrigated land 
area were used directly. In countries such as China and 
India, which have much irrigated land in the humid regions, 
estimates were made of the fraction located in the drylands. 
Similar adjustments were made for the rainfed croplands. 
After irrigated and rainfed farming lands were calculated, the 
remaining land in the drylands was considered to be rangeland. 
The latter is in error to the extent that there are urban, 
mining, and tourist areas in the drylands. Those numbers are 
small. 

The information base upon which the estimates in this report 
were made is poor. Anecdotal accounts, research reports, 
travellers' descriptions, personal opinions, and local experi
ence provided most of the evidence for the various estimates . 
Some data were available for Australia and the United States . 
Both of these countries have conducted comprehensive assess
ments of land degradation on irrigated, rainfed farming, and 
range lands. For the country data, it is impossible to esti
mate the error in the numbers of hectares in each degradation 
class because there are no accepted values against which to 
make comparisons. To our knowledge, no one except the senior 
author has ever attempted a global assessment, and very few 
have published national assessments. An earlier evaluation 
was published in 1983 (Dregne 1983). 

After the area in each of the three land uses had been esti
mated for the 100 countries, the amount of land in each deser
tification class (slight, moderate, severe, very severe) in 
each country •. by major land use (irrigated, rainfed, range-
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land) was estimated. The cost of agricultural production 
foregone because of desertification was then calculated on a 
continental and global basis for each land use. Following 
that calculation, an estimate was made of the cost of rehabil
itating desertified land, by major land use, in those develop
ing countries requiring external financial assistance to carry 
out rehabilitation measures, as determined by the United 
Nations . 

Desertification Status Criteria 
The principal criterion for placing land in one of the four 
desertification classes (slight, moderate, severe, very se
vere) was the impact degradation has had on economic plant 
yield, on both croplands and rangelands. Slight, moderate, 
and .severe degradation usually are reversible; very severely 
degraded land is categorized as land which cannot be rehabi l i
tated economically. When money is no concern, virtually any 
land can be restored to something approximating its original 
productivity . For croplands, the slight class represents land 
that is not desertified at all or shows only little degrada
tion (less than 10 percent loss in potential yield). For 
rangelands, the slight class includes land that has up to 25 
percent loss in potential productivity . The higher tolerance 
allowed for slight degradation of rangeland arises from the 
procedure range scientists employ to evaluate range condition. 
The 0 to 25 percent productivity loss places rangeland in the 
best range condition class, variously called good or good to 
excellent by different agencies assessing rangeland condition. 

On irrigated land, the principal human-induced degradation 
problem is salinization, followed by waterlogging. Slightly 
desertified land has had yields depressed by less than 10 
percent, moderately desertified by 10 to 25 percent, severely 
desertified by 25 to 50 percent, and very severely desertified 
by more than 50 percent. Very severely desertified irrigated 
lands are badly affected by the accumulation of soluble salts 
or exchangeable sodium or both and are very slowly permeabl e 
to water. Probably close to 98 percent of salt-affected 
irrigated lands can be reclaimed successfully at economically 
justifiable costs . Reclamation costs tend to be high but so 
are the returns to irrigated land. 

Desertification of rainfed cropland consists of accelerated 
water and wind erosion. Water erosion is much more damaging 
to long-term soil productivity than is wind erosion . Slight, 
moderate, severe, and very severe soil degradation reflect 
less than 10 percent loss of potential crop yield, 10 to 25 
percent loss, 25-50 percent loss, and greater than 50 percent 
loss, respectively, the same as for salinity effects. Wind 
erosion on-site impacts are usually either slight or very 
severe, with little in between . Very severe water erosion 
causes deep gullies to form or erodes the soil nearly down to 
bedrock. Very severe wind erosion is observable as the expo
sure of unproductive subsoils or substrata or the formation of 
mobile sand dunes and blowouts. Controlling water and wind 
erosion with mechanical structures does not commonly restore 
the soil to its pre-degradation condition. Instead, control 
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stops further degradation and allows soil-improving practices 
to be applied more effectively. 

Rangeland desertification is almost entirely a matter of 
vegetation degradation, which may be combined with water and 
wind erosion after vegetation degradation has been initiated. 
Overgrazing is by all measures the principal cause of range
land degradation. Cutting woody species for forage, fuel, 
charcoal production, or construction material is the other 
major cause of rangeland deterioration. Vegetation degrada
tion includes invasion or increase of undesirable brush spe
cies which may actually increase biomass production on degr ad
ed rangelands. Assessment of the desertification status of 
rangelands was based upon evaluation of the current range 
condition, then translating range condition into a vegetation 
productivity estimate . Range condition is a technical term 
used expressly by range scientists to evaluate "the current 
productivity of a range relative to what that range is natu
rally capable of producing" (Kothmann et al. 1974) . For 
present purposes, a range condition of excellent to good 
placed the rangeland in the slight desertific ation class (less 
than 25 percent loss in productivity). Fair condition meant 
moderate desertification (25 to 50 percent loss in productiv i
ty), poor condition meant severe desertification (50 to 75 
percent loss in productivity), and very poor condition was 
equated with very severe desertification (7 5 to 100 percent 
loss in productivity). Very severe desertification of range
lands is a consequence of erosion : deep and extensive gully 
ing, exposure of unproductive subsoils by water or wind ero
sion, the formation of mobile sand dunes, or the presence of a 
repeating sequence of hummocks and blowouts. 

Global status of Land Degradation 

Table 1 presents data for the area of irrigated land, rainfed 
cropland, and rangeland used in this report, by country and 
continent . The total land in those three major uses, plus the 
hyperarid land area, give the total amount of drylands for 
each country and continent . Africa has, by far, the greatest 
amount of hyperarid land, mainly the Sahara Desert, followed 
by Asia. Australia and New Zealand, together, are 83 percent 
dryland, virtually all of it in Australia. There are no 
hyperarid lands in Australia or Europe and very little in 
North America. India, the former Soviet Union, China, Paki
stan, and the United States are the top five countries in area 
of irrigated land. India, the U.S.S.R., Australia, Canada, 
and the United states are tops in rainfed cropland, whereas 
the ranking for rangeland is Australia, U.S.S.R . , China, the 
United States, and Sudan . Nine African countries (Botswana, 
Djibouti, Egypt, Libya, Mauritania, Namibia, Niger, Somalia , 
and Western Sahara) and twelve Asian Middle East countries 
(Bahrain, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman, Qatar , 
Saudi Arabia, Syria, the United Arab Republic, and Yemen) lie 
entirely in the arid regions. 

Globally, Australia has the greatest amount of drylands , none 
of it hyperarid . The U.S.S . R. ranked second, again with no 
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I\) 
lJ1 
w 

Continent 

Africa 

Country 

Algeria 
Angola 
Benin 
Botswana 
Burkina Faso 
Cameroon 
Cape Verde 
Central Afr. Rep. 
Chad 
Djibouti 
Egypt 
Ethiopia 
The Gambia 
Ghana 
Guinea 
Guinea-Bissau 
Ivory Coast 
Kenya 
Lesotho 
Libya 
~ladagascar 

Malawi 
Mali 
Mauritania 
Mauritius 
Morocco 
Mozambique 
Namibia 
Niger 
Nigeria 
Rwanda 
senegal 
Somalia 
South -Africa 
Sudan 
Swaziland 
Tanzania 
Togo 

Table 1. Estimated Land Use - Drylands 

Irrigated Rainfed Rangeland Hyperarid Total 
area area area area drylands 

---====----------====-----------1000 ha---------====-----------~-------

338 
0 

23 
16 

8 
10 

2 
0 
7 
0 

2,48~ 

94 
33 

7 
70 

0 
64 
40 

0 
234 

1,020 
22 

350 
8 

17 
525 

82 
8 

14 
1,280 

15 
175 

16 
1,128 
1,700 

6 2 
140 

2 

6,934 
50 

420 
1,328 
2,354 

328 
17 
19 

2,517 
0 

10 
10,956 

82 
1,114 

16 
6 

41 
157 
255 

1,659 
230 

2 
1,201 

179 
3 

7,484 
1,690 

646 
3,712 
4,937 

135 
4,471 
1,039 
8,694 
5,108 

44 
3,395 

3 55 

38,120 
48,198 

5,582 
56,140 
23,260 
4,861 

369 
3,043 

80,030 
2,290 
2,604 

69,556 
789 

9,235 
652 
214 
895 

50,450 
1,729 

17,172 
14,139 

2,504 
82,622 
59,173 

0 
36,693 
61,571 
72,580 
65,902 
34,073 

412 
13,828 
60,669 

107,780 
142,542 
1,448 
74,088 
1,355 

190,063 
623 

0 
0 
0 
0 
0 
0 

40,960 
0 

94,900 
1,400 

0 
0 
0 
0 
0 
0 
0 

157,655 
0 
0 

31,545 
43,702 

0 
1,050 

0 
8,960 

48,999 
0 
0 
0 

1,260 
0 

68,700 
0 
0 
0 

235,455 
48,871 

6,025 
57,484 
25,622 
5,199 

388 
3,062 

123,514 
2,290 

100,000 
82,006 

904 
10,356 

738 
220 

1,000 
50,647 
1,984 

176,720 
15,389 

2,550 
115,718 
103,062 

20 
45,752 
63,343 
82,194 

118,627 
40,290 

562 
18,474 
62 , 984 

117,602 
218,050 

1,554 
77,62 3 
1,712 



Irrigated Painfed Rangeland Hyperarid Total 
Continent Country area area area area dry lands 

---====----------====-----------1000 ha---------====-------------------

Africa (cont.) Tunisia 215 4,258 7,968 3,037 15,478 
Uganda 16 834 8,561 0 9,411 
Western Sahara 2 0 14,096 12,502 26,600 
Zambia 20 1,014 29,653 0 30,687 
Zimbabwe 175 2,128 35,499 0 37,802 

10,424 79,822 1,342,345 705,356 2,137,947 

Asia Afghanistan 2,660 2,734 50,928 0 56,322 
Bahrain 1 0 50 0 51 
Burma (Myanmar) 1,085 503 2,277 0 3,865 
China 16,467 25,534 454,505 37,877 534,383 
India 23,271 100,443 38,094 0 161,808 
Indonesia 1,722 0 0 0 1,722 
Iran 5,287 2,849 142,024 2,802 152,962 

N 
Iraq 1,750 1,950 38,395 0 42,095 

lJI Israel 271 147 369 1,246 2,033 
~ Jorcan 43 375 6,862 1,820 9,100 

Kuwait 1 0 2,306 0 2,307 
r.ebanon 86 214 688 0 988 
Mongolia 42 1,312 127,602 0 128,956 
Oman 41 6 19,642 7,506 27,195 
Pakistan 15,440 4,807 60,000 0 80,247 
Qatar 0 4 876 220 1,100 
saudi Arabia 415 760 112,345 126,480 240,000 
Sri Lanka 202 203 1,317 0 1,722 
Syria 652 4,971 12,945 0 18,568 
Thailand 160 160 1,623 0 1,943 
Turkey 2,150 16,893 33,914 0 52,957 
U.A.E. 5 0 1,008 8,197 9,210 
USSR (Asi.a) 19,951 53,000 430,166 0 503 ,117 
Vietnam 10 100 714 0 824 
Yemen (C) 309 1,209 32,590 1,692 35,800 

92,021 218,174 1,571,240 187,840 2,069,275 



Irrigated Rain fed Rangeland Hyper arid Total 
Continent Country area area area area dry lands 

---====-------- - - ====- ----------1000 ha------- --====---------- --- ------

Australia and 
New Zealand 

Australia 1,620 42,120 657,070 0 700,810 
New Zealand 250 0 153 0 403 

1,870 42 , 120- 657 , 223 0 701,213 

Europe Bulgaria 1 , 229 436 1,086 0 2,751 
France 462 0 463 0 925 
Greece 1,099 1,032 3, 778 0 5 , 909 
Hungary 138 1 , 547 120 0 1 , 805 
Italy 2,000 920 2,532 0 5 , 452 
Malta 1 11 19 0 31 
Portugal 632 432 2,871 0 3,935 
Romania 2,956 110 1,910 0 4,976 
Spain 3 , 217 10,542 18,304 0 32,063 

N 
Yugoslavia 164 76 536 0 776 \.11 

\.11 USSR (Europe) 0 7,000 79,951 0 86,951 
11 , 898 22,106 111 , 570 0 145 , 574 

North America Canada 635 33,973 24,172 0 58,780 
El Salvador 110 10 15 0 135 
Guatemala 75 88 719 0 882 
Mexico 4,890 10 , 005 133,142 1,738 149,7"5 
United States 15,157 30,093 325,093 1,328 371,671 

20,867 74,169 483,141 3,066 581,243 



Irrigated Rainfed Rangeland Hyperarid Total 
Continent Country area area area area ---- ---- ---- ---- dry lands 

--------------------------------1000 ha--------------------------------

South America 
& Caribbean Argentina 1,680 12 , 068 178,878 0 192 , 626 

Bahama Islands 0 0 337 0 337 
Bolivia 160 1,458 31 , 069 0 32 ,687 
Brazil 2,300 3,904 74 ,558 0 80,762 
Chile 1 ,257 1,281 20,976 11,740 35,254 
Colombia 324 322 9 , 376 0 10,022 
Cuba 390 35 10 0 435 
Ecuador 540 400 7,986 0 8 , 926 
Haiti 70 417 1, 297 0 1 , 784 
Jamaica 34 24 108 0 166 
Paraguay 6 5 42 16,326 0 16,433 
Peru 1 , 210 1,027 40 ,121 8 , 097 50,455 
Puerto Rico 39 13 93 0 145 
Trinidad 22 10 38 0 70 

N Venezuela 324 345 9,728 0 10 , 397 
U1 8 ,415 21,346 390,901 19,837 440,499 01 



hyperarid territory, followed by China, the United States, and 
saudi Arabia. over half of Saudi Arabia i s hyperarid. 

Estimates of the degradation status of irrigated land are 
presented in Table 2. Salinity is the major problem, usually 
combined with waterlogging, which caused the problem in the 
first place. Sadie soils, alone, are of minor extent but 
saline-sadie soils are fairly widespread, especially in Iraq. 
For countries having more than 1 million hectares of irrigated 
land, the worst affected are Iraq (71 percent salinized), 
Asiatic U. S . S.R. (51 percent), Pakistan (40 percent) and 
Mexico (36 percent). Globally, the average is 30 percent. 
Australia has an estimated 15 percent of its irrigated land 
salt- affected but there is much uncertainty about the accuracy 
of that estimate . The correct figure may be considerably 
higher, judging from some accounts of the severity of the salt 
and waterlogging problem in the Murray River watershed. Many 
countries in Africa and several in Europe have no significant 
salinization of irrigated land . Asia, with an area of irri
gated land four and one-half times that of the next largest 
continent, has the highest percentage of degraded land ( 35 
percent), followed by North America (28 percent) (Table 3). 

Degradation of rainfed cropland (Tables 4 and 5) is greater 
than the degradation of irrigated land. Three countries in 
Africa have more than 80 perc ent of their rainfed c rop l and 
desertified by water erosion. They are Algeria, Kenya, and 
Lesotho . Most of the erosion has occurred in the past 50 
years in response to high population increases and land use 
policies. India has the largest amount of rainfed cropland 
(100 million hectares) and 60 percent degradation. Canada has 
the lowest percentage of degraded land, with only 8 percent 
experiencing more than 10 percent loss of potential productiv 
ity on its 33 million hectares of dry farming land. The low 
degradation percentage for Canada and the United States is due 
to the level topography of the Great Plains, where the vast 
majority of the rainfed croplands occur. Wind erosion is 
extensive in the Great Plains and destructive to young plants 
but its effect on long-term soil productivity generally is 
small over most of the region . 

Rangeland degradation is the most extensive among the three 
major land uses (Table 6). Few countries have less than 5 0 
percent of their pastoral lands degraded. Overgrazing by 
livestock is the principal land problem, coupled with cutting 
of woody species in the many countries where wood is the ma i n 
fuel source. The high percentage of the world's rangeland 
that suffers from overuse stems from the e xtensive, low int en
sity character of pastoral land use, the slow response to land 
management changes in arid climates, and the social and eco
nomic problems associated with reducing livestock numbers o n 
heavily used rangelands. Reducing populations of c attle, 
sheep, and goats among people living on the margin of survival 
cannot be done without providing other sources of livelihood, 
and that is rarely available. Australia has a markedly lower 
percentage of degraded rangelands than any other continent 
(Table 7), primarily because a large part of Australian range
lands are not grazed at all. 
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N 
U1 
co 

Continent 

Africa 

Country 

Algeria 
Benin 
Botswana 
Burlcina Faso 
cameroon 
Cape Verde 
Chad 
Egypt 
Ethiopia 
The Gambia 
Ghana 
Guinea 
Guinea-Bissau 
Ivory Coast 
Kenya 
Lesotho 
Libya 
Madagascar 
Malawi 
Mali 
Mauritania 
Mauritius 
Morocco 
Mozambique 
Namibia 
Niger 
Nigeria 
Rwanda 
Senegal 
Somalia 
South Africa 
Sudan 
Swaziland 
Tan:r.ania 
Togo 
TUnisia 

Table 2. Desertification Estimates - Drylands 
Irrigated land 

----------------------Desertification----------------------
Total Total 
~ slight moderate ~ very severe (moderate +) 
----------------------------------1000 ha--------------------------

338 
23 
16 

8 
10 

2 
7 

2,486 
94 
33 

7 
70 

0 
64 
40 

0 
234 

1,020 
22 

350 
8 

17 
525 

82 
8 

14 
1,280 

15 
175 
16 

1,128 
1,700 

62 
140 

2 
215 

288 
22 
16 

8 
10 

2 
6 

1,735 
88 
32 

7 
70 

0 
64 
25 

0 
179 
920 

2.2 

315 
7 

16 
474 
81 

8 
13 

1,215 
15 

155 
13 

848 
1,340 

61 
126 

2 
145 

40 
1 
0 
0 
0 
0 
1 

700 
5 
1 
0 
0 
0 
0 

10 
0 

so 
100 

0 
35 

1 
1 

51 
1 
0 
1 

65 
0 

20 
3 

250 
350 

1 
14 

0 
60 

10 
0 
0 
0 
0 
0 
0 

50 
1 
0 
0 
0 
0 
0 
5 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

30 
10 

0 
0 
0 

10 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

50 
1 
0 
0 
0 
0 
1 

751 
6 
1 
0 
0 
0 
0 

15 
0 

55 
100 

0 
35 

1 
1 

51 
1 
0 
1 

65 
0 

20 
3 

280 
360 

1 
14 

0 
70 

Percent 
desertified 

15 
5 
0 
0 
0 
0 

15 
30 

6 
3 
(\ 

0 
0 
0 

38 
0 

24 
10 

0 
10 
12 

6 
10 

1 
0 
7 
5 
0 

11 
19 
22 
21 

2 
10 

0 
33 



N 
Ul 
1.0 

Continent Country 

Africa (cont.) Uganda 
Western Sahara 
Zambia 
Zimbabwe 

----------------------Desertification- - --------------------
Total Total 
~ slight moderate ~ very severe (moderate +) 

----------------------------------1000 ha--------------------------

16 15 1 0 0 1 
2 1 1 0 0 J 

20 18 2 0 0 2 
175 160 15 0 0 15 

10,424 8,522 1,779 122 1 1,902 

Percent 
desertified 

6 
50 
10 

9 
18 



IV 
0'1 
0 

Continent 

Asia 

Country 

Afghanistan 
Bahrain 
Burma (Myanmar) 
China 
India 
Indonesia 
Iran 
Iraq 
Israel 
Jordan 
Kuwait 
Lebanon 
Mongolia 
oman 
Pakistan 
Qat.ar 
Saudi Arabia 
Sri Lanka 
Syria 
Thailand 
Turkey 
U.A.E. 
USSR-Asia 
Vietnam 
Yemen (C) 

----------------------Desertification----------------------
Total Total 
~ slight moderate ~ very severe (moderate +) 
----------------------------------1000 ha--------------------------

2,660 
1 

1,085 
16,467 
23,271 
1, 722 
5,287 
1,750 

271 
43 

1 
86 
42 
41 

15,440 
0 

415 
202 
652 
160 

2,150 
5 

19,951 
10 

309 
92,021 

1,995 
1 

1,075 
12,967 
15,171 
1,700 
4,087 

500 
230 

30 
1 

BO 
41 
30 

9,340 
0 

155 
202 
542 
128 

1,860 
3 

9,801 
10 

259 
60,208 

650 
0 

10 
3,000 
5,500 

22 
750 
750 

31 
10 

0 
6 
1 

11 
4,000 

0 
200 

0 
70 
32 

250 
2 

9,000 
0 

40 
24,335 

15 
0 
0 

450 
2 , 000 

0 
300 
300 

10 
3 
0 
0 
0 
0 

1,600 
0 

40 
0 

30 
0 

30 
0 

1,000 
0 

10 
5,788 

0 
0 
0 

50 
600 

0 
150 
200 

0 
0 
0 
0 
0 
0 

500 
0 

20 
0 

10 
0 

10 
0 

150 
0 
0 

1,690 

665 
0 

10 
3,500 
8 ,100 

22 
1,200 
1,250 

4J 
13 

0 
6 
1 

11 
6,100 

0 
260 

0 
11(\ 

32 
290 

2 
10,150 

0 
50 

31,813 

Percent 
desertified 

25 
0 
1 

21 
35 

1 
23 
71 
15 
30 

0 
7 
2 

27 
40 

0 
63 

0 
17 
20 
13 
40 
51 

0 
16 
35 



N 
0'1 
...... 

Continent 

Australia and 
Pacific 

Europe 

North America 

Country 

Australia 
New Zealand 

Bulgaria 
France 
Greece 
Hungary 
Italy 
Malta 
Portugal 
Romania 
Spain 
Yugoslavia 

Canada 
El Salvador 
Guatemala 
Mexico 
United States 

----------------------Desertification----------------------
Total Total 
~ slight moderate severe very severe {moderate +} 
----------------------------------1000 ha--------------------------

1,620 
250 

1,870 

1,229 
462 

1,099 
138 

2,000 
1 

632 
2,956 
3 , 217 

164 
11,898 

635 
110 

75 
4,890 

15,157 
20,867 

1,370 
250 

1,620 

1,229 
462 

1,099 
73 

1,950 
1 

632 
2,286 
2,137 

124 
9,993 

545 
105 

70 
3,110 

11,177 
15,007 

100 
0 

100 

0 
0 
0 

50 
50 

0 
0 

500 
700 

40 
1,340 

70 
5 
5 

1,350 
3,500 
4,930 

130 
0 

130 

0 
0 
0 

10 
0 
0 
0 

150 
300 

0 
460 

20 
0 
0 

350 
360 
730 

20 
0 

20 

0 
0 
0 
5 
0 
0 
0 

20 
80 

0 
105 

0 
0 
0 

80 
120 
200 

250 
0 

250 

0 
0 
0 

65 
50 

0 
0 

670 
1,080 

40 
1,905 

90 
5 
5 

1,780 
3,980 
5,860 

Percent 
desertified 

15 
0 

13 

0 
0 
0 

48 
3 
0 
0 

23 
34 
24 
16 

14 
5 
8 

36 
26 
28 



Continent 

South Ameri ca 
& Caribbean 

N 
0'1 
N 

Country 

Argentina 
Bolivia 
Brazil 
Chile 
Col ombia 
Cuba 
Ecuador 
Haiti 
Jamaica 
Paraguay 
Peru 
Puerto Rico 
Trinidad 
Venezuela 

----------------------Desertification--------- -------------
Total Tot.al 
area slight moderat e severe verv severe (moderate +) 
====----======---------- ----------1000 ha--------------------------

1,680 
160 

2,300 
1, 257 

324 
390 
540 

70 
34 
65 

1, 210 
39 
22 

324 
8 ,415 

1,150 
130 

2 ,050 
1,157 

314 
385 
500 

68 
34 
60 

810 
34 
22 

284 
6,998 

350 
25 

200 
90 
10 

5 
35 

2 
0 
5 

290 
5 
0 

30 
1,047 

150 
5 

50 
10 

0 
0 
5 
0 
0 
0 

80 
0 
0 

10 
310 

30 
0 
0 
0 
0 
0 
0 
0 
0 
0 

30 
0 
0 
0 

60 

530 
30 

250 
100 

10 
5 

40 
2 
0 
5 

400 
5 
0 

40 
1,417 

Percent 
desertif.ied 

31 
19 
11 

8 
3 
1 
7 
3 
0 
8 

34 
13 

0 
12 
17 



1'\.) 

Ol 
w 

Africa 
Asia 
Australia and New Zealand 
F-ur ope 
North America 
South America 

Table 3. Irrigated Lann Pesertification, by Continents 

----------------------Desertification----------------------
Total Total 

irrigated slight. moderate ~ very severe (moderate +) 

-------------------------------------1000 ha----------------------------

10,424 8,522 1,779 122 1 1,902 
92,021 60,208 24,355 5,788 1,690 31,813 
1,870 1,620 100 130 20 250 

11,898 9,993 1,340 460 105 1,905 
20,867 15,007 4,930 730 200 5,860 
8,415 6,998 1,047 310 60 1,417 

145,495 102,348 33,531 7,540 2,076 43,147 

Percent 
desertified 

18 
35 
13 
16 
28 
17 
30 



Table 4. Desertification Estimates - Drylands 
Rainfed Cropland 

- - ----------- - --------Deserti fication--- ------------ -------
Total Total Percent 

Continent Country rain fed slight moderate ~ very severe (moderate +) desertifiec1 - --------------- - --- - - - --- - - -----------1000 ha---- - ------- - ---- - ---------

Africa --- Algeria 6 , 934 484 5 , 800 600 so 6,450 93 
Angola so 40 1 0 0 0 10 20 
Ben in 420 290 110 20 0 130 31 
Botswana 1 , 328 568 690 60 10 760 57 
Burki na Faso 2,362 852 1 , 280 200 30 1 , 510 64 
Cameroon 328 220 100 7 1 108 33 
Cape Verde 17 4 10 2 1 13 76 
Central Afr. Rep . 19 15 3 1 0 4 21 
Chad 2 , 517 1,91 7 575 23 2 600 24 
Egypt 10 9 1 0 0 1 1 0 
Ethiopia 10,956 4,156 6,000 700 100 6,800 62 

N The Gambia 82 53 25 4 0 29 35 0\ 
ol:>o Ghana 1,114 656 400 so 8 458 41 

Gu inea 16 9 6 1 0 7 44 
Guinea Bissau 6 3 3 0 0 3 so 
Ivory Coast 41 24 15 2 0 17 41 
Kenya 1 57 30 100 25 2 127 81 
Lesotho 255 35 105 85 30 220 86 
Libya 1 , 659 1 ,079 540 40 0 580 35 
Madagascar 230 so 150 30 0 180 78 
Malawi 2 1 1 0 0 1 so 
Mali 1,201 541 615 40 5 660 55 
Mauritania 1 79 150 27 2 0 29 16 
Mauritius 3 2 1 0 0 1 37 
Mor occo 7,484 2,284 4,900 270 30 5,200 69 
Mozambi que 1 , 690 680 850 140 20 1 , 010 60 
Namibia 646 300 300 44 2 346 54 
Niger 3 , 712 2,042 1,400 250 20 1 , 670 45 



----------------------Desertification---- --------------- ---
Total Total Percent 

Continent Country rainfed slight moderate severe very severe (moderate +) 
-----------======-------------------1000 ha-- ------- ------------------

desertified 

Africa (cont.) Nigeria 4,937 1,577 2,920 400 40 3,360 68 
Rwanda 135 45 65 20 5 90 67 
Senegal 4,471 2,061 2,200 200 10 2,410 54 
Somalia 1,039 489 450 95 5 550 53 
South Africa 8,694 3,564 4,500 600 30 5,130 59 
Sudan 5,108 3,018 1,870 205 15 2,090 41 
Swaziland 44 15 25 4 0 29 66 
Tanzania 3,395 815 2,250 300 30 2,580 76 
Togo 355 195 140 18 2 160 45 
Tunisia 4,258 1,318 2,500 400 40 2,940 69 
Uganda 834 294 440 80 20 540 65 
Zambia 1,014 474 500 35 5 540 53 
Zimbabwe 2,128 608 1,310 200 10 1,520 71 

N 
79,822 30,959 43,187 5,153 523 48,863 61 

0\ 
1.1\ 



---------------- ------Desertification------ ----------------
Total Total Per cent 

Continent Country r ainfed s l igh t moderate ~ very sever e (moder ate +) desertified 
---- ----------------------- ---- - ---- 1000 ha- ------ - --------------- ----

Asia Afghanistan 2 ,734 1 , 254 1 , 350 120 10 1,480 54 
Burma 503 333 105 60 5 170 34 
China 25 , 534 14 , 134 8,500 2,400 500 11 , 400 45 
India 100 , 443 40 , 443 49 , 700 8,000 2,300 60,000 60 
Iran 2 , 849 849 1,780 200 20 2 , 000 70 
Iraq 1 , 950 550 1,150 230 20 1 , 400 72 
Israel 147 47 35 63 2 1 00 68 
Jordan 375 165 155 54 1 210 56 
Lebanon 214 84 90 39 1 130 61 
Mongolia 1,312 962 320 30 0 350 27 
Oman 6 3 2 1 0 3 50 
'fak istan 4,807 1,447 2 , 81 0 500 50 3 , 360 70 
Qatar 4 3 1 0 0 1 25 
saudi Arabia 760 300 420 38 2 460 61 

N Sri Lanka 203 93 90 15 5 110 54 
0'1 
0\ Syria 4,971 1 , 471 2,840 650 10 3 , 500 70 

Thailand 160 60 60 35 5 100 62 
Tur key 16,893 4,193 10 , 000 2,600 100 12,700 75 
USSR (Asia onl y) 53 , 000 29,000 20 , 500 3 , 470 30 24,000 45 
Vietnam 100 70 30 0 0 30 30 
Yemen (C) 1 ,209 4 29 700 73 7 780 65 ---218, 174 95,890 100 , 638 18 , 578 3,068 122 , 284 56 
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Continent 

Europe 

Country 

Australia 

Bulgaria 
Greece 
Hungary 
Italy 
Malta 
Portugal 
Romania 
Spain 
USSR (Europe 

only) 
Yugoslavia 

North America Canada 
El Salvador 
Guatemala 
Mexico 
United States 

----------------------Desertification----------------------
Total Total 

rainfed slight moderate ~ very s~vere (moderate +) 
------------------------------------1000 ha---------------------------

42,120 

436 
1,032 
1,547 

920 
11 

432 
110 

10,542 

7,000 
76 

22,106 

33,973 
10 
88 

10,005 
30,093 
74,169 

27,800 

116 
602 

1,247 
420 

7 
112 
80 

2,642 

5,000 
26 

10,252 

31,373 
9 

78 
4,605 

26,493 
62,558 

13,900 

250 
380 
250 
450 

3 
210 

25 
5,360 

1,580 
30 

8,538 

2,560 
1 
9 

4,700 
3,500 

10,770 

400 

60 
45 
48 
45 

1 
105 

5 
1,500 

400 
18 

3,227 

35 
0 
1 

600 
85 

721 

20 

10 
5 
2 
5 
0 
5 
0 

40 

20 
2 

89 

5 
0 
0 

100 
15 

120 

14,320 

320 
430 
300 
500 

4 
320 
30 

7,900 

2,000 
50 

11,854 

2,600 
1 

10 
5,400 
3,600 

11,611 

Percent 
desertified 

34 

73 
42 
19 
54 
36 
74 
n 
75 

29 
66 
54 

8 
10 
11 
54 
12 
16 



---------------- - ----- Desertification----- - - -------------- -
Total Total Percent 

Continent Country rain fed slight mode rate ~ very severe (moderate +) desertified 
----------------------------- -------1000 ha-------~-------------------

South Ameri ca Argentina 12 , 068 10 , 868 1,130 65 5 1,200 10 
Bolivia 1 , 458 1 , 008 400 40 10 450 31 
Brazil 3,904 1,204 2,550 120 30 2,700 69 
Chile 1,281 681 500 80 20 600 47 
Colombia 322 192 110 18 2 1 30 40 
Cuba 35 30 4 1 (I 5 14 
Ecuador 400 150 200 40 10 250 62 
Haiti 417 47 240 100 30 370 89 
Jamaica 24 5 12 6 1 19 79 
Paraguay 42 40 2 0 0 2 5 
Peru 1,027 227 700 85 15 800 78 
Puerto Rico 13 10 2 1 0 3 23 
Trinidad 10 4 5 1 0 6 60 
Venezuela 345 245 95 4 1 100 29 ---

N 21,346 14 , 711 5,950 561 124 6,635 31 
C1l 
CX> 



Continent 

N Africa 
~Asia 

Australia and New ?.ealand 
Europe 
North America 
South Ameri ca 

Table 5 . Rainfed Cr opland Desertification, by Continents 

----------------------Desertification----------------------
Total Total 

dryland slight moderate sever e very severe (mo0~rate +) 
-----------======----------------:::roDo ha---------------------------

79 , 822 30,959 43,187 5,153 523 48,863 
218,174 95,890 100 ,638 18,578 3,068 122,284 
42,120 27,800 13,900 400 20 14,320 
22 ,106 10,252 8,538 3,227 89 11,854 
74 ,169 62,558 10,770 721 120 11,611 
21,346 14,711 5,950 561 124 6 ,635 

457 , 737 242 ,170 182,983 28,640 3,944 215,567 

Percent 
desertified 

61 
56 
34 
54 
16 
31 
47 



Table 6. Desertifi cation Estimates - Dryl ands 
Rangel and 

- ------ - - - - - - - --------Desertification- ------------ - --------
Total Total Per cent 

Continent Coun.!!:X_ ran~eland slight moderate severe very sever e (moderate +) desertified 
----- ----- ------------ - - - - - ------- - --1000 ha------------ - - - - - - - - ---- - - -

Africa Algeria 38,120 3 , S20 9,200 25 ,000 100 34,300 90 
Angola 4S, 19S 14,49S 20 , 000 13 , 650 50 33,700 70 
Benin 5,582 2,2S2 3,000 250 50 3,300 59 
Botswana 56,140 33,740 4 ,000 18,000 400 22,400 40 
Burkina Faso 23,260 6,660 2 , 500 14,000 100 16,600 71 
Cameroon 4 ,861 1,461 500 2,850 50 3,400 70 
Cape Ver de 369 39 30 290 10 330 89 
Central Afr . Rep. 3 , 043 2,1 43 600 300 0 900 30 
Chad S0 ,030 16,030 44 , 000 19 , 900 100 64,000 so 
Djibouti 2,290 190 500 1 , 600 0 2 , 100 92 
Egypt 2,604 504 300 1 ,SOO 0 2,100 81 
Ethiopia 69,556 10,556 15,000 43 , 500 500 59,000 85 
The Gambia 789 239 250 300 0 550 70 

rv Ghana 9,235 4 , 235 1 , 900 3 , 000 100 5,000 54 -..] 

0 Guinea 652 392 95 160 5 260 40 
Guinea- Bissau 214 124 30 60 0 90 4 2 
Ivory Coast S95 535 50 300 10 360 40 
Kenya 50 , 450 5 , 450 10 , 000 34,500 500 45,000 89 
Lesotho 1,729 179 250 1 ,250 50 1 , 550 90 
Libya 17 , 172 3,4 72 1 , 700 11 , SOO 200 13 , 700 80 
Madagascar 14,139 2,S39 1 ,300 9,950 50 11 , 300 80 
Malawi 2 , 504 254 230 2,0 00 20 2,250 90 
Mali 82,622 20,622 5,000 56,950 50 62 , 000 75 
Mauritania 59 , 173 17 , 773 5 , 000 36,000 400 41 ,400 70 
Mor occo 36,693 3,693 3,000 29,900 100 33,000 90 
Mozambi que 61 ,571 24 , 571 20 , 000 16,600 400 37 , 000 60 

.Namibi a 72 , 580 25,5SO 16,9SO 30 , 000 20 47,000 65 
Niger 65,902 9 , 902 15,970 40,000 30 56,000 85 
Nigeria 34 , 073 6 , S73 7 , 150 20,000 50 27 , 200 so 
Rwanda 41 2 22 90 300 0 390 95 
Senegal 1 3,S2S 2 , 02S 3,760 8,000 40 11,800 S5 
Somalia 60 , 669 15 , 669 10,000 34 , 900 100 45,000 74 
Sout h Africa 107,780 32,780 10 , 000 64 , 000 1 , 000 75,000 70 
Sudan 142,542 28,54 2 30,500 83 , 000 500 114,000 80 
Swazi.1and 1.448 248 195 1.000 5 A::! 



----------------------Desertification----------------------
Total Total Percent 

Continent Country rangeland slight moderate ~ very severe (moC!erate +) desertified 
-------------------------------------1000 ha---------------------------

Africa (cont.) Tanzania 74,0SS 30,0BS 13,900 30,000 100 44,000 59 
Togo 1,355 655 400 300 0 700 52 
Tunisia 7,96S 1,16S 1 , 270 5,500 30 6,SOO S5 
Uganda S,561 461 500 7 , 500 100 8,100 95 
Western Sahara 14,096 4,296 2,000 7,SOO 0 9,SOO 70 
Zambia 29,653 9,153 6,495 14,000 5 20,500 69 
Zimbabwe 35,499 3,499 5,970 26,000 30 32,000 90 

1,342,345 347,265 273,615 716,210 5,255 995,080 74 

Asia Afghanistan 50,928 5,02S 5,400 40,000 500 45,900 90 
Bahrain 50 40 10 0 0 10 20 
Burma 2,277 S77 1,000 400 0 1,400 6Y 

(\.) China 454,505 90,505 150 ,000 212 , 000 2 ,000 364 , 000 80 
-...] India 3S,094 3,894 10,000 23,000 1,200 34 , 200 90 
1-' 

Iran 142,024 14,01.4 20,000 107 ,000 1,000 12S,OOO 90 
Iraq 3S,395 3 , S95 7,000 27,250 250 34,500 90 
Israel 369 39 80 230 20 330 89 
Jordan 6,862 662 1,150 5,000 50 6,:?.00 90 
Kuwait 2 , 306 346 1 ,558 400 2 1,960 85 
Lebanon 6S8 68 195 400 25 620 90 
Mongolia 127,602 89,602 30,000 7,990 10 38 ,000 30 
Oman 19,642 1,942 5,000 12,650 50 17,700 90 
Pakistan 60,000 6,000 8,880 45,000 120 54,000 90 
Qatar S76 86 100 685 5 790 90 
Saudi Arabia 112,345 22,345 60,000 29,800 200 90,000 so 
Sri Lanka 1,317 217 800 29£1 2 1,100 83 
Syria 12,945 1,345 3,000 8,550 50 11,600 90 
Thailand 1,623 323 700 600 0 1,300 80 
Turkey 33,914 5,014 10,000 18,700 200 28,900 85 
U.A.E. 1,008 108 198 700 2 900 89 
USSR (Asia) 430,166 130,166 160,000 135,000 5,000 300,000 70 
Vietnam 714 514 150 49 1 200 28 
Yemen (C) 32 , 590 6,590 1 0,000 15,900 100 26,000 so 

1,571, 240 383 ,630 485,221 691,602 10,7S7 1,187,610 75 



----------------------Desertification----------------------
Total Total Percent 

Continent Country rangeland moderate severe (moderate +) slight ve!X severe 
----------------------------------===1000 ha-----------------~---------

desertified 

Australia and New Zealand 
Australia 657,070 295,770 277,000 55,300 29,000 . 361,300 55 
New Zealand 153 103 40 10 0 so 33 

657,223 295,873 277,040 55,310 29 ,000 361,350 55 

Europe Bulgaria 1,086 586 350 150 0 500 46 
France 463 273 90 100 0 190 41 
Greece 3, 778 378 400 2,500 500 3,400 90 
Hungary 120 80 30 10 0 40 33 
Italy 2,532 1,032 300 1,000 200 1,500 59 
Malta 19 2 2 12 3 17 89 
Portugal 2,871 471 300 2,000 100 2,400 84 
Romania 1 ,910 1,310 300 300 0 600 31 
Spain 18,304 2,704 500 14,800 300 15,000 85 

N USSR (Europe) 79,951 23 ,951 25,000 30,900 100 56,000 70 
-..,] 

N Yugoslavia 536 266 100 165 5 270 50 
111,570 31 ,05 3 27,372 51,937 1,208 80,517 72 

North America Canada 24,172 9,.672 3,000 11,450 50 14,500 60 
El Salvador 15 1 2 8 4 14 93 
Guatemala 719 79 100 400 140 640 89 
Mexico 133,142 13,142 15,000 100,000 5,000 120,000 90 
United States 325,093 49,093 98,000 173,000 5,000 276,000 85 

483,141 71,987 116,102 284,858 10,194 411,154 75 



------- - - - - -----------Desertifi cation---------------- ------
Total Total Percent 

Conti nent Country ran9:el and slight moder ate severe very severe (moderate +) desertified ------------- ---------------------- -----1000 ha--------------- --- --- ------

South Ameri ca Ar gentina 178,878 53 , 878 20,000 101 ,000 4,000 125,000 70 
Bah amas 337 237 80 20 0 100 30 
Bolivia 31 ,069 4,669 12,000 14 , 300 100 26,400 85 
Brazil 74,558 7,558 20 , 000 37 , 000 10 , 000 67 , 000 90 
Chile 20 , 976 4, 276 6,000 10,650 50 16,700 80 
Colombia 9,376 1 , 376 2,980 5 , 000 20 8,000 85 
Cuba 10 1 1 6 2 9 90 
Ecuador 7 , 986 786 3 , 100 4, 000 100 7,200 90 
Hai t i 1,297 67 200 1,000 30 1 ,230 95 
Jamaica 108 8 15 80 5 100 93 
Paraguay 16,326 11 , 326 4, 500 500 0 5 ,000 31 
Peru 40 , 121 6,021 15 , 100 18,000 1,000 34,100 85 
Puerto Rico 93 10 20 60 3 83 89 
Trinidad 38 6 11 20 1 32 84 

N Venezuela 9,728 2 , 928 4 , 000 2 , 795 5 6,800 70 -..J 
w 390 , 901 93 ,147 88 , 007 194,431 15 , 316 297 , 754 76 



Continent 

Africa 
Asia 

N Australia anc New Zealand 
-....! Europe "" North Amer ica 

South America 

Table 7 . Rangeland Desertification, by Continent 

- ----------------- - - --Desertification---------- - ------ -----
Total Total 

rangeland sli ght moderate ~ very severe {moderate +) 
-------- - ----------------- ----- --- ---1000 ha---------- -------------- - - -

1,342 , 345 347 , 265 273 , 615 716,210 5,255 995,080 
1,571,240 383,630 485 , 221 691 , 602 10 , 787 1,187 , 610 

657 , 223 295,873 277,040 55 , 310 29 , 000 361,350 
111,570 31,053 27 , 372 51,937 1 , 208 80,517 
483,141 71 , 987 116,102 284,858 10 , 194 411 , 154 
390,901 93 ,147 88,007 194,431 15 , 316 297 , 754 

4 , 556 ,420 1,222 , 955 1,267,357 1 , 994 , 348 71 , 760 3 , 333,465 

Percent 
desertified 

74 
76 
55 
72 
85 
76 
73 



Table 8 summarizes the numbers in Tables 2 to 7. Approximate
ly 3 percent of the world's drylands are irrigated, 9 percent 
are rainfed cropland, and 88 percent are rangelands . The 
dominance of rangelands, with their high percentage of degrad
ed land, is why the global des~rtification level is a high 70 
percent. 

Land Degradation Costs 

Two kinds of costs are involved in assessments of the economic 
impact of land degradation. The first is the income foregone 
as the result of prior land degradation. The second is the 
cost of controlling and repairing land damage. 

Costs associated with the direct (on-site) effect of desertif
ication on crop and livestock production are the focus of this 
report. These effects show up in reduced productivity of the 
rangelands and croplands. Indirect (off-site) costs can be 
greater than direct costs, but they are not discussed here 
because of the virtual absence of information. 

Income Foregone 

Productivity losses due to land degradation exact a price tha t 
appears as the annual value of agricultural production fore
gone as a result of the degradation (Table 9) . At the global 
scale, it is difficult to select a single figure for the cost 
of degraded irrigated land, for example, because the cash 
equivalent value of the crop, whether it be wheat or sorghum 
or corn, varies greatly from country to country. Subsidies , 
price controls, and foreign exchange rates, among other fac
tors, influence price. Despite the variations, one figure was 
used as the amount of income foregone on irrigated, rainfed, 
and range land when the degradation was at least moderate i n 
severity. The number used represents, approximately, a 40 
percent loss in productivity . A 40 percent loss means that 
the actual yield was 40 percent less than it would have been 
in the absence of any degradation . For irrigated land, that 
represents a $250 (U.S . ) per hectare per y ear reduction i n 
income, $38 on rainfed cropland, and $7 on rangeland (Table 9 , 
footnote). The numbers represent our estimates, based upon a 
relatively small amount of data, most of it from the United 
States and Australia (Aveyard 1988; Bureau of Reclamation 
1983; Campbell 1990; Dixon et al. 1989; Heady and Bartolome 
1977; LeHouerou 1989; United Nations 1980). 

Table 10 is an excerpt from the publication by Aveyard (1988 ) 
on the cost of land degradation on rainfed cropland and irr i 
gated land in the watershed of the Murray-Darling rivers 
system in southeastern Australia. The watershed lies mostly 
in the states of New South Wales, Victoria, and South Austra
lia. As far as we have been able to determine , these data 
represent the only published economic assessment of the damage 
land degradation has done anywhere in the world over an area 
of several million hectares. 
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Table 8. Global Desertification in Drylands 

Irrigated land Rainfed Cropland Rangeland 
Total Degraded Degraded, Total De~raded Degraded, 'J'otal Degraded Degraded, 

% of total % of total % of total 
----1000 ha---- ----1000 ha---- -----1000 ha-----

Africa 10,424 1,902 18 79,822 48,863 61 1,342,345 995,080 74 
Asia 92,021 31,813 35 218,174 122,284 56 1,571,240 1,187,610 76 
Australia & NZ 1,870 250 13 42,120 14,320 34 657,223 361,350 55 
Europe 11,898 1,905 16 22,106 11,854 54 111,570 80,517 72 
North America 20,867 5,860 28 74,169 11,611 16 483,141 411,154 85 
South America 8,415 1,417 17 21,346 6,635 31 390,901 297,754 76 

145,495 43,147 30 457,737 215,567 47 4,556,420 3,333,465 73 

All Lands 
Total Degraded Degraded, 

% of total 
------lOOOha------

Africa 1,432,591 1,045,845 73 
Asia 1,881,435 1,341,707 71 
Australia & NZ 701,213 375,920 54 
Europe 145,574 94,276 65 
North America 578,177 428,625 74 
South America 420,662 305,806 73 

5,159,652 3,592,179 70 

*"Drylands" refers to arid, semiarid, and dry subhumid regions (excluding hyperarid regions), as shown on 1977 Unesco 
"Map of the World Distribution of Arid Regions. 



Table 9. Income foregone due to desertification, annually.* 

Continent Irrigated land1 Rainfed cropland2 Rangeland3 

-----------------------million $------------------------

Africa 
Asia 
Australia & New Zealand 
Europe 
North America 
South America 

World 

*l990 u.s. dollars . 

476 
7,953 

62 
476 

1,465 
354 

$10,786 

1,857 
4,657 

544 
450 
441 

___lg 
$8,191 

6,966 
8 ,313 
2,529 

564 
2,878 
2.084 

$23,334 

Total income foregone = $42,321,000,000/yr due to desertification. 
1$250 per hectare for land at least moderately desert i fied . 
2$ 38 per hectare for land at least moderately desertified. 
3$ 7 per hectare for land at least moderately desertified. 

Table 10 . Income foregone in the Murray-Darling Basin due to 
land degradation. Selected examples.* 

Degradation process 

Wind erosion of cropland1 

Water erosion of cropland2•3 

0-1% slope 
1-3% slope 
3-5% slope 
over 5% slope 

Total 

Shallow water tables (by state) 
Victoria 
New South Wales 
South Australia 

Total 

Average area 
affected 

(hectares) 

44,000 

62,000 
504,000 
305,000 
180,000 

1,051,000 

2771100 
431400 
9,800 

3301900 

Dryland salinization of cropland (state) 
Victoria 21000 

Soil structure decline of cropland2 

Winter cropping districts 
Winter/summer cropping 

Total 

218391000 
841,000 

316801000 

*Aveyard 1988. 
1Cereal cropping of sandy surface soils. 
2Red-brown earths and other duplex soils. 
3Established winter/summer cropping. 
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Annual value of agri
cultural product ion 

foregone 
(1987 u.s. dollars) 

86,000 

0 
317 , 000 
461 ,000 
680,000 

1,4581000 

2217251000 
517101000 

882,000 
2913171000 

262,000 

5714901000 
15,895,000 
73 13851000 



It is evident that the most extensive and costly land damage 
done in the Murray-Darling basin is due to soil compaction and 
an unfavorable change in the soil structure . Shallow water
tables, with or without salinization of the soil, are next in 
importance. Water erosion is much less of a problem in this 
area, and wind erosion and dryland salinity are of least 
importance. 

On a per hectare basis, the annual income foregone as the 
result of land degradation amounts to about $132 on land 
affected by dryland salinization, about $88 for land suffering 
from water tables close to the surface, nearly $20 for soil 
structure decline, and about $1.50 for water erosion of rain
fed cropland . Wind erosion production losses are approximate
ly $2 per hectare per year. Campbell (1990) estimated that 
land degradation cost Australia about $750,000,000 annually . 

The estimated annual cost of desertification, expressed as 
income foregone, amounts to nearly $11 thousand million ($11 
billion) for irrigated land, $8 thousand million for rainfed 
cropland, and $23 thousand million for rangeland. The total 
annual cost is about $42 thousand million in 1990 u.s . dollars 
(Table 9) . 

Not all desertified land is in a position to be reclaimed 
economically . Our estimate is that nearly al l irrigated land 
will pay back the cost of rehabil i tation in greater income 
generated as the result of the rehabilitation. Reclamation of 
irrigated land is costly, primarily because of the need for an 
effective drainage system, but crop yields will generally be 
high since irrigation removes the water constraint on plant 
growth. Rainfed cropland, however, does face a water restric
tion on crop growth . We estimate that the rainfall restric
tion is large enough in the drier parts of the rainfed crop
ping zone to reduce the area of land capable of producing a 
favorable cost-benefit ratio to 70 percent of the total rain
fed cropland. For rangeland, the moisture constraint is even 
greater, which leaves only about 50 percent of the rangeland 
capable of a favorable cost-benefit ratio when rehabilitated . 
out of the total global desertified land ( 3 ,592 million hect
ares), approximately 52 percent (1,860 million hectares) can 
pay back the cost of rehabilitation. The income foregone by 
not rehabilitating that 52 percent is about $563 thousand 
million over a 20-year period (Table 11). 

cost of Rehabilitation 

Land rehabilitation costs are those incurred for stopping 
further degradation and to restore the land to something 
approaching its original undegraded condition (Bishop and 
Allen 1989; Bojo 1990; FAO 1971; Girt 1990; Holmberg 1990; 
IFAD 1987; United Nations 1980). Rehabilitation requires 
three to five years for irrigated land after an acceptable 
drainage system has been installed, perhaps five to 10 years 
to improve eroded rainfed cropland, and as much as 50 years to 
bring rangeland in the drier areas to a good range condition. 
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Table 11. Income foregone over 20-year period on desertified 
land that would produce positive cost-benefit ratio 
when rehabilitated. 

Total area 
desertified 

Area to be Income foregone if land 
Land use rehabilitated+ is not rehabilitated* 

-----------million ha-----------

Irrigated land 
Rainfed cropland 
Rangeland 

*1990 U.S. dollars. 

43.1 
215.6 

3 , 333.5 
3,592.2 

43.1 
150. 9 

1,666.8 
1,860.8 

$250 per hectare per year of desertified irrigated land. 
$ 38 per hectare per year of desertified rainfed cropland. 
$ 7 per hectare per year of desertified rangeland. 

+100% of desertified irrigated land. 
70% of desertified rainfed cropland. 
50% of desertified rangeland. 

million $ 

215,500 
114,684 
233,352 
563,536 

There are reasonably good data in the files of the Food and 
Agriculture Organization (FAO) of the United Nations, the 
World Bank, and government agencies in several countries that 
give the cost of land rehabilitation. There is a very wide 
range in costs, depending upon the availability of trained 
technical people, large equipment, spare parts, fuel, trans
portation, and other items. We selected a cost of $2,000 per 
hectare to improve irrigated land, $400 for rainfed cropland, 
and $40 for rangeland. FAO file data provided the principal 
data on cost of improving irrigated land and rainfed cropland. 
Australia and the United States were the major source of costs 
of rangeland. These figures are low for some cases and high 
for others. 

Rehabilitating all of the desertified land in the world is not 
economically profitable, for reasons noted earlier. For the 
desertified land for which we estimate rehabilitation would 
pay, the cost of doing so would b e about $21 3 thousand million 
(Table 12). Reclamation costs per hectare are 50 times great
er for irrigated land than for rangeland . Returns are about 
35 times greater per hectare per year for irrigated land. 

Cost-Benefit Analysis 

Over a 20-year period, in 1990 dollars, the annual cost of 
income foregone on the desertified lands capable of producing 
a favorable cost-benefit ratio when rehabilitated is $28 
thousand million. The annual rehabilitation cost is approxi
mately $11 thousand million. According to our estimates, the 
benefits are 2.5 times higher than the costs. This number is 
independent of discount rate, inflation, and interest rates as 
long as it is denominated in 1990 dollars . It could be af
fected by government subsidies, costs of human displacement, 
etc. The gain in productivity from rehabilitation extends 
beyond the 20-year period but is not considered in this bene
fit calculation . If it had been, the benefit would have been 
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Table 12. Cost of rehabilitation over 20-year period of 
desertified land+ that would produce positive cost
benefit ratio when rehabilitated. 

Land use 

Irrigated land 
Rainfed cropland 
Rangeland 

Area to be 
rehabilitated 
(million ha) 

43.1 
150.9 

1,666.8 
1,860 . 8 

Cost of 
rehabilitation~ 

(million $) 

86,200 
60,360 
66,672 

213,232 

+In arid, semiarid, and dry subhumid climatic zones, at least moderately 
desertified. 
~1990 u.s. dollars. 

$2,000 per hectare of desertified irrigated land. 
$ 400 per hectare of desertified rainfed cropland. 
$ 40 per hectare of desertified rangeland . 

significantly higher, assuming good land management which is 
essential if rehabilitation is to be successful. The economic 
returns from land improvement should continue indefinitely. 

Conclusions 

Irrigated land occupies about 3 percent of the drylands, 
rainfed cropland about 9 percent, and rangeland about 88 
percent. Approximately one-quarter of the irrigated land is 
degraded (desertified), half of the rainfed cropland, and 
three-quarters of the rangeland. Asia has the highest per
centage of its irrigated land desertified, Africa carries that 
distinction for rainfed cropland, and North America has the 
poorest evaluation for rangeland. Australia has the lowest 
percentage of its qrylands in a degraded condition, largely 
because a considerable amount of its rangeland is practically 
unused. 

Iraq has the highest percentage of degraded irrigated land, at 
71 percent. Salinity has been a severe problem in that coun
try for at least two thousand years. The Central Asia repub
lics of the former Soviet Union also have large amounts of 
salinized irrigated land, at 51 percent or, perhaps, even 
more. Three African countries (Algeria, Kenya, and Lesotho) 
have more than 80 percent of their rainfed cropland damaged by 
water erosion. Lesotho is said to have particularly severe 
erosion problems . The rangelands in most countries have more 
than 50 percent of the land degraded. Some range scientists 
claim that a few countries have 100 percent of their range
lands degraded. 

The cost-benefit ratio for rehabilitating the 1,860 million 
hectares of desertified land that can be repaired economically 
is about 1:2.5. Approximately 48 percent of the desertified 
lands are estimated to have a favorable cost-benefit ratio. 
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Arid Lands Development: 
Progress, Frustration and Sustainability 

Gerald w. Thomas 

It is hard to realize that a quarter century has passed since 
the organization of the International Center for Arid and 
Semiarid Land Studies (ICASALS) as a major mission of Texas 
Tech University. It was my privilege to serve as Chairman of 
the Inauguration Committee at Texas Tech when the mission was 
selected by incoming President Grover E. Murray. I well 
remember the discussion with Dr. Murray and our Committee-and 
the enthusiastic and sometimes caustic i nput of Professor Elo 
Urbanovsky. It was an exciting time for Texas Tech. I was 
honored to be a part of that excitement. The mission to focus 
on arid and semiarid lands was appropriate and timely for 
Texas Tech. ICASALS has brought international recognition to 
the university and to Lubbock. 

At this celebration it is time to reflect on the ICASALS 
mission, to look at past accomplishments , to recognize those 
people who have contributed to the goals of ICASALS and more 
importantly, to look toward the future. We can identify some 
progress but we have faced and will continue to face many 
frustrations. The new and major challenge will be that of 
"sustainability" in all aspects of arid lands development. 

Any approach to sustainable arid lands development must be 
planned in the context of the dynamic and changing interna
tional arena. 

During the past year there has been more excitement and change 
in our global village than in any historical period since 
World War II. 

A new economic and political agenda is emerging tha t will 
significantly impact on our everyday lives and our business 
enterprises. These changes include: 

• a worldwide trend toward capitalism, private enter
prise, and more democratic governments; 

• improved communication and transportation systems has 
shaped a smaller globe; 

• increased tourism; 
• increased trade among nations; 
• increased capital flows; 
• a move toward world pricing and production costs; 
• an international labor market ; 
• growth of "multinational corporations; " 
• changing consumer demands; 
• continued pressure from population growth; 
• an unprecedented impact of "Environmental Awareness ." 

These world-wide trends form the backdrop-they set the stage 
for the more specific approaches to the development of arid 
lands. Two of these ite ms deserve a more careful analysis. 
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These two are (1) the continuing growth in world population 
and (2) the impact of environmental awareness. 

Population Growth 

The latest global projections indicate a possible leveling of 
the world population for the year 2100 at 10.4 billion people 
-double the present number . Most of this growth will take 
place in the less developed countries. Whether or not level
ing will occur at 10 . 4 billion will depend upon educational 
programs and economic development-both precursors to numbers 
reduction. At the present growth rate, the world is adding 
about 100 million people each year-nearly one Bangladesh each 
year. And, unfortunately, education and economic development 
are not keeping pace with this population growth. 

Our greatest challenge, however, is not only to keep the 
status quo as population increases but to meet the needs for a 
better quality of life for all people. Let me illustrate our 
dilemma using only one-perhaps not the best but one of the 
less-complicated-measures of quality of life, namely GNP 
(Gross National Pr oduct) per capita. These data a re from the 
World Bank and the Population Reference Bureau i n Washington, 
DC (1990). The world average GNP per capita in mid-1991 was 
$3,760. Twenty countries have average incomes below $300 per 
year. At the time of this survey the u. s. stood at $21,100 
per capita GNP . There are over four b i llion people in the 
world with annual incomes of less than $750. 

A worthy goal would be to bring these four billion people from 
the present $750 per capita GNP to the world average-five 
times their present level. But, from an environmental impact 
standpoint, four billion poor people are one problem, while 
four billion wealthy or middle-class people are another. We 
know that wealthy people utilize more resources (land, water, 
and energy) and place more pressure on the environment than 
poor people. Indeed, the problems for sustainability will 
increase as more and more people move into higher income 
brackets. The pressure to overut i liz e arid lands as a desir
able liv ing env ironment will continue to build. 

To close the GNP gap between the developed and less-developed 
world will require an annual economic growth rate for these 
poor countries of 5-10 percent per year. This will be diffi
cult if not impossible for most countries. We cannot reach 
this level of performance even in the u. s. World population 
must somehow be brought into balance with the environment. 
This will happen only if we continue to emphasize education, 
family planning, and economic development. 

The Impact of Environmental Awareness 

Ranking next to population growth as a factor influencing arid 
lands development-and associated with it-is the impact of 
environmental awareness. While the environmental movement is 
not new-dating back to concerns about soil erosion during the 
"Dust Bowl" era of the 1930s--a new thrust received national 
publicity beginni ng in the late 1960s and early 1970s . This 
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new thrust was focused more on the "absorptive" capacity of 
the environment than the "productive" capacity of our land, 
water, and vegetation base. Problems of air and water pollu
tion, perturbations in ecosystems, vegetation and climate 
change are now in the forefront. 

The environmental movement poses new questions for the scien
tific community and different approaches to the management of 
land and business enterprises. The focus has shifted from 
increased production, per se, to an attempt to balance econom
ic and ecological constraints in all aspects of development. 
I call this the battle of the "Ecos" (Ecology and Economics) . 
The emphasis on ecology has lead to the popularization of the 
term sustainability. sustainable development is focused on 
pollution reduction and conservation of natural resources, 
ensuring that our attempts to feed, clothe, house, and care 
for this generation will not jeopardize our ability to support 
the next generation. Intergenerational responsibility is 
implied. Man must, therefore, be a part of the formula. I 
favor the concept which states that sustainable development 
"must be ecologically sound, economically profitable, socially 
acceptable, and politically supported" (Wilken 1991). 

Over 20 years ago, while I was dean of agriculture at Texas 
Tech and a deputy director of ICASALS, I started emphasizing 
that the important question for agricultural science was not, 
Can the world feed itself?-since this was obviously possible 
from a technological viewpoint. But rather, the real question 
should be, Can the world afford to feed itself? (Thomas 1973) . 
In other words, will the world's environment withstand the 
pressure from the technological and social changes necessary 
as we attempt to feed more and more people? What is the 
environmental cost of eating? 

As some of you know, I chaired a couple of National Task 
Forces on the subject of sustainable agriculture (Thomas et 
al. 1988). We were only partially successful in bringing 
together the so-called environmental community and the produc
ers. I also had the privilege of chairing a subcommittee of 
the Research Advisory Committee for USAID on the topic of 
global warming, looking particularly at the impact on the 
less-developed countries. 

We have come a long way since these early discussions of 
environmental concerns. Directives on approaches to sustain
ability are now in place in the USDA, USAID, the World Bank, 
and many other national or international organizations (Joint 
Committee on Sustainable Agriculture 1991). 

Many of the ecological implications of agriculture and live
stock development require more knowledge of complex ecosystems 
and a better understanding of the interactions among the 
physical, biological, and climatic components. The relation
ships between the productive capacity of the resource base and 
the absorptive capacity of the environment are not well under
stood. 
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All too often we attempt to correct a problem at one point in 
the system and create more serious problems at another level. 
For example, a corrective measure to reduce soil salinity by 
flushing the soil profile may actually increase the amount of 
water required to produce a ton of grain . This is critical if 
water supplies are limited . A decrease in the use of inorgan
ic fertilizer or pesticides may mean more units of land are 
needed per capita . 

The role of energy in agricultural systems is particularly 
important. Fossil energy costs and availability remain a 
major constraint to food and fiber production in most coun
tries . No country in the world can reach ultimate sustainabi
lity until we find an alternative to foss i l fuel. 

More refined and processed foods, greater consumption at 
distant points from the source of production, and a more 
viable, but perhaps better balanced, diet is expensive from 
the standpoint of photosynthetic biomass uti lization as well 
as fossil fuel costs . 

The trend toward mechanization in the agricultural sector is 
continuing worldwide in spite o f the emphasis on appropriate 
technology a nd the underdeveloped manpower available in most 
countries. This trend creates a greater negativ e balance in 
the ratio of renewable-to-depletable energy sources. But, as 
one study showed, to slow down the move towa rd mechan ization 
would require that labor be valued at almost zero. 

Total world biomass energy is probably going down with the 
destruction of many forested areas and with increased deserti
fication, although this reduction is partially o f fset by 
increased crop yields. If worldwide biomass production is 
decreasing we are losing some of our ability to utilize sur
plus carbon dioxide . 

Mankind i s consuming a higher percentage of the total biomass 
as population increases, leaving less and less available to 
all other biological populations . We do not know the impact 
of this transfer on the total ecosystem. 

Much of the original biomass produc ed by pho t osynthesis is 
lost to the c onsumer by way of processing, p ack a ging, and 
distribution before i t reaches the consumer. I recall vividly 
a statement made by Dr. George VanDyne, Colorado State Univer
sity, before his untimely death. Dr . VanDyne was conducting 
basic research on energy flow in a grazing system . He con
cluded from h i s research "Of the total energy captured by the 
vegetation, only . 003 percent reached the consumer as meat." 
He concluded that this was "a small, but tasty percentage" 
(Van Dyne 1978). 

These studies by VanDyne and coworkers also pointed out that 
the role of insects in the agricultural sector is often over
looked . For example, some of our research on semidesert range 
lands in New Mexico revealed that insects-particularly ter
mites-consume 10 times more biomass than livestock under 
normal grazing conditions. And of course, all of the studies 
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show that we have also underestimated the role of rabbits and 
rodents as major consumers of range vegetation. 

The concept of maximizing biological diversity as a long-term 
desirable objective is potentially in ecological conflict with 
the demands for the protection of endangered species. Manag
ing for a single species will ultimately lead us away from 
multiple-use-and biological diversity . And when insects, with 
more species than the combined total of all plants and ani
mals, are added to the endangered list we will indeed open the 
proverbial Pandora's Box . Should we protect "things that 
crawl" with the same vigor as we protect "charismatic macro
fauna" such as elephants? 

We. cannot wait for "adequate proof" that global warming will 
take place. We must make a massive effort now to reduce air 
pollution from co2 , so2 , methane, and the CFCs . Some estimates 
indicate that agriculture and forest practices contribute 
about 25 percent of the total pollutants that lead to climate 
change (Panel on Global Warming 1990) . While the burning of 
fossil fuels is by far the major problem, there are certain 
practices from the food and fiber sector of our economy that 
can be changed to reduce the impacts . 

One of the major questions raised by my study of desert en
croachment and food production in the SahelianfSudanean zones 
of Africa was the dilemma, How can we separate man-caused or 
man-accelerated environmental degradation from that related to 
the geologic processes of change? Is it possible to halt or 
reverse the erosion and desertification process in all arid 
lands or is a part of the trend toward aridity a geologic 
phenomenon? These questions have never been answered to my 
satisfaction. 

Developing a Response to Global Pressures 

In this paper I have tried to emphasize that changes on the 
global level are placing pressure on agriculture and business 
enterprises. The demands on arid and semiarid lands are 
particularly acute . The question now arises, "How do we 
develop the proper response?" Where do we go from here as we 
search for sustainability of all aspects of arid lands dev e l 
opment? 

There are five major approaches that must be explored if we 
truly desire to bring about change: 

1 . Target the educational process and focus on the key 
actors in the process of change. An educational pro
gram designed for the general public will not neces
sarily be effective for legislative bodies, students, 
or the scientific community. Education must be 
viewed as a continuing process. It is never com
plete. 

2 . Increase and better direct research to add an envi
ronmental dimension to our development objectives. 
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We must improve the measures of progress for the 
environmental dimension. How do we quantify environ
mental changes? The science of ecology can contrib
ute substantially to the research and evaluation 
process, particularly through the examination of 
ecosystems. The challenge, however, is to involve 
all scientific disciplines in a collaborative re
search approach to sustainable development. I re
peat, the challenge is for a wide range of disci
plines. 

3 . Provide technical assistance andfor technology trans
fer specialists to help carry research results to 
agriculture, business and industry .. This will re
quire the cooperative efforts of universities, gov
ernment, and the private sector. 

4. Build conservation and environmental sustainability 
into our economic and political system. Our econo
mists must place a dollar value on each critical 
national resource and quantify the cost of resource 
deterioration andjor pollution. More importantly, we 
must create an economic "incentive to conserve" that 
tends to balance the "incentive to produce" that is 
already in place in many countries. 

5. Initiate legislation and regulation. Many groups 
move rapidly into the legal arena because they are 
frustrated with the research and education process. 
All too often, political decisions are made without 
the necessary data base or research to fully examine 
alternatives. Expensive time at the courthouse steps 
results from premature legislation and regulation. 

My congratulations again to Texas Tech as the university 
celebrates 25 years of academic contributions to the study, 
understanding, and development of the world's arid and semi
arid land resources. Through ICASALS, Texas Tech has provided 
leadership for arid lands conferences in several countries of 
the world. Projects have been undertaken in several of the 
world's critical arid lands. ICASALS has maintained good 
visibility in the programs of the American Association for the 
Advancement of Science and in the United Nations. The wide 
array of books and other publications attests to the viability 
of the International Center. 
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