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FOREWORD

Desertification has always been one of the major environmental problems of the developing
countries in Asia as well as Australia. According to a United Nations assessment, some 378 million
people living in an area of about 21 million square kilometres are being threatened by the process of
desertification in the ESCAP region. Of them, approximately 29 million over an area of around 4.3
million square kilometres are seriously affected.

To focus world attention on this serious problem, the United Nations Conference on Desertifi-
cation was convened in 1977 and adopted a Plan of Action to Combat Desertification for promoting
and catalysing concerted efforts to counter this disaster. Echoing the recommendations of the Con-
ference, the United Nations General Assembly, in its resolution 32/172, requested the regional com-
missions to support national efforts and co-operate with governments in their plans to combat deser-
tification. In response, ESCAP organized a Technical Workshop in October 1981 to consider the steps
taken by the Governments of the region to implement the Plan of Action. This Workshop, held at the
Central Arid Zone Research Institute of India at Jodhpur, was attended by experts from 11 member
countries and representatives of four United Nations agencies.

After reviewing the problems, progress and prospects in combating desertification, the Work-
shop felt that the order of priorities of the Plan of Action should be rearranged so as to ensure more
efficient use of resources while recommending a series of activities in research, monitoring, training
and information for concerted action at the regional level. The Workshop revealed that the steps
already undertaken to implement the Plan of Action were somewhat inadequate, primarily for the
following reasons:

(a) Lack of an interdisciplinary approach in combating the desertification process
(b) Limited transfer of technology to the rural areas

(c) Shortage of technical manpower

(d) Inadequate public participation

The Problems and Prospects of Desertification Control in the ESCAP Region is essentially
based on the proceedings of the Technical Workshop convened by ESCAP. I should like to express my
gratitude to the Government of Australia for providing financial assistance for organizing the Work-
shop and to the Government of India for offering host facilities, without either of which it would have
been difficult to organize the Workshop. I should also like to acknowledge the technical and financial
support provided by UNEP for the publication of this document.

Finally, I should like to urge all concerned — individuals, government agencies and intergovern-
mental and non-governmental organizations — to join hands and work together in implementing the
Plan of Action so as to improve the lot of millions of impoverished people affected by the menace of
desertification in the ESCAP region. As for ESCAP, our effort at the regional level will continue, in
close co-operation with UNEP and other relevant United Nations organizations, to assist the countries
in overcoming the problems of desertification in general and those identified by the Workshop in

particular. (}/‘/

S.AM.S. Kibria
Executive Secretary

April 1983
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PART I

SUMMARY AND RECOMMENDATIONS




I. ORGANIZATION

The Economic and Social Commission for Asia and the Pacific (ESCAP), in co-operation with
the Government of India, organized a Regional Technical Workshop to Consider the Implementation
of the Plan of Action to Combat Desertification at the Central Arid Zone Research Institute (CAZRI)
at Jodhpur, India, from 20 to 23 October 1981.

The Workshop was attended by representatives of the following countries: Afghanistan, Aus-
tralia, Bangladesh, France, India, Indonesia, Iran, Nepal, Philippines, Thailand and Union of Soviet
Socialist Republics. The following United Nations bodies and other organizations were represented:
World Food Programme (WFP), United Nations Educational, Scientific and Cultural Organization
(UNESCO), World Meteorological Organization (WMO), Press Foundation of Asia and South Asia
Co-operative Environment Programme (SACEP). The following experts attended the Workshop in
their individual capacity: Mr. Thane Riney (Australia), Mr. P.Y. Revillion (France), Mr. S.H. Rasul
(India) and Mr. Brian Spooner (United States of America).

The Workshop unanimously elected Mr. O.P. Gautam (India) as Chairman, Mr. A. Motamed
(Iran) and Mr. Achmad Indrawan Sulaeman (Indonesia) as Vice<Chairmen and Mr. Ed. B. Pantastico
(Philippines) as Rapporteur,

II. OPENING CEREMONY

The Workshop was opened on 20 October 1981 by the Honourable Rao Birendra Singh, Indian
Union Minister of Agriculture, Rural Reconstruction, Irrigation and Civil Supplies. Mr. Shri Charan
Mathur, the Chief Minister of Rajasthan State, presided. The session was also attended by Mr. Poonam
Chand Bishnoi, Speaker of the Legislative Assembly of Rajasthan State; Mr. Ahmed Bux Singhi,
Deputy Speaker; Mr. Chandan Mal Baid, Finance Minister of the Rajasthan State Cabinet; Mr. Pars
Ram Maderna, State Minister of Revenue; Ms. Kamala, State Minister of Agriculture: Mr. Narendra
Singh Bhati, State Minister for Colonization; Mr. Govind Singh Gujjar, State Minister for Sheep and
Wool, and Forests; Mr. B.D. Kalla, Deputy State Minister for Education; Mr. Khet Singh Rathore,
Chief State Whip, and several members of the Indian Parliament and the Legislative Assembly of Rajas-
than State.

In his address welcoming the participants, Mr. O.P, Gautam, Secretary of the Department of
Agricultural Research and Education and Director-General of the Indian Council of Agricultural
Research, said that the presence of a number of ministers and high-ranking officials at the opening
session of the Workshop was a clear indication of the importance which the Government of India
attached to problems of desertification. He pointed out that the inhabitants of the affected areas lived
under the constant threat of destruction of their livelihood and faced the danger of being uprooted
from their familiar environment. The Plan of Action drawn up by the United Nations Conference on
Desertification represented the first serious effort on the part of the world community to understand
the problems of desertification in their totality. India had been one of the first countries in the region
to realize the need for systematic research to comprehend the processes of desertification; a desert
afforestation station had been established in 1952 and CAZRI, one of the first discipline-based institu-
tions in that field, had been founded in 1959. Several technologies had been developed since for the
reclamation of saline and alkaline soils, enhancement of productivity and stabilization of eco-systems
through afforestation, fuel- and shelter-belt plantations, grassland improvement and sand-dune
stabilization.



In his message to the Workshop, the Executive Secretary of ESCAP pointed out that potential-
ly productive land was constantly being lost because of improper land management practices, resulting
in soil exhaustion, erosion, waterlogging and increase in soil salinity. Deforestation could also trigger
off an energy problem of fuelwood shortage in the affected areas. Those hardships brought about a
socio-economic situation that might perpetuate the general conditions of poverty which already
existed in an acute form in the region. At a time when the demand for food was ever on the increase
because of the growing population, the spread of desertification was nibbling away at valuable land
and reducing its productivity in predominantly agricultural countries, where every acre of arable land
was already under cultivation. Technological progress as well as socio-economic and legislative
measures had important roles to play in launching a concerted attack on desertification. The major
constraints to the implementation of the Plan of Action to Combat Desertification were identified as
(a) a need to introduce technological innovation through integrated, interdisciplinary research, (b)
inadequate efforts to transfer the available technology to the people concerned and (c) lack of high
priority for desertification control programmes at the national level, as a result of conflicting demands
and scarcity of resources. It was emphasized that governments must have the necessary political will
to develop and implement desertification control programmes successfully.

Mr. Shri Shiv Charan Mathur emphasized that, as deserts encompassed about two thirds of
the physical area of the State (200,000 sq km), measures against desertification would always form
part of the State’s development strategy. The recognition of the limits of eco-systems and discrimina-
tion between production strategies which exhausted the potential and others which were regenerative
had to be built into planning and development efforts. Over-exploitation or mismanagement leading
to deterioration in the productivity of land brought about a self-accelerating process, and man was
then soon faced with the stark reality of a man-made desert. Anti-desertification measures had to
take cognizance of the human environment, respect the value systems and life-styles of the desert
residents and nomads and depend upon social consent, education and the establishment of a dialogue
with the people. As the costs of desert area development were enormous, a simple financial cost-
benefit analysis would place desert development schemes at a relatively low priority level in any
development planning scheme. The Chief Minister, therefore, suggested that international agencies
should earmark assistance for anti-desertification programmes, while taking cognizance of the face
that many of the projects might give little or no financial return. It was pointed out that if the basic
resources of the desert were properly developed, it could be made independent of imported resources,
but for that purpose all desert development plans had to be linked with, and supported by, larger
national and international outlays and market policies.

The Honourable Rao Birendra Singh quoted several examples from history of rural people
acting appropriately to prevent wanton destruction of the environment and the cutting down of trees,
to show that, historically, man had lived in communion with nature in the country. Today, with the
vagaries of the climate, erratic rainfall, increasing pressures by human and livestock populations and
the resultant degradation of the environment, deserts and arid zones constituted about 12 per cent of
the geographical land area of India, and 58 per cent of the western parts of Rajasthan State were under
sand dunes. Indian deserts were perhaps the most thickly populated in the world, with an average of
61 persons per sq km, as against 3 persons per sq km in most other desert areas. The Desert Develop-
ment Board had been established to plan and review the desert development programmes and a
number of research institutions and departments were currently operating to look specifically into
the problems of desertification. Operational research projects had been initiated to carry out
constraint analyses, i.e. to identify technological, economic or sociological constraints to the transfer
of technology. In accordance with the poverty eradication programme of the Government of India
aimed at lifting the poorest of the poor above the poverty line through rural and agricultural develop-
ment programmes with employment-generation potential, the Minister emphasized that the pro-
grammes dealing with the arrest of desertification processes and reclamation of affected areas should
receive the highest priority in the country’s development plans, as that alone would help the target
groups struggling for existence under conditions of aridity, soil infertility and water scarcity. He
concluded his address with an appeal for increased international monetary assistance to implement
the country’s desert development projects.



III. RECOMMENDATIONS

Despite the obvious achievements in the implementation of the Plan of Action over the four
years since its adoption, progress towards the targets set for the years 1984 and 2000 had been slow.
There was a growing feeling, reflected at the Workshop in both the opening addresses and the general
discussions, that progress might be accelerated by a certain rearrangement of priorities in order to
facilitate more efficient use of resources. The following recommendations, therefore, constituted
reformulations of ideas and intentions which had been clearly stated in the Plan of Action but which
had not yet inspired the necessary action.

The Workshop recommended:

L Further technical research

Diagnosis

(1)

(2

In accordance with the findings of the inter-agency working group on desertification and
the analysis of the country reports as summarized in the message from the Executive
Secretary of ESCAP, appropriate programmes of survey and research should be initiated
at both the national and the regional levels, as appropriate, in order to continue to in-
crease knowledge of the nature and extent of desertification processes in the region.

In the formulation of research projects, careful attention should be given to:

(i) The history of the interaction of human activities and natural processes that had led
to the situation under study.

(ii) Provision for the communication of meaningful results to the people whose interests
were threatened by the problem under study.

Prescription

(3)

When the results of a project were formulated in terms of a prescription for action, such
a prescription should be based on explicit evaluation of the conflicting as well as overlap-
ping or common interests and views of local groups of people and the larger national
interest.

(4) Prescription for corrective action should always be formulated to build (however selective-

(5)

ly) on existing local ideas and customs, rather than to replace them with alien practices.

Inasmuch as the particular desertification process which was most critical for the largest
proportion of the population of the region was deforestation, countries should pay parti-
cular attention to the development of alternative energy sources, especially by village
plantations of local species that would double as shelter belts and fuel reserves, and by
other suitable means.

IL. Monitoring

(6)

(7)

ESCAP should create working groups of scientists and experts at the subregional and
regional levels for the purpose of defining a monitoring system which would integrate
all the available means of investigation, such as conventional ground surveys, integrated
groundlevel monitoring studies, airborne and space-borne remote sensing and automatic
data collection systems.

ESCAP should strengthen its existing remote sensing regional project as a means of

enabling member countries to apply the latest monitoring techniques for the continuous
reassessment of desertification processes.
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(8) ESCAP should request UNEP to assist in reviving the transnational monitoring project
for South-West Asia.

1. Regional Centres

(9) ESCAP should prepare an inventory of institutions concerned with desertification con-
trol in the region, identify suitable training centres, such as CAZRI, and develop a
regional training programme,

Iv. Communication

(10) Bearing in mind the imperative need to increase public awareness of the dangers of deser-
tification, ESCAP should develop means of harnessing all the available media in the region
to that end, and in co-operation with other appropriate organizations, work to increase
the flow of information both between scientists in different countries and between
scientists, planners, politicians and the general public.

(11) ESCAP should undertake a review of the literature and other available information
related to the processes, causes and effects of desertification in the region and should
prepare practical manuals on selected specific problems, such as deforestation, shifting
cultivation, soil conservation, shelter-belt establishment, sand-dune stabilization, over-
grazing, waterlogging and salinity.

(12) There was an urgent need to set up and, if already in existence, to strengthen further,
development planning machinery at the country level, in order to initiate and co-ordinate
anti-desertification campaigns within each affected country. ESCAP should continue to
play a leading role, in co-operation with other agencies, in initiating and/or strengthening
the institutional and legislative framework for the successful implementation of the Plan
of Action.

V. Co-ordination

The Workshop recognized the urgent need to co-ordinate anti-desertification activities and to
make experience in that field cumulative. The need was obvious at both the national and the regional
levels. The Workshop therefore recommended that:

(13) Countries which had not already done so, should consider setting up national committees
on desertification at an appropriately high level so as to ensure coverage of all relevant
programmes and the accumulation of relevant experience.

(14) ESCAP should encourage subregional groupings of countries with similar interests, which
would allow them to pool their resources and make more efficient use of the possibilities
of external aid. The Workshop recognized the importance of such environmental pro-
grammes as SACEP and the ASEAN Environment Programme in that context.

(15) Recognizing the already existing technology to combat desertification, ESCAP should
set up machinery and act as a forum for effective exchange of that technology between
member countries.

VL Facilitation

The developing countries of the ESCAP region were urged to take advantage of the various
types of specialized assistance that might be provided by the United Nations agencies:

(16) The developing countries of the region with desertification problems should take advan-

tage of the assistance of WFP in an appropriate manner for acceleration of anti-desertifi-
cation programmes towards their successful implementation.
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(17) Recognizing that meteorological, hydrological and climatological factors played an im-
portant role in the processes of desertification, their assessment and control and weather-
and water-monitoring stations should be established in the areas prone to desertification.
WMO, through its technical commission, should conduct research on weather modification
over desert-prone areas and on the role of atmospheric dust content on rainfall patterns in
support of the efforts of the countries in the ESCAP region to combat desertification.

(18) The countries of the region should take advantage of the assistance in the struggle against
desertification that might be offered by UNESCO through its MAB programme.

(19) In view of the need for financial and technical assistance in training programmes, deve-
loped countries were urged to consider the provision of financial assistance to such train-
ing programmes for developing countries, as appropriate, for further strengthening of

national expertise in the region.
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OPENING ADDRESSES



WELCOME ADDRESS
by
Dr. O.P. Gautam,
DG, ICAR

Honourable Union Minister for Agriculture, Rural Reconstruction,
Irrigation & Civil Supplies (Rao Birendra Singh ji),
Honourable Chief Minister of Rajasthan (Shri Shiv Charan ji Mathur),
Honourable Speaker of Rajasthan (Shri Poonam Chand ji Vishnoi),
Honourable Revenue Minister of Rajasthan (Shri Paras Ram ji Maderna),
Honourable Finance Minister of Rajasthan (Shri Chandan Mal Baid),
Honourable Chief Whip, Rajasthan (Shri Khet Singh Rathore)
Honourable Deputy Speaker of Rajasthan (Shri Ahmed Bux ji Singhi),
Honourable State Minister for Colonization (Shri Narendra Singh ji Bhati),
Honourable State Minister for Sheep, Wool and Forests (Shri Govind Singh ji Gujjar),
Honourable Dy. Minister of Education (Shri B.D. Kalla),
distinguished delegates, fellow scientists, members of the Press, ladies & gentlemen,

It is my privilege to extend to you on behalf of the Indian Council of Agricultural Research,
the Central Arid Zone Research Institute and on my own behalf, a very warm and cordial welcome
to this inaugural session of the ESCAP regional Workshop on the Implementation of the Plan of
Action to Combat Desertification. Friends, you would agree with me that this is indeed a proud and
historic day in the annals of the CAZRI, to have with us today the galaxy of such distinguished guests
and participants, both national and international to grace this occasion. We are particularly grateful
to the Union Minister for Agriculture and the Chief Minister of Rajasthan who, from their extremely
busy schedules, have spared their valuable time to be with us. Presence of the Honourable Speaker and
Deputy Speaker and the Minister of Agriculture and other Ministers at this occasion is the measure
of deep interest of both the Government of India and the State Government of Rajasthan in problems
of arid zones and the deserts.

We particularly extend our warm greetings to the delegates from other friendly countries and
our esteemed guests from international supporting agencies who are present here today. In this
connection, we are deeply appreciative of the decision of ESCAP to organise this regional workshop
at Jodhpur which obviously is the most suitable place in this country for holding this workshop.

Sir, permit me to mention briefly the genesis and scope of this workshop. According to the
United Nations estimates, about 378 million people are living in an area of 21 million sq. km. which is
under the influence of desertification. They are living in constant danger of destruction of sources of
livelihood due to the threats posed by growing desertification. They are facing the dangers of being
uprooted from their familiar environments. Recognising the problems and in pursuance of the deci-
sion of the U.N. General Assembly taken in December 1974, a conference was held at Nairobi in 1977
to promote international action to combat desertification.

This conference formulated a 28 points comprehensive and co-ordinated global action plan to
combat desertification by the end of the century. This action plan represents perhaps the first serious
efforts on the part of the world community to understand the problem of desertification in its totali-
ty, and to take measures to combat desertification and developed desert areas and arid zones anywhere
in the world.

The Conference adopted a very comprehensive and most appropriate definition of ‘“desertifi-
cation”, namely the “diminution and destruction of the biological potential of land which can lead
ultimately to desertic conditions”. Thus the conditions such as soil salinity and alkalinity and soil
erosion following indiscriminate deforestation are also covered under this concept of desertifica-
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tion. The Regional Workshop of ESCAP would review the implementation of the action plan recom-
mended by the Nairobi Conference. Each country has contributed a country report and an overall
status paper has also been prepared based on these individual contributions.

I may mention that India was one of the earliest nations to realize the need for systematic
research to understand the processes of desertification and to develop technologies relevant under
deserts conditions.

The Central Arid Zone Research Institute established in 1959 had impact since its beginning in
the form of a desert afforestation station established in 1952, The CAZRI was one of the earliest
discipline-based institutes. The emphasis was on inter-disciplinary approach and the divisions created
in the institute were unconventional, such as the Division of Basic Resources Studies, Division of
Biotic Factor Studies (Plant, Animal, Rodent and Human), Division of Energy Utilization, Division of
Water Plant Relationship etc.

Through CAZRI and a number of other Institutes, such as the Central Sheep & Wool Research
Institute, Avikanagar, the Central Soil Salinity Research Institute, the Indian Grassland & Fodder
Research Institute, Jhansi and the Central Soil & Water Conservation Research & Training Institute,
Dehradoon and the Dry Land Agriculture Co-ordinated Project, Hyderabad, the Indian Council of
Agricultural Research (the Apex Research Co-ordinating body in India) has been playing a key role in
studying the problems of desertification and in finding ways and means to control it. The Council has
also helped establish three agricultural universities in the States of Rajasthan, Haryana and Gujrat,
which also provide research and training support to programmes relating to Arid Zone Research. As
a result of the research activities of these institutions, a number of technologies have evolved.

However, the challenge of desertification calls for a much greater effort, both nationally and
internationally.

[ wish to congratulate Dr. H.S. Mann, the present Director, for the fine leadership he has pro-
vided to the Institute for the past several years. Also, his team of scientists for their valuable contri-
butions. The occasions have been developed for reclamation of saline and alkali soils, enhancement
of productivity and stabilisation of eco-systems. Most of these technologies have already been adopt-
ed %y developmental agencies, such as afforestation, fuel and shelter-belt plantation, grassland impro-
vement, and sand-dune stabilisation, etc. In order to accelerate the pace of transfer of technology
programmes, ICAR has launched Operational Research Projects and Lab to Land Programmes. I hope
the delegates will have time to visit some of the field demonstrations located near Jodhpur. The Coun-
try Report, circulated by India, would indicate a number of programmes, like the Drought-Prone
Areas Programme (DPAP), Desert Development Programme (DDP), etc. are under implementation. A
massive programme of irrigation under the Rajasthan Canal Project has also been launched to revege-
tate the desert.

I am also reminded of those who contributed towards the development of this Institute — the
first Director, Dr. P.C. Raheja who together with the distinguished scientist, Dr. C. Christian of Aus-
tralia, laid the early foundations and contributed substantially towards the growth and development of
this great Institution.

With these introductory remarks, I once again express our gratitude to the Honourable Union
Minister for Agriculture and Rural Reconstruction to have kindly agreed to be the Chief Guest, and
the Chief Minister of Rajasthan to have agreed to preside over this function. I wish to place on record
the massive support which ICAR and CAZRI have received from both the Government of India and
the Government of Rajasthan in developing the various research training and transfer of technology
programmes. And, once again I wish to thank the distinguished delegates and esteemed guests for
their kind presence at this inaugural session.
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MESSAGE FROM MR. S.AM.S. KIBRIA, EXECUTIVE SECRETARY, ESCAP

Honourable Rao Birendra Singh, Distinguished Participants, Ladies and Gentlemen,

It is a great pleasure and honour for me to welcome this learned gathering of scientists who are
meeting at Jodhpur to discuss measures to combat desertification, which is one of the most serious
environmental problems confronting the ESCAP region. Unfortunately, it has not been possible for
me to be present at this important meeting owing to other commitments. However, I should like to
assure you of my full support in your deliberations, particularly in terms of implementing the recom-
mendations of the meeting. With this end in view, allow me to share some of my thoughts on this
important issue with you. I should like to focus my comments on the issues of socio-economic develop-
ment and rural hardships that are linked with the problem of desertification and the points we should
emphasize in contributing to efforts to grapple with the problem.

Desertification, a term which the technocrats have chosen to describe ecological deterioration
of land resulting in reduced productivity, is caused by a number of climatological, physical and
anthropogenic factors such as drought, overgrazing, salinization, waterlogging, alkalinization, denuda-
tion of forests and nomadic ways of life. The ecologists have been talking of the “march of the desert”
and, undoubtedly, the total area of arid and semi-arid zones is on the increase. Potentially productive
land is also lost because of improper land management practices resulting in soil exhaustion, erosion,
waterlogging and increase in soil salinity. Yet another type of problem is deforestation, which is con-
tinuing at an alarming rate in many countries of the region. It has been predicted that if the present
trend of forest denudation continues, the tropical forests of some of the countries of the region may
become extinct before the turn of the century. This would trigger off an energy problem because of a
severe shortage of fuelwood in the areas affected by deforestation.

According to the world map of desertification, some 378 million people in an area of about 2
million square kilometres are affected or likely to be threatened by desertification in the ESCAP
region. Of these, some 4.3 million square kilometres of land are already severely affected, causing
hardships to some 30 million people and scarcity of such daily necessities of life as food, fuelwood,
water and fodder for livestock. These bring about a socio-economic situation that may perpetuate the
general conditions of poverty already existing in an acute form in this region. As a consequence, the
rural population, particularly the rural womenfolk, are the most affected as they have to travel farther
to collect fuelwood and water, two precious commodities which are being made even rarer by the
spread of desertification. The effects could be particularly severe in many developing countries of the
region where large proportions of the rural population live in conditions of absolute poverty. The
figures also indicate that in terms of both population and area, the ESCAP region is the worst affected
by desertification, compared with all other regions. It is therefore imperative that the problem of
desertification in the ESCAP region be tackled on a priority basis in order to alleviate the socio-
economic conditions of the people affected and ameliorate their insecure state of existence.

The population of the ESCAP region in 1977 was 2,290 million and it is estimated that this
will increase to 3,590 million by the end of the century, an increase of almost 60 per cent. At a time
when demand for food is ever on the increase in order to feed the growing population, the spread of
desertification is nibbling away valuable land and reducing its productivity. This phenomenon is be-
coming very acute in most countries of the region, which are predominantly agricultural and where
every acre of arable land is already under cultivation. The situation can only be remedied by adopting
appropriate measures to combat and reverse the desertification process, in order to sustain the
increasing population. Technological advancement as well as socio-economic and legislative measures
have important roles to play in launching a concerted attack on this environmental scource; and I am
sure that your deliberations at this meeting will make important contributions along these lines.

Recognizing the seriousness of the environmental problem and its impacts, the United Nations
General Assembly adopted resolution 32/172, in which it requested the regional commissions, among
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other things, to assist the Governments in the implementation of the Plan of Action to Combat Deser-
tification. Efforts to implement the Plan of Action were also supported at all the subsequent sessions
of ESCAP, in view of its significance to the region as I have already mentioned. From a review of the
country situations, it appears that the extent of the area affected by desertification and the tech-
nology for combating the process in some countries of the region, including Australia, China, India,
Pakistan and the USSR, are well recognized. There has also been much progress recently in research
and development on ways and means by which desertification could be controlled. The scientific
work done at the Central Arid Zone Research Institute of India, where this Workshop is being held,
gives evidence of this.

On the basis of the findings of the Interagency Working Group on Desertification as well as
the regional overview paper prepared in connexion with this Workshop, there seem to be three major
constraints to the implementation of the Plan of Action:

(a) Although there is a wealth of known technology in the area of desertification control,
there is still a need to fill gaps in that knowledge and to introduce technological innovations through
an integrated interdisciplinary approach, including the socio-cultural dimensions of the problems;

(b) Efforts to transfer available technology to the people who are effected by the deserti-
fication process are inadequate. Consequently, the developing countries in the region confronted
by the problem are not able to take full advantage of even the existing scientific know-how and
socio-economic insights; and

(c) Governments of countries faced with desertification problems appear unable, at present,
to assign sufficiently high priority to desertification control programmes in the face of conflicting
demands and scarcity of resources.

With regard to technological innovations, I am sure the deliberations of this Workshop and the
follow-up of its recommendations will be of significance to all of us. However, the other constraints
concern me more as they require the attention of the Governments at the policy-making level. Go-
vernments must have the necessary political will to develop and implement desertification control pro-
grammes successfully. It is rather discouraging to note that four years have elapsed since the Plan of
Action was unanimously adopted by all the countries affected by desertification and, yet, land
degradation due to soil erosion, deforestation, waterlogging and salinity continues unabated. All of us
here, and particularly the developing countries of the region, are fully aware of the conflicting
demands and scarce financial resources. However, I am sure you will all agree with me that there is no
dearth of human resources in this region and that mobilization of human resources is a pre-condition
for development of any sort. In his report on “The United Nations Development Decade: Proposals
for Action”, the former Secretary-General of the United Nations, U Thant, very rightly stated:
. . . educated and trained people are always the chief, and in the longer run the only, agents of
development . . . The unutilized talents of people constitute the chief present waste, and the chief
future hope of the developing countries.”

This once again highlights the very important and basic need to ensure involvement and parti-
cipation of the people who are affected by the process in all desertification-control programmes.
After all, the basic objective of the desertification-control programme, or of any development pro-
gramme for that matter, is the improvement of the quality of life and satisfaction of the basic human
needs and aspirations of the people.

The challenges and tasks facing us in the matter are truly complex, difficult and wide-ranging.
Such challenges can be met only if all of us join together in a concerted and determined effort with a
clear and full recognition of the seriousness and magnitude of the problem. ESCAP, for its part, is
fully prepared to play its role in this field within the broad framework of its mandates of social and
economic development and, in this connexion, I shall be looking forward to your recommendations
for further action at both the national and the regional levels to tackle such an environmental problem
of paramount importance to all of us.
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Last but not the least, I should like to convey my sincerest thanks to the Government of
India and its people for providing host facilities for the Workshop at the Central Arid Zone Research
Institute, which is not only located in the middle of the Indian desert but is also regarded as a centre
of excellence for research and development in the field of desertification in the ESCAP region.

I wish you every success in your deliberations.
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CHAIRMAN’S REMARKS
by
Honorable Shri Shiv Charan Mathur Chief Minister of Rajasthan

It is my pleasant duty to extend a hearty welcome to all the delegates and guests to this work-
shop. It was a happy idea to hold this workshop at Jodhpur where the desert is near at hand and can-
not be wished away. It is encouraging to meet others of this region, who face, as we do, the problem
of the desert. It inculcates a feeling of solidarity that we are not alone struggling with the long and
difficult task.

Desertification is an aspect of the widespread deterioration of eco-systems which diminish or
destroy the biological potential of land. It is a process which is the opposite of planned development.
The developing countries have unavoidably to be engaged in a quest of ever greater productivity. This
need not necessarily lead to the deterioration or over-exploitation of our resources. I would like to
emphasise that measures against desertification will always be part and parcel of our total development
strategy. The recognition of the limits of the eco-systems, and discrimination between production
strategies which exhaust the potential, and others which are regenerative, have to be built into the
planning and development effort.

Humanity has long been aware that considerable effort is required to increase productivity of
land; it is a new awareness that even greater effort is required to stop the deterioration in productivity
of land. Environment cannot be taken for granted. It can be improved but often it deteriorates if we
act without awareness or responsibility. This is true for all eco-systems, but arid zones are particularly
fragile eco-systems. Irregular and low rainfall coupled with rising population both human and cattle,
easily leads to over-exploitation. This gives rise to degradation of vegetation, soil and water — the
three elements which provide the natural foundation of human existence. The process of deteriora-
tion is a self-accelerating one. The rehabilitation costs rise rapidly, and after a time, for all practical
purposes, we are faced with the stark reality of a man-made desert.

In Rajasthan, we have an arid zone of about 200,000 sq. km. It encompasses about three-
fifths of the physical area of the State. I wish to highlight what, in our experience, have been the chief
problems in controlling desertification and developing the desert areas.

The desert, or rather areas vulnerable to becoming desert, are not empty lands. They are popu-
lated by human societies which have their own cultures and needs. Desert development programmes
cannot be taken up and completed in isolation. Anti-desertification measures have to take cognizance
of the human environment. Anti-desertification measures have to enter the value systems and style of
life of these residents and nomads. This is necessarily a slow process and we have made only a begin-
ning here. These tasks are much more difficult to implement than construction of roads or dams or
power houses. A successful pasture development project depends upon social consent, education and
establishing a dialogue with the people. Plants and trees can be preserved if there is an awareness to
protect and nurture them. This process is long and slow, but essential.

The cost of desert area development is enormous. Resources for desert development have to
be pooled on a national, even international basis. When a developing country allocates its meagre re-
sources, a simple financial cost-benefit analysis will drop desert development schemes to a relatively
low priority. It is a regressive situation. A poor country faced with a desert problem will not be in
position to single-handedly undertake effective desert development programmes. Programmes to com-
bat desertification require international assistance — that too soft assistance for significant projects to
yield results.

Our experience of seeking assistance form international agencies like IBRD shows that their
lending still largely follows considerations of adequate financial returns. There is no specific allocation
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of loan funds for anti-desert projects. It is basically the same situation at the national level in plan
formulation. Desert afforestation or pasture projects have an internal rate of return of 8 per cent as
against a sizable number of irrigation projects having an IRR of 34 per cent to cover the loan folio.
Again the international agency does not often take sufficient cognizance of the first point I made, that
is, the culture of the society which inhabits the desert. A loan for range management may be more
productive if given to an individual farmer with a large stock of sheep and having a sizable fenced
pasture. This may be the model in developed countries, but a developing country is likely to prefer
proposals for development of community or village pastures, rather than individual-oriented loaning
schemes. The reality is problematic and difficult and we cannot make it vanish for the convenience of
financing agencies.

Here I would like to touch upon another aspect of international assistance. Money alone will
not be able to deliver the goods. There is a great deal of lag in technological know-how between
developed and developing countries. At times, there is no readily available technology applicable to
the peculiar scenario of the developing countries. Hence there is substantial and urgent need to have
international co-operation on research and development with a view to developing what is not in terms
of new technologies. Research and Development is a costly proposition. Developing nations are not in
a position to set apart required funds for this. The international pooling of resources becomes more
important in this context.

I have, therefore, to suggest that there should be earmarking of assistance from the interna-
tional agencies for anti-desertification programmes and they should take cognizance of the fact that
many of these may be low- or even no-return schemes and their implementation would involve
sustained labour and time.

We all recognize the great advance that the scientists have made in finding solutions to combat
problems of the desert. On the other hand, it will be recognized that we have yet to achieve a break-
through in some areas which are crucial for desert reclamation and development. The basic resources
of the desert which, if properly developed, can make it independent of imported resources; these are
solar and wind energy and biogas. If in Rajasthan we could have economic generation of solar energy
we could lift the water of Rajasthan Canal and spread it over the desert and the quality of life in the
remotest hamlets could be improved. The same holds good for wind energy which could be harnessed
to lift water from tubewells. The investment required for quick and effective development of solar
energy and wind energy is of a high order. Appropriate technology has also to be fully developed to
suit local conditions. Here also international co-operation requires to be promoted in order that the
substantial scientific talent available in India is channelised to yield quicker economic results.

For the desert regions, the Dairy Development Scheme and development of wool and mutton
marketing are important. In Rajasthan, we have been successful in developing a dairy infrastructure
in the areas vulnerable to desertification. The success of these schemes depends on proper pricing and
marketing and ultimately on national economic and commodity pricing policies. For instance, milk
from the desert will be cow milk which will not get its due price if valuation is on basis of fat content.
This milk is distant from the metropolitan markets and would bear a higher cost of transport. If the
metropolitan market does not allow for these costs, the Dairy Scheme cannot be continued in the
desert. Similarly, in India, prices of mutton are low when compared with international prices. This is
because mutton has been supplied by nomadic sheep and-goats raised at negligible cost. If you stabi-
lise nomads and have regular pastures, the mutton costs will rise. While the problem of price rise for
the metropolitan consumer is appreciated, our economic system will have to allow for conditions in
which such desert development programmes yielding economic returns for those involved can be
implemented. I mention these examples of milk and mutton to emphasise that Desert Development
Plans have to be linked and supported by larger national and international outlays and market policies.

All of you are aware of the Rajasthan Canal Project which is one of our greatest development
ventures. I certainly wish that at least some of you would be able to avail yourselves of this opportu-
nity to visit it. Here, we are conveying 8 million acre feet of water from the rivers up north. If the
canal flow is to follow the gravity gradient, we will develop a commond area of about 1.3 million hec-
tares in the north of the State. The socio-economic situation in the Rajasthan Canal area should be
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studied by all persons interested in desert development. It is at once the planners’ dream and his
nightmare. We witness here colonization at a vast scale, movement of populations, development of
new economic centres and towns, irrigated agriculture, change in land use, the contrasting profiles of
this rich irrigated area and the rest of the desert rigours. We stand at a stage where it is possible to
intervene and avoid blunders of mis-direction by taking cognizance of them beforehand. Suggestions
can be made to maximize benefits, or quicken the development process. We would be very interested
to learn from the experience of other countries touching on problems that we face in the implementa-
tion of the Rajasthan Canal Project and on desert development programmes.

Before I close I would like to dwell upon the point of predetermined notions about develop-
ment and its various processes. In Rajasthan, we have been attempting to make and implement
projects for the Lathi series or development of pasture on the left bank of Rajasthan Canal or for
promoting mixed farming in tubewell commands in desert areas. While a learned audience unani-
mously condemns the plough as creating desert, it is easily convinced about the higher returns of
growing fodder and keeping animals or giving up nomadism and developing pastures — it has been our
experience that it is not obvious to the persons affected and persuasion is a difficult task. Secondly, I
am not even sure whether the plough is all that bad. If water is available for irrigation, the plough can
turn the desert into a granary. See what is happening in Ganga nagar? Hence there is the need to
appreciate local context peculiar to the point of our reference.

To sum up, projects to combat desertification require large financial outlays which are not
easily available in developing countries. Greater progress in implementing the Plan of Action requires
enhancement of international assistance which must be earmarked for this purpose. Apart from the
requirement of finance, it has to be noted that desert development projects are difficult to implement
as they require change in the life styles of people. Extension work is difficult anywhere, but more
so in desert tracts. Greater attention needs to be paid to achieve a breakthrough in the utilisation of
the potential resources available in the desert including solar and wind energy and the valuable cattle
wealth. Desert productivity can increase if there is a technological breakthrough in related spheres
and national and international assistance is readily forthcoming.

Planning and implementation of Desert Development is a multi-dimensional exercise and re-
quires the active involvement and co-operation of a multitude of disciplines and agencies. In that con-
text workshops like the present one have a very useful and constructive role to play. We indeed have
much to share in experience with each other.

I wish you all success in your deliberations which I am confident will be very constructive and
fruitful.
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INAUGURAL ADDRESS
by
Honourable Rao Birendra Singh,
Minister of Agriculture, Rural Reconstruction,
Irrigation and Civil Supplies, Government of India

Honourable Chief Minister of Rajasthan,
Distinguished Delegates, Ladies and Gentlemen,

I am indeed very happy to be with you and participate in the inaugural session of the ESCAP
Workshop on Implementation of Plan of Action to Combat Desertification, which was formulated at
the United Nations Conference on Desertification held at Nairobi during 1977. On this occasion, [
extend to you, distinguished delegates, a very warm welcome to India and to the Central Arid Zone
Research Institute (CAZRI), Jodhpur. This, as you perhaps know, is one of the nationallevel research
institutes of the Indian Council of Agricultural Research, devoted primarily to research on arid zone
and desertification problems. CAZRI was, therefore, the most suitable venue for this workshop.
I hope your stay at Jodhpur will be comfortable and your workshop deliberations fruitful.

Hot deserts and arid zone of India constitute about 12 per cent of the geographical land area.
Ninety per cent of these deserts lie in the States of Rajasthan (61 per cent), Gujarat (20 per cent),
Punjab and Haryana (9 per cent). The average annual rainfall in this north-western arid zone varies
from 100 mm to 450 mm and temperature from 45°C in summer to 6°C in winter. Aridity, thus,
puts a severe limit on all biological productivity.

Indian deserts are perhaps the most thickly populated in the world with an average of 61
persons per sq. km. as against 3 persons per sq. km. in most other desert areas. The livestock popula-
tion has practically doubled during the decade ending 1971. Due to high livestock pressure, there is
over-exploitation of vegetation, and in drought years — when there is scarcity of even drinking water
in parts of Rajasthan — man, cattle and sheep are forced to migrate to more hospitable areas and lead a
nomadic life.

About 45 per cent of the arid areas are arable and only 5.1 per cent area is under forests. Bar-
ren and cultivable waste lands account for 27 per cent area. In western Rajasthan, as much as 58 per
cent area is under sand dunes.

It is obvious that with vagaries of climate, erratic rainfall and increasing pressure of human and
livestock populations, the problems of arid deserts are getting more difficult with deteriorating desert
environment and diminution of the biological potential of the desert lands.

India can claim to be one of the very few countries to develop awareness of the problems of
desertification. As early as 1952, the Government established a Desert Afforestation Station at Jodh-
pur which was renamed later in 1957 as ‘Desert Afforestation and Soil Conservation Station’. In
1959, the Central Arid Zone Research Institute was established to conduct research on a multi-
disciplinary basis on problems relating to arid zone and desertic areas and included physical, biological
and social sciences. Over the past 25 years, CAZRI has seen multi-faceted growth and development
and has done creditable research work most relevant to arid zone agriculture and desert development.
It has evolved and improved and given out technologies that form the basis for many on-going develop-
ment programmes in this region. Starting with resource monitoring and resource utilisation research,
CAZRI has developed technologies to control desertification and to use land and water resources more
efficiently. The Institute has more recently taken up Operational Research Projects to carry out con-
straints analysis, i.e. to identify technological, economic or sociological constraints on transfer of tech-
nology. Based on the researches done at CAZRI during the last 25 years, ICAR has brought out the
publication entitled “Desertification and its Control”.
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To start with, emphasis should be on qualitative and quantitative evaluation of desertification.
Equal importance should be given to land-use planning and efficient water use. Adoption of manage-
ment practices based on ecologically sound principles, economic feasibility, considerations of social
acceptability, equity and wide public participation should be other elements of our desertification
combat plan. Desert area problems would invariably require reclamation of degraded lands, introduc-
tion of suitable range land management and/or mixed farming systems with due emphasis on livestock,
tree and grass components.

Low risk and low cost technologies are more relevant to the poor farmers of arid zones who
suffer due to vagaries of weather more often than others. Likewise, watershed area approach would
seem to be more appropriate for arid areas but here new approaches to promote group action will
have to be developed. There is considerable scope for improving the efficiency of use of existing
surface and ground water resources. I understand that rain water use efficiency is less than 50 per cent
in some districts and existing land-use pattern utilised only 50 per cent of the rain on the average.
There is thus considerable scope for proper management of rainwater.

Another area where research efforts would need to be stepped up would be the medium-term
weather forecasting to provide an early warning system and to adopt contingency plans for the stress
conditions expected. Also research needs to be intensified on selection and breeding of shrubs and
trees for desert areas to fulfil the triple needs of fuel, fodder and fertiliser.

In appreciation of the development needs of desert areas, the Government of India and the
State Governments have taken a number of steps. Desert Development Board was established in the
1960s to plan and review the desert research and development programmes. Drought Prone Area
Programme (DPAP) represents another major effort at national level to help develop arid areas on
priority basis. Problems of arid zones are the concern not only of CAZRI but also of the Indian Grass-
land and Fodder Research Institute (Jhansi), the Central Soil Salinity Research Institute (Karnal), the
Central Sheep and Wool Research Institute (Avikanagar), the Dryland Agricultural Project (Hydera-
bad), and at least three State Agricultural Universities. Besides, the Zoological Survey of India, the
Botanical Survey of India, the Geological Survey of India and the Meteorological Department have
opened their regional stations specifically to serve the desert region. The State Governments have
also launched extensive afforestation and grassland improvement programmes during the last three
years and the Rajasthan Government has established a separate department exclusively for this work.

The need is to develop an integrated strategy to control population (both human and lives-
tock) and accelerate the process of development through increased biological productivity and appli-
cation of latest scientific technologies. New technologies should take into consideration not only
physical and biological factors but also socio-economic needs. Along with improved technologies,
we need to develop progressive public policies and development-oriented institutions to serve as
vehicles of social change and economic advancement.

Desertification, as we know, is a complex problem that would require inter-disciplinary ap-
proach. It is also a self-accelerating process and, as it advances, the rehabilitation costs rise exponen-
tially; hence the urgency to mount an all-out offensive to combat desertification. Such a frontal
attack on this problem as well as the follow up action would require not only national but also
regional “and international collaboration. You may like to pay special attention to this aspect while
reviewing the action plan.

The Government of India has pledged itself to lift, as early as possible, the poorest of the poor
above the poverty line according to the poverty eradication programme of our Prime Minister. In this
context, deliberations of this Conference to review the action taken on the Action Plan to Combat
Desertification would be of great significance. Since most people in this region would fall within
the target group — people who are struggling for existence under conditions of aridity, soil infertility
and water scarcity — the Government of India has accorded highest priority to rural and agricultural
development programmes with employment generation potential for such people. Therefore, pro-
grammes dealing with arrest of desertification processes and reclamation of affected areas should
receive the highest priority in the country’s development plans.
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I am sure you would have in-depth discussions on these and other issues in the nature of
research, training and development, and share your experiences with each other. I hope that you
would come up with a modified plan of action in the light of your past experiences and that the new
plan would be more amenable to implementation.

Before concluding, I would like to add a word of appreciation for the scientists and develop-
ment workers who are engaged in this nation-building task of helping the weaker sections of our
society to share the fruits of development, howsoever meagre and modest.

Once again, distinguished delegates, I wish you a very comfortable stay in India and very fruit-
ful deliberations over the next four days. With this, I have great pleasure in inaugurating this ESCAP
Workshop on the Plan of Action to Combat Desertification.

Thanks.
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PART III

COUNTRY SITUATION



INTRODUCTION

The country papers® that follow were presented and discussed at the ESCAP Regional Techni-
cal Workshop to Consider the Implementation of the Plan of Action to Combat Desertification
(PACD) which was held at Jodhpur, India, 20-23 October, 1981. It was the first regional workshop of
its kind to be arranged by any regional commission of the United Nations in order to provide a post-
UNCOD forum for the ESCAP member countries to exchange their respective experiences and expec-
tations on the implementation of PACD and, at the same time, to interact among themselves as well as
with representatives of the secretariat and some United Nations world agencies like UNESCO, UNEP,
WFP and WHO.

In the country reports there is considerable variation in reporting the implementation of PACD
and its format by individual countries. Statements by some delegates on the action taken with regard
the individual recommendations of PACD were too brief, crisp and appeared ‘official’ rather than
scientific or technical in nature. In a few cases, only general statements were made, without reference
to the individual recommendations of PACD. It was, therefore, a rather difficult task to determine
evenly and correlatively the various execution aspects of the corrective measures against desertification
in the ESCAP region.

In addition, reports from only 11 out of 39 member and associate member countries of the
region were discussed, and there are certain data and information gaps or occasional incoherence in
some of them. Nevertheless the country papers as presented here are generally intrinsic and sagacious
so far as their lateral and vertical presentations are concerned. The situations with regard the imple-
mentation status in those countries, which cite certain specific examples from case/pilot studies in
support of their effort to combat desertification, are rather suitably represented and evidently ex-
pounded commensurate with the objectives of their endeavour. As far as possible conformal treat-
ment and synthesis of the papers have been done within the limits of available records.

* An overview of the country papers is under preparation and will be available in a separate ESCAP publication.
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AFGHANISTAN

Progress Report on UNCOD Plan of
Action to Combat Desertification
by
The State Planning Committee, Kabul

Introduction

The Government of the Democratic Republic of Afghanistan appreciates the generosity of
the Government of India and the hospitality and effort of the Director-General of the Indian Council
of Agricultural Research and the Director of the Central Arid Zone Research Institute and his staff, as
well as the organizing and co-ordinating role of ESCAP and the overall planning of UNEP in making
possible this Regional Workshop on desertification. Both the time and the venue are highly appro-
priate — the time in order to make sure we are on the right track to achieve implementation of the
immediate measures required in the Plan of Action by 1984, and the place because of the regional and
international stature of this Institute.

I hope that the intense interaction that these few days afford us will ensure the completion of
those measures that are more or less on schedule and the timely and efficient redirection of various
efforts that are not yet yielding the results we hoped for. Despite some unevenness in the achieve-
ments so far which I for one have to report, re-reading the Plan of Action in preparation for this occa-
sion is an encouraging experience. The plan is comprehensive, well organized, balanced in its treat-
ment of the range of relevant factors and issues, and clearly worded. The Desertification Unit, which
took over form the UNCOD Secretariat and is responsible for the global facilitation and co-ordination
of the Plan, should be congratulated on its form and presentation as well as the results of their efforts
so far to bring it to fruition. It merits the full support of the world community, and a not insignifi-
cant result of this Workshop will be the reaffirmation of our combined commitment to co-operate in
its timely implementations.

Policy

The main purpose of this meeting is to hear the progress made by each country of the region
in the implementation of the Plan, to assess the state of the campaign and make proposals for the
future.

The report from Afghanistan is mixed. The trends that were identified in our report to
UNCOD were longstanding and no one expected that they could be turned around on a national scale
in just four years. Moreover, Afghanistapn is counted among the Least Developed Countries of the
world, and it is certainly one of the most desertified among those of them represented here. Although
there are no figures on the present state of desertification in Afghanistan that would demonstrate
changes in the trends identified in the 1977 report, there is evidence that those trends continue —
some of them have become more obvious and threatening. The effort required to turn them around is
monumental. That effort must be partly technical and partly social — as is clearly foreseen in the
Plan. Our achievements so far have been both technical and social.

The main thrust of our report is that we are taking care of the social aspects, but for further
technical achievements we require much free access to the scientific and technological repertoire of
the world community. On the social side — especially since our Revolution in April 1978 — we have
been able to embark on a programme of radical reorganization which is directly aimed at the establish-
ment of social equity that is considered necessary in the Plan. Our achievements so far are only a be-
ginning, but are worth reporting because they demonstrate not simply the determination of the Go-
vernment to fight desertification, but its commitment to integrate that fight with national reorganiza-
tion and development and its desire to enhance its technical abilities by taking advantage of the
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various regional and international programmes that are available. The fight against desertification in
the context of planned economic and social development is accorded the highest priority in govern-
ment policy.

The Major Emphasis

In Afghanistan a number of technical projects have been begun or reinforced as a result of
UNCOD, but they have often had poor results for reasons that are basically social and may be summa-
rized as social inequity. Since technical progress alone in these conditions is insufficient, a major
emphasis has been on promoting the social and legal context that would facilitate land use without
desertification. Considerable attention is paid to the need for social reorganization in the Plan of
Action especially in recommendations 12 and 13, but such reorganization, although the need for it is
often acknowledged, is rarely given the necessary priority. The reason is not hard to find: reorganiza-
tion threatens vested interests and is inherently difficult to carry through. It is inherently revolu-
tionary — in thought, if not in action. Since the rate of social and economic change in Afghanistan
continued to be relatively very slow, there was plenty of room for reorganization. The Revolution has
finally made this reorganization possible. With particular regard to the relationship between people
and natural resources the main points of this reorganization drive have been in the careful rewriting of
laws.

Details

Progress against desertification in Afghanistan so far may be classified under three major
headings: legal and political reorganization, national projects, and participation in regional program-
mes. Briefly, (1) the entire basis of the relationship between people and natural resources has been
reorganized politically and rewritten legally. The new laws and associated regulations are now at
various stages in the process of passing from initial draft to final implementation. Specifically, they
deal with landholding, grazing, forests, hunting, public health, the organization and responsibilities
of co-operatives, and the functions of the Ministries of Agriculture and Land Reform, Water and
Power, and Public Health. (2) Comprehensive development projects with integral environmental
components in accordance with recommendation No. 22 of the Plan of Action have been continued
in the Helmand Valley, the province of Herat, and the forested areas of the south-east (though it has
been necessary to discontinue these projects during the last two years for a number of reasons,
including the lack of necessary foreign aid). The field investigations for a vegetation mapping project
have been completed for an estimated 75 per cent of the country. In the vicinity of the capital,
Kabul, high priority has been given to the creation of a green belt in order to combat the desertifica-
tion caused by rapid urban growth. (3) Afghanistan has always been an eager participant in regional
programmes, though as a Least Developed Country we are severely limited in our ability to contribute
to such programmes and we are obliged often to request technological and financial assistance to
enable us to benefit from them. We have participated as actively as possible — given the constraints of
our resources and of international assistance — in the ESCAP Remote Sensing Regional Project (since
1972), the South-West Asia Transnational Monitoring Project (since 1976), the UNEP/USSR Project
to Combat Desertification through Integrated Development (since 1978), and most recently the South
Asia Co-operative Environment Programme (since 1980).

The remainder of this section lists briefly the activities relevant to each recommendation of
the Plan of Action.

Recommendation 1

Assessment must be a continuing process. Large areas of Afghanistan have still not been pro-
perly assessed ecologically, and many assessments that have been made have yet to be translated into
fully accessible form. Ecological assessment was an integral component of each of the national pro-
jects listed above that have had to be temporarily discontinued. These individual assessment activities
are co-ordinated and enhanced by the work of the Institute of Cartography and Geodesy which has
been considerably strengthened in recent years, especially in its mapping and remote sensing capabili-
ties.
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Recommendation 2

Ecologically and socially sound land-use planning is an integral component of our Revolution,
and significant progress has been made in reorganizing the man/land relationship, though complete
implementation will take time. Steps are also being taken to establish a high level National Committee
on the Environment, on which all the government bodies that bear responsibility for some aspect of
the environment will be represented, that will co-ordinate planning from the environmental point of
view.

Recommendation 3

Public participation is a general principle of planning since the Revolution, and with regard to
anti-desertification measures is implemented primarily through the new Co-operatives law.

Recommendation 5

In order to develop and improve the management of water resources, the Government of
Afghanistan is participating fully in the programmes for the International Water Decade, and has esta-
blished a National Policy Committee to co-ordinate activities. A new department of science and tech-
nology has been created in the State Planning Committee explicitly for the purpose of inter-relating
the development of indigenous technologies with exogenous science and engineering and international
technological assistance. In October 1981 a special exhibition was held in Kabul to publicize the
activities of this department. Technologies for improving the efficiency of water use and conservation
are a major emphasis of this programme.

Recommendation 6

The degradation of rangelands is the most serious form of desertification for the majority of
the population of Afghanistan, and it was for this reason in particular that Afghanistan participated
eagerly in the Transnational Project, for which a pilot project area was identified in 1977, A new
grazing law has now been formulated and in the five-year plan there is a provision for the efficient
organization and facilitation of the seasonal migration of pastoralists. Afghanistan is also interested
under MAB projects 3 and 4 and EMASAR. -

Recommendation 7

With regard to the deleterious effects of dry farming, legal limits to cultivation by tractor
ploughing in marginal dry lands better suited for grazing are provided in the new landholding law.
The revegetation of watersheds is presently receiving high priority in the immediate vicinity of Kabul.
Recommendation 8

The problems caused by waterlogging and salinization in the Helmand Valley have long receiv-
ed high priority in development planning. It is hoped that recent socio-economic changes will be
beneficial but there is a desperate need for increased technological assistance.

Recommendation 9

Measures to promote soil conservation and to stabilize moving sands are undertaken mainly
through individual projects of the Rural Development Department.

Recommendation 10
On the basis of a number of studies assisted by FAO new provisions have been made for the
regulation of hunting and the management of wildlife and flora and fauna generally, including the

establishment of national parks. The Ramsar and Washington Conventions have been signed and work
has begun on a National Conservation Plan.
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Recommendation 11
A full scale comprehensive monitoring project was envisaged under the Transnational Project.
Recommendations 12 and 13

The emphasis here has been on the development of new legislation especially for landholding
and co-operatives.

Recommendation 14

A public health law is in preparation with the assistance of WHO.
Recommendation 15

This recommendation is covered in the legislation listed above.
Recommendation 16

See under Recommendation No. 11. The Transnational Project was designed to cover both
the natural and the human conditions.

Recommendation 17

No progress has been made under this heading, except in the attempts to increase social securi-
ty generally.

Recommendation 18

The new department of science and technology in the State Planning Committee is specifically
concerned with this recommendation.

Recommendation 19

This recommendation concerns problems that are particularly serious in Afghanistan and among
the most difficult to resolve. Some progress has been made in the propagation of fast-growing species
by the Department of Forestry, but generally this is an area in which Afghanistan stands in particular
need of external assistance. It is with this need in mind that Afghanistan has recently undertaken to
discharge the responsibilities of “Focal Point in Social Forestry” under the South Asia Co-operative
Environment Programme.

Recommendation 20

For the implementation of this recommendation the Government relies primarily on existing
programmes of the Rural Development Department and the Co-operatives Organization.

Recommendation 21

A National Committee on Desertification was instituted in 1977 but lapsed as a result of the
loss of momentum of the Transnational Project. In its place steps are now being taken to establish a
National Committee on the Environment with more general responsibilities. Participation in regional
programmes continues to be eagerly sought.

Recommendation 22

It is the policy of the Government of Afghanistan to combat desertification whenever possible
by means of nationally co-ordinated comprehensive development programmes. It was with this aim
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in mind that the Government joined the UNEP/USSR Project to Combat Desertification through
Integrated Development.

Expectations

This report of achievements would not be complete without more indication of context, in
particular of the relationship between what has been achieved and what had been projected. There
have been both triumphs and failures in the record of achievements, most of them because of our
own domestic affairs, but some of them deriving from the opportunities offered by interntional pro-
grammes. Afghanistan has gained considerably from opportunities offered in particular by United
Nations’ programmes over the last decade, and in the following remarks we do not mean to belittle
those gains.

UNCOD held out enormous hopes that “Desertification can be halted and ravaged land re-
claimed in terms of what is known now. All that remains is the political will and determination to
do it” (UNCOD Secretariat, Desertification: Causes and Consequences, Pergamon Press, 1977, para
61). For Afghanistan and three of its immediate neighbours the South-West Asia Transnational Moni-
toring Project was established, by UNCOD initiative, as the major channel of communication to enable
us to profit from “what is know now”. As events in this region progressed through 1978 and 1979
the Transnational Project was placed under the Global Environmental Monitoring System (GEMS)
and redefined as a group of interrelated national projects. But it is now over two years that no com-
munication relating to the project has been received in Afghanistan, despite the fact that during the
last mission relating to the project in May-June 1979 Afghnistan expressed keen interest in developing
its national component, given the necessary assistance. Afghanistan was in the process of organizing
its national effort to combat desertification within the framework of the Transnational Project and
expected that under Recommendation No. 4 of the Plan of Action UNEP would offer assistance
through this framework. The Government of Afghanistan has the political will and determination to
halt desertification which has been hampered by insufficient access to the necessary technical know-
ledge. We, therefore, would encourage our neighbours present at this meeting to press for the resusci-
tation of the Transnational Project. We are determined to make the most of such programmes,
including — besides the Transnational Project — SACEP, the ESCAP Remote Sensing Regional Project,
and the newly established international Institute for Research on Mountain Eco-systems in Nepal, in
order to acquire the necessary technological assistance to complement the social and political measures
we have been taking.

Needs

In order to develop fully and to implement a comprehensive national plan of action to combat
desertification, Afghanistan stands in need of considerable technical assistance. We hope that we shall
be able to satisfy some of this need through regional programmes, under ESCAP auspices, since these
programmes offer us an access to institutions with relevant regional experience and expertise such as
CAZRI, and the opportunity to enter into continuing discussion of mutual problems and obtain advice
on important techniques, such as water harvesting, from people who have used these techniques in
culturally similar, as well as ecologically similar, situations. But we also have needs which will pro-
bably force us to look beyond these programmes. In particular we need assistance in co-ordination on
two levels. We need the full-time services of a general ecologist to advise us on the technical aspects of
overall ecological planning, research and training. And we need the occasional services of a human
ecologist to consult with us on the ecological aspects on development, legislation, and administration.

Conclusion

A report from a Least Developed Country is bound to be a plea for help. Afghanistan is aware
of its strengths but is presently able to make scarcely any contribution from those strengths to work
beyond its borders even, for example, in the secretariat of SACEP. This report, therefore, emphasises
the weaknesses, but it also shows that despite the weaknesses much important work is being done.
However, in order that this work will be successful in the long term we are in desperate need of certain
types of assistance. We have identified some specific needs. We conclude by acknowledging the efforts
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of the Desertification Unit over the four years since UNCOD, as well as those of other United Nations’
agencies, in relation to the desertification problem. The multiplicity and variety of these efforts some-
times present their own problems — of co-ordination, especially as they relate to a desertified and
Least Developed Country. The task of co-ordination, as well as facilitation, falls on the already over-
filled desks of the Desertification Unit. We should like, by emphasising our appreciation of their
efforts so far, to encourage them to make even greater efforts in the future.
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AUSTRALIA
Country Report

Report on the Implementation of the Plan of Action to Combat Desertification
Introduction

Australia does have desertification problems in parts of the arid zone of the continent. This is
defined as the zone where rainfall is too low for crops or introduced pasture plants to be grown.

The arid zone covers 5.3 million sq. km. (70 per cent) of mainland Australia, 3.4m sq.km. are
used for grazing about 25 per cent of Australia’s sheep and cattle, and the remaining 1.9m sq.km. are
unused crown land which is mostly desert or semi-desert. 1.8m sq.km. (55 per cent) of the area in use
is estimated to require treatment for degraded vegetation and accompanying erosion, 0.7m sq.km.
requiring better management practices only and 1.1m sq. km. requiring treatment by works (costing
$65 million at 1975 prices) as well as better management practices.*

Range vegetation can be very slow to recover from degradation. Climatic conditions suitable
for the re-establishment of plants are very infrequent, and seed supplies may be severely depleted.
Arid zone programmes, therefore, must be long term.

Current better management treatments centre around appropriate land use, better control of
livestock through the application of range management principles and use of fences and water supplies,
and avoidance of overstocking.

Present arid zone treatment works and practices, including fencing, extra water supplies and
pitting, are of high cost relative to the capital value and value of production per unit area. This means
that studies aimed at finding lower cost treatment should be given high priority.

The inputs and destocking necessary to achieve conservation with a continuation of grazing on
some arid zone land types may make that land use quite uneconomic. This leaves three options:

(i) allow grazing to proceed under free market forces with eventual desertification of some
types of land;

(ii) public subsidy of a portion of the cost of conservation treatment; or

(iii) change of land use away from grazing, i.e. resumption of leases and compensation of
owners.

Some difficult administrative and political decisions will be involved in selecting appropriate
options. These decisions should be based on whole-property or regional socio-economic evaluations of
land use and land management alternatives for each of the more extensive land types.

Two partially separate sets of factors are considered to be responsible for intensifying the
natural processes which lead to desertification.

The first set comprises those factors directly responsible for overgrazing of the native vegeta-

tion. These include overstocking by sheep and cattle, overstocking by feral animals particularly the
rabbit (see companion paper by O.B. Williams), land use inappropriate to the capabilities of the land,

* Source: “A Basis for Soil Conservation Policy in Australia”, Report 1. Commonwealth-States Collaborative Soil Conserva-
tion Study 1975-77: AGPS, Canberra, 1978.
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and stock numbers not being reduced sufficiently in response to droughts. Ways of reducing the
effects of these factors may be amenable to transfer between regions with similar soils, climate,
topography and animals.

The second set comprises factors which operate through people — the social, traditional, poli-
tical, and economic forces which shape land use and land management. These are not easy to identify
or evaluate, and are likely to differ from region to region. Nevertheless, it is here that the major
basic causes of desertification are to be found. These factors are thought to be quite significant in
Australia, but have not been effectively analysed or countered. Australian experience here is not like-
ly to be of much benefit to other countries as these factors and their operation are likely to be very
different elsewhere.

Soil conservation and land administration in Australia are constitutionally State responsibili-
ties. The Federal Government has interests in co-ordination, national welfare, and research (CSIRO),
but one of its current policies (“new federalism’) is to devolve all appropriate functions back to the
State governments and State authorities.

This has been done with soil conservation. National studies and reports in 1970 and 1978
recommended that the Federal Government should accept a national role in soil conservation if land
degradation in Australia were to be reduced. However, the Federal government decided in April 1981
that the proposed national soil conservation programme should be transferred to the States and the
proposed funding be included in general grants to the States.

Implementation of Plan of Action in Australia.

Although there are numerous programmes, structures and policies in Australia which can be
seen as implementing various aspects of recommendations of the Plan of Action to Combat Desertifica-
tion, it should be recognised very clearly that nearly all of these have been initiated by governments and
their public service authorities (largely State), some community organizations and some individuals,
sometimes long before the U.N. Conference on Desertification in 1977, and have not been initiated as
a consequence of that conference or in response to those recommendations.

This section describes programmes and arrangements, the majority of which are at the State
level, which appear to satisfy various aspects of recommendations of the Plan of Action.

Recommendation 1

Australia has adequate national hydrological and meteorological monitoring networks,
newly established LANDSAT receiving station,

various organizations monitor seasonal conditions,

some desertification maps produced, eg. for world map, but mainly for regions within States,
no continuous monitoring system especially for desertification.

Recommendation 2

Most land evaluation and land-use planning carried out by State authorities and local govern-
ments in agriculturally productive and peri-urban areas; no national land-use planning group.

Surveys of natural resources initially done by national bodies (CSIRO, Divn. of National Map-
ping), but majority now done by State authorities.

A reasonable body of natural resource data exists at overview level, but more detail usually
needed for land-use planning and management decisions.

Adequate land-use planning only carried out for limited areas, e.g. Western Division of NSW,
Gascoyne catchment in WA, soil conservation group schemes in Qld, NSW and Vic.
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Procedures for conducting and implementing land-use plans are generally available, but need
to be known and used much more extensively.

Recommendation 3

Public awareness and participation are not well developed (desertification is not considered
newsworthy by the media) and only isolated individuals and groups are aware and active.

There is no national programme to increase public awareness; some ecological groups are
active over specific areas, e.g. Gordon River in Tasmania, and soil conservation authorities are active
and effective in group scheme areas.

Recommendation 4
na.

Recommendation 5

Many aspects of this recommendation achieved by national water resources programme and
Australian Water Resources Council; these were established prior to 1977.

Recommendation 6
Surveys of range condition only carried out in limited areas on an ad hoc basis.

Deferred or rotational grazing not practised widely or regularly, general practice is set stocking
with some irregular spelling of pasture.

Research to develop improved grazing strategies and management is in progress in several
places (note companion paper by O.B. Williams).

Programmes and research for stock improvement and disease control have been active for
several decades.

Some of native fauna is protected, other species, e.g. kangaroos, may be taken during open sea-
sons.

The Commonwealth and States co-operate in drought relief schemes through subsidised stock
transport and loans, but this relief is usually provided after land degradation has occurred.

The economic basis of the pastoral industry is being strengthened through rural adjustment
schemes, national or State marketing bodies, improved transport,and research and extension.

Land tenure administration is very conservative and slow to change; it generally favours the
landholder through minimal regulation and restriction.

Recommendation 7
Some research aimed at improving cropping systems has existed over the past 30-40 years, at
present there is extensive research at regional level by State authorities aimed at establishing viable

systems of minimum tillage, conservation cropping, and opportunity cropping.

Limits to cultivation of marginal dry lands are mostly economic ones set by yields and costs,
although in a few areas such as the Western Division of NSW there are legal restrictions on cultivation.

Strip cropping and shelter belts are used in some places in QIld, NSW and SA.
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Revegetation or farm diversification are not practised except in a few isolated cases.

Land tenure systems generally do not encourage conservation agriculture, and change in this
direction is slow.

There has been a substantial improvement over the last decade in the awareness by civil engi-
neers of the need for conservation measures in civil works and in the incorporation of these measures
in recent works.

Recommendation 8

Major problems of salinization of irrigated land, waterlogging and salinization of river water
are becoming evident along the Murray River.

Engineering solutions are being attempted, e.g. improved drainage and salt leaching, intercep-
tion and diversion of saline drainage water.

Solutions through improved water management, although potentially more effective, are lag-
ging behind engineering solutions.

Some changes in cropping systems have been made to reduce water wastage.

New irrigation schemes generally take account of drainage needs, salinisation, and soil pro-
perties; environmental impact statements are usually required.

Recommendation 9

Steps are being taken in most cases to stabilise and revegetate lands degraded by mining,
industry, tourism or other non-agricultural activities, e.g. dust control programmes at Broken Hill and
Alice Springs, protection of vegetation at Ayers Rock, rehabilitation programme at Ranger uranium
mine.

Indiscriminate use of all-terrain vehicles has caused land degradation in numerous local areas,
legislation for their control in these areas has been enacted in the NT, and local governments may
exercise some control.

Recommendation 10
Commercial exploitation of native animals is restricted by legislation and regulation in all
states, rare species are closely protected, and even common species like kangaroos are exploited only

during prescribed open seasons.

Vegetation is grazed on pastoral land without specific restriction, but the taking of native
flowers and rare species is generally prohibited except with permission from State authorities.

Recommendation 11

There are national systems in Australia for monitoring climate (Bureau of Meteorology),
and hydrology (Australian Water Resources Council and State. authorities), but not for ecological
monitoring of land, plants or animals.
Recommendation 12

No substantial analysis or evaluation has ever been attempted of social, economic and politi-
cal factors bearing on desertlﬁcatlon in Australia. The importance of these factors is recognised by

some people, and such an evaluation will be necessary if sound decisions are to be made on land use
in the arid zone.
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Recommendation 13
The rural population of Australia’s arid zone is very small and static or declining.

Government policy has been to provide and subsidise communications (radio, telephone, TV),
transport (air, roads), education and medical services for these people.

Recommendation 14

The flying doctor network and associated radio network have provided health services for
many years to people living in isolated parts of the arid zone.

Recommendation 15

National land use planning and the preservation of good agricultural or pastoral land for those
uses are often the subjects of discussion but have not been put into practice in Australia.

Land-use planning is done at local urban and peri-urban levels by local governments.

Housing design and energy supply for isolated arid zone areas have been the subject of some
research and development, some results are evaporative cooling, solar hot water, and solar panels for
providing electricity for communications relay stations.

Recommendation 16

Monitoring of “human condition™ is done through national censuses held every five years, and
through annual, quarterly or monthly information gathered by the Australian Bureau of Statistics.

Recommendation 17

In the case of a major disaster such as drought, national disaster relief arrangements exist, run
by the State and Commonwealth governments, each State meeting its own cost up to a predetermined
base — after which the Commonwealth contributes at $3 for every $1 of State expenditure.

Benefits comprise loans for feeding and restocking, and transport subsidies for livestock.

A drought-bond scheme exists whereby a landholder can put aside untaxed profits, receive a
reasonable interest rate on them, and withdraw them when needed in times of drought.

Some landholders maintain reserves of grain or fodder for drought feeding. However, this
practice is marginally economic.

Drought insurance schemes are discussed but not implemented.

Stock in drought affected areas may be sold, retained and hand fed, or agisted elsewhere in
areas not affected by drought.

Recommendation 18

Australia’s capabilities in science and technology related to desertification are probably
adequate, the main problems lie in making full use of them and in their applicability and transfer to
other areas.

Recommendation 19

Solar water heaters, evaporative coolers, windmills for pumping water, and wind generators for
electricity are manufactured in Australia.

37



Some overseas project assistance in reforestation is being provided, e.g. in Nepal.
Recommendation 20

There are facilities and expertise in Australia to provide training related to desertification but
most of the training, education and information related to desertification must be developed and
spread locally in the countries at risk.
Recommendation 21

There is no co-ordinated national machinery in Australia specifically for combating desertifi-
cation; the Standing Committee on Soil Conservation (a committee of the Australian Agricultural
Council) partly fills a co-ordinating role, but other functions relating to various aspects of desertifi-

cation are spread among at least six other Commonwealth/State ministerial councils and their commit-
tees.

Desertification, along with soil conservation, is constitutionally a State responsibility in Aus-
tralia; the policy of the present Federal Government is to devolve such responsibilities back to the
States. g

Recommendation 22
Assistance in the form of technical expertise is available from Australia.

Australia has also assisted with funds for some projects in other countries, e.g. Somalia, and
ESCAP Workshop in Jodhpur.

Recommendations 23 to 28

n.a.
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ANNEX

Practical Experience in Combating Desertification

by
0.B. Williams*

Desertification in pastoral (non-arable) regions of Australia is expressed in three ways, two
categories which can be seen easily and a third which is difficult to discern and which is difficult to
demonstrate. First is soil erosion, either non-reversible or possible to ameliorate; second is pasture
deterioration, either non-reversible or reversible; third is soil fertility run-down or change in soil physi-
cal condition, but without soil erosion.

The factor of prime importance in desertification is the grazing animal which can be the usual
sheep or cattle, but can also be the introduced European rabbit. Drought is of much less importance
in our view; it sets the seal on what would happen inevitably. Runs of favourable seasons are respon-
sible for plagues of rabbits and the build-up of flocks and herds; population explosions of desirable
plant species, as well as some weedy species, are favoured also by these seasons.

Specific examples of practical experience in combating desertification to be described briefly
involve the rabbit, which, unlike sheep and cattle, is difficult to control, and the utility of the demo-
graphic information gathered for key perennial shrubs and grasses.

In a recent study of rabbit plagues on a property in South Australia the plague years were
given as 1931, 1937-8, 1947-8, 1951-2, 1955-6, 1970 and 1973-4. These were years of good rainfall.
In the 1974 plague there were estimates, based on capture-recapture techniques, suggesting that 3,500
rabbits/sq. km. were present and after the population crash in the succeeding dry season some 2,300
dead rabbits/sq.km. were estimated. The long-term cattle camrying capacity is 1 beast/2-3 sq.km..
Between the plagues the rabbit population is at a much lower level, however, seedling plants that esta-
blish in the same favourable season, and mature plants from earlier populations are severely damaged
or eliminated. The regular (mostly annual) rabbit eradication measures commenced in the long-term
Koonamore Vegetation Reserve have shown that regeneration of shrubs such as mulga (A4cacia aneura)
was prevented before the control programme by the small resident rabbit population in a part of the
exclosure favourable for warren development; successful establishment of mulga occurred in the very
wet summer of 1973-4.

In western New South Wales a population study of black bluebush (Maireana pyramidata) has
shown that its recruitment occurred in a favourable season in the presence of rabbits, but that the
survivorship curves were stepped, each downward step representing losses due to rabbit attack in dry
spells when the annual herbs favoured by rabbits had dried. The survivorship curves of plants in the
adjacent exclosure did not show these losses and both the number of black bluebush and the life span
of the cohort (age-group) would exceed that of the grazed plants.

Studies of other species of perennial shrubs show that recruitment occurs more frequently
than had been supposed, but that few plants survive in the presence of rabbits. An elaborate study
using lucerne (alfalfa) pellets to simulate a desirable species in a large paddock (4050 ha) with 900
Merino sheep and abundant natural forage has shown that the paddock was thoroughly explored, even
at this low stocking rate, and one can infer that in time a population of a desirable plant could be
extinguished. In summary, Australian experience shows that rabbits must be controlled and sheep
must be managed if the trend to desertification as indicated by the population trend of desirable
perennial shrubs is to be halted or reversed. For more than 90 years the pastoral industry has fought

* CSIRO Division of Land Use Research Canberra City; A.C.T.

39



the rabbit with capital, labour and available technology. In retrospect the widespread ignorance of the
ecology of the rabbit has been the major (and crucial) deficiency.

Recent studies of rabbit populations at selected sites (habitats) in a number of contrasting
regions over periods of both abundant rainfall and drought have led to the conclusion that in all
regions studied, some habitats remain favourable for rabbits at all times; these habitats are essential
for the continued survival of the rabbit populations. Further, these habitats were found to be limited
in extent and readily defined. The most favourable habitats for survival were those near large swamps
which collected water from the surrounding slopes by run-off; predation by foxes and feral cats was
heavy at these sites. Stony areas with large, deep warrens and proximate to drainage lines were less
favourable as drought refuges, but predation was less severe and out-migration after drought possibly
led to the re-colonizing of other habitats. Dunes and sandy loams, the sites of plague numbers, were
the least favourable drought habitats.

The investigators concluded that “‘rabbits in the arid zone could probably be controlled by
destroying those warrens which lie close to the large swamps and major drainage channels in all habi-
tats, including man-made watering points”, with the advice that “stony warrens can be destroyed
regardless of season; but warrens in sandy habitats should be destroyed only in summer or after long
dry periods”.

Practical measures to combat what is seen now as the No. 1 agent for desertification in shrub
lands have been devised by the Western Lands Commission of New South Wales. This scheme recog-
nizes the fact that pastoralists are unlikely to have funds available for the destruction of rabbit warrens
in drought, and seldom have the heavy mechanical equipment needed to destroy warrens, particularly
those in stony landscapes. The pin-pointing of favourable over-drought habitats using aerial survey, a
small equipment pool of heavy machinery and skilled operators, and the incorporation of the pastora-
list into the labour/wage structure of the team, should he so choose, are ingredients of the scheme.

Practical measures to combat desertification at the level of plant communities (rangelands or
grazing lands) have met with limited success, in spite of attempts by pastoralists and rangeland investi-
gators over many decades; success has been restricted to the introduction of buffel grass (Cenchrus
ciliaris) into the northern (summer rainfall) region, pitting and water ponding techniques at a few sites,
and several cases of vegetation improvement following long-term (10 years) exclusion of the grazing
animal after some 80 years of heavy use.

Although research projects continue to use treatments such as fire and grazing, current ex-
periments and previous studies for which information is available are now being subjected to time-
course analysis of individual plants of important species (i.e. population biology or plant demography)
in a manner similar to that used in the rabbit habitat study; the investigation of black bluebush popu-
lations described earlier is such a study. Generalizations which may be of importance in terms of prac-
tical application to desertification problems follow.

Favourable rainfall seasons, or sequences, can produce plant population explosions; the species
so recruited may be a weed or a valuable forage species. Because a century of grazing by large herds
and flocks of hooved European domestic livestock replaced millenia of lax grazing by soft-footed mar-
supials, there can be substantial soil changes and present-day soils need not be the appropriate media
for recruitment of perennial species still present as ‘mature’ individuals. Exposed B horizons of former
complete duplex soils favour woody shrub dominance rather than the grass dominant ground layer
characteristic of the original savanna. Studies suggest that large cohorts are longdived and small
cohorts are short-lived; this is possibly a function of excellent germination and establishment condi-
tions. Further, management in the early establishment phase can decrease or increase the initial mor-
tality and so increase or decrease the life-span of the cohort; appropriate management can result in a
small cohort being long-lived and vice versa, suggesting a role for management in the encouragement of
desirable plants and control of undesirable plants.

The intervals between substantial recruitment events can be longer than the life-span of
cohorts (40 years as against 20 years) and the presence of the species, as plants, rests on recruits from
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mediocre germination and establishment situations; this has been observed in enclosures of Mitchell
grass (Astrebla spp.), species which appears to respond best to substantial spring or early summer rain-
fall — an infrequent event. In addition to these well-timed rains and follow-up rains over summer, the
Mitchell grasses appear to establish best where a large proportion of the soil surface is bare.

The response of a species population to normal levels of grazing and cessation of grazing is
known to differ between species; this is probably true for other management treatments and should
be determined. In addition, studies suggest that the demographic performance of a particular species
can change along acline (northsouth) from favoured by cessation of grazing to unaffected by grazing;
a comparison species exhibited the reverse performance.

These and other observations have yet to be incorporated into practical measures for com-
bating desertification. However, it can be appreciated that rigid deferment systems and long-term
deferments may be unnecessary, making way for opportunistic deferments; these could be seasonal
deferments and deferments of several years depending on the strength of the observed recruitment;
seasonal heavy use on a once-only basis for undesirable perennial weed species that have just recruited,
or the use of fire treatments are possibilities. Certainly there is a greater possibility of success in the
well-tried techniques of plant introduction, pitting and furrowing, water ponding, grazing deferment
and burning if the performance of the plant populations to be advantaged or disadvantaged under
these treatments is understood in the way that the performance of the rabbit is understood.
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BANGLADESH

Action Taken or Proposed on the Plan
of Action to Combat Desertification

The riverine deltaic country of Bangladesh is primarily dependent on its water resources fed by
the three major river systems viz. Brahmaputra-Jamuna, Ganges and Meghna originating outside her
national boundaries.

An unspecified but huge quantity of low water supplies of the Ganges was diverted unilaterally
by the upper riparian during 1976, starting a chain of immediate adverse effects on different economic
sectors of Bangladesh. The most important of these are the effects on the agricultural sector. The
salinity from the Bay of Bengal intruded into the river and land masses in the south-western region
of the country thus affecting the prevalent system of agriculture, forestry, fishery, ecology etc. of the
region. Thus, together with depletion of the moisture in the soil, set in what may be called a desertifi-
cation process in the south-west region of Bangladesh.

After peristent efforts by the Bangladesh Government and through the good offices of the
U.N. General Assembly, India and Bangladesh reached a short-term agreement for 5 years from 1978
to share the dry season flows of the Ganges on an agreed schedule from 1st of January to 31st May
each year. This agreement has to some extent helped Bangladesh minimise the degree of the adverse
effects that occured in 1976, but although at a comparatively lesser degree, these are still continuing
in the country without attainment of the normal conditions of the prediversion period (before 1976).
It is evident that such continuous adverse effects will result in some permanent losses in the near
future.

Despite the enormity of the problem, in order to meet the situation the Government of Bang
ladesh has accorded highest priority to agriculture and rural development, allocating a large percentage
of its overall budget for this task. The principal aim is to boost food production and improve crop
yields through low-cost, labour-intensive projects and by expanding the use of the new high-yielding
rice varieties. Intensive planning has been underway on an integrated and multi-disciplinary approach
backed by institutional development. Besides the national authority, local agencies at village and dis-
trict levels are being utilised for undertaking agriculture and rural development and water conservancy
projects. Special emphasis has been placed on motivating the people for self-reliance through the rural
works and Food for Work Programmes. Intensive irrigation facilities have been conceived, particularly
during the dry months, to enable the farmers to grow 2nd and 3rd crops to meet the people’s need. In
developing the water resources, care has also been taken to provide facilities for river training, land
reclamation and protection of coastal areas from saline inundation from the sea.

The development of the south-western region through some immediate steps, short term pro-
jects and then through a long-term scheme is being planned. However, the long-term scheme will
depend on the success of the outcome of the deliberation being continued by the Indo-Bangladesh
Joint Rivers Commission of low water supplies of the Ganges.

In spite of our best endeavours Bangladesh faces a serious constraint beyond our control,
Since 80 per cent of the river flows are generated from outside, one cannot arrest the desertification
process, let alone reverse it, without international and regional co-operation.

The need for harmonizing national action taking into account the effects on co-basin states,
for adopting universally applicable rules of co-operation in the allocation, utilisation and conservation
of the water resources and, to this end, for the evolution of appropriate mechanism for exchange of in-
formation and for consultation and peaceful settlement of disputes and misunderstandings, has today
become an imperative fact of our inter-dependency.
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The duty of the states must be to co-operate on the question of shared resources on the basis
of sovereignty, equality and the territorial integrity of all states and their responsibility under Interna-
tional Law to ensure that activities within their jurisdiction or control do not cause damage to other
states or areas beyond the limits of national jurisdiction. The main thrust of those proposals is towards
strengthening existing International and National Water Laws as a means of putting co-operation
among states on a firmer basis, particularly through the codification and development of the rules of
International Law. Even in the absence of bilateral or multilateral agreements it is possible for the
states to co-operate with each other for harmonious exploitation of the shared resources and to take
measures to prevent desertification process.

The efforts that are being made or proposed by Bangladesh concerning the implementation of
the Plan of Action to Combat Desertification are given as follows:

Recommendation 1

This has been in progress since 1976 with the lease data prior to that. Assessment and evalua-
tion of the desertification process for 1976, 1977, 1978, 1979 have been made, whereas evaluation
for 1980 is in progress.

The adverse consequences due to a huge man-made withdrawal of the flows from the Ganges
on Bangladesh is annexed (Annex 1).

Recommendation 2

Research and study on the basis of accumulated data and survey results will lead to a revision
of land-use planning and management. In this connection the Water Development Board has taken up
studies for updating the Master Plan, specially of the south-west region. Hydrological and ground
water survey are being taken up by UNDP with water balance studies in the region.

Recommendation 3

Resuscitation of dead and dying rivers for water conservation and excavation of new canals
for taking the water to the areas of shortage are the works now being accomplished through mass
public participation as one of the primary revolutionary steps being taken in the country., However,
public participation through FFW programme was introduced much earlier in certain specific projects
in Bangladesh. Necessary institutional support is being set up, such as ‘Gram Sarkar’ (administration
at the individual village level). The achievement is given in Annex 2.

Recommendation 4

A number of seminars were held and various publications produced by the Environment Pollu-
tion Control (EPC) Department to create public awareness and to highlight the significance of protect-
ing the environmental quality of Bangladesh with a view to preserving the natural eco-system.
Another primary purpose of these moves was to motivate the public in the afforestation programme
to combat desertification process. Publications in the form of booklets, seminar papers on the genera-
tion of bio-gas plant, as well as yearbooks were brought out by the EPC department. In addition,
environmental education has been incorporated in the academic curricula for children in schools,
and mass media such as radio and television are at work to foster public awareness not to pollute the
environment nor disturb the natural eco-system.

As a result of such dissipation of environmental information and educations, the public has
been showing keen interest in having a better living environment. Moreover, they have become more
aware about the need to utilize renewable resources to meet their demand for energy and the need for
afforestation in the country. Bangladesh being one of the 10 members of South-Asia Co-operative
Programme (SACEP), laid due emphasis in the last meeting of SACEP in Sri Lanka on the preserva-
tion of the natural eco-system in the South-Eastern Region. In the meeting Bangladesh was unani-
mously selected as the national focal point for mangroves and coral island eco-systems.
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Monitoring data on water quality for surface, lake and ground water are being collected year-
round from about 20 monitoring stations covering high- and low-flow periods. Included in them are 9
CEMS stations to monitor surface, lake and ground water. The data so collected are being sent regu-
larly to World Health Organisation (WHO) regional office. The data from all monitoring stations have
been stored in a data bank since 1973 and are being published in the form of yearbooks from time to
time. Industrial surveys have been made in different cities with a view to assessing the adverse effects,
where applicable, of industrialization and urbanization from the environmental point of view. These
data are also being stored in a data bank and published in yearbooks.

Recommendation 5

This is dependent on the outcome of research and study taken up on the data collected in the
affected areas. Environmentally suitable planning for the south-west region of Bangladesh for opti-
mum utilization of the shared water from the Ganges is in progress. This is given in Annex 3.

Recommendation 6

Bangladesh has a shortage of rangelands. However, the lands are mostly cultivated for crop
production and the fodder which comes out of these crop fields is consumed by the livestock. The
canal digging programme through public participation is an answer to the solution of such degraded
farmlands. The system of diversification and integration will also be achieved in due course, once the
water is found for the area.

Recommendation 7

Programme for conservation of water as far as possible within the country is under way as
mentioned earlier. Conservation and improvement of soil and the rational use of soil moisture have
also long been practiced with added emphasis on antidesertification.

Recommendation 8

The irrigation and drainage projects as conceived, planned and implemented in Bangladesh
have these criteria inherent within the project to avoid as far as possible any adverse effects. However,
the planning may sometimes include some effects to maximise the benefits in the long run thus off-
setting the temporary ill effects.

Recommendation 9

The managed forest area of Bangladesh is 3.25 million acres which represents about 9.5 per
cent of the total area of Bangladesh. These forest areas are located in the far flung border areas of the
country. The vast plain land where the majority of the population lives has very scanty and scattered
forest areas under the management of the Forest Department. In Chittagong Hill Tracts distrct in the
south-eastern part of the Bangladesh there is 2.4 million acres of Unclassed State Forests (U.S.F.)
which are subject to shifting cultivation from time immomorial by the local tribes. The entire U.S.F.
land has been rendered treeless and fertility of the soil has declined to such a level that such a vast area
cannot sustain even a very small population of tribal people in the district. It has been estimated in a
land capability survey that out of the total U.S.F., 1.8 million acres are suitable only for forestry and
long-term horticulture.

In the 68,000 villages of Bangladesh there are small wood lots in the homestead areas. The
area of such wood lots has been estimated to be 0.6 million acres.

Considering the above facts and limitations, the Forest Department has raised about 400,000
acres of valuable plantations up to 1980 by replacing the low yielding forest areas and in the new
accretions along the coastal belts. During the second Five-Year Plan, staring from 1980-81, the Forest
Department has taken up the followig programme for improving the vegetation in the northern and
north-eastern districts of Bangladesh which are subject to micro-evel desertification:
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1. Establishment of 113 Forest Extension Centres in the districts of Rajshahi, Rangpur,
Dinajpur, Pabna, Bogra, Kushtia and Jessore for the distribution of seed and seedlings and
training of rural people in the technique of use of marginal land and stablisation of canal
banks. About 70 million seedlings will be distributed to the people from those centres
during the period.

2. Supervised afforestation with multiple use species in about 4,000 villages in the districts
mentioned above during the 5 years will serve as demonstration villages.

3. Community forestry over 6,000 acres of Government land in Dinajpur, Rajshahi and
Rangpur districts during the 5-year plan.

4. Strip plantation along the slopes of the roads, railway line, embankments, canal banks
over 2,500 miles in the above 7 districts. In a preliminary estimate, it has been assessed
by the Asian Development Bank Mission in February, 1981 that the project will cost
about 290 million Taka with a foreign exchange component of 40 per cent to be
implemented over the 5-year period tentatively beginning in 1982.

In other districts, the Forest Department has many other development programmes to improve
the vegetation covering the managed forest, village homesteads and the U.S.F.

Recommendation 10

. For environment and ecological conservation, efforts are continuing to protect the flora and
fauna of the country through afforestation programme as mentioned above.

The Forest Department has also taken steps to preserve the original flora and fauna in certain
special preservation plots and some sanctuaries. Further, Government has promulgated Wildlife Pre-
servation Act which is applicable throughout the country both inside and outside the forest areas.
Steps are being taken to implement the Act.

Recommendation 11

The intraregional co-operation can best be achieved through a programme to be initiated by
UNEP through ESCAP.

Recommendation 12

Identification of such factors is a time consuming affair. However, Bangladesh, being fully
aware of the consequences, is trying to identify and analyse the factors gradually within the country.
But international help and co-operation is a must if Bangladesh is to achieve the best results.

Recommendation 13

The important social and economic factors in Bangladesh are the growth of population, short-
age of farmlands and thus increase in the growth of landless people. This causes the migration of
people from rural areas to the urban areas to get jobs for their maintainance. With the development of
rural areas through the .LR.D.P. (Integrated Rural Development Planning) and intensive family plan-
ning projects, Bangladesh is trying hard to reduce the problem. But this will take time and persistent
efforts.

Recommendation 14

Thana health complex with family planning programme is being intensified in the rural and
urban areas in Bangladesh.
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Recommendation 15
This recommendation will be considered in due course when such a contingency arises.
Recommendation 16

The relief and rehabilitation programme of the country takes care of such problems. How-
ever the shortcomings, if any, will be eliminated.

Recommendation 17,

Bangladesh is the pioneer in advocating a food insurance scheme on regional basis to overcome
such catastrophic losses due to droughts, flood havocs, cyclones and such other natural disasters.
Since Bangladesh is a country of food-shortage, the food insurance cushion cannot be created by itself
without international co-operation and assistance. The programmes on management, planning and
monitoring of data have been mentioned elsewhere.

Recommendation 18

Bangladesh is readily co-operating with all countries of the world to exchange and improve
their science and technology with special emphasis on planning and management and utilisation of
resources.

Bangladesh Space Research and Remote Sensing Organisation (SPARRSO), formerly Bang-
ladesh Landsat (ERTS) programme and Space Atmospheric Research Centre, has been conducting
research since 1968 in the field of meteorology, oceanography, environmental monitoring and other
allied fields. SPARRSO has been operating a Satellite Ground Station since 1968 to receive Meteoro
logical Satellite data for research and planning. This organization also started receiving satellite
imageries from Resources Survey Satellites (LANDSAT) in 1974 and will be receiving imageries from
more advance satellites from USA and France. These metsat and landsat data are being used for re-
search in environmental monitoring including the desertification process. Very soon the organization
will use its own computer facilities for satellite data processing. In research to combat desertification
process, the organization is also using data from Meteorology Department Survey of Bangladesh,
Forest Department, Geological Survey of Bangladesh and Bangladesh Water Development Board.

Recommendation 19

Bangladesh is vigourously pursuing the policy for protection of forest resources and to increase
the forest areas. The programme is given in Recommendation 9. Though at present the rural people
are more accustomed to use wood for their energy resources, use of biogas, extension of natural gas
system and solar energy are being gradually developed for the rural areas whereas natural gas and elec-
tricity are mainly consumed in the urban areas.

Recommendation 20

National programmes have the priority in disseminating knowledge for better and efficient use
of water and other anti-desertification means amongst the public.

Recommendation 21

A co-ordinating national council has been established. However, for effective operation a
working committee under the national council is being established soon.

Recommendation 22

This is the present practice.
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Recommendation 23

Bangladesh is very much inclined to have both financial and technical support from U.N.
bodies as proposed in the action plan to achieve the most judicious way for optimum utilization of
the water resources in the region to combat desertification.

Recommendation 24

At the national level 21 major meteorological stations are being opened to monitor the data in
support of the HMO Programme.

Recommendation 25
National action is not called for.
Recommendation 26

Bangladesh is pursuing the policy of a sound and judicious management of shared water
resources through regional co-operation of the countries involved. Accordingly, Bangladesh has pro-
posed the participation of Nepal with Bangladesh and India to develop the water resources of the
Ganges judiciously amongst the three co-basin countries.

At present a short term agreement to share the dry season flows of the Ganges (from 1st
January to 31 st May) exists with India with effect from 1978 for 5 years.

Bangladesh also reaffirms the recommendation of the U.N. Water Conference in this
connection and urges that in the absence of bilateral or multilateral agreements, Member States
should continue to apply generally accepted principles of international law in the use, development
and management of shared water resources.

Moreover, the work of the International Law Commission in its contribution to the progressive
development of international law and its codification of the law of the non-navigational uses of inter-
national water courses should be given higher priority in the work programme of the Commission, and
should be co-ordinated with activities of the international law of waters with a view to the early con-
clusion of an international convention.

Recommendation 27

Bangladesh will actively participate in the agreed programmes to combat desertification with
UNEP and ESCAP.
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ANNEX 1

The adverse consequence of the Indian withdrawal of the Ganges waters at Farakka on Bang-
ladesh economy had been immediate, wide-spread and unprecedented. Some of these are quantifiable.
There are some other immediate effects that can only be discussed qualitatively. Two major factors
have come up in a degree not foreseen before; first, the magnitude of the negative effects of salinity
resulting from decreased down-stream flows and, second, the potential magnitude of the benefits of
dry season irrigation. The hazards of salinity experienced by Bangladesh from one year’s yet undis-
closed heavy withdrawals of the Ganges flow at Farakka have been such as to call for immediate res-
toration of its dry season flow. The Ganges waters directly affect 21,000 sq. miles or 38 per cent of
Bangladesh. 33 per cent of Bangladesh’s population lives in the river basin. In addition to agricultural
production, the Ganges basin in Bangladesh contains approximately 25 per cent of the nation’s indus-
trial capacity.

In the dry season of 1976, the level and discharge of the Ganges waters at Hardinge Bridge fell
below the minimum ever recorded. The minimum discharge of the Ganges reached a record low of
23,000 cu. ft. per sec. compared to a historical average of 65,000 cu. ft. per sec. The water level of
the Ganges at the Hardinge Bridge registered at 16.5 feet compared to the 22 feet of the normal years.
The ground water level fell by 5 feet. The offtake of the river Gorai, the main distributory of the
Ganges, went high and dry on March 20, 1976. Reduced flow caused huge shoal formations in the
river bed. Irrigation pumps were rendered inoperative. 400,000 acres of agricultural land have been
adversely affected resulting in drastic reduction of cropped acreage, and rice production fell by
236,000 tons, approximately 20 per cent of Bangladesh’s food import. Winter crops, such as pulses,
oil seeds and vegetables could not be planted due to reduced soil moisture. 33 per cent of the irriga-
tion facilities could not operate in the affected region. Fish production fell by 96 per cent at Khulna
in April, 1976. Salinity showed marked increase from a normal year average of 500 to 1 000
micromhes per centimeter to 13,600 micromhes per centimeter in April, 1976. Salinity penetrated
about 82 miles further inland from the normal incursion limit of 8 miles upstream of Khulna Town.

Inland navigation, the key to Bangladesh’s communications system, was disrupted. Both
mechanised and country river crafts handle the bulk of the cargo and 90 miles on the main stream of
the Ganges were rendered unnavigable. Similarly 45 miles on the Gorai had to be closed for naviga-
tion. Many reaches of the distributory rivers were no longer navigable by waterways. Two major ferry
terminals had to be shifted, unsettling the established trade and marketing centres.

The operation of the Khulna 60 MW Thermal Power Station which supplies electricity to
the major portion of south-western Bangladesh had to be closed down due to high salinity in the
waters of the Bhairab river. The corrosive effects of the unprecedented salinity could not be tolerated
by the plant, necessitating the carrying of fresh water by barges over long distances. The power
station at Bheramara was also rendered inoperative. This interruption in power supply inhibited the
industrial production including the production of jute goods, paper and newsprint etc. The Ganges-
Kobadak Irrigation Project, the largest in Bangladesh, was affected due to drastic lowering of the water
level. The main pumps ran at a lower efficiency and the subsidiary pumps ceased to operate. The
situation regarding domestic uses of the Ganges water for purposes including drinking also presented
a hitherto unprecedented scarcity of sweet water. The medium and long-term implications of such
an unbalancing of nature were incalculable.

There were also some gradual but definite deleterious effects. Increased salinity was estimated
to desrease the forest yield in the affected area annually but about 37 cubic feet per acre or 740 cubic
feet over the 20-year growing cycle. With the environmental conditions turning increasingly adverse,
there are distinct possibilities of millions of people, animals and wildlife gradually migrating to
sweet water areas in the course of time when the cumulative effects on the region’s ecology will pose
unavoidable hazards of living.
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Process of desertification has also been evinced in the following areas:
a) Barind Tract, Rajshahi district — 4,955 sq. miles

b) Nadhupur Tract, Mymansinch district — 4,885 sq. miles

ANNEX 2
Achievement in the Voluntary Special Canal Digging Programme and the ‘Food for Works’ Programme

Most of the flood control, drainage and irrigation projects executed so far, or in progress,
adopted labour-intensive items of works viz. construction of flood embankment, excavation of irriga-
tion canals, drainage channel etc. by manual labour. Some schemes are initiated by the local agencies
namely Union and Thana Parisads and recommended by the people’s representatives. Out of 322
schemes during the current year 122 schemes have been initiated locally.

During 1979-80 a special impetus was attached throughout the country so that irrigation can
be given as a measure to increase the food production to achieve the goal of self-sufficiency by1984-
85. 250 schemes were taken up for execution during 1979-80 under a special canal digging pro-
gramme in Bangladesh through voluntary participation of the people. Out of 250 schemes, works on
242 were started. During the period from 1st December, 1979 to 30th June, 1980 works on 183
schemes were completed. A total of 683.6 million cu.ft. of earth works and 651.70 miles of canals
were excacavated. Total benefited area of the completed schemes is 0.58 million acres.

Bangladesh Water Development Board has already completed 493 schemes under ‘Food for
Work Programme’, involving construction of 7,740 miles of embankment and the repair and excava-
tion of dead channels. An area of 3.063 milion acreas (1.24 million ha) have been benefited by it up
to June 1979. A total quantity of 293,361 tons of wTeat has been utilized up to June, 1979.

During 1979-80, a total quantity of 104,000 tons of wheat were allocated. The programme
envisaged construction and remodelling of 391 m;les\of embankment and excavations and re-excava-
tion of 1,055 miles of canals and channels to benef't\neariy 1.327 million acres (0.535 million ha.).
Works of 120 schemes were completed up to the end of May, 1980, benefiting about 356,517 acres.

ANNEX 3

Planning of the South-West Region in Bangladesh for Optimum Utilization
of the Shared Water Resources From the Ganges

The urgent need for new comprehensive planning for the South-west Region was signalled by
the recent completion and operation of the Farakka Barrage on the Ganges River, some 10 miles up-
stream of the Bangladesh-India international boundary. The disastrous effects in the South-west
Region of Bangladesh due to the large low-flow diversions at Farakka are well understood. The
remedial measures defining realistic short-range and long-range water resources development pro-
grammes for the affected areas and proposed future investigations were studied. The Treaty between
the Governments of Bangladesh and India on the sharing of the Ganges waters at Farakka and on
augmenting its flows, dated Sth November, 1977, gave added impetus to the planning study. The
schedule for the diversion of flows (withdrawals by India and releases to Bangladesh), as annexed to
the Treaty, is based upon 75 per cent availability calculated from recorded historic flows. Under this
schedule, the release during the minimum 10-day flow period, April 21-30, is 34,500 cubic feet per
second (cusecs). The Treaty provides for carrying out investigations and schemes related to the
augmentation of the Ganges dry-season flows with a view to finding solutions. Progress has been made
in this direction, most notably in a meeting of the Joint Rivers Commission (JRC) in early May 1979
during which the two governments agreed to approach the Government of Nepal for the purpose of
discussing possible construction of storage dams in Nepal.
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BASIS FOR PLANNING

For immediate and short-range development of the Ganges River flows released at Farakka will
be as defined in the Treaty. Long-range development will be based upon the augmentation of Ganges
flows as proposed in the Treaty. It is not realistic to assume that all flows at Hardinge Bridge, whether
according to the Treaty provisions or after augmentation, will be available for utilization in the Study
Area for irrigation, water quality control, fisheries and navigation. An allocation of Ganges flows will
be required for navigation and control of saline water intrusion,

A nationwide plan for ultimate development is needed to resolve conflicting and competing
interregional demands for water. The South-west Regional Plan will provide results based on a plan-
ning that will be compatible with integrated nationwide planning.

LOCATION AND DEFINITION OF STUDY AREA

The Study Area to which the planning applies consists of the South-west Region of Bangladesh
(all of the lands south and west of the Ganges-Padma-Lower Neghna Rivers) plus adjacent areas north
of the Ganges in Rajshahi and Pabna districts for which the source of irrigation water supply is the
Ganges River. This area is shown on Fig. 1.

DESCRIPTION OF THE PLAN

The Ganges River is the principal source of water for the Study Area. The Gorai River, the
main distributory of the Ganges in Bangladesh, is the main supply artery for the central part of the
South-west Region and for which, one function is to control saline water intrusion at Khulna. The
Arial Khan, the other significant Ganges distributary, is considered to be the main supply artery for
the eastern part of the region (most of the area east of the Gorai/Madhumati), at least for the imme-
diate future. The availability of flow for diversion into those distributaries must take into account full
utilization of the existing Bheramara pumping station of the Ganges-Kobadak Project, and also the irri-
gation demands of the Barisal Irrigation-Project, now under construction. The latter project is in the
nonsaline tidal zone with water supply derived largely from the lower Meghna.

The Gorai and Arial Khan are deteriorating rivers depending on the offtake conditions. Till
1974, Gorai flows were generally sufficient for controlling water salinity at Khulna, but continuous
dredging during the low-flow season was required to maintain this minimum flow. Dry season flow in
the Arial Khan is virtually zero in low-flow years. Extensive and increased dredging in the vicinity of
the offtakes of both rivers will be required as an immediate and continuing programme, if the channels
are to provide sufficient water for the expansion of irrigation and salinity control. The need and justi-
fication for regulators across the offtake will be carefully studied.

Maximum utilization will be made of the Old River and numerous other natural channels for
the supply and distribution of irrigation water. Deepening, cleaning and improvement of these chan-
nels will be an important aspect of development. The improved channels will also reduce the depths
and duration of flooding through improved drainage. It is anticipated that low-ift pumping from the
channels will generally be necessary for irrigation. However, a large part of the Study Area is
comprised of natural polders from which ground level generally slopes away from the top of the
natural levees forming the river banks of existing and former channels. The use of water level struc-
tures along the channels to permit gravity irrigation is being studied.

The need and justification for the Ganges Barrage to assure maximum utilization of the mini-
mum allocated Ganges dry-season flow in Bangladesh are evaluated relative to both short-range and
long-range requirements. In addition, the feasibility of pumping plants on the Ganges River are to be
considered and evaluated.

All potential sources of water are incorporated in the regional planning study. Groundwater
development, particularly areas in the north-west part of the South-west Region and in the Rajshahi
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area north of the Ganges will be considered. Local surface water may be a significant factor particu-
larly in the lower areas. The possible closure of some estuaries and use of a channel network up-
stream for storage of local flows will be analysed. Following construction of a diversion structure or
pumping plant(s) on the Ganges, groundwater and local flow development would be supplemented
by flows diverted from the Ganges.

The conceptual planning described above deals primarily with irrigation, which is the dominant
requirement for water development in the region. However, successful planning and implementation
depend upon a balanced development plan in which all aspects of life, environment and development
are appropriately planned and accounted for such as fishery, navigation, ecology, forestry and potable
water supply.

STAGE OF DEVELOPMENT

Planning studies are performed for (i) immediate development and (ii) short-range develop-
ment and for (iii) longrange development; for the present, planning is based upon the general defini-
tions of these three stages of development as given below. In reviewing the definitions it should be
kept in mind that the primary development objective is increased agricultural production through
irrigation, drainage and flood control. It is implied that all other planning aspects related to water use
and availability, such as, water quality control, development of the fishery industry, navigation,
environmental and other factors are inherent in planning at all stages.

1. Immediate Development: The primary objective characterizing the immediate develop-
ment stage is to achieve the most rapid possible increases in agricultural production which is compati-
ble with the national goal for increasing agricultural production. With this primary objective in mind,
certain likely characteristics of projects selected for this stage can be envisaged:

e The service areas will be readily accessible to natural channels that can be supplied with
Ganges river water carried into the Study Area by the Gorai/Madhumati and Arial Khan
Rivers.

e Dredging and possibly control structure(s) at the offtake(s) to increase the low flows of
these distributaries, and improvements of other channels will be required.

e Development will require a minimum of engineered works, foreign exchange and total
investment, and will involve a short gestation period.

e Areas will not be subject to deep flooding.
e Emphasis will be on irrigation, thus areas selected for Immediate Development will not
necessarily become complete projects. For example, if peripheral dikes (polders) are

indicated this aspect may be deferred for later inclusion in the Short-Range Development
Stage or later.

Projects which have been completed, projects presently under construction and projects for
which funding has already been arranged will be studied in sufficient detail so that their operations can
be incorporated into the regional plan. As shown in Fig. 2, the most important projects in these
categories are:

e The Kushtia Unit of the Ganges Kobadak Project (largely completed).
e The Barisal Irrigation Project (under construction).
e The Chenchuri Beel and the Barnal-Salimpur-Kolabashukhali polder projects.

e Pabna Irrigation and Rural Development Project Phase I.

e (Coastal Embankment Project — Project planning will consider the delivery of fresh water
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to the polders for irrigation. Construction and operation of the polder system may have
been instrumental in the accelerated siltation of the tidal channels and cross channels.
This condition and possible means of alleviation will be studied.

2. Short-Range Development: As a conceptual base, the combination of projects compris-
ing the short-range stage are taken to comprise the ultimate development of the Region with water
supply availability fixed by the existing Treaty provisions. The comprehensive plan will take into
consideration all aspects of development, all resources and all water related requirements including:

e Complete utilization of Ganges River flows available for irrigation.
e Flood control embankments, mostly polders and drainage.
e Groundwater development.

e Full utilization of local runoff primarily for irrigation. The cutoff of estuaries for the
formation of holding reservoirs will be analysed with a careful overview of possible im-
pact on the environment.

e Development of the fishery industry, based upon both fresh and brackish water supply.

o Navigation, potable water supplies, environmental requirements, salinity control and the
forests.

Some projects of the Short-Range Development will be suitable for relatively early implement-
ation, others will remain more conceptual in nature and viewed under a longer term perspective, The
detail of planning and of the economic and financial appraisal will be variable in the same manner.
Some projects will be studied and evaluated in detail similar to Immediate Development Projects and
others will be studied in much less detail, similar to Long-Range Development planning. A list of irri-
gation projects under immediate and short-range stages with their areas are given in Enclosure I.

3. Long-Range Development: The central characteristic of this development stage is that
water supply will be based upon augmentation of the Ganges River flows, and the objective of plan-
ning will be ultimate development of land and water resources. The detail of planning and evaluation
will be sufficient to establish manageable development units with a logical sequence and time frame of
implementation, and to establish physical and economic viability.

GENERAL SEQUENCE OF PLANNING

The actual sequence of the planning effort will differ from the sequence implied in the descrip-
tions of proposed development stages. A brief description of general work sequence as presently
envisaged is pertinent to further define the development stages. These descriptions deal primarily with
water resource development with the primary purpose of increasing agricultural production. Because
the resources of the South-west Region are predominantly agricultural, development and its planning
are deeply involved in, and affected by, all other aspects and resources of the Region, for example,
human, economic, business, educational requirements, political and social structures. All these dis-
ciplines will participate in an integrated manner, and inputs and interplays are implied in all descrip-
tions.

1. Immediate State Projects: The identification, planning and preliminary ranking of these
projects will have highest priority. Regional planning maps with preliminary project delineations and
river profiles will be the basic tools for all stages of development planning.

2. Selection of Priority Immediate Projects: The nature and objectives of the two feasibili-

ty studies included in the study programme are given below. The demarcation of areas for the two
projects was an early requirement of planning.
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e The Gorai River Development Project area was selected early in the study so that field
investigations could be initiated immediately to maximize work accomplishment prior
to the start of the monsoon rains. The principal requirement of the Gorai Project con-
cerns the improvement of the Gorai River itself, a necessity for the development of other
nearby projects in the Region.

o The Old River Resuscitation Project area was tentatively selected to permit a general field
inspection of the area prior to the monsoon season.

During the course of planning, the Study will also identify the second phase of priority pro-
jects for which feasibility studies will be recommended. These could include the following:

e Additional irrigation projects utilizing Gorai River flows, if there is sufficient water.

e An improvement project for Arial Khan and initial irrigation development based on the
resulting increased flows.

3. Long-Range Stage Projects: In order that the features of the Short-Range Stage Projects
be compatible with those of the Long-Range Development, it will be most efficient to plan the latter
initially and then select the Short-Range State Projects from this ultimate plan.

4. Short-Range Stage Projects: In general these projects will be established by reducing the
irrigation features of the Long-Range Development plan until the water requirements are within the
water supply availability defined by the Ganges River Treaty.

5. Additional steps for drinking water supply: 500 deep set pumps have been installed for
drinking water in Rajshahi and Kushtia districts. A programme has been undertaken to set up a total
of 400,000 drinking water tube wells in Bangladesh with the support of UNICEF and resinking of
60,000 tube wells. Out of these pumps, 67,000 have been installed in the South-west Region. The
first phase of the programme costing Tk. 260 million is completed and the second phase costing Tk.
560 million is in hand.
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Enclosure 1

IRRIGATION PROJECTS
GANGES RIVER SERVICE AREA
IMMEDIATE AND SHORT-RANGE DEVELOPMENT STAGE

IRRIGATION COMPLEX/PROJECT  GROSS SERVICE AREA-ACRES

MET SERVICE AREA-ACRES

Immediate Additional Total Total Short-Range
stage Short-Range Short-Range
1 2 3 4 S
I DIPECT GANGES DIVERSIONS
A.GORAI/MADHUMATI
West Bank Complex
Kushtia Unit-Phase | 103,000 - 103,000 74,200
Intergrated Land & Water use 79,000 — 79,000 59,300
Gorai 127 000 - 127,000 85,400
Old River 66,270 23,450 89,720 67,300
Chenchuri Beel 66,400 - 66,400 52,000
Sub-Total 441,670 23,450 465,120 338,200
East Bank Complex
Kamarkhali 39,810 - 39,810 29,900
Chitra 27,120 - 27,120 20,300
Baliakandi 55,140 - 55,140 41,400
Barasia 71,870 - 71,870 53,900
Sub-Total 193,940 - 193,940 145,500
SUB-TOTAL — Gorai 635,610 23,450 659,060 483,700
B G-K. PROJECT-KUSHTIA UNIT
Bheramara Off-take 359,000 - 359,000 257,000
C.MATHABANGA — BASED
Mathabanga Complex
Daulatpur 30,770 - 30,770 23,100
Bagmari 42,170 - 42,170 31,600
Damurhuda 50,210 29310 79,520 59,600
Kajla East - 53,660 53,660 40,500
Sub-Total 123,150 82,970 206,120 154,500
Chitra/Nabaganga Complex
Chitra II - 60,540 60,540 45400
Chitra III 71,040 — 71,040 53,300
Chitra IV 50,480 - 50,480 37,900
Sub-Total 121,520 60,540 182,060 136,600
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Enclosure 1 (Continued)

IRRIGATION COMPLEX/PROJECT = GROSS SERVICE AREA -ACRES
Immediate Additional

Total

MET SERVICE AREA -ACRES
Total Short-Range

stage Short-Range Short-Range
1 2 3 4 5
Kobadak Complex
Jibannagar - 89,540 89,540 67,200
Mahespur - 54,080 54,080 40,600
Chougacha 35,560 - 35,560 26,700
Jhingergacha 73,030 - 73,030 54,800
Kisabour East - 5,980 5,980 4,500
Harihar West - 61,660 61,660 46,200
Upper Kalaroa - 44 960 44960 33,700
Sub-Total 108,590 256,200 364,810 273,700
Lower Bhairab Complex
Lower Bhairab - 36,630 36,630 27,500
Afraghat 39,810 52,360 92,170 69,100
Sub-Total 39,810 88,990 128,800 96,600
SUB-TOTAL-MATHABANGA 393,070 488,720 881,790 661400
D.FARIDPUR/UPPER BARISAL
North Faridpur Complex
Kumarkhali North - 45670 45,670 34 300
Goalunde — 29,550 - 65,030 65,030 48,800
Sub-Total - 110,700 110,700 83,100
Chandana/Kumar Complex
Kumarkhali East - 29,080 29,080 21,800
Narayanpur - 59,160 59,160 44 400
Tamarhazi - 29,580 29,580 22,200
Sub-Total - 117,820 117,820 88,400
SUR-TOTAL FARIDPUR — 228,520 228,520 171,500
E,NORTHWEST COMPLEX
Southern Rajshahi
Phase II — 101,600 101,600 74 400
Pabna Phase III - 88,000 88,000 70,000
Sub -Total - 189,600 189,600 144,400
TOTAL-DIRECT GANGES 1,387,680 930,290 2317970 1,718,000
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Enclosure 1 ( Continued)

IRRIGATION COMPLEX/PROJECT  GROSS SERVICE AREA-ACRES MET SERVICE AREA-ACRES

Immediate Additional Total Total Short -Range
stage Short-Range Short-Range

1 2 3 4 5

IITEMPORARY DIVERSIONS — OTHER SOURCES (From Immediate Stage)

A.PABNA AREA 189,870 - 189,870 151,500
B. ARIAL KHAN COMPLEX 372,420 - 372,420 287,300
C.UPPER BARISAL COMPLEX 100,000 - 100,000 70,000
TOTAL-OTHER SOURCES 662,290 - 662,290 508,800
TOTAL-GANGES RIVER AREA 2,049,970 930,290 2,980,260 2,226,800
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CHINA

The Transformation of Deserts in China:
A Summary View of the People’s Experiences in Controlling Sand

Arid lands in China include gravelly gobis and sandy lands in the arid and semi-arid steppes.
The term sandy land distinguishes dune formations in the steppe zones from those in true deserts with
their different natural conditions. Occurring mainly in north-west and north China, with a few in the
north-east, the arid lands cover an area of 1,095,000 sq.km. or 11.4 per cent of the total area of China.
Sandy conditions, including lands, affected by wind erosion, prevail on 59 per cent of the arid lands
while gravel desert occupies 41 per cent. They spread over the Inner Mongolia Autonomous Region,
the Ningxia Hui Autonomous Region, the Xinjiang Uygur Autonomous Region, and the provinces of
Shaanxi, Qinghai, Liaoning, Jilin and Heilongjiang.

Over the years before liberation in 1949, the people living in China’s desert areas were oppress-
ed and exploited. As their natural resources were wasted and plundered, they were forced to retreat
before the advance of wind-driven sands. Since the founding of the People’s Republic of China, they
have embarked on the mass movement, “in agriculture, learn from Dazhai”. In the spirit of self-
reliance and hard struggle that typified Dazhai, the famed agricultural production brigade, a part of
the Dazhai People’s Commune in the Daihang Mountains of eastern Shaanxi, Chinese farmers mapped
out a general programme around the principle that desertification should be dealt with in terms of
local conditions. Comprehensive measures were developed in a co-operative spirit, with scientific and
technical personnel working closely with the farmers. As a result, a number of achievements were
realized, the basis for sand control established, and considerable progress in animal husbandry and
agriculture recorded.

The Distribution and Characteristics of China’s Arid Regions

The arid regions of China are mostly typical of the temperate zone arid lands and are mainly
distributed in inland intermontane basins, with some 90 per cent of them concentrated in the arid
zone west of 106° longitude — the heart of the continent. Most of these lands get less than 200 mm
of annual rainfall, and with annual evaporation reaching as high as 3,500-4,000 mm, the aridity index
is above 4.0, rising even beyond 6.0 in the desert in the Tarim Basin.

On sandy lands, vegetation cover is sparse, with shifting dunes occupying 75 per cent of the
area. Fixed and semi-fixed dunes occur only in the Junggar Basin and in certain lake basins as well as
along the banks of intermittent streams and on the frontal margins of alluvial fans on the deserts.
Irrigated oases are distributed along the river banks on the desert fringe, with major farming centres
located on the middle and lower reaches of piedmont alluvial fans.

To the east of 106° arid and semi-arid steppes with sparsely distributed dunes and small gobis
constitute only 10 per cent of China’s total arid lands. As it approaches the sea, this region is more
affected by the south-east monsoon. Here, annual precipitation averages 200-450 mm which, with
annual evaporation of 1,500-2,500 mm, yields aridity indexes of 1.5-4.0. Vegetation grows fairly well
here. Besides grasses, herbs and shrubs, trees are found growing on the semi-fixed dunes that con-
stitute 80 per cent of the total dune area, with shifting dunes dotted sparsely here and there.

* This is an extract of the report entitled “Combating Desertification in China” on a seminar sponsored by the Academy of
Sciences of the People’s Republic of China and the United Nations Environment Programme. It was prepared by the Department of
Desert Research, Lanzhou Institute of Glaciology, Cryopedology and Desert Research, Academica Sinica, and was previously published
by the United Nations Environment Programme, Nairobi, 1982.
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The deserts and arid lands of China are distributed over the vast area lying between 35° and
50° north latitude and 75° and 125° east longitude. Affected by local factors — precipitation and tem-

perature, vegetation and landforms — they show distinct natural characteristics.

The Taklimakan Desert in Xinjiang, with an area of 327,000 square kilometres, is the largest
in the country. It is famed for the huge size of its moving dunes, generally 100-150 m in height, as well
as for their morphological complexity, with composite dunes constituting two thirds of the dune area.
Along rivers extending into the interior of the desert, intermittent floods and ground water sources
support Populus diversifolia and Tamarix chinensis, forming natural green belts in an otherwise empty
landscape.

The Gurbantunggut Desert is characterized by an extensive distribution of fixed and semi-
fixed longitudinal sand dunes. These are covered mainly by Haloxylon ammodendron. Near the wind-
gap to its west, this desert shows a rich display of wind-eroded geomorphic features. The Badin Jaran
Desert presents a spectacular landscape of huge bare sandhills averaging 200-300 m in height and
constituting 68 per cent of its total area. These are dotted with lakes. The Tengger Desert is charac-
terized by shifting sand dunes interspersed with grasslands bordering on lake basins. The Qaidam
Basin, the highest desert in the country, averaging 2,600-3,400 m above sea level, is typified by a
patchy distribution of dunes amidst densely grouped wind-erosion lands that constitute 67 per cent of
its total area.

Set amidst arid and semi-arid steppes, the Mu Us sandy land is a region of varied landscapes.
Arrays of shifting sand dunes occur amidst fixed and semi-fixed dunes, lake basins and valley terraces.
The Orzindag, Horquin and Hulun Buir sandy lands in the eastern steppes show a considerable number
of lake basins and a predominance of fixed and semi-fixed sand dunes on which Pinus sylvestric var.
mongolica, Pinus tabulaeformis, and other trees flourish amidst grasses and shrubs.

In combating desertification, the people living in the deserts and arid lands have developed a
number of effective measures. These take account of the special features of their environments.

In sand deserts, shelter belts of trees and shrubs are planted around oases and farmland as
a protection against sand drift, while windbreak networks are planted within the cultivated areas so as
to protect the crop plants. Grasses are planted in the fringes of the surrounding desert to stabilize
moving sand. Where possible, surface water is used for levelling dunes.

In sandy lands where shifting dunes occur amidst a prevalence of fixed and semi-fixed dunes,
grass kulums are built and a rational use of pastures pursued to develop animal husbandry. The word
kulum is a Mongolian term for enclosures of dunes, natural meadows or plots between dunes where
water and soil conditions are favourable. The enclosures are constructed of barbed wire, earthen
bricks or wicker fences so as to protect the land from grazing and other activities. Pastures are pro-
tected against desertification by stabilizing dunes through plantings, by fencing off ranges and by con-
structing protective forest belts.

In most desert areas, new oases are developed on lake basins, on desert rims and on the banks
of rivers extending into the deserts by building reservoirs to store the waters of intermittent floods, by
building ditches to collect and divert runoff from snow in the mountains, and by tapping ground-water
resources from alluvial-lacustrine deposits. In such oases, the land is levelled, shelter belts planted.
soil quality improved and barren lands reclaimed.

Along railways and highways that pass through deserts, engineering measures are adopted to
stabilize moving sands. Protective straw palisades are built in a checkerboard within which sand-fixing
vegetation is planted. Where this is not sufficient, additional measures to fix, block or remove sand
may be taken as circumstances warrant.

Measures for Combating Desertification in China

In accordance with the principle of adaptation to local conditions, effective measures to con-
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trol desertification depend upon what calls for protection — whether farmland or pasture, roads or
railroads.

Forest and shelter belt networks to control blowing and drifting sand.

On the fringes of oases where irrigation is possible and dunes no higher than 10 m with
depressions between them, forests for protection against sand are generally arranged in belts and
patches. A loose-structured belt of trees 50-60 m wide is established along the main ditch on the
fringe of the oasis. It is supported by patches of trees — usually Populus cupidata and Elaeagnus
angustifolia — in the depressions between sand dunes adjacent to the belt, both watered by ground
water or what can be spared from the irrigation of crops. Sand dunes are thus surrounded and parti-
tioned off. Within the trees air currents are no longer saturated with sand, and the movement of dunes
comes to a halt. Even without further measures, dunes 4-5 m high will decrease 1-2 m in height within
three or four years. Trees to control sand movement have been planted on the Hexi Corridor in Dun-
huang, Linze, Gaotai and other districts.

On some shifting sand dunes between tree patches, artificial barriers are being erected, com-
posed of locally available materials, such as clay, wheat straw, stalks or gravel, increasing the roughness
of the surface and checking wind velocity (see Table 1). Sand-fixing plants will then be established
inside the barriers. At Minqin, clay barriers reduced wind velocity 28-33 per cent and stabilized the
sand surface, thereby assuring the survival of the seedlings of such sand-fixing plants as Haloxylon
ammodendron. At Shajingzi, west of the Mingin Desert, such measures turned shifting sands into
semi-fixed dunes and improved the density of the vegetation cover on the dunes from an original 3-5
to 3040 per cent.

Table 1. Effects of clay sand barriers on surface roughness and wind velocity (on the western

fringe of the Tengger Desert)
1 Wind velocity ~ Wind velocity reduction Roughness
P value (%) inside barriers (%) (cm)
Shifting sand surface outside barriers 100 0.0025
Checkerboard -shaped barriers made of clay 72 28 0.4923
Belt-shaped barriers made of clay 67 33 0.4923

For oases on the periphery of deserts with flat soil interspersed with shifting and semi-fixed
sand dunes, forests for sand protection are generally composed of trees together with shrubs, such as
Tamarix ramosissima. The shrubs are placed facing the desert to check wind and sand movement at
the surface, while the trees are placed on the farmland side. Data obtained at Pishan, south-west of
the Taklimakan, show that with a medium velocity wind, air passing through Tamarix chinensis has
its sand content reduced by 80 per cent. The nearer they are to the sand sources the denser the shrubs
should be.

At Mingin, for example, belts of shrubs are 300-500 m wide to reduce the sand content of
the air, to minimize sand accumulation and to facilitate irrigation of the trees which, planted in 50 m
wide belts, further check air speed and reduce its sand content. This arrangement has also been esta-
blished at Yumen in the Hexi Corridor, in the new reclamation region on the lower reaches of the
Tarim River and at some of the oases to the south of the Taklimakan. At Shache, Markit and other
oases on the western fringe of the Taklimakan, the sand-preventive shelter belts, generally 180-200 m
wide, are mainly composed of Eleagnus angustifolia, a vigorous tree whose dense branches and leaves
are effective in reducing wind velocity at the ground surface and lowering the sand content of the air.

61



A medium wind will be checked in velocity by 40-57 per cent within the belt, whose protective range
extends 23 times its height.

In the north-eastern part of the Ulan Buh Desert, shelter belts bordering the oases are looser
and wider, averaging 300-400 m, and the trees on the side facing the desert are combined with shrubs
and grasses to fix shifting sand. Within a range of 30 times the height of the trees, the average drop in
wind velocity is 50-60 per cent, while 70 per cent of the sand content within 20 cm above the ground
is blocked at the front edge of the shelter belt.

For the oases situated near the frontal margins of gravel gobis or wind-erosion lands where
strong, sand-laden wind constitutes the main problem, the general practice is to adopt a system of
alternating belts and ditches. At the wind gap in the Wuxing People’s Commune, Turpan, Xijiang, the
Wudaozhu shelter belt displays to full advantage this arrangement of multiple, combined belts and
ditches. The ditches are dug — 1.5 m wide and 4.5 m apart — before the trees are planted. This as-
sures easy irrigation, high survival rate of saplings, water economy, and the convenient removal by
water of accumulated sand. In choosing plant species, the emphasis is placed on long life, quick
growth, and dwarf varieties with large crowns. Along the first windward ditch is a belt of Eleagnus
angustifolia which has high wind and sand resistance as well as salt-alkali tolerance. At each of the
next two ditches one row of Populus bolleana and one row of Ulmus pumila are planted. Each of the
two leeward ditches is planted with one row of Populus bolleana and one row of mulberry (Morus
alba). This arrangement provides a stable structure having at the same time an uneven or zigzag profile
at the treetops which cuts wind velocity... Within a distance equal to 1-3 times the shelter heights
behind the belts, a medium wind is cut to 26.7 per cent of its unchecked speed, while at a distance of
7 shelter heights wind is still cut to 29 per cent. At Turpan, perimeter belts of this type are combined
with shelter belt networks planted within the oasis. This combination has proved effective in protect-
ing farmlands from strong winds and blowing sand.

Different species of trees and shrubs are for planting in different places. In the oases bordering
the Xinjiang deserts, suitable tree species include Populus bolleana, Eleagnus angustifolia and Ulmus
pumila. Tamarix chinensis is a well-adapted shrub. In the Hexi Corridor, Populus cupidata and
Eleagnus angustifolia are the usual trees and Haloxylon ammodendron is the typical shrub. In the
Ulan Buh Desert, Salix matsudana, Populus simonii and Eleagnus angustifolia prevail. Long experience
has shown that for fixing sand and stability of plantation a combination of several species is better
than one.

Within oases, networks of shelter belts must also be planted simultaneously with the establish-
ment of protective belts at the perimeter, and the two must be integrated into one protective system.
Only in this way can full protection be achieved. Experience shows that successive shelter belts,
integrated into a multiple network, have the effect of successively lowering wind velocity as shown in
Table 2. At Markit, Shache,Pishan and Turpan, tight networks of narrow belts have been established.
Observations made at Turpan, where the problem of drifting sand is the most severe, show that small
networks are 7.4-26.7 per cent more effective than large networks in cutting wind velocity.

Table 2. Average wind velocity behind shelter belts as compared with open field

Percentage
Open field 100.0
First belt 380
Second belt 420
Third belt 51.1
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In oases on the rim of the Taklimakan, the distance between main forest belts averages 200-
400 m, and between secondary belts, 300-500 m, each composed of four to eight rows of mixed trees
of different heights, providing two-layer canopies. Networks of this type show a remarkable ability
to break the wind as shown in Table 3. In the farmland shelter belts in the southern part of the Mu
Us sandy land in northern Shaanxi, the main belts are usually composed of five to six rows of trees
over a width of 8-11 m, while the secondary belts are established in three to four rows averaging
6-8 m wide, both belts occupying a total of 7 per cent of the land. Networks of trees on the edge
of an oasis where drifting sands run rampant could be composed of belts with various distances
between them depending on the wind velocity. Experiments conducted at Turpan show that a
a satisfactory arrangement establishes 15 heights between the first and second belts, 15-17 heights
between the second and third belts, and about 30 heights from then on, with shrubbery along the
first and second belts to form semi-closed structures.

Table 3. Protective effect of narrow shelter belts against wind (on western fringe of Taklimakan

Desert)
Distance in multiples of forest height behind belts Percentage of drop

Open field 0.00
1H 7892
3H 61.11
5H 61.11
8H 50.00
10H 46.30
1SH 25.50
20H 15.70
25 H 15.70

The efficient protective range of shelter is usually expressed in multiples of belt height as their
wind-blocking efficiency is proportional to their height. Under conditions in which wind velocity and
penetration are similar, observations show that when shelter belts consist of six rows, the average drop
in wind velocity 1-30 heights behind the belt is 32.2 per cent if H= 10 m and 20.9 per cent if H =6 m.
as shown in Table 4.

Table 4. Wind-braking effects of belts of varied heights

Relative value of wind velocity at test points

behind belts with that of the wind velocity Average drop

Height of  Coefficient unchecked as 100 within 1-3 H
belt (m) of wind behind
penetration belt (%)

1H 3H 7H 10H 15SH 20H 30H

6 0.54 844 511 578 778 86.7 95.6 100.0 20.9
10 0.52 67.5 475 475 606 700 800 950 39.2
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Farmland shelter belts are preferably composed of fast-growing indigenous plus a small propor-
tion of long-life species. In Turpan Basin, characterized by extreme aridity, high temperatures and
strong winds, shelter belts are properly designed in multiple layers with a loose structure. Ulnus
pumila and Populus bolleana, key species for narrow shelter belts, are planted in the centre of the belt
so as to ensure the necessary height and sustained protective effect. Rows of Eleagnus angustifolia are
planted on the belt’s windward side so that in their young stage, their curved branches and luxuriant
foliage will serve as shrubbery, while in their mature stage, their crowns may extend sideways to shade
Ulmus pumila, thus permitting the key species to grow straight and tall. Trees of economic value such
as mulberries and apricots are planted on the lee side to increase the thickness of the belt. In oases
along the Hexi Corridor, Populus cupidata and Eleagnus angustifolia are usually planted in interior
belts. In the northern Ulan Buh Desert, mixed plantings of Safix matsudana prevail. In oases on the
rim of the Taklimakan, economic species such as mulberry, appricots and walnut are added to belts
composed of Populus bolleana, Populus nigra L. var. thevestina and Eleagnus angustifolia.

Farmland protective belts are generally deployed along ditches or roads, often with one ditch
between two belts. They are mainly loose and ventilating. Experience shows that shelter belts of
mixed trees and shrubs with a loose structure are effective in areas seriously vulnerable to wind and
sand, while in more ordinary conditions, belts of a ventilating structure with low wind penetration
are preferable within oases. According to data obtained in southern Xinjiang under medium wind
velocity, a shelter belt with a wind penetration coefficient of 0.5 or so has a protective range of 23.7 H
with a wind-breaking effect of 34 41 per cent, while the sand content close to the ground is 60-70 per
cent of that outside the network. Using interior belts of this type, the farm of the 150th Corps at
Mosouwan in the south-west part of the Gurbantunggut Desert has reduced the area endangered by
wind and sand from 21 per cent of the total in 1961 to 1 per cent in 1978,

Shifting sands within oases may reappear with the destruction of vegetation on stabilized
dunes or with sands supplied by dry riverbeds. The remedy can often be found as in Shache, Xinjiang,
by planting trees around the dunes. In other places mechanical measures have been called for in addi-
tion to tree planting. At Jinta, Gansu, clay was placed on top of the dunes. At Mingin, Gansu, checker-
board clay barriers were constructed, inside of which sand-binding plants like Haloxylon ammoden-
dron were established.

Combined tree-shrub-grass structures for fixing moving sands

In the sandy lands on arid and semi-arid steppes, annual rainfall which averages 200-450 mm
and sometimes reaches as much as 500-600 mm establishes favourable conditions for stabilizing
moving sands with vegetation. Here tilled lands are mostly distributed on valley terraces and wet low-
lands interspersed with sand dunes in zigzag patterns. Here also, the tree-shrub-grass combination has
been adopted to stabilize drifting sand in a variety of ways depending on local conditions.

Blocking in Front and Pulling from Behind

In the Mu Us sandy land, experience shows that planting Salix cheilophila and Salix matsudana
saplings or poplar cuttings in depressions between dunes, forming woodlots on the lee slopes of bar-
chan and dune chains, has the effect of blocking moving sand in front, for the dunes are thus parti-
tioned and contained. On the lower one third of the windward slopes, plantings are made of such
sandfixing species as Salix cheilophila or Artemisia ordosica. This has the effect of pulling the dunes
from behind, since the vegetation cover lowers wind velocity at the ground surface, as shown in Table
5, and thus reduces the amount of sand blown off by the wind. Observations indicate that the sand
content of the air declines as the cube of the decrease in wind velocity. Less sand is blown off the
windward 'slope to accumulate on the lee slope. At the same time, the wind will blow the top of the
dune away, and as its height is reduced, trees are planted which act to continue the levelling process
until the dunes have acquired gentle slopes. As vegetation increases from less than 5 per cent to 50-60
and even 80 per cent, the dune can be said to be stabilized. This process, illustrated in Table 6, will
generally take about five years. The people of the Mu Us sandy lands have applied the method with
variations, as follows.
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Table 5. Relative values between velocities at various heights of sand dunes with vegetation cover
and those within 1.5 m on top of shifting sand dunes

Height Top of shifting Top of sand dune with Lowlands between dunes with
(m) sand dune vegetation cover vegetation cover
(%) (%) (%)
1.5 100.0 90.0 52.8
0.5 87.1 §7.1 34.2
0.2 72.8 54.2 30.0
Table 6. Relative values between wind velocities at various parts of barchan and that on the dune

top (percentage)

Part of sand dune Relative value of wind velocity
Lowland windward 76.7
Slope foot windward 77.9
1/3 slope windward 91.5
1/2 slope windward 94.7
Dune top 100.0
1/2 slope leeward 8.4
Slope foot leeward 27.0
Depressions between dunes 45.2

Lowland in front of wind-
ward slope of another dune 67.3

Note: Height of observation is 20 cm;dune is 5 m high.

1) Drag from behind only. A belt of Salix cheilopkhila is planted on the lower part of the
dune’s windward slope to let the wind do the levelling. As soon as comparatively level stretches are
formed, shrubs are planted, and planting continues until the dune area is completely level and covered
with shrubs. The method is called “chasing the wind and driving away sand with vegetation”. It has
been applied at Woduzaidang Brigade, Shenmu Country, Shaanxi, to stabilize moving sands.

2) Block first and pull later. Tall tree cuttings — of Salix matsudana or Populus simonii — or
the shrub Salix cheilophila are planted in depressions behind the lee slopes of the dunes. Since the
trees block the advance of the dunes, their tops will be levelled in two or three years time, when Salix
cheilophila can be planted on the windward slope to stabilize the surface. This method was applied
extensively by the people of Ejenhoro Banner, Inner Mongolia.
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3) Mixtures of trees and shrubs have been planted to stabilize low dunes (below 7 m) scat-
tered over wet lowlands or undulating sandy land. Trees such as Salix matsudana or Populus simonii
are planted in depressions between the dunes, while trees planted on the lower part of the windward
slopes are screened against the wind by such shrubs as Arfemisia ordosica and Salix cheilophila. The
artemisia will be removed after two or three years to benefit the growth of the trees, as was done on
the May 7th Forest Farm in Ejenhoro.

4) Treeshrub-grass combination. This is a method that developed out of “block in front
and pull from behind” by adding herbs and grasses, such as Melilotus albus, planted in depressions
between dunes, among other places, at Yangjianghao, Chengchuan Commune, Otog Banner, Inner
Mongolia.

In all the foregoing methods, shrubs are planted on windward slopes to provide shelter against
sand deflation. Data collected in northern Uxin Banner show that 20 cm above the surface, winds are
down to 74 per cent of those blowing over unprotected dunes where Artemisia ordosica was planted
five or six years before. Branches fall from artemisia, increasing the fertility of the soil and encourag-
ing the growth of other herbs. At Dingbian, Shaanxi, in the southern part of the Mu Us sandy land, a
crust formed on the sandy surface after Arfemisia ordosica had been in place for three or four years,
and in eight to ten years, the content of organic matter in the 0-50 cm surface layer had increased
from 0.17-0.33 to 1.42-1.48 per cent.

Under the protection of such shrubs, the finer sands are no longer blown away. Within five or
six years, particles of 0.01-0.05 mm diameter in the 0-5 ¢m surface layer had increased from an origi-
nal 1.28 to 7.56 per cent.

It should be pointed out, however, that the planting of Artemisia ordosica will tend to dry out
the sand dunes because the root system absorbs a considerable amount of moisture. Data collected in
late May show that on dunes planted with artemisia, the moisture content at a depth of 5-20 ¢cm had
dropped from 5.56 per cent before planting to 4 93 per cent after planting. The drop in moisture was
even greater below 20 cm. This is detrimental to the growth of trees. Therefore, saplings should be
planted shortly after the barriers of artemisia are in place. The artemisia barriers are best established
in autumn when the moisture content of the soil is comparatively high and the wind not so strong,
with the trees planted in the following spring. In some districts, the artemisia is removed after it has
performed its protective function and replaced with other selected species. At Hele, Ejenhoro Banner,
Salix cheilophila and Artemisia ordosica were planted in alternate rows, with the former protected by
the latter. The artemisia was removed when the willow shrubs had matured and was replaced by Pinus.
sylvestris var. mongolica or Pinus tabulaeformis, under the protection of the Salix cheilophila.
Amorpha fruticosa can also be used to stabilize drifting sand and improve sandy soil. Data show that
five years after planting the organic content of the surface layer had increased by a factor of four.

Tree Shrub Combinations for Transforming Sand Dunes into Woodlands.

Parts of the steppe are favourably endowed with water. The best such region is the Horgin
sandy land with an annual rainfall of 300-600 mm and a moisture content of 3-6 per cent in the sand
strata. Under such conditions, it is possible to establish patches of trees in the depressions between
dunes, while simultaneously planting sand binders, mainly shrubs, on the dunes preliminary to the
establishment of the pine groves forming woodlands. Suitable species for the depressions between
dunes are Populus simonii, Populus pseudosimonii, Amorpha fruticosa and Salix flavida. Where the
water table is 2-3 m deep and no water-logging appears during the rainy season, Pinus sylvestris var.
mongolica and Pinus tabulaeformis may be planted with other trees.

In the Jangutai District, Zhangwu, Liaoning Province, the measures taken to stabilize dunes
began with the construction of artificial barriers on the lower two thirds of the windward slopes.
Below the barriers, Artemisia halodendron or cuttings of Salix flavida are usually planted, although
belts of Lespedeza dahurica or Caragana microphylla can also be used for the same purpose. Sand-
fixing plants should be established after the top of the dune has been blown away. After two or three
years, when the surface is relatively stabilized, is the time to plant pines between the shrubs or herbs
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on the dunes. Earlier planting would leave the saplings vulnerable to wind scouring or sand burial,
while in later plantings the growth of pine saplings is affected by the absorption of a large amount of
soil moisture by the root systems of the shrubs. Since Pinus sylvestris var. mongolica develops a strong
root system in dry, poor soil with deep vertical and large horizontal roots which facilitate the absorp-
tion of nutrients and moisture, it is the favoured species for afforestation on sandy land in arid
steppes.

These were precisely the procedures through which moving sand dunes near Jangutai in the
south-eastern part of the Horqin sandy land were transformed into pine-covered sandy soil with
significant changes in the local landscape. The forest now has an average height of 7 m, in
places as high as 10 m, with trunks an average of 12 cm in diameter and the largest 24 cm. At a height
of 1.5 m within the forest, wind velocity has decreased by 78.4-81.2 per cent compared with the wind
velocity in open terrain.

Experiments with enclosures to protect vegetation cover

If the vegetation cover is to be protected on sandy land, the ground surface must be protected
against wind erosion and the reappearance of moving dunes, while young trees and crops must be
guarded against sand movement and damage from wind and wind-blown sand. Vegetation cover works
within enclosures formed by the shelter belts to provide such protection,

In the northern part of the Ulan Buh Desert in Inner Mongolia, sandy lands sown to shrubs
such as Artemisia ordosica and Nitraria spp. have achieved a vegetation cover of 50-60 per cent with
adequate irrigation. Dunes with less than 5 per cent cover in the Ulan Buh near the Dengkou oases
have become semi-fixed mounds with a 20-30 per cent coverage of shrubs.

In the oases on the fringes of the Taklimakan and along the Hexi Corridor, it has become the
customary practice to plant Tamarix chinensis on sand dunes to turn them into shrub-covered mounds
which, as experiments show, have the effect of checking the drift of sand. Observations made at
Shache on the edge of the Bukuli Desert show that at the surface of a mound covered with tamarix,
wind velocity is generally 40-50 per cent lower than it is on naked sand, while the sand content of
the wind is 80-90 per cent less. Planting herbs on enclosed sandy land has been further developed
at Turpan in recent years by winter irrigation and by sowing grasses inside the enclosed area. The
result is an average increase of seven new seedlings per square metre and a vegetation cover of 60-85
per cent within three years. Shrubs suitable for enclosed areas include Alhagi pseudalhagi to be mixed
with Karelinia caspica and Crespis spp. On undulating sand surfaces on the fringes of oases, Phrag-
mites communis, Tamarix chinensis and Halostachys belangerinna are used where the water table
and mineralization are both high, while Capparis spinosa is more suitable to wind-eroded land. A
surface covered with 80-85 per cent Alhagi pseudalhagi is shown by observation to be over 40 times as
rough as the wind-eroded surfaces outside, while the surface wind velocity is 50.5 per cent lower, as
shown in Table 7. This causes the coarser sand particles to settle down. The windward face of the

Table 7. Changes in surface wind velocity and ground surface roughness brought about be enclo-
sure experiment with herbal vegetation (Aitinghu People’s Commune, Turpan)

Ground Relative value Ground Relative value
surface wind of wind surface of roughness
velocity velocity roughness
(m/sec) (%) (em) (%)
Wind eroded land outside oasis 9.0 100.0 0.0344 100
Sandy grounds with 85 per cent
coverage of Alhagi pseudalhagi 5.0 50.5 1.360 3,953
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shelter belt becomes a sand trap, minimizing sand accumulation within the shelter belt and benefiting
the growth of young plants. The ability of vegetation to halt sand movement within fenced enclosures
is all the more evident where water conditions are fair as in the dunes in the north-eastern part of the
Mu Us sandy land. There the natural vegetation, mainly Artemisia ordosica, achieved a 60-70 per cent
cover in four to five years time, and fine sands of a size below 0.05 mm have increased by 50 per cent
while organic content has risen from an original 0.079 to 0.71 per cent.

The grass kulum to block wind and sand and to create pastures

The management of sandy lands on arid and semi-arid steppes has two aspects. On the one
hand, it seeks to remedy the damage caused by drifting sand and to halt movement of dunes. On the
other hand, it aims to take advantage of local water, land and vegetation resources to rehabilitate
pastures and develop animal husbandry. The Uxinju People’s Commune, Uxin Banner, Inner Mongolia,
has shown that building grass kulums is an effective measure for preventing damage from drifting sand,
for protecting, managing and rationally utilizing pastures, and for building sustained high-yield fodder
bases.

Different conditions in the Uxinju sandy flats have called for different treatment, in terms of
which grass kulums can be classified in three types:

1) The treeshrub-grass combination kulum for sand control. This type of kulum is generally
built in areas of moving and semi-stabilized dunes where measures to control sand primarily make use
of sand-fixing vegetation. The goal is to turn the dunes into producers of fodder.

For barchan and barchan chains of a height less than 10 m rows of Salix cheilophila are
planted on the lee side of the dunes, in certain areas combined with such natural shrubs as Salix micro-
stachya and Hippophae rhamnoides to form dense shelter belts as a block against advancing sand. On
the lower one half to one third of the windward slopes where sand has a little moisture and the wind is
not strong enough to endanger survival, Artemisia ordosica is planted against the main wind direction.
As the vegetation cover increases and weakens the wind force so that the sand on top of the dune is no
longer carried away, artemisia is extended up the slope until the whole dune is covered and wind
erosion checked, a process that requires from three to five years.

In order to prevent wind erosion gaps caused by withering of the artemisia in seasons of
drought and strong wind, various precautionary measures should be taken. For instance, Artemisia
ordosica and Salix cheilophila should be planted in rows, and in the first two years care should be
taken to replace dead shrubs promptly with young saplings so as to leave no wind gaps. The shrubs
should be protected against cutting and grazing for three years to five years after the planting so that
the canopy can be closed as quickly as possible.

To control undulating dune lands and the flat sandy lands on the fringes of wet lowlands,
cuttings of Salix matsudana are planted to form forests. Tall cuttings three to four years old and
about three metres long should be planted deep, up to one third of their length. If the water table is
more than one or two metres below the surface, the bottom ends of the cuttings should be immersed
in water for 10 to 15 days before planting so as to improve survival chances during seasons of drought
and wind. Suitable planting distances between trees and rows are 5 x Sm or 3 x 4 m. In such cases,
the canopy should be closed within three years. But if Salix matsudana is planted on the windward
slope of dunes, the root system must be protected from exposure to wind erosion by adding Salix
cheilophila and by sowing grasses. In one system, three species are planted in alternate rows, with
Artemisia ordosica protecting Salix cheilophila, which protects, in turn, the Salix matsudana saplings.
This has proved to be a satisfactory way of avoiding wind and sand scourge.

2) Grass kulums for hay and winter-spring grazing. Kulums of this type are in general built
on inter-dune lowlands and lake basins in sandy areas. They are a type extensively distributed at pre-
sent, mostly on slightly saline meadow soils or on clay meadow soils, with vegetation cover composed
of various types of mesophytes and hygrophytes forming meadows adapted to slight salinity. Such, for
example, are Achnatherum splendens saline meadow, Iris ensata saline meadow, sedge-forb meadow,
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grass-forb meadow and reed-forb meadow, with the reeds consisting of Phragmites communis. As a
result of fencing, protection and rational use, the vegetation cover improves very rapidly in grass
kulums of this type, with density and height as well as coverage increasing markedly. On wet
lowlands, the yield of palatable gramineous grasses such as Aneuolepidium dasystachys in air-dried
matter is 1.37 times prior to fencing and protection. At the same time ground litter from the rank
growth of grasses prevents the reappearance of moving sands while improving the organic content of
soil. Enclosures are equally effective on sandy pastures, as shown in Table 8.

Table 8. Effects of an enclosure programme on sandy pasture (Uxinju Commune)

Vegetation Height of shrubs Height of Weight of air-  Years

Plant community Condition coverage  and subshrubs herbs dried matter  under
(%) (cm) (cm) (2/100 m?) enclosure
Closed and under
Artemisia ordosica protection 60 66 - 6,979 8
+Hedysarum mon-
golicum-annual Degenerated 25 44 3 2,031

3) Water-grass-forest-cereal, four-in-one grass kulum, an improvement on the second type,
might be considered as a new stage of comprehensive treatment. The four-in-one is usually built in
depressions between dunes where the land is flat, water plentiful and the soil mostly of sandy clay
meadow rich in organic matter. These new kulums are generally developed in the following four
stages:

a) Ground water is brought into use in ways that depend on local conditions. Shallow
ground water can be tapped with large mouth wells or pipe wells. The former is a ditch-like reservoir
three metres deep that collects ground water by seepage and is dug with a view to expanding the irriga-
tion area of a single well. The pipe-well will be 20 to 30 metres deep with a strong cement pipe 50 cm
in diameter serving as the shaft, the wall of which is of a type that permits water percolation and
prevents shifting sand from clogging the shaft. Deep water can be tapped with pumps or artesian
wells, accompanied by measures to conserve the water.

b) Shelter belts of trees and shrubs — Salix matsudana and Salix cheilophila — are planted at
right angles to the prevailing wind in the form of narrow belts of loose construction which not only
prevent sand drift but also provide leaves and twigs for fodder. Additional sowing of plants such as
Melilotus albus in tree and shrub patches near sand dunes helps to check the wind and prevent damage
from sand.

¢) Land configurations are modified, including the levelling of dunes and the filling of
depressions between them. The soil after cultivation improves greatly both in weight per volume and
improved porosity.

d) Selected species of pastures and cereal crops are planted, including Melilotus albus,
Medicago sativa, Sorghum sudanense and Astragalus adsurgens. These are not only of higher yield and
nutritional value than natural range species, but they also help to improve soil quality, as shown in
Table 9. Cereal crops such as Panicum miliaceum and Hordeum vulgare var. nudum are also cultivated,
and nurseries are set up. In the advanced four-in-one grass kulum of the Zhahanmiao Production Bri-
gade, 5 per cent of the total acreage is devoted to growing selected grasses and cereal fodders, 30 per
cent to improved natural hay, 60 per cent to pastures, and 5 per cent to forest land and other uses.
Kulums of this type have come to play the major role in reclaiming and improving the grasslands, and
are increasing at a rapid rate.

The kulums established in the Uxinju People’s Commune have been effective in controlling
damage from sand and wind and in rehabilitating the steppe lands.
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Table 9. Effects of Melilotus albus on soil (Uxinju Commune)

Organic Nutrients (%) Porosity Volume
matter weight
(%) (%) (g/cm’)
N P K
Inter-dune grounds planted with
Metilotus albus for 2 years 1.138 0.046 0.168 2.58 50.5 1.31
e UnE SRS v 1018  0.040 0074 ... 440 1.48

planting Melilotus albus

Weakened wind and sand activity

After fixing moving dunes with vegetation, observation shows that the ground surface is 290
times as rough as it is on naked dunes, and both the velocity of the wind and its sand content within
20 cm of the surface have registered remarkable drops, as shown in Table 10. On inter-dune ground
planted with Salix cheilophila and hedged-in shrubs, density of vegetation cover is as high as 75 per
cent and the surface roughness is 617 times that of untreated dunes. Here the reduction in wind
velocity and sand content is most apparent and the effects of vegetation most obvious.

Table 10.  Effects of vegetation cover on shifting sand dunes in respect of surface wind velocity and
sand content in air current (Uxinju Commune)

Relative value of

Vegetation  Relative value of Reduction of . Reduction of
Type of ground i ) . . sand content in
T coverage wind velocity  wind velocity i isreat sand content
ir curren
(%) (%) (%) (%)
(%)
Shifting sand dunes
below 5 100.0 i 100.0

untreated
Dunes planted with
Artemisia ordosica and 28-50 743 2517 48 95.2
Salix cheilophila
Inter-dune grounds
planted with Salix
cheilophia and 75 312 628 23 973
hedged-in natural
shrubs

Note: Height of observation 0 - 20 cm above ground.
Changes in soil properties
Consider sand dunes stabilized with Salix cheilophila and Artemisia ordosica. By comparing

these with untreated dunes down to a depth of 20 c¢m, it is seen that particles smaller than 0.05 mm
have increased from 3.31 to 15.38 per cent, while the soil’s weight per volume dropped by 0.12 g/em?3 .
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porosity increased by 4.4 per cent, dry soil aggregates larger than 1 mm in diameter increased by 7.6
per cent, and organic matter content increased from 0.098 to 0.168 per cent, as shown on Table 11.
Considerable changes also took place in the content of the nutrients.

Table 11.  Changes in surface soil properties after adopting vegetative sand-binding measures at
Uxinju People’s Commune

Particle size Volume Dry aggregate Organic Nutrients (%)
.<0.05mm weight Porosity .>1 mm matter
7 (gem®) (%) (%) (%) N P K
Shifting sand dunes 331 1.69 36.2 0.2 0098 0033 005 282

Dune stabilized with
Salix cheilophila and 1538 1657 406 7.8 0.168 0063 0060 3.00
Artemisia ordosica

Sand dunes in 633 161 39.2 bif 0.141 0040 0087 290
high forests

Notes: Sampling depth: Organic matter and nutrients: 0-15 cm; mechanical composition and dry aggregates: 0-20 cm; volume weight
and porosity: 0-10 cm. Years of sand fixation: 6

Improved pastures

The quality of the vegetation composition inside the kulum is much superior. Grasses in the
reed-plus-forb community have come to constitute 42.7 per cent of the biomass by weight and
leguminous herbs 34.6 per cent, while poisonous weeds are down to 2.8 per cent compared with a
striking 84.6 per cent on deteriorated pasturelands where, too, gramineous vegetation is a mere 6 per
cent. Secondly, there is a marked increase in plant height, growth within the kulum averaging 11
times higher than that outside. Thirdly, the density of vegetation has increased. The reed community
has achieved a cover of 90 per cent, while the sedge-forb community has reached 75 per cent, as com-
pared respectively with 15 and 20 per cent on degenerated pasturelands. Finally, the hay yield has
greatly increased. On one grass kulum begun at Uxinju in 1964, hay yield is 19 times what it is on
degenerated pasturelands.

Such changes indicate that the grass kulum is a tested and effective method for stabilizing
dunes, for improving soil and the growth of forage, for building up pastures and developing animal
husbandry.

Engineering measures combined with vegetative methods to protect roads

With the development of the People’s Republic of China, more and more roads and railroads
are coming to run through desert areas. Routes are carefully selected so that transportation will not
be interrupted by desert conditions. Depending on different local conditions, engineering measures as
well as vegetative methods are employed to keep roads and railroads in smooth operation. In some
cases, routes are menaced by the movement of dunes, in others by drifting sand, in still others by
both. These circumstances call for different responses.

For railway lines running through steppes with drifting sand and fixed and semi-fixed dunes:
Temporary engineering measures, such as building barriers against drifting sand, are undertaken during
construction. Other means must be used for the more permanent protection of the roadbed, such as
sodding the slopes of the roadbed with grass turf obtainable from nearby depressions between dunes,
enclosing sandy areas on both sides of the road to protect vegetation and let it grow, and planting
sand-fixing vegetation on dunes.
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Along railway lines in the Horqin sandy land, measures to stabilize sand have been graphically
portrayed by the people as follows: Artemisia halodendron as the sand binder; Caragana microphylla
as a hat for the dune; Lespedeza dahurica as its apron on the windward slope; poplars as its boots —
for the foot of the dune and for the depressions between dunes; and Salix flavida as its shawl for the
lee slope. Thus is formed a protective system called “‘the right tree for the right place”

Where sufficient water is available, trees such as Pinus sylvestris var. mongolica and Pinus tabu-
laeformis may be planted on sand dunes. To stabilize sand along railroad lines, the surface should first
be fixed by building straw grids or rows of vertical barriers on moving dunes and then between the
barriers to establish such sand-fixing plants as Salix flavida, Artemisia halodendron, Caragana micro-
phylla and Pinus sylvestris var. mongolica. Two years after such measures were undertaken on shifting
sand dunes north-east of Naiman in the central Horqin sandy land, the density of the vegetation cover
on the dune surface had increased from the former 3 to 3040 per cent.

For railway lines running through desert borders where moving dunes stretch and undulate: An
example of this situation can be found in the Zhongwei-Gantang section of the Baotou-Lanzhou Rail-
way on the south-eastern fringe of the Tengger Desert. Here gravel protection is provided on the slopes
of the roadbed and gravel platforms established on both sides of the line. In addition, protective belts
have been built on both sides of the line for distances proportional to the movement of the dunes,
Thus, on the side facing the main wind direction, the belt is 500 m wide, while a belt of 200 m width
has' been established against the secondary wind direction. The belts consist of barriers of straw
arranged in a checkerboard pattern. Observations carried out after construction show that straw grids
make the ground surface 220 times as rough as the surface of untreated dunes and the surface velocity
of the wind is 23 per cent less while its sand content is conspicuously lower, 84 per cent less with a
wind of 8 m/sec.

As the straw barriers check sand flow on the dune surface, sand-fixing plants within barriers
have better chances of survival and growth. With the fairly stable surfaces provided by the checker-
board pattern, it is possible to introduce shrubs to stabilize dunes on their windward slopes, where a
moist layer lies 3-20 cm below the dry surface with a water content of 2-3 per cent, a wilting coeffi-
cient of 0.7 per cent and water available to the plants of 1.3-2.3 per cent. This layer gets replenished
during the summer-autumn rainy season. Experience at Shabodou on the Baotou-Lanzhou Railway
shows that Hedysarum scoparium has the highest survival rate and the best growth and that Caragana
korshinskii exhibits fairly steady growth. Next best are Calligonum mongolicum and Salix flavida. As
a result of such measures, moving dunes have become semi-fixed and density of vegetation cover has
increased from a previous 3 to 14.3 per cent, in some areas to 25 per cent, ensuring the smooth opera-
tion of the Baotou-Lanzhou line as it traverses the south-east Tengger Desert.

High-lift pumping-irrigation projects have been built in the Shabodou District to pump water
from the Yellow River for reclaiming sand dunes, and for making terraces and watering them for the
benefit of afforestation. Years of experience have shown that rows of trees should alternate with rows
of shrubs in irrigated afforestation projects. Among preferred trees are Robinia pseudo-acacia, Eleag-
nus angustifolia, Populus cupidata and Hedyscoparium, Caragana korshinskii, Salix flavida, Amorpha
fruticosa and Salix cheilophila are the shrubs of choice. There is generally enough silt in Yellow River
water that it will settle in the irrigated area and within a year form a crust on the sand, thus fixing it
and offering the trees under irrigation a higher survival rate and quicker growth.

For railway lines running through arid zones and gobis where wind and sand drift are severe
threats: The Yumen section of the Lanzhou-Xinjiang Railway illustrates such a case. During con-
struction, temporary measures were adopted such as combinations of ditches and banks. More perma-
nent protection is provided by irrigation canals lined with rows of trees and shrubs, preferably Populus
cupidata, Eleagnus angustifolia and Salix cheilophila, with the last deployed on the windward side to
check drifting sand. The effect of this arrangement on the wind is shown in Table 12. It should be
pointed out that as the shelter belts here are mainly for protection against burial of the roadbed by
sand, they should generally be of a dense structure. At wind gaps where the drift of sand is strong,
two to three rows of barriers should be placed in front of the shelter belt to block sand encroachment.
In view of the gravelly character of the gobi, care should be taken to ensure tree survival by planting
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Table 12. Wind-breaking effect of railroad protection by forest against sand

Wind Relative

velocity value

(m/sec) (%)
Open field 114 100.0
25H 64 56.1
70 H it 67.5
10.0 H 9.0 79.9

the saplings in ditches in good soil which has been brought in. Water seepage should be prevented by
lining the ditches with mortared pre-fabricated cement slabs. As a result of these measures, the length
of the Yumen section of the Lanzhou-Xinnjiang Railway under threat has declined from an original
94.7 per cent to a current 2.7 per cent.

For highways passing through desert areas: Where conditions are favourable for sand-fixing
plants, forest belts can be planted along roadways and dunes fixed by planting shrubs such as Arfemi-
sia ordosica and Salix cheilophila, with trees and shrubs properly combined. Where dunes are fixed or
semi-fixed, the easiest procedure is simply to fence them and let the grass grow and provide vegetation
cover. This method has been widely used on most highways in the Mu Us sandy land. In areas where
vegetative fixing is not practical, great care should be taken to select favourable routes, as on river-
beds in deserts, in the bottleneck sectors of lake basin sand dunes, or on open inter-dune grounds
between large sand hills where the rate of sand advance is low. Meanwhile, sand damage should be
minimized by streamlining the road-bed sections formed of shallow troughs and wind banks for trans-
porting sand, by elevating the road-bed above the average height of the surrounding dunes, and by
paving a solid, even and smooth surface which will easily shed sand.

In addition, comprehensive engineering measures should be undertaken on both sides of the
road to fix, block, transport and guide away sand by building sand barriers on the road’s windward
side, by covering nearby dunes with pebbles or salt blocks obtained in the vicinity, by establishing
checkerboards of reeds to increase surface roughness to reduce wind velocity and the amount of wind-
blown sand, and by building banks and wind-guiding panels close to the road to prevent sand from
accumulating.

QObservations made on desert highways in the mouth of the Taklimakan show that streamlined
road surfaces together with rows of wind-guiding panels are effective in preventing the road surface
from being buried by sand. Streamlining provides a smooth flow while the panels increase surface
wind velocity (at the lower exit of the panel, the wind is moving 1.6 times as fast as in front of the
panel in the open field) which blows the sand across the road without allowing it to accumulate. To
fix sand dunes and prevent them from advancing toward the road, both reed and pebble barriers are
fairly effective.

Building farmlands by levelling sand dunes with water

This method is used extensively in Yulin District in the southern part of the Mu Us sandy land
and in Yangbian District, where it has been turned to fullest account. Levelling out sand with water
requires that water be led naturally or drawn mechanically from rivers, lakes or reservoirs to level
dunes on riverbanks or on terraces so as to convert undulating ground into flat and even sandy farm-
lands. Since large quantities of water are required for this task, ample sources must be available and
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water conservation applied. In certain districts, floodwaters are used to level out sandy lands. It
takes 2,450 cu m of water to level one mu of land, each cubic metre of sand needing 2-2.5 cu m of
water. (One mu = 1 are = 1/100th hectare.)

Once the land is levelled, other measures for soil imprevement should be taken, such as
flooding, covering infertile land with “guest” soil and planting green manure. Such action should be
taken in combination with water conservation projects and shelter belts to turn barren earth into
fertile farmland. The experience of the Yangjiaoban Production Brigade in Jingbian Country, Shaanxi
Province, shows that as a result of flooding with water, tilling, applying fertilizer and cultivation, con-
spicuous changes appeared in the physical and chemical characteristics of the sandy soil as shown in
Table 13. Before any soil improvement was undertaken, the mechanical composition of the drifting
sand consisted of fine particles 0.25-0.05 mm in diameter. In the sandy layer within 25 cm of the
surface, the content of fine sand was as high as 82.2-88.8 per cent, while clay particles smaller than
0.001 mm in diameter accounted for only 4.4-6.4 per cent. Following a number of years of soil im-
provement, the fine sand content of the surface layer had dropped to 7-17 per cent, while the silt con-
tent of particles 0.05-0.001 mm in diameter had increased to 63-70 per cent. The balance, or 16-20
per cent, had come to be made up of clays of less than 0.001 mm in diameter.

Table 13. Changes in mechanical composition (in percentages) of sand soils after levelling out sand
with water (Yangjiaoban Production Brigade, Jingbian Country)

Particle size (mm)
Sampling
depth Less than
(cm) 1-025 0.25-0.05 005001 0.01-0005 0.005-0.001 0.001
o 0-5 9.46 82.23 0.66 0.52 0.60 6.43
Shiftingsandidune go0 990, ga97  29) 0.61 0.61 4.40
10 years after 0-12 4.13 17.14 47.59 9.83 5.49 15.82
treatment 12-13 242 7.38 54.70 23.69 2.29 9.52
20 years after 0-15 1.98 il 54.90 7.71 7.71 20.08
treatment 1540 1298 66.82 9.65 5.26 0.60 4.69

Table 14, Changes in nutritional content in sand soil after levelling out sand dunes with water

Total amount of nutrients Available nutrients
(%) (mg/100 g soil)
Years a.fter Sampling L S Water
depth matter
treatment (cm) %) soluble
N P K N P,0. K,0
I 0-13 0.214 0.026 0.064 1.57 1.1 9
13-24 0.086 0.063 0.042 !.07 3.79 1.1 7
24 - 50 0.064 0.016 0.006 1.56 2.38 1.2 6
Il 0-26 0.706 0.042 0.076 1.66 3.70 0.9 17
26 -49 0.278 0.037 0.030 1.18 344 0.7 8
17 0-14 0.814 0.071 0.088 1.86 5.82 1.3 21

14-30 0.788 0.087 0.082 1.94 5.29 0.8 20
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Just after levelling, sandy lands are poor in nutrients, averaging around 0.09-0.21 per cent and
nitrogen content 0.02-0.06 per cent. After ten years of improvement, the organic content had increas-
ed to 0.7-0.8 per cent and total nitrogen content to 0.04-0.08 per cent with a corresponding increase
in other available nutrients, as shown in Table 14. As a result, grain yield per mu increased from 50-60
jin to 650-odd jin.

During recent years, new soil improvement measures have been developed in semi-arid areas in
northern Shaanxi by planting rice on new sandy lands, which not only put an end to sand drift but
also improved the quality of the soil by the fine mud and organic matter contained in the water.
Physical survey data on soil improvement by raising paddy rice on sandy flats were gathered by the
Yuhebao Farm, Yulin County. They show that under dry farming, the soil weighed 1.697 g per cu cm
with a porosity of 33.4 per cent and with 59 per cent of it composed of particles smaller than 0.05
mm in diameter. After the land had been turned into paddy fields for four consecutive years plus one
year for dry crops, the soil weighed 1.449 cu cm with a porosity of 43.6 per cent and particles smaller
than 0.05 mm then constituted 77 per cent of it. As a result of applying large quantities of manure
and decomposed paddy roots to the paddy soil, the content of organic matter rapidly increased and
expedited the manturity of the soil, thus turning barren sandy fields into farmlands with a high and
sustained yield.

In northern Shaanxi in more recent years, this method has been further developed by building
canals and weirs, the latter being dams made by sand deposited from water flow, and by watering the
sand in order to turn the area green. Weirs have become very popular in the steppe region, where a
number of reservoirs have been built. They Yudung Canal, besides supplying water for normal irriga-
tion purposes, discharges its surplus water on sandy fields, and in the course of six to seven years, the
whole district has been basically protected from damage by sand.

Building Water Conservation Projects, Reclaiming Barren Lands, and Improving Soil to form New Oases

A number of deserts are located in intermontane basins surrounded by snow-capped peaks,
whose run-off feeds such rivers as the Yarkant, Hotan, Aksu, Manas, Shule and Hei with their sources
in the Kunlun, Tian Shan and Qilian mountains. By opening canals lined with pebbles or cement to
prevent seepage and to lead water into the desert, and by building reservoirs on inter-dune depressions
and lakes on lowlands along rivers to conserve floodwaters, barren lands on the desert’s edge and along
rivers in the desert may be reclaimed. Action directed toward providing water should be combined
with soil improvement and the construction of shelter belts. A number of measures can be taken to
improve the soil.

1) Using floodwaters for irrigation. Since floodwaters contain large amounts of clay and a
certain amount of nitrogen, they improve the soil and increase its fertility. Test data obtained at the
Dengkou no. 1 main canal in the eastern part of the Ulan Buh Desert show quantities of nitrogen as
follows: in ammonia, 0.1-0.5 g/cu m; in nitrous form, 0.1 g/cu m; in nitrite form, 0.1-1.148 g/cu m.
Moving dunes along the Yellow River in the Shabodou District, Zhongwei County, in the south-eastern
part of the Tengger Desert, were levelled, inundated, fertilize and cultivated. Within eight years’ time,
the content of organic matter had increased from 0.0778 to the current 0.657 per cent.

2) Adding sand to improve soil structure. In the process of flooding newly reclaimed lands,
attention must be paid to limiting the thickness of the silt layer, for too much silt results in crusting,
poor permeability and rapid evaporation, all of which are detrimental to plant growth. On the other
hand, some barren lands are composed of clay. In either case, addition of sand is called for. According
to the experience of the 150th Corps Farm, Shihezi, Xinjiang Uygur Autonomous Region, adding sand
to clay can break up crusting, cause the weight of the soil to drop by 0.14 g/cu cm, porosity to
increase by more than 10 per cent, and the salt content in the surface layer (to 10 cm deep) to drop
by 0.7 per cent. Moisture is preserved and the water content in the surface layer increased by 3.5 per
cent.

3) Cultivating green manure, such as sweet clover, alfalfa and Astragalus adsurgens, is another
effective way to improve the soil of newly reclaimed desert lands so as to develop agriculture and
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Table 15. Changes in content of organic matter and nutrients in soil after sowing alfalfa on inter-

dune lowlands
Total amount of nutrients Available nutrients
Sampling Organic (%) (mg/100g)
depth matter
(cm) (%) N P K P,0, K,0
Land 0-15 0.038 0.045 0.086 1.16 1.62 1.12 22.9
without 15-60 0.557 0.033 0.138 2.05 1.74 0.50 57.6
alfalfa
Land with 0-12 0.901 0.051 0.128 1.63 1.51 1.76 40.0
alfalfa 12-35 0.523 0.045 0.158 1.93 3.51 1.62 51.8
35-85 0.564 0.042 0.172 1.54 3.89 1.68 63.1

animal husbandry. Experimental data accumulated by a farm in the south-western part of the Gur-
bantunggut Desert show that soil fertility was greatly increased by three years of growing alfalfa and
then ploughing it under. This led to an accumulation per mu of 57.6 jin of nitrogen, 10.9 jin of
phosphorus and 16.5 jin of potassium, equivalent to the application of 20,000 jin of high quality,
stable manure. It was thus highly effective in stepping up subsequent yields, cotton increasing 3.14
times and winter wheat 2.78 times. When the inter-dune low-lands were sown to alfalfa in the Ping-
quan People’s Commune, Linze District, in the Hexi Corridor, damage caused by drifting sand was
stopped and the quality of the soil improved. As shown in Table 15, the organic content in the surface
layer down to 12 cm depth increased to 0.901 per cent as compared with the former 0.038 per cent.
Planting such green manure on newly reclaimed sands not only improves soil structure and steps up
fertility but also increases the yield of fodder grass. On a farm in the south-western part of the Gur-
bantunggut Desert, the area sown to alfalfa usually takes up 26 per cent of the total area under cultiva-
tion. This illustrates the importance with which this measure can be regarded as a means of improving
agriculture and animal husbandry as well as guarding against wind erosion and sand damage.

4) Remedying alkalization and salinization. Secondary alkalization-salinization is a problem
often encountered in dryland reclamation. It calls for a sound irrigation and drainage system to
wash the salts out of sandy land. Since this is well known, it need not be discussed in detail here.

Transformation and Utilization of Gobis

Gobis in China spread over vast areas of desert and dryland. They are composed of piedmont
diluvial or diluvial-alluvial gravels as well as of denuded detritus. As to their utilization, gobis of dilu-
vial or diluvial-alluvial gravels as well as of denuded detritus. As to their utilization, gobis of diluvial or
diluvial-alluvial type may be transformed into orchard or forest with appropriate measures. Experience
at Turpan indicates that the following measures are necessary. First, mountain snow water or spring
water is tapped for irrigation through canals lined with gravel, mortar and cement to prevent seep-
age. Second, loose protective networks of narrow shelter belts are built by planting trees in ditches
dug along water channels or roads. In the vineyard at the Red Willow River Farm at Turpan, for
example, the protective network is composed of shelter belts each 10 m wide, with main frontal belts
100 m apart, secondary belts 200 m part, and inner belts both main and secondary 200 m apart. The
forest occupies 16 per cent of the total vineyard acreage and affords the vines effective protection
from damage by wind and sand. Third, the land must be levelled and soil quality improved within the
networks of protective forest. Experience shows that the preferable method consists of levelling strips
of farmland along contour lines on slopes, building earth dikes before reclamation, and watering the
soil so that coarse gravels accumulate against the dikes, thus building up strips of height. The next
step is to dig planting ditches 5-10 m apart, each 40 cm in depth and 40-60 cm wide at the bottom.
Where salt is found, it should be washed until the rooting layer is free of crystals. Pits 90-100 cm
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deep, 60 cm long and 40 cm wide should be dug at regular intervals on the bottom of the ditches, and
these should be filled with guest soil mixed with compost. Grapevines are then established in the pits
and watered. The use of guest soil, brought in from other areas, works conspicuously to improve the
gobi soil, as shown in Table 16. It also decreases the content of coarse particles and increases the pro-
portion of fine sand and clay, as shown in Table 17.

Table 16. Effects of guest soil on organic content of vineyards established in gobis (Red Willow

River Farm, Turpan)
Per cent
Gobi soil in the open 0.44
Ground soil between rows of grapevines 1,71
Soil in planting pit 2.35

Table 17.  Effect of guest soil on changes of particle composition in gobi soil (Red Willow River

Farm, Turpan)
Particle composition (mm) (%)
Sampling
f;;‘e depth Loss of
(cm) over Below  weight
o 10.25 025005 005001 0.01-0.005 0.005-0.001 0.001 in HCI
washing
Pit 00-2.5 4769 1429 10.58 745 3.26 498 3.64 711
24415 6495 3.87 20.79 430 031 0.50 1.22 4.06
41.5-63 65.52 8.19 931 6.51 2.09 375 2.80 1.83
63-100 5093 21.16 1845 2.29 0.25 213 299 1.90
Open 0045 67.75 18.20 371 3.53 0.51 0.83 0.96 4.51
gobi 4.5.38 74.67 12.14 6.65 1.04 034 0.73 1.09 334
38-47 4640 32.16 10.34 2.13 0.59 1.91 195 4.12
47-85 7049 1293 6.73 3117 0.81 2.65 141 1.81
85-100 76.90 6.08 8.10 1.12 0.18 231 135 3.36

Under normal circumstances, grapevines begin yielding fruit after three years, and in five years’
time cover up to 80-95 per cent of the ground surface, thus controlling wind and sand damage. In
Turpan, over 20,000 mu of gobi have been turned into productive vineyards.

Trees grown on gobis not only provide crops with protection but can also supply lumber. In
the experience of the people in Hexi Corridor, trees are planted in gobis by establishing seedlings in
pre-dug ditches — at Linze, these are 1.5 m wide and deep — which facilitate irrigation and promote
the growth of seedlings, as shown in Table 18. In the gobi to the north of Linze, the organic content
of the surface layer to a depth of 20 cm is 0.37-0.64 per cent, up to five times as high as on unflooded
ground. A six-year-old Populus cupidata can stand as high as 5-6 m with a diameter at breast height of
8.55 cm, serving as a defence against sterile gobi lands. At the Nanhu People’s Commune, Dunhuang,
in the part of the Hexi Corridor, sand dunes levelled with floodwaters-have turned barren gobi into
stretches of timberland.
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Table 18.  Advantages of ditch planting for the growth of trees (Pinguan People’s Commune, Linze)

Trees Age .Of Age of free Height of tree (m) DBH (cm) Mean diameter
anted seedling tvem) of canopy
(year) Average Max. Average  Max. (m x m)
In ditches 2 5 4.2 5.2 3.6 4.62 12 1.2
In the open 2 5 2.2 2.15 0.9 1.20 0.6 x 0.6

A review of the examples taken from the experience of the Chinese people in building new
oases shows that all the methods adopted — overall planning, water conservation projects, levelling
desert lands, establishing tress to provide protection against wind and sand, improvement of soil
quality — link together and converge to form a unified process for re-<claiming barren lands and deve-
loping agriculture. The total area of oases in the Gurbantunggut Desert, Xinjiang, has increased 6.2
times over prediberation days. The total acreage under tillage in the Hotan District on the
south-western fringes of the Taklimakan has tripled since liberation.

Monitoring Desertification in China

Deserts in China have expanded due to the advance of wind-driven sand dunes. At the same
time, regions that were not true deserts have become desertified. This is due to the work of man, who
has disturbed the ecological balance in arid and semi-arid areas. As desertification continues, it
becomes progressively more difficult to deal with. Consequently there are great advantages in treating
it promptly, as soon as it appears.

Desertification is a discontinuous process. Careful monitoring is required to determine where
and when it is occurring. Its strength and development are gauged against a series of selected indi-
cators:

1) The movement of wind-blown sand. Wind erosion of exposed soil and the mobilization of
dunes provide the main indicator for estimating the strength of desertification. A number of measure-
ments are included within this indicator, such as the proportion of sand dunes per unit area and the
velocity of their advance, the depth of wind erosion and the amount of sand accumulating on the sur-
face of the ground. The wind is measured too — its velocity, its sand content near the surface, and the
frequency of sand-carrying winds.

2) Changes in aridity. Climate measurements must be extended over years to determine, for
example, average annual precipitation and its seasonal distribution. In this way, the frequency of
drought is established. The aridity index is regularly measured so that trend in aridity and its fluctua-
tions can be monitored.

3) Vegetation cover. The proportion of the surface covered and the density of the vegeta-
tion are principal indicators of desertification. A reduction in vegetation cover usually indicates an
increase in sand dune activity.

4) Changes in soil. Factors to be monitored include the soil’s physical composition, the
proportions of particles of different sizes, its organic content, and such physical properties as weight
per volume, porosity and structure. In some situations, attention should be paid to the soil’s chemical
composition and changes in its salt content.

5) Changes in water regimes. These include changes in the moisture content of the soil, in

the depth of the water table and in the water’s mineralization rate. Changes in the chemical sub-
stances dissolved in the water should also be monitored.
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It is of the greatest importance that in addition to these natural indicators, the human factor
should also be monitored. What needs to be determined is whether the land is being utilized rationally.
Observations should determine if utilization is adapted to the resources and natural conditions of arid
and semi-arid regions, especially in transition areas between the desert and the steppe. In either crop-
ping or animal husbandry, overutilization will disturb the natural eco-balance and lead to diminished
biological production. Therefore great attention must be paid to the carrying capacity of pastures and
to the climate conditions in which dry farming is carried out. If rainfed cropping has been overextend-
ed or overgrazing is being practised, desertification will appear with the natural indicators listed above.

Because desertification is a patchy process, monitoring must be continuous so that trends can
be determined. Changes in desertification indicators will be detected not only by ground surveys but
also by the analysis of aerial photographs.

The Development and Utilization of Surface Water Resources
in the Construction of New Oases in Desert Regions

In western China, most deserts are to be found in intermontane basins, such as the Taklima-
kan in the Tarim Basin and the Gurbantuggut in the Junggar Basin. In the mountain ranges around
these basins, rainfall is abundant and the peaks covered with snow and ice. An important step in
developing and utilizing land resources in desert areas is to make full use of these water resources. Re-
clamation in the basin of the Manas River illustrates the techniques developed in China for utilizing
surface water to construct new oases in desert areas.

After the Manas River has emerged from Tian Shan, it flows north-westerly across the Jung-
gar Basin through a plain composed of diluvial-alluvial piedmont fan and alluvial and alluvialdacustrine
formations. The whole landform slopes from south-east to north-west to a low point in the centre of
the basin that is only 230 m above sea level although it is the heart of the continent of Asia. The
piedmont fan is made up mainly of depositions of Quaternary boulders and gravels where seepage is
severe and the surface gradient as steep as 5-10 degrees. As ground water reaches the surface, the
frontal zone of the fan forms springs and swamps with the latter characterized by relatively serious
salinization. Flowing north-west, the river leaves the piedmont to enter an alluvial plain of sand-clay
and sandy clay. Here reclamation has been pursued where old oases have made use of the flat relief,
relatively high water table and thick vegetation. Further to the north-west, the old lacustrine plain
shows a surface covered with aeolian sands of the Quaternary period. Dunes are predominantly longi-
tudinal and of honeycomb form lying on sandy ridges, most of them so covered with vegetation that
they have become fixed or semi-fixed.

If land is fo be reclaimed and new oases built, an extensive and detailed survey of land and
water resources is first of all required. On the basis of such a survey, a programme of water use was
developed for the Manas River Basin, its resources harnessed by diversion via canals, delivery via chan-
nels lined to prevent seepage, storage in reservoirs, and finally, irrigation applied to productive fields.
Following this programme, the irrigated area in the river basin has been enlarged 10 times, from about
600,000 mu in pre-liberation days to over 6 million mu at the present time.

Diversion. To achieve efficient diversion, the main headworks were built in the lower limit of
the runoff area, that is, in the piedmont close to where the river leaves the mountains. Additional
headworks were built on tributaries, some even in the mountains, so that the maximum amount of
water is diverted into the artificial conduit. These structures were built to handle floodwaters with
provisions for recollecting the seepage lost through gates and for flushing out the sand carried down
from upstream. Additional diversion works were built downstream to make sure that no waters are
wasted. The system’s efficiency is relatively high, diverting about 70 per cent of all the waters in the
basin and up to 85 per cent of the waters in the Manas River itself.

Delivery. All trunk canals carried through the piedmont fan are paved with watertight

materials to prevent seepage. Paving usually consists of locally supplied gravels. Channels are lined
with pebbles, with cemented pebbles, or with pebbles on the bottom and cement slabs on the slopes.
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Storage. The river shows seasonal flow. To alleviate spring droughts, reservoirs of various
sizes have been built on the alluvial plains to store floodwaters and winter waters. Reservoirs have
been constructed mainly in places characterized by springs or where backflow might occur.

Irrigation. Before the waters were regulated, rivers and streams in the Manas Basin flowed
through the twisting, braided channels typical of rivers in flat drylands. By directing the waters into
canals, the system achieves a utilization coefficient that delivers more than 60 per cent of the basin’s
flow to the irrigation points. Needless to say, efficient use of the water requires proper irrigation prac-
tices, with the water applied regularly in the proper amount and at the proper time.

With the system in place, measures are then taken to improve the quality of the soil.
Improving Saline Soils
Washing salts from soils

According to studies undertaken, the salt tolerances of the preferred crops in the reclaimed
area are as follows: Total soluble salts 0.1-0.4 per cent, chlorides 0.03-0.07 per cent, hydrocarbonates
less than 0.04 per cent and carbonates less than 0.007 per cent. The salt content of the soil is usually
in excess of these amounts, and to get below these limits, salts must be washed from the rooting zone
before planting. During this process and before these limits are reached, salt-tolerant plants can be
sown and harvested.

To desalinate the soil to a depth of 80 cm, 400-500 cu. m./mu of irrigation water are usually
required. Too much water will often result in secondary salinization by raising the water table too
high, with consequent loss of nutrients, damage to soil structure and deposition of alkaline salts by
evaporation. After the salt has been removed by application of water in the correct amounts, the
ground should be covered by plantings of winter wheat or of green-manure crops.

Developing artesian wells

These are used to expand water resources and to prevent salinization. To remove salts and pre-
vent their return the following measures were undertaken. First, in areas of flowing springs where
water quality is good and the water table high, pumps were installed to lower the water table and
placed in operation either seasonally or all year round. In such settings, effective drainage must be
ensured. Second, in areas where the water table was not so high but the water quality was good or
could be made good by mixing with canal water, the emphasis was placed on irrigation which, when
properly applied, can lower the water table. Third, where the water table was high and the water
quality poor with a high admixture of salts, the water had to be desalted before it could be used.
Fourth, where the water table was low and the water quality good, artesian wells were opened in the cul-
tivated areas and the water used for local irrigation with excess water being allowed to drain off naturally.

Botanical lowering of the water table

The extensive root systems and strong transpiration of trees planted in shelter belts provide an
economical and effective means of lowering water tables. By intercepting water that has seeped from
channels, tree roots prevent secondary salinization. For the maximum effectiveness of this “vegetative
drainage”, attention must be given to the rational arrangement of shelter belts and to the proper
choice of trees. If bio-drainage is its main purpose, the shelter belt should be established perpendicu-
larly to groundwater flow so as to intercept runoff. The width of shelter belts and distance between
them should be determined by volume of the groundwater flow.

As to species, fast-growing willows and poplars are preferred because of their strong transporta-
tion and thirst for groundwater. Planting distances should also be measured by wind penetration and
requirements for tree growth. Bio-drainage by shelter belts should be combined with cultivation,
drainage and other measures for lowering water tables. If the land is not level, waterlogging may occur
in low spots and forest belts alone will not be so effective in preventing secondary salinization.
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Irrigation Techniques Determined by Conditions

Irrigated areas on the piedmont fan are located near the headworks and thus have adequate
water supplies. The slope, however, is steep and the soil shallow and friable, poor in water-holding
capacity and susceptible to erosion. Irrigation efficiency is therefore low. Frequent and shallow
irrigation is the technique recommended here.

On the fringe of the piedmont fan, the water table is high due to the movement of ground-
water. The slope is comparatively gentle and the soil moderately deep and fertile. Furrow irrigation
should be combined with measures for improving the soil and with the installation of good drainage
systems. Alternate furrow irrigation is used for crops during the growing season and small-bed irriga-
tion for densely seeded crops. The width of the irrigation bed is one to two times that of the seed
lines, with the length determined by the evenness of the land since uniform watering is required. In
certain places, artesian wells are used to lower the water table and prevent soil salinization. The total
amount of irrigation water required will be 400-500 cu. m./mu.

In irrigated areas on the alluvial plain and on the desert margin, river water is still the main
irrigation source. Reservoirs are provided to regulate the flow, and artesian wells are located in certain
areas. Here the land is flat and the soil is deep and heavy, rich in soluble salts and with a strong ability
to hold water. As the desert is approached, sand dunes appear and the configuration becomes undula-
ting. This hinders the use of open drainage systems, so *“‘dry drainage” is preferred, that is the use of
micro-relief differences to establish soil and water regions. Salts from irrigated lands are transferred to
neighbouring non-irrigated lands. Nearby lowlands are used as a natural evaporation tank.

Hydraulics for Sustained Yields

Thus in reclaiming land on the south-west fringe of the Gurbantunggut Desert and on the
north slope of the Tian Shan, people of several nationalities in the Manas River Basin have constructed
hydraulic engineering works and irrigation systems and have carried out irrigation, soil improvement
and the control of wind and moving sands. As a result, they have established complex units of a new
type. In these new-style oases, hydraulics perform the principal tasks. A balance between water and
soil resources is successfully achieved by the regulation and storage of river waters and a rational
system of irrigation. Measures to improve the quality of the soil are combined with the control of
unfavourable environmental factors. Agricultural production has been stabilized and further deserti-
fication prevented.

Stabilizing Sand Dunes with Vegetation

Moving sand dunes are not uncommon in the northern parts of China. They threaten and can
cause damage to farmlands and pastures, road and railroads, communications systems and population
centres. To avert this threat, sand dunes must be stabilized and fixed in place, and this can be done
with appropriate plantings of trees and shrubs. However, natural conditions vary in north China, and
plant species must be selected with the particular locality in mind. Otherwise the objective will not
be achieved.

The selection of the right species will depend on a thorough understanding of local habitats.
Conditions must be known such as prevailing temperatures, wind velocity and direction, thickness of
the sand layer, the composition of the underlying material, depth and quantity of groundwater, dunes
types and their dynamics, the water regime, the physical and chemical properties of the sand and sub-
soil.

Selection will also depend on understanding the botanical characteristics of the potential
species. This will include knowledge of their natural geographical distribution, their biological and
ecological characteristics, and their physiological indices.

In the end there is no substitute for actual tests. Different species must be tested in experi-
mental plantings in different natural conditions. Such experiments have been carried out in China.
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Selection of Species in Semi-Arid Regions

Semi-arid regions include steppe grasslands transition zones from steppe to desert. They
include much of the Mu Us sandy land, the Hedong sandy land in Ningxia and the south-eastern fron-
tier of the Tengger Desert. They show an aridity index of 2-4 and annual precipitation of 150-450
mm. Fixed and semi-fixed dunes are widely distributed among them although moving dunes are also
encountered, especially on the shores of lacustrine basins. The organic content of moving dunes
within a depth of 10 cm averages 0.0262 per cent while fixed dunes, in contrast, show 0.629 per cent.
All but 7 per cent of the particles in moving dunes are between 0.07 mm and 0.3 mm in diameter.
The moisture content of dunes is higher on the windward side, reaching 2.5 per cent, with a little less
moisture on the top and the least, 2.24 per cent, on the lee slope.

The vegetation on sandy lands in semi-arid regions consists mainly of shrubs and herbaceous
plants of a restricted number of species. The amount of cover is low, reaching a maximum of 50-60
per cent only where water is available near the surface.

The flora is typical Mongolian, represented by such species as Amygdalus mongolicus, Calligo-
num mongolicum, Zygophyllum xanthoxylon. There are relict species in the Alxa Region among
which are the evergreen broad-leafed shrubs such as Ammopiptanthus mongolicus and the bushy
Gymnocarpus przewalskii. Corispermum petelliforme and Stilpnolepsis centiflora grow rapidly after
rain falls on moving dunes. Even as ephemerals they can create stable conditions for Artemisia sphae-
rocephala and Hedysarum scoparium. As the seedlings of these pioneers expand their shoots after
being buried in sand, they tend to fix the dunes to some extent.

Under the protection of Artemisia sphaerocephala it is possible for Artemisia ordosica to grow
and form communities. The ordosica species possesses a much greater ability to stabilize dunes than
the sphaerocephala, and under the protection of the former, perennial herbs such as Allium mongoli-
cum, Kengia mutica (Cleistogenes mutica) gradually invade the area and expand the vegetation cover.
This of course increases the consumption of water in the upper layers of the sandy soils. As the mois-
ture becomes deficient at a depth of 1-1.5 m below the surface, Artemesia ordosica will begin to
wither.

Sometimes, before the moisture around the intertwining root system of Artemisia ordosica is
exhausted, seeds of Caragana korshinskii may germinate and grow during the season when the soil is
moist. Their roots may then penetrate quickly through the dense distributions of Artemisia roots to
penetrate deeper below the surface.

This establishes a situation in which subsequent competitors can appear. Ceratoides latens
sends its roots deeper than 1.5 m, and Ceratoides communities may replace Caragana. When this
happens, the surface becomes harder and erosion is halted even though the cover may not generally
exceed 40 per cent,

Finally, Ceratoides will be replaced by communities of Reaumuria soongorica + Salsola
passerina. With these communities, the ground surface will be fixed even though the cover is still less
since the plants are dwarf varieties and their growth is very slow. These traits make them unsuitable
for selection as sand-fixing plants even though they are drought resistant.

A typical natural succession might then proceed as follows: Agriophyllum squarrosum + Coris-
permum patelliforme — Artemisia sphaerocephala + Hedysarum scoparium + Artemisia ordosica com-
munities — Caragana korshinskii — Ceratoides latens — Reaumuria soongorica + Salsola passerina com-
munities. A natural succession of this type shows that:

1) There is great variation in annual rainfall with plants germinating best in moist years.
Growth is inhibited by strong winds and moving sands. Therefore the succession will proceed very
slowly.



2) In this sequence of psammophytes, only shrubs, undershrubs and herbaceous plants
survive because of the limitations of water. Even survivors cannot achieve great density, and a cover of
60 per cent is considered to be the maximum.

3) The fast-growing pioneers utilize whatever water there is in the sand. Thus as the dunes
begin to be fixed, their moisture tends towards exhaustion and becomes unfavourable to plant growth.
In such circumstances, plants that are more drought resistant and long-lived should be substituted. In
the controlled fixing of dunes, pioneers and successional plants are used in combination.

In an analysis of sand-fixing plants carried out at the Shabodou experimental station, the
following conclusions were reached:

1) It is important to study the root system of sand-fixing plants. For example, the root sys-
tems of many pioneer plants grow horizontal on moving dunes while successional plants are charac-
terized by deep root systems. Plants with purely horizontal root systems provide small cover and
cannot fix sand. Plants with vertical root systems easily suffer from wind erosion. Thus, on selecting
species, combinations with different root systems should be considered so that the sand can be fixed
while moisture at different layers is utilized. In natural communities, Haloxylon ammodendron +
Nitraria tangutorum and Caragana korshinskii + Artemisia ordosica are examples of good combina-
tions. Different species, of course, must be able to tolerate common ecological conditions.

2) Tests determine which trees are best for wind protection. Eleagnus angustifolia is
indigenous to riverbanks in arid regions of China. It is adapted to a moist atmosphere but lacks resis-
tance to drought. This species is undergoing further tests.

3) Indigenous plants are effective for stabilizing sand dunes. Among the species shown to
work well are Hedysarum scoparium, Caragana korshinskii, Artemisia ordosica and Artemisia sphae-
rocephala.

4) Plants indigenous to dunes in central Asia are resistant to drought and wind erosion.
Calligonum caputmedusae and C. arborescens are large plants with well-developed root systems. They
can be introduced and cultivated.

Selection of Species in Arid Regions

Arid and desert regions of north China cover huge areas. They include the Urad Middle and
Rear Joint Banner along the Yellow River to the south of Helan Mountain, the Ulan Buh and Badin
Jaran deserts, the Hexi Corridor, and the immense Tarim, Junggar and Qaidam basins. These are tem-
perate regions with cold winters where the aridity index can easily exceed 80. They are characterized
by annual precipitation of less than 150 mm, in some places not exceeding 10 mm. Moving sand
dunes are typical of these regions, everywhere except in the Jungger Basin, where the dunes are
semi-fixed.

In the spring, Agriophyllum squarrosum and Horanninowa ulicina can be seen scattered over
moving dunes. Sometimes tufts of Aristida pennata appear on flat sand. Ephedra, Artemisia and Cal-
ligonum spp. grow interspersed on semi-fixed dunes. Haloxylon perscicum inhabits the dune top while
Haloxylon ammodendron is dominant on the lower slopes and in saline depressions between dunes.
Tamarix and Nitraria spp. tend to fix dunes into an undulating surface. Tamarix germinating on the
tops of the dunes will soon use up the available moisture and, unable to tap groundwater, will wither
and die. Nevertheless, if the tamarix is cut down, the wind will get at the sand again and mobilize the
dune, setting it once more into motion.

When Haloxylon ammodendron, Tamarix and Nitraria tap groundwater, they tend to flourish
with great benefit to the soil. This sort of growth should be encouraged.

Experiments conducted in test plots have led to a number of conclusions:
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—  Plants introduced into arid regions must be drought resistant. One such species is Halox-
ylon persicum.

—  Salinity is common in arid regions. Salt-resistant plants as Tamarix hispida must some-
times be selected.

—  Where groundwater is available, plants capable of utilizing it should be considered. These
include Haloxylon ammodendron and Populus euphraticus.

—  Where irrigation from the groundwater is possible, the plant species may be broadened
appropriately. Salix mongolica and Atraphaxis bracteata are among the species that
should be considered.

Conditions in true deserts are of course more severe, and climate often sets a limit to what is
possible. Vegetative methods are sure to fix moving dunes if irrigation is available and plants can be
established in a checker-board pattern.

The Establishment of Forest Shelter Belts in Oases:
Principles and Technology

China’s interior west of the Wushao Ling section of the Helan Mountains and north of the
Tibet-Qinghai plateaux consists largely of temperate zone deserts and drylands. While the region con-
tains mountainous terrain, much of it is made up of sand dunes, gobi and saline soils. In much of it,
too, the climate is arid, with annual precipitation below 200 mm.

Oases are located on gobi lands or on the desert fringe, often drawing water from the melting
of snow in the surrounding mountains. Such places wage a constant battle against drought, saliniza-
tion and drifting sand. If agricultural production is to be sustained and improved in this region,
measures must be taken to prevent the desertification of oases and to expand their productive areas.

The life of an oasis is based on its irrigation system. Research and experience indicate, how-
ever, that in addition to the rational development of irrigation, belts of productive forest should be
established as an effective means of blocking wind and sand. Such shelter belts maintain the oasis
eco-system while becoming an essential element in that eco-system. This can be illustrated by oases
in the Xinjiang deserts.

Shelter Belts for Maintaining A Balance in The Oasis Eco-system

A system of shelter belts include large areas of sand-fixing grasses and shrubs combined with
trees that mark the rim of the oasis plus interior networks or grids of trees that protect the separate
fields. Such shelter belts participate in the energy transformations and circulation of substances that
constitute the oasis eco-system.

As an essential part of the oasis structure, a protective network of shelter belts has effects that
extend through the entire system. Among their organix functions, shelter belts transform energy to
create additional biomass that would otherwise not be used. It is a biomass that is effective in coun-
tering harmful energy, as represented by strong winds and high temperatures. It helps to regulate the
local microclimate by transpiration that consumes and exhales moisture. Belts of trees accelerate the
circulation of salts in the soil and replenish organic content.

Shelter belts as wind-breaks
In considering the efffect of trees on wind velocity, more than the total wind-speed reduction

must be taken into account. Some circulation of air is desirable within the limits of what is safe for
plants. The optimum wind velocity should be estimated. The range of protection provided by trees —
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their downwind effect — must enter the calculations. The goal is to develop forest belts that have
optimum structure.

Characteristic of velocity fields behind close-structured forest belts are two closed eddy cur-
rents, one small and the other large, with a vertical range of about 0.6 A (H = tree height) and a hori-
zontal range of 8-10 H. Discontinuities appear in the air flow in front of the belt and behind it.

The windward air is forced upward to be lifted over the trees. As it flows over the treetops,
the air speeds up, with a pronounced Venturi effect at close to 2.5 H. A tight velocity gradient
develops between the accelerated air and the eddy currents beneath within the momentum transferred
downward strongly. Thus, with dense shelter belts, the leeward wind speed is restored rapidly,
limiting the protective range to about 15 times the tree height., Within the range, wind speed will be
reduced by an average of 39 per cent.

Loosely structured belts show a different pattern of air speed. As the air reaches the belt, part
of it penetrates to form a low velocity zone near the ground surface to the lee of the trees. It forms an
eddy whose curve lies between 4 H and 13 H to a height of 0.2 H. The other part of the oncoming
wind is lifted over the belt where it speeds up due to the Venturi effect. The velocity gradient, how-
ever, is weaker than with a belt of close-=set structure, as in general, the velocity gradient declines with
increasing porosity of the shelter belt. Up to a point, the range of protection increases with a looser
structure, reaching 23 H with wind speed reductions of 40 per cent within the protected zone.

As is characteristic downwind of well ventilated shelter belts, the air stream separates into
three components. The first is directly over the belt, with the air accelerated in inverse proportion to
the belt’s porosity. A second acceleration zone forms on the leeward side exactly where the tree
trunks rise from the ground, but this is quickly weakened by friction with the surface. Beyond this is
the low velocity zone, which extends out to where open-field conditions are gradually re-established.
This pattern of air movement extends the zone of protection created by the belt.

Forest belts of ventilating structure can be classified as easily permeated or poorly permeated
depending on the species composition, the coefficient of penetration and the height of the trunks
of mature trees. In easily permeated belts, trunks heights will run around 3 m and canopies of foliage
are separated. The penetration coefficient will measure about 0.7 and the range of protection will be
11 H downwind. Poorly permeated canopies link up with each other, permitting only moderate venti-
lation. Here, with a trunk height of 2 m, the penetration coefficient will be 0.5, and the protected area
will extend from 24 H to 38 H in a zone in which wind speed is reduced by 34-48 per cent. Belts of
well-spaced trees permitting passage close to the ground but with poorly permeated growth above are
widely used to protect farms in Xinjiang.

Changes in wind velocity have an influence on the protective capacity of shelter belts. A
loosely structured shelter belt will reduce wind speed by 25 per cent when the wind is blowing at
grade 3 on the Beaufort scale, but will reduce a grade 7 wind by 40 per cent over a longer range. If the
belt permits ventilation, the speed of the air passing directly through it will increase as the wind speed
rises, and the protective effect is not enhanced. A shelter belt of that type works best at moderate
wind speeds. If drifting sand is a severe threat, a less ventilating structure is to be preferred, but not if
the sand is blown in the wind.

The protective effect of a shelter belt is directly proportional to the height of the trees. For
example, trees 8 m tall will reduce wind speed 54.7 per cent more than will trees that are 6 m tall
within 20 H, while trees 10 m tall will have an effect 95.6 per cent greater than the 6 m trees.

The angle that the prevailing wind strikes the belt makes a difference in the protective effect.
In moderate wind conditions, a loosely structured belt perpendicular to the wind will reduce wind
speed by an average of 39.1 cent within a range of 30 /. When the wind strikes the same belt at an
angle 45° , the average reduction in wind speed is 43.5 per cent. The reason for this is that the angle of
attack causes a change in the coefficient of penetration.
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The geographic setting and specific conditions must be kept in mind while designing a shelter
belt for structure and permeability. Both these qualities will change as the stand of trees matures. To
maintain the shelter belt’s protective effects at an optimum, control and management must be applied
to the stands of trees at all stages of their development.

A system for protecting fields widely adopted in Xinjiang consists of narrow belts established
in tight grids. A close spacing of belts within the oasis creates a pattern with an overall dynamic
effect, with each belt presenting only a moderate wind to the next. In adaptation to desert condi-
tions, each belt offers protection to its neighbour, enabling the trees in each successive belt to grow
normally and take their place in a stable network.

Even with a narrow belt consisting only of 4-6 rows of trees with low permeability, the wind-
breaking effects can be remarkable, averaging 41 per cent over 20 H in south Xinjiang. The narrow
belt must keep a density sufficient to maintain its profile. While the main species are maintained in
place, ancillary species with heavier crowns are arranged around them forming a multilayer canopy
typifying a well-structured shelter belt. Narrow belts closely spaced reduce average wind speed inside
the oasis 20.2 per cent more than if the grids are widely spaced.

Shelter belts as defences against sand

In oases confronting wind-blown or drifting sand, belts of shrubs and grasses are established on
the perimeter facing the wind outside the outermost shelter belt of trees. These rings of low vegeta-
tion are wide, 200 to 500 m, and planted directly in the sand to increase surface roughness. A layer of
air forms over the vegetation, decreasing the kinetic energy of the wind at the surface. The amount of
friction offered to the wind is proportional to the height and denisity of the grass and shrubbery.
Observations indicate that such belts offer 17 to 27 times the resistance of naked sand. Thus, sand-
bearing winds are already weakened when they enter the forest belts.

In shelter belts in which the trees are well spaced, air passes readily through the lower part.
The grid presented to the wind by the trunks of the trees creates a Venturi effect, and the surface cur-
rent will speed up within the belt. This can cause wind erosion of the surface on which the trees are
planted if the forest belt is unprotected by an outer buffer of grasses and shrubs. Surface sand is
picked up within unprotected forest belts and deposited 5 H to 7 H behind the trees.

If the shelter belt has a structure of trees tightly spaced, and if it is exposed directly to sand-
bearing winds, aeolian deposits are dropped in front of the belt and inside it. Dunes are formed,
growing ever larger, and the trees will eventually be buried.

The best defence against blowing and drifting sand is provided by a belt of six to eight rows of
trees at the perimeter, structured to provide surface ventilation, and itself protected by a wide outer
belt of shrubs and grasses. By the time the wind strikes the trees, much of its sand content will alrea-
dy have been winnowed out by the buffer of shrubs and grasses. Very little sand will be deposited
within the belt of trees or within a range of 3 H downwind. The composite system as described
provides a basic solution to the problem of sand at the windward rim of the oasis.

Microclimatic effects of shelter belts

Farmland under the protection of shelter belts has less wind at the surface with a weakening in
turbulent exchanges. There is a drop in the rates of exchange of heat and moisture in air and soil and
better regulation of water consumption by growing plants. By helping to keep the water table low,
shelter belts act against soil salinization. Trees help mitigate the impact of climatic extrémes, helping
croplands to survive seasons of drought.

Under the protection of a shelter belt, as studies have shown, surface temperatures are raised

by 0.7-3.5°C in the cool spring, while subsoil temperatures at a depth of 5-20 cm are higher by 0.4-
1.0°C. In the hot summer, the air temperature at a height of 1 m can be reduced by 0.1-2.0° C, while
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the relative humidity is increased by 3-14 per cent. In winter, the surface temperature under a cover
of snow can be 0.2- 0.6° C higher.

When the hot drought wind blows in the Turpan region, within three hours a sustained tem-
perature reduction of 0.9-2.0°C is achieved in a range of 1-10 H behind a shelter belt with a well-
spaced structure. After the wind dies down, the relative humidity within a range of 1-10 H rises by
39-50 per cent in comparison with that above unprotected ground.

The presence of a shelter belt directly affects the water circulation in protected plants. In
wheat, for example, the suction pressure is reduced -- to 9.5 atmospheres in the lee of a shelter belt in
comparison with 13.7 atmospheres outside a range of 10 H. Water consumption is regulated, ineffec-
tive consumption reduced, and the chances are increased that crops will survive drought without
damage.

Still other microclimatic effects are produced by shelter belts in desert regions. Since irriga-
tion canals and ditches are shaded by the belts, surface water evaporation can be reduced by 40 per
cent. Because the trees act to conserve water, the humidity of the soil within the belt and in nearby
cropland may be raised by 10-13 per cent in the dry spring. Within a range of 4-12 H behind the belt,
the transpiration of cotton is reduced by 38 per cent. When summer comes, the soil humidity down
to 100 cm can be raised by 8-9 per cent.

Because of its own demands for water, a shelter belt tends to keep the water table low. Fora
range of 75-100 m on both sides of a mixed belt composed primarily of Populus nigra var. thevestina
and Salix alba, the water table was found to have been lowered by 0.2-0.7 m. This helps to keep salts
from accumulating on the surface.

Techniques of Constructing Protective Shelter Belts
Structuring a composite system

Where sand is a serious threat, the protective network should include a wide belt of grass and
shrubs beyond the perimeter shelter belt on the windward rim of the oasis. Within the oasis, the
network will be constructed according to the principle of “‘narrow belts in tight grids”

In constructing the outer shrub-grass belt, dunes and eroded areas can be surrounded by
plantings to protect whatever vegetation they already contain. Irrigation will be provided by winter
or summer floods to establish a belt that is 200-500 m in width. Plants should be selected that are
resistant to drought and erosion and are capable of stabilizing moving sand. These criteria permit a
fairly wide range of choice, with selection carefully adapted to local conditions.

Experience shows that preferred grasses are Alhagi sparsifolia, Glycyrrhiza uralensis, Karelinia
caspica, Soorzonera divaricata, Phragmites communis and Achnatherum splendens. Shrubs that
work well include Capparis spinosa, Calligonum spp., Tamarix spp., and Nitraria sibirica. These can
create a vegetation cover of more than 60 per cent with a surface roughness within the belt 3040
times that of exposed sand. The surface air flow becomes turbulent inside and beyond the belt of
vegetation, lessening the momentum of wind-driven sand. As a result, wind erosion is abated. These
effects are evident early in the development of a shrub-grass barrier, as the vegetation begins to stabi-
lize the shifting sand.

Besides the protection it offers, a belt of grasses and shrubs provides carefully controlled

grazing and can be cut as fodder. Depending on what species are planted, herbs with medical value can
be gathered as well as the materials for producing charcoal.

Protection against sand on ridges and high ground

Shelter belts on high ground are composed of tall trees intermixed with shorter varieties,
planted well spaced so that light penetrates evenly from top to bottom. Each belt consists of six to
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eight rows of trees with a spacing between belts of 50 to 100 m. Where sand is a particular threat, the
trees are bordered by belts of shrubs and grasses. Perennial grasses and sand-tolerant crops can be
planted in the open space between belts.

Drought-resistant trees that provide good wind protection are desirable for shelter belts
established on high ground. These include Eleagnus oxycapa, E. moorcroftia and Ulmus pumila,
Where sand is a severe problem, shrubs such as Tamarix spp. and Hippophae rhammoides should be
planted on the windward side of the trees. Where the surface consists of undulating dunes, techniques
such as “block in front and pull from behind” should be applied to level the land.

Narrow belts in tight grids

This is the most widely used system for protecting the fields inside the oases of the Xinjiang
deserts. These central sections of shelter belts play a major part in regulating the oasis microclimate
and in maintaining a stable eco-system.

Internal shelter belts are accompanied by roads and irrigation ditches. They are usually
constructed of well-spaced structures with good surface ventilation. They are narrow, consisting
of four to eight rows of trees. The distance between belts is usually 250-300 m, but in extremely

dry situations with a serious sand problem, the distance between belts is made even tighter, typically
120-200 m.

State farms, communes and brigades in newly reclaimed areas work to expand their produc-
tive farmlands be extending their forest belts and transforming the desert. Communes inside oases
work to improve their fields a parcel at a time while designing and establishing a system of shelter
belts.

Plans for afforestation must be closely co-ordinated with capital construction in the fields and
must include attention to more than merely trees. Ditches and roads must also be laid out and fields
formed in convenient shapes and sizes. A typical field in a tight grid system will be 13 hectares in size.
Designs should strive to reduce the areas occupied by shelter belts to the minimum, so that water used
and other costs will be reduced while maximizing the land available for crops.

Poplars are the species most commonly used in internal shelter belts. Whatever species are
selected, they must be drought resistant and long-lived while offering an intrinsic economic value.
Belts call for a mixture of species, with the trees planted in furrows or ditches. Selection also calls for
careful attention to local conditions and for species that are well adapted to such conditions.

Evaluating Protective Effects

The effects of a shelter belt on the microdynamics of the atmosphere are what enable it to
provide protection. To calculate the protection that a line of trees should provide, the following
formula is employed:

P=K(HM/D) 100,

in which P is protection in per cent, H the average height of the trees, M the range of protection
downwind, D the distance between belts, and K a constant representing the inverse of the permeabil-
ity. A closely spaced structure with no ventilation will be K = 1, while no belt at all will be K =0. A
well-spaced structure providing good ventilation will be K = 0.7.

Northern Xinjiang on the slope of the Tian Shan is characterized by strong sand-bearing winds
and an aridity index of 4-10. Open grids in this region marking off fields as large as 50 hectares pro-
vide 50-60 per cent protection, and the protection is higher for smaller fields, which means shelter
belts more closely spaced. Experience indicates an optimum field size at 13-20 hectares, surrounded
by narrow belts of 4-6 rows deep, separated by 250-300 m distance between belts.
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In southern Xinjiang, aridity rises to an index of 20-60. On the average, the wind blows at
Beaufort 6 or higher for 31 days in the year with sandstorms on 14-35 days in the year. Salinization
and alkalization are added to problems that create severe conditions in which to carry out agricultural
production. Here, shelter belts are 4-8 rows deep and spaced 250-300 m apart, creating fields of 15
hectares. The distance between belts should be reduced to 150-250 m.

In Turpan below a wind gap through the Tian Shan and in other places in both northern and
southern Xinjiang, aridity rises to 70 and the wind blows at Beaufort 8 or higher for 2142 days in the
year. The conditions can be destructive to agriculture. Networks creating fields of 15 hectares show
protective efficiencies of 67 per cent after the trees have matured. This suggests that belts of 6-10
rows of trees should be spaced more closely together, creating fields no larger than 10-13 hectares.
Yet even with its present system of shelter belts that are spaced widely, Turpan is expanding the area
it maintains under cultivation.

The Utilization and Improvement of Pasture in China’s
Steppe Zone, Taking the Ordos Plateau as an Example

China’s semi-arid steppe regions are mainly located in the central and north-eastern parts of
the Inner Mongolian Plateau between 35° and 50° north latitude and 105° and 120° longitude. They
cover 8.6 per cent of the total area of the country. They include such areas as the Ordos Plateau,
Xilin Gol, Hulun Buir and the Horgin, Orzindag and Mu Us sandy lands. The steppes are undulating
plains at 1,000-2,000 m above sea level with sandy lands interspersed among them that consist mainly
of fixed and semi-fixed dunes, although shifting sands occur in patches among them, especially on lake
basin lowlands.

The mean annual temperature is 5-7° C in the semi-arid steppe regions. It is somewhat lower
in the north-east, as in Manzholi and Xilin Hot, where the average is 1.4° C and is warmer in the south-
west, as at Lanzhou, which enjoys an annual average of 8.1 to 9.1°C. Half the year is frost free.
Annual precipitation averages between 250 mm and 400 mm with the rainfall occurring in a markedly
seasonal pattern. As most of the rain arrives with the south-east monsoon, 60-70 per cent of the
precipitation is concentrated in the period from July to September in the form of heavy downpours.
The 20-30 per cent of the annual rain that falls in the months of April through June is usually too thin
to be of much use. According to statistics collected over the years, it seems almost a rule that a severe
drought occurs once in six years, followed by two years of good rain with a lighter drought in the
third year. The aridity index for the region is between 1.5 and 2.5.

Groundwater is sustained almost entirely by rainfall. The depth of the water table depends on
topographic factors, varying from 10 m or more in higher ridges to 1-2 m in lowlands. The water is of
good quality, with a mineralization rate of 1 gram per litre.

The soils of the steppes are mainly chestnut mollisols deposited by water and wind. Dark cas-
tanozems occur in the east with lighter types in the west. Lowlands contain bogs and meadow soils,
with light meadow castanozems.

The Ordos pasturelands are situated in an arid and semi-arid transition zone in the western part
of the steppes. The flora of the region is characterized by marked variety because of varied conditions
with their distinctive water and energy budgets, topographical features and human activities. Accord-
ing to incomplete information, the Ordos contains 495 species of plants, among which Compositae,
Gramineae, Leguminosae and Chenopodiaceae predominate. The commonest vegetation is composed
of perennial herbs. Pastures, on the other hand, are characterized by fodder types, mostly xerophytic
dwarf shrubs and undershrubs. Because of the prevalence of sandy lands in the Ordos, the vegetation
is psammophytic, featuring undershrubs such as Artemisia ordosica and shrubs like Caragana micro-
phylla and C. intermedia. The natural pastures in the Ordos region have the following characteristics:

They are basically suitable as grazing lands but offer little in the way of grasses suitable
for mowing.
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e Most of the pastures are better suited to the needs of goats and sheep than of horses and
cattle.

e The productivity of the pastures is highly seasonal in both quantity and quality. The
highest yields occur in the autumn when pastures offer three to four times as much fod-
der as in spring. As a result, livestock experiences an annual physical cycle, becoming
“strong in summer, fat in autumn, thin and feeble in the spring”’. This cycle varies greatly
from year to year, with animals in their worst condition in drought years.

e Pasture soils are for the most part sand and sandy loam, with sand particles constituting
80-90 per cent of surface horizons.

e In the west and north, the pastures are on higher ground. In the eastern part of the
Ordos, pastures are also on lowlands interspersed with moving dunes. In the south, pas-
tures are mainly on lowlands composed primarily of fixed and semi-fixed dunes.

The Protection and Improvement of Natural Pastures
Controlled grazing

The Ordos region has a history of over a hundred years of sedenta& grazing. Instead of the
former nomadic styles, pens for livestock, wells and pastoralists’ settlements are established in certain
fixed places. Today, two fundamentally different grazing systems are encountered: uncontrolled free
grazing and controlled rotational grazing.

Uncontrolled free grazing around the settled areas with little attempt to direct the movement
of animals is characteristic of practices that are now being discarded. Such practices in the past have
resulted in the degradation of pastures that are trampled and grazed all year round.

Controlled grazing, on the other hand, produces even pressure on the pastures surrounding
the flock point, It is considered a reliable way of avoiding or reducing desertification.

Contrasting examples can be taken from the Otog Banner to illustrate the consequences of the
two grazing systems. Both involve flocks of goats in similar environments, grazing on sandy lands
fixed by Artemisia ordosica.

Flock A has been in existence for only 16 years, during which time it has grazed freely. Asa
result, the surrounding pastures are severely degraded, with the vegetation cover thinning and the
variety of plant species sharply reduced. Certain plants, such as Cynanchum komarovii and Agriophyl-
lum squarrosum, are an index of degradation, indicated by their increasing dominance. Here, 87 hec-
tares of pasture have turned into shifting sands.

Block B has been established for over 80 years, lasting through three generations of pastora-
lists. Yet the pastures surrounding the settlement point are undergrazed. They show good vegetation
cover abounding in a variety of species.

The herdsmen of this family conserve the surrounding pastures by taking different directions
each day, both in going out and coming back. Thus, the grazing is alternated around the central point.
Watering is also done in a controlled way. Goats are never permitted free access to the well, so that no
pressure is placed on the pasture around the well.

Pasture rights and plot rotation
Only a few years ago, the pastures were not mapped and the right to use them was not assign-

ed. People competing for their use were not motivated to manage them properly or to improve them.
In recent years, however, the work of mapping the pastures has been done and rights to them assigned.
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In the Shudiban and Jiujeng districts of Jingbian County, Shaanxi, for example, each pastora-
list unit began to work out plans for mapping their pastures as soon as the right to use them had been
confirmed. They all agreed on a system of rotational grazing within the area assigned to them, divi-
ding their pastures into three or four sections to be grazed at predetermined times. Within one or two
years after the inauguration of the rotational system, as surveys indicated, vegetation had increased as
much as 4.4-4.7 times and flowering and fruiting plants denser by 3.2-3.3 times. These are ranges,
with the sheep showing increased body weight and higher wool yield under rotational grazing, not
only because of the improved pasture but also because they do not have to walk so far to get it.

A precise system of rotational grazing has been developed on narrow pastures confined to low-
lands. These pastures are divided into a number of small sections. In the morning, the sheep are
brought to graze in a plot that has already been grazed twice. At noon, they are transferred to a plot
that has been grazed only once before. And in the afternoon, they are moved to an ungrazed plot.
This process continues until all plots designated for grazing have been grazed three times. Under this
system, sheep show a 3 per cent increase in body weight and an 18.5 per cent increase in wool yield.
At the same time, 40-50 per cent of the pasture is kept free of grazing to allow its vegetation to
recover from being grazed three times.

Enclose and care programme

On lowland pastures, the government has advocated an “enclose and care programme™ as a
. fundamental means of halting degradation and improving fodder yields. The programme can be
applied with relative ease to the lowlands where soil and water conditions are favourable, and
extended widely. It has shown remarkable results. The pastures in Otog and Uxin banners, for
instance, have shown marked improvement following enclosure. Vegetation has increased in cover and
height, with palatable grasses showing the highest increase.

Enclosures have also resulted in considerable improvement to the soil. The amount of litter is
higher, protecting the surface against soil erosion. Texture has become finer and the nutrient content
has increased.

The programme has subsequently been extended to pastures on sandy lands and higher ground.
These pastures, with less access to groundwater are drier and more vulnerable to wind erosion.
Experience shows that even under these more unfavourable conditions, enclosures produce excellent
results.

Enclosures are not intended to prevent grazing for any extended period of time. What is
intended is to prevent grazing during the growing season. In the autumn, enclosed fields can be
mowed when they are dense with such fine grasses as Leymus secalinus and Calamagrostis pseudo-
phragmites. The mown fields then offer their stubble for grazing in winter and spring. Pastures not
suitable for hay harvesting are “rested” during the growing season to permit the generation and accu-
mulation of nutrients and spring grazing. Thus in addition to rehabilitating pasture eco-systems and
maintaining them in equilibrium, enclosures contribute to a programme of balanced feeding through-
out the year.

Reseeding and planting

The pastoralists of the Ordos have acquired a good deal of experience in reseeding grasses and
planting fodder shrubs to raise the productivity of degraded pastures, to the great benefit of stock
farming in the region. The selection of species for sowing and planting is determined by local condi-
tions.

Lowland pasture covered with sand can be greatly improved by reseeding with legumes. The
favoured selection is sweet clover in white and yellow varieties. In the Uxin area, clovers are planted
together with Salix mongolica to improve the soil between dunes.

Reseeding can improve the productivity of a pasture by 3-7 times. In depressions between the
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dunes that have been reseeded, hay yield has reached the equivalent of 9,487 kg per hectare. The
people of Uxin have combined plantings of sweet clover with weeding out the poisonous Oxytropis
glabra that infests the region. The growth of clover helps to reduce the presence of this harmful plant.

On semi-arid higher ground composed of fixed and semi-fixed dunes where the water table is
low, Caragana spp. provide the principal fodder shrubs used to improve the pastures. A similarity of
morphological and bio-ecological characteristics prevails among the three species most commonly
planted — C. microphylla, C. intermedia and C. Korshinskii. What makes this genus so useful is:

Resistance to heat and cold. Studies have shown that C. microphylla is undamaged by
exposure to temperatures ranging from —39°C to +55°C..

Resistance to other extreme conditions. Caragana spp. are universally recognized as
among the most drought-resistant plants in the region. The genus is also resistant to wind
erosion, sand burial and attack by hailstorms. The drought tolerance of Caragana korshin-
skii has been established by studies of its physiological indices — content of bound water,
ratio of bound to free water, water suction pressure and water-holding potential. These
studies show it to be superior to such drought-resistant plants as Oxytropis aciphylla,
Artemisia ordosica, Artemisia sphaerocephala, Hedysarum scoparium, and much superior
to mesophytes.

Long growing period, From budding to defoliation, the growing period of Caragana lasts
for 200 days in the year. Although in winter the vegetation of the pasture turns yellow
and withered, Carggana remains green.

High nutritive value. Caragana is attractive to stock. Goats, camels, sheep and cattle are
all fond of eating its flowers, leaves and green branches. Its pod wastes make excellent
feed for sheep. The pastoralists of the Ordos have a good opinion of Caragana and consi-
der it a nourishing plant. Analysis reveals it to be rich in protein, minerals and carotene,
as shown in table 19.

Table 19. Nutrient composition of Caragana microphylla
Phenophase
Growing Fruiting
(%) (%)
Moisture 14.95 12.26
Crude protein 22.48 16.84
Ether extract 4.98 3.:22
Crude fibre 27.85 35.25
Nitrogen-free extract 22.36 26.50
Crude ash 7.38 5.93
Calcium 2.16 2.99
Phosphorous 0.52 28.70
(ppm)
Carotene 28.70 23.50
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—  Adaptability. Caragana thrives in a wide range of ecological conditions. It grows in all
the Ordos environments except on the larger moving dunes and in lowlands where the
water table is high and saline-alkaline conditions prevail. It is found everywhere on higher
ground, on sandy or loess ridges and in sandy lands composed of fixed dunes.

—  Long life. Caragana survives for 40-75 years.

—  Easy to work with. Caragana produces seeds. The yield of seed depends on pasture
management and the density of the plants and ranges from 20-30 kg to hundreds of kilo-
grams per hectare. Under good conditions, Caragana has yielded 562.5 kg per hectare.
The plant survives and grows very well whether sown as seed or planted as seedlings.

Because of its favourable characteristics, Caragana has been extensively reseeded and planted
on higher ground, loess ridges, semi-fixed sandy lands and on dunes that still show mobility. It has
become an important weapon for improving pastures and stabilizing sand.

Before 1956, for instance, the Xiejiagou Production Brigade in Jia County, Shaanxi, was so
short of pasture that it could run only 95 head of sheep. Between 1956 and 1974, the Brigade planted
Caragana microphylla on 413 hectares. By the latter year, it was running 1,600 head of sheep. In all
of Jia County, Caragana has been planted on 5,133 hectares. This has been of great significance in
conserving water and soil, stabilizing sand and improving conditions for livestock.

Renewal Pruning of Fodder Shrubs

Certain shrubs and undershrubs, such as Caragana spp., Salix spp. and Artemisia ordosica,
have a great bearing on the feed balance for livestock farming. Yet when they reach a certain age,
these shrubs tend to become exhausted, begin to droop and loose their vigour both for propagation
and productivity, and are increasingly subject to attack by diseases and insects. Experience has shown
that these plants can be renewed by pruning. If they are pruned close to the ground surface, their
vigour will be restored and they will yield a new round of productivity. Studies have shown that prun-
ing increases the yield of Salix mongolica by 132 per cent, of Salix microstachya by 127 per cent, of
Caragana intermedia by 150 per cent, of Artemisia ordosica by 103 per cent and Hedysarum mongoli-
cum by 33 per cent,

The Control of Moving Sands for Pasture Protection and Expansion

Shifting sands are widely distributed in the Ordos, forming 30 per cent of its total area.
Moving sands are a constant menace to pastures and can even bury them entirely. To protect pastures
and develop stock farming, great efforts have been undertaken both to combat sand movement and
convert dune-ands into useful pasture. These are considered to be two of the fundamental tasks of
the region.

Most of the moving sands are situated in semi-arid zones. Here, favourable water and energy
conditions offer a good chance of combating sand movement by vegetative means.

Controlling dunes on their windward slopes

Crescent sand dunes are found scattered sparsely among the region’s lowlands. They are usual-
ly low, no more than 7 m in height, each occupying an area of 1,000 to 7,000 square metres. They are
a phenomenon indicative of an early stage in the formation of extensive moving sands. Crescent dunes
can send them marching at a rate of over 8 m a year. As they advance, they bury the pasture in front
of them. The soil left behind in the wake of these dunes takes at least three years to respond to reha-
bilitation. Indeed, these dunes cause immense damage to pastures and must be listed as a top priority
in programmes to combat sand.

Another severe problem is presented by chains that advance at a rate of 4-6 m per year. The
“blocking in front” method is usually adopted to level barchan dunes, that is, to plant Artemisia
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ordosica or Salix mongolica on the lower third of the dunes’ windward face and let the wind blow the
top away. As vegetation develops, the wind'is prevented from blowing sand off the windward slope,
and its velocity is decreased there. Arfemisia ordosica can reduce wind speed by 60 per cent when it is
blowing at 3.7-6.4 m per second, and decrease by 85 per cent its ability to pick up sand from the
windward slope. A Venturi effect over the top of the dune will speed the movement of air and help
blow the top away. Within a year, a wind-eroded level 6-8 m in width appears in the dune above
plants, or at a place one-third of the way up from the bottom. Artemisia ordosica or Salix mongolica
are established in these eroded levels. The process continues for several years until, after several suc-
cessions of plantings, the dunes are fixed in a pattern of shallow undulations.

Changes also take place in the soil on the stabilized windward slope. Five years after first
plantings, the windward surface has acquired a fragile, cloddy structure. The soil has dropped in
weight and increased in porosity with an increase in dry soil aggregates. It has also increased its con-
tent of nutrients. The vegetation cover on originally naked dunes has reached 28-50 per cent with a
dry-matter production of 225-615 kg per hectare.

V-shaped plantings are generally used to establish Artemisia ordosica. Salix mongolica is
planted in bow-shaped layerings or in “erosion preventing squares”. All such methods establish the
plants in groups. Isolation of plants must be avoided, for single plants are not resistant to wind erosion.

Two other forage plants are effective for fixing sands: Hedysarum scoparium and H. mongoli-
cum. They can be sown on shifting dunes, saving the trouble of planting, and they eventually create
good stands of hay. They are resistant to wind erosion and burial by sand, are fast growing and
generate vigourously. They are also high in proteins, minerals and carotene. If they are free of
grazing, fields of Hedysarum mongolicum will yield 1500 kg of good hay per hectare.

Controlling depressions behind leeward slopes

The low area behind the leeward slope of a moving dune generally extends for some little dis-
tance. The width of such spaces depends on the size and shape of the dunes. If barchan chains are
5-10 m in height, for example, the depressions behind the dunes will generally be five metres in width.
It is not always advisable to plant or sow in the depressions since new vegetation there can easily be
buried by sand. If they serve to stop the advance of dunes, however, several rows of Salix mongolica
can be planted in those parts of the depressions where sand burial is least likely.

Since soil and water conditions are good in the depressions, Salix mongolica will flourish
there. The plant resists burial by its strong and spreading root system. As the sand advances, the plant
will little by little “climb” the dune and end up by blocking any further advance.

As the dunes become semi-stabilized and the danger of sand burial recedes, the depressions
provide the first places in which vegetation can take hold. The vegetation established in depressions is
referred to by the people as “‘three storey pastures’”. That is because they are composed of trees,
shrubs and grasses. To provide protection as quickly as possible, afforestation is carried out with tall
cuttings of Salix matsudana as the main species. These willows have in recent years been supple-
mented by poplars — Populus simonii and P. canadensis. The principal shrub in use is Salix mongolica,
although in exceptional circumstances, Salix microstachys and Amorpha fruticosa have also been used.
Legumes have included white and yellow varieties of sweet clover, and in recent years, alfalfa and
Astragalus adsurgens.

Three-storey pastures established in depressions usually show good productivity. Typical yield
will be 3,000 kg of browse and fine hay per hectare, although yields have been recorded as high as
5,000 kg per hectare.

Kulums for Fodder and Grass Cultivation

Projects originally carried out to protect grasses in enclosed lowlands were less elaborate to
begin with. They have subsequently displayed a marked development, advancing from extensive to
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intensive management. Indicative of their evolution has been the introduction of cultivation and
planting into the construction of grass kulums, concentrating primarily on the sowing of improved
fodder grasses. At the same time, attention has been paid to diversify their economies. As a result,
kulums have evolved into distinct types.

The forage-grass kulum

The kulum intended for the cultivation of forage and grass is generally built on a relatively
small area within convenient distance of a stockbreeding unit. Its purpose is to provide fodder to
livestock, these being mainly flocks of sheep.

Kulums of this type are usually established in places favourably endowed with water — on
valley terraces, for example, or on moist lowlands between dunes where rain-fed cultivation is possible.
They must be manageable with the minimal amount of human labour that typifies stockbreeding.
After enclosure, it is the common practice to sow grain crops for one or two years while clearing out
noxious weeds. After that, improved grasses are seeded and planted. Proper management is expected
to produce a yield of 7,500-10,500 kg of alfalfa per hectare one year after sowing.

Water-grass-forest-cereal four-in-one grass kulums

Kulums of this kind are extensively established in the Ordos region, most of them built on low-
lands with favourable soil conditions and posibilities for easy management. Major efforts have gone
into constructing them. The measures to be undertaken to establish a four-in-one kulum are as
follows:

1) Water resources are developed and utilized. As is characteristic of semi-arid regions, the
annual precipitation shows great variation. The rain, when it does come, is concentrated in late sum-
mer during the second half of the growing season. Because of the unreliability and seasonal quality
of the rainfall, high and stable yields cannot be obtained without artificial watering.

Most of the surface water resources in the region are located in mixed agricultural and pas-
toral areas in the south. Elsewhere in the region, irrigation must rely on groundwater. At the present
time, pipe wells and large-mouth wells are used to bring groundwater out from under shallow layers
below the surface. A large-mouth well is in fact an open pond where groundwater is allowed to col-
lect. A pipe well taps water at a depth of 20-30 m.

Although large-mouth wells are inexpensive to construct and produce water at preferred higher
temperatures, they take up too much ground for the amount of water they supply and are subject to
evaporation. Pipe wells, on the other hand, produce great amounts of water, which is preserved from
evaporation until it is used. One pipe well, for instance, yields more than enough water to irrigate 3.3-
5.3 hectares. In some exceptional cases, efforts have been made to supplement the water supply by
bringing in boreholes or artesian wells that tap water more than 100 m below the surface.

Because the soil is usually sandy with poor water-holding capacity, irrigation canals have to be
paved to prevent seepage. This can be done with sod, clay or pre-cast concrete slabs. Tests show that
canals lined with tamped clay work well against seepage and are inexpensive to construct. To increase
water conservation, plastic sheets have been used in recent years to line canals, and sprinkler irrigation
has been installed.

2) Protective shelter belts of trees and shrubs are established. To halt moving sand dunes
and prevent damage from drifting sand, shelter belts are planted, usually of Salix mongolica supple-
mented with tall cuttings of Salix matsudana, in the form of a loose structure that permits ventilation
at ground level. Other trees are included in shelter belts to provide variations in the height of their
canopies of foliage. Commonly used are species of poplars and elms. Shrubs, planted to the windward
of the trees, include Caragana spp., tamarisk and Amorpha fruticosa.

Shelter belts not only block the wind and prevent sand drift, they also provide leaves and twigs
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for fodder. Shelter belts of Salix mongolica and Salix matsudana yield an amount of green browse and
undergrowth that is equivalent to 6,375-7,000 kg of dry matter per hectare.

3) The land is levelled and the soil improved. Irrigation requires level fields, but the land
available for kulums may have an undulating surface because it previously contained dunes. If so, it
will be necessary to complete the levelling of former duneland and fill in depressions between dunes.
In such a case, too, the soil will be too sandy, and clay will have to be mixed with it to improve its
physical properties. Not only will better soil raise the crop yields, it will also conserve water. A water
saving of 23 per cent was recorded in Otog Banner after the land was levelled and the soil improved.

4) Superior species of forage grasses and grain crops are then sown. At first, four-in-one
kulums provide supplementary fodder for livestock. As time passes, they are expected to develop into
man-made pastures of high quality.

White sweet clover is commonly sown in the region. It yields 3,525-6,375 kg of hay per
hectare in the sowing year, and 5,250-12,000 kg per hectare in the second year, when it also produces
seeds at a rate of 1,875 kg per hectare.

In recent years, a cultivated type of Astragalus adsurgens has registered good adaptability and
high yields. Under irrigation, it yields 75,000 kg of hay per hectare in the sowing year and 27,500 kg
per hectare in the second year. The protein content of this hay reaches 16.5 per cent.

The chief grain crops sown in the region are millet and naked barley, with maize cultivated
in some places. Millet and barley show yields per hectare of 6,000-7,500 kg, with straw providing
another source of supplementary fodder during winter and spring. The harvested field may be used
for grazing. )

5) Activities are finally enriched by developing diversified economies. Nurseries are
established for the cultivation and testing of seedlings and cuttings. Apiculture is developed to provide
honey and facilitate the pollenization of plants. Fruit trees and vegetable plots are added to the four-
in-one kulum. Medicinal herbs are grown. Veterinary services become available. A wide range of hu-
man interests comes to be served in a community based on the sustained yield of the kulum.
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INDIA (A)

Implementation of the Plan of Action to Combat Desertification
by
O.P. Gautam*

Introduction

India conceived the problems of the desert and desertification soon after its Independence
(1947). When the twenty small administrative units were integrated into the present-day state of
Rajasthan, it was possible to co-ordinate the activities of various agencies interested in the develop-
ment of the desert area and to create a unified Master Plan for the direction, operation and superinten-
dence of all such activities. Attention was further focussed on the deterioration referred to in the
First Five-Year Plan which pointed out that “Indian desert of Rajasthan has been spreading outwards
in a great convex arc — at the rate of about half a mile per year for the last 50 years”. In recognition
of the problem, the National Institute of Sciences (now Indian National Science Academy) organized
a symposium on the “Rajputana Desert” in 1952, on the recommendations of which the CAZRI
was established, firstly in 1952 as the Desert Afforestation Station. This was perhaps the first, and a
major, state organized step in the Afro-Asian countries to contain the desert.

The arid and semi arid zone in India is spread over 8 states of the country but 90 per cent of
the hot desert is located in north-west India, out of which 62 per cent is located in the state of Rajas-
than. It is by far the most populated desert of the world and the manifestations of deterioration of
environment are more evident in this region as compared to others. Continuing research work at
CAZRI and by other organizations has made the Thar the “best studied” desert in the world.

State-wise Area of the Arid Zone in India

Area under Percentage of

State the arid zone the total arid

(sq.km.) zone in India
Rajasthan 1,96,150 62
Gujarat 62,180 19
Punjab 14510 5
Haryana 12,840 4
Maharashtra 1,290 04
Karnataka 8,570 3
Andhra Pradesh 21,550 7
Total area 3,17,090 =
Jammu and Kashmirf 70,300 _

 Cold aird zone.
Source: A. Krishnan in Desertification and its Control.

i Director-General, ICAR, and Secretary, Department of Agricultural Research and Education, Ministry of Agriculture and
Co-operation.
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India presented a well documented case study on *Desertification problems in the Luni
Development Block” at the United Nations Conference on Desertification held in Nairobi during
1977, besides presenting a Country Report prepared by Department of Science and Technology, Govt.
of India. In addition, a compendium “Desertification and its Control”” was published by the Indian
Council of Agricultural Research, New Delhi. Thereafter, the Arid Zone Association of India, in colla-
boration with other agencies, organized a post-conference international symposium on Arid Zone
Research and Development at CAZRI during 1978 which was attended by 400 participants from 20
countries. It was followed by a post-congress seminar on Anthropology and Desertification which
was again held at CAZRI, Jodhpur, in 1978. A number of collaborative projects with international
agencies were started to conduct research (with UNRISD) and for developmental purposes (World
Bank), which are being taken up on a large scale. The Government of India and State Governments
in the arid and semi arid zones realized the alarming situation and reacted in apt manner by taking
right decisions, providing funds for anti-desertification programmes, and creating facilities for their
perception, for establishing infrastructure to study the problems, for evolving strategies to minimize
the hazards and for transfer of technology, as well as having organized result-oriented extension pro-
grammes by creating appropriate agencies.

The Indian Desert

The entire area stretching from the Sahara to the Thar appears to be a meteorologically homo-
geneous one. Besides, physiographic and anthropogeographic conditions of the region are comparable
to identical phase in contiguous hot deserts. From a broader view point, the north-west hot arid zone
of India is the eastern extremity of ‘Great Plain’. In the Indian desert, before the aridity set in, the
streams were alive and carried sufficient silt into the sea. Thereafter, the run-off decreased and these
streams now flow subterraneally along these dead channels. The confluences of the main channels
now form salt basins. This process is still in progress as new salt basins are being formed on lower
reaches on the smaller tributaries.

The average annual rainfall of the region varies from 150 to 500 mm with a coefficient of
variation as high as 60-70 per cent. The distribution of rainfall is also erratic, occurring mostly in the
period July to September. During summer, the mean daily maximum temperature is generally 40°C
and 22°C to 28°C during winter. The mean minimum temperature varies from 24°C to 26°C during
summer and 4°C to 10°C during winter. The mean diurnal temperature variation ranges from 12°C to
17°C. The mean relative humidity during summer varies from 36 to 50 per cent and from 66 to 78 per
cent during monsoon during the morning hours. In the afternoon, however, there is an expected drop
and the mean values range from 20 to 35 per cent during summer and 48 to 60 per cent in the monsoon
season. The mean evaporation during summer exceeds 10 mm per day. The potential evapotran-
spiration values during summer (April-June) vary from 7 to 9 mm per day. The mean daily wind
speed is recorded to be highest during summer and monsoon seasons, 8-20 km/h.

Arising out of the paucity of rainfall, the surface water resources are also scarce. In the
extreme south-west there is an organised drainage emanating from the western slope of the Aravalli
that covers about 30,000 sq.km.. Here also in response to rain the actual flow is limited to a few
days only. In the north-west there is another small stretch under the influence of the Ghaggar River.
In the remaining major part of the tract there are points of run-off and water from them has been
intercepted or collected from historic times onward. These, depending upon rainfall, are able to meet
the human and livestock needs from a few days to months, after which preforce people have to depend
on ground water. The tracts under the direct influence of integrated drainage or those that get
recharged through sub-surface flow have reasonably good potential, much of which is already being
exploited. Such regions cover nearly 30 per cent of the arid zone. In the rest of arid zone the ground
water is too little, too deep and also not quite potable. However, even in this tract the people through
a conjunctive use of surface and ground water, are able to sustain themselves, though with considerable
difficulty.

The topography of western Rajasthan is not a result of superficial or biogenic agencies, but is

attributed to geological processes largely in the nature of the sheet movements leading to peneplana-
tion, rapid changes in the drainage system, enormous accumulation of loose rocky materials, deepen-
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ing of water table and consequent famishing of vegetation, and thereby accentuation of desertic con-
ditions. A thick sedimentary sequence ranging in age from Early Palaeozoic (or even older) to Middle
Eocene is exposed in the western Rajasthan desert. The sedimentation, with many intervening breaks,
continued up to Late palaeozoic times till the major uplift and erosion which preceded the next major
marine transgression in the Jurassic. The study of the geomorphology of the southern arid zone has
shown that two cycles of erosional surfaces are present, one of which is responsible for the accordance
of the summits in this area which consist of domes, whalebacks, flat domes, inselbergs, koppies,
pediments and pediment passes.

The region comprises a vast stretch of Quaternary alluvial plain and wind sorted sands. Its
mean elevation in the east at the foot of Aravalli mountains is generally 350 to 450 m. above sea level
and from here the plains slope in easterly and south-westerly directions to an elevation of about
100 m. in the west and 20 m. in the south-west towards the Rann of Kutch.

Most spectacular amongst the land-forms are the dunes. These are present in 58 per cent
of the area of the region. Within this, in nearly 30 per cent of the area, dunes proper cover 60 to
100 per cent of the area, in 58 per cent these constitute 20 to 60 per cent of the area. The area
of occurrence of dunes lies in the northern and western half of the region but even here it is not a
contiguous feature and does have inclusions of dune-free corridors as the area from Pokran through
Bap to Bikaner. A variety of dune types such as coalesced parabolic, longitudinal transverse, barchan
and obstacle has been recognised. Amongst these parabolic and coalesced parabolic dunes are domi-
nant. The dunes are very variable in height — the common range being 10 to 80 metres and those
occurring in Jodhpur and Barmer are the highest. The dunes are highly sandy and contain only 1.8
to 4.5 per cent clay and 04 to 1.3 per cent silt. The inter-dunes and associated plains are also light
textured, though with more silt and clay. These have a varyingly developed concretionary strata at
depths commonly of 40 to 120 cm. There is an appreciable strata of old surfaces having well de-
veloped calcrete often with some well rounded rock fragments underneath or exposed at the surface.

The central and southern part of arid Rajasthan is made up of medium and fine textured soil
developed from in-situ or alluvial parent material. This region is almost devoid of any signs of defla-
tion or of aeolian sand. These soils are well aggregated and have a good moisture retention capacity.
These soils as also those of dunes and sandy plains are somewhat low in nitrogen but well provided
with phosphorus, potassium and various other nutrient elements. Though the soils test low in nitro-
gen, it is not a limitation in establishment and maintenance of good vegetation cover. However, under
arable farming application of fertilizer is necessary for optimum yields.

Biogeographically, the majority of the desert biota exhibit Saharo-Rajasthani affinities as
opposed to middle-Asian.

The Problem : Deterioration of Desert Environment

Besides climatic vagaries, erratic monsoon and extremes in diurnal temperatures, the Indian
desert is confronted with two major problems : escalation of (i) human and (ii) livestock populations.
All other processes are in reality the consequences of these two major factors causing desertification
and deterioration of the desert environment.

The human population, starting with a base of roughly 3.56 million in 1901, registered a linear
escalation and increased to 10.23 million till 1971, almost a threefold increase in the arid districts of
Rajasthan. The growth rate (158 per cent) in the hot desert is:-more than that of the country (132 per
cent). The density of population varies from 157 to 4 persons per sq.km. decreasing with the annual
amount of precipitation. As a consequence, in western Rajasthan, the cultivation on marginal lands
increased by 44.6 per cent during 1951-61 and by an additional 9.47 per cent during 1961-71. Pastures
and other types of lands declined by 16 .8 and 6 95 per cent during the two decades. The increase in
rain-fed farming on marginal lands has not only resulted in a decline in crop productivity per unit area
but has also enhanced soil erosion, degraded the soil fertility, and has resulted in over-exploitation of
ground water.
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The increasing human population is a serious stress, particularly on the vegetal resources of the
desert. The trees and shrubs and even their roots are indiscriminately cut by the rural population for
fuel, top feed, thorn fencing and the construction of thatched hutments. It has been estimated that
the requirements of the people in the desert in respect of the woody biomass has increased from 1.85
million tons in 1951 to 3.33 million tons in 1971. Moreover, the desert people have developed
peculiar food habits. All the available air-dried seeds and pods of the trees are used as delicacies. The
seeds of Acacia senegal (kumat), the fruits of Capparis decidua (kair) and the pods of Prosopis cinera-
ria (sangri) are harvested. Almost all the fruits of Zizyphus nummularia (ber, jhadberi) growing in
accessible parts of the desert are harvested for human consumption. The seeds of grasses, e.g. Panicum
turgidum, P. antidotale, Cenchrus biflorus and Echinochloa colonum, are mixed with millet for
making chapatis (unleavened cakes) especially during drought years. The grass seeds are supposed to
add to the nutritive value of the food. The intensity with which seed collection is made for direct
human consumption throughout the desert region seriously affects the natural process of regeneration
of the desirable plant species in the inhospitable terrain.

In spite of the low productivity of the arid lands, Rajasthan sustains a fairly high population of
livestock. Paradoxically, along with the reduction in the grazing area during the last two decades, the
livestock population has registered an alarming increase, from 9.4 million in 1951 to 15.5 million
(almost double) in 1972. The livestock density per 100 hectares rose from 72 in 1951 to 175 in 1971
in the desert districts but in the adjoining districts, this enhancement was not so spectacular (25 per
cent as against 293 per cent in desert districts). The goat and sheep populations ranged from 57.1 to
69.3 per cent during this period. Owing to continued droughts during 1967-71 with the consequent
migration and mortality, the number of hardy animals, e.g. the goat, increased substantially (34%).
The data thus not only reveal a preponderance of the goat and sheep populations in arid Rajasthan but
also point to their increase during the years of drought.

The pressure of livestock on the grazing lands results in the depletion of vegetation resources,
and at certain habitats in the desert the natural successional trends have been reversed :

Cenchrus setigerus, C. ciliaris
Eleusine compressa
Cynodon dactylon

Indigofera
C. biflorus
Avristida spp.
Bare sand

Due to severe depletion of food species, the livestock productivity has declined and has induced their
migration and nomadism in the human population.

A general approach to improve productivity of arid lands is to bring irrigation water, chiefly
for raising crops. Incoming water into a desert also affects the eco-system adversely. It is evident that
in Anupgarh Shakha area, the water table is rising at an average rate of 1.52 m per year. At places the
rate is 3 m. In Ghaggar flood area water table has risen by 6-9 m. On the basis of water table changes
in the Shri Ganganagar district, estimates are that the problem will attain a critical limit with present
rate of rise in static water level in about 9 to 275 years in different zones. Besides, the perched water
table rise along with sub-surface gypsum bed is also creating severe water-logging hazard.

For collecting rain water for subsequent irrigation, village ponds and dams across prior chan-

nels have been constructed in many parts of the Thar desert. These human efforts have also resulted
in a deteriorating desert eco-system. They have pushed up the water table and spread salinisation.
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Salinity due to construction of tanks has developed in small development blocks. Evidence shows that
prior to 1958, an area of 8.3 sq.km. of once productive lands has been salinised beyond use. Since
1958 salinity has spread within this block laterally and during this period an additional area of 15.6
sq.km. has been so effected. It is feared that if the situation continues, the problem would spread to
another 40 sq km. in this block.

Comparison of results of studies carried out in the Luni Block over a period of 18 years (1958-
1976) shows that due to human interference, sand movement activity leading to further accentuation
of undulation has taken place over an area of 166 sq.km. or 8.4 per cent of the total area of the block.
Simultaneously 67.9 sq.km. has undergone deflation. It was also observed that recent sand activities
have led to an increase in the thickness of sand on previously created fence line hummocks by 15 to
30 ¢m and to have enhanced their width by 1-2 metres. The area so affected is 163.3 sq.km. or 8.2
per cent of the total area of the block. The stabilised sand dunes in the extreme north-west also show
an increase of sand piling by 1 to 2 metres on the flank and 3 to 5 metres on the crest.

Likewise, in the Rajasthan desert, it is revealed that about 9,290 sq.km. or 4.35 per cent of
western Rajasthan has already been affected by the processes of desertification. 1,62,900 sq.km. or
76.15 per cent of the area has been categorised as highly and moderately vulnerable and 41,692 sq.km.
or 19.5 per cent of the area is moderately to slightly vulnerable to the various processes of desertifica-
tion.

Assessment of The Problem

Based on the critical indicators (physical, biological and social), a project on Monitoring of
Desertification Processes was formulated by CAZRI in 1978. To cope up with the magnitude of pro-
blems related to desertification which show a variety of forms of surface expressions, remote sensing
techniques for analysis have been employed. Particularly to study the encroachment of desert in an
eastern direction, false colour mosaic of space imageries pertaining to Rajasthan and surroundings
were studied for a reconnaissance and semi-detailed appraisal for the perception of sand encroach-
ment. The sands appear in the false colour mosaic as light yellow to green while medium to heavy
textured soils appear in dark green to bluish tone. Taking advantage of this tonal differentiation, the
areas covered by sand as well as sand-free areas were easily detected, delineated and mapped. It is
observed that the bulk of the areas affected by sand dunes and sand sheets occur in the extreme west
of the Aravallis up to the Indus River system and Haryana, Punjab and Delhi in the north followed by
a discontinuity in the mid-west. Further, sand is also found to be concentrated in pockets around
Jaipur, Kuchamana, Dausa, Agra and south of Dholpur. This feature was distinctly reflected in light
yellow to light green tone in the false colour mosaic. The Rann of Kutch appears in dark green
mottled tone with bluish tinge implying thereby the absence of sand. Ground survey of this area, in
1977, showed no evidence of sand formation either.

From the foregoing it has been deduced that the sand dunes and sand sheets only occur as
discontinuous patches from the Rann of Kutch to the north-eastern part of Haryana and Delhi.
Further, whatever sand piling has occurred around Jaipur, Agra and Dholpur seems to have originated
from intense local biotic disturbances such as improper cultural practices, over-grazing and indiscrimi-
nate cutting of trees.

Thus, the discontinuous distribution of sand dunes and sheets in the western sector discounts
the transport of sand by wind from the south-west. This has also been confirmed by the comparative
study of incidence of sand shown in the ONC (USA) map of Rajasthan and the false colour composite
of Landsat for 1977 which do not show any evidence of lateral movement of sand from the south-west
to the north-east. Further, in the absence of any sand piling in the Rann of Kutch, the wind-borne
theory of sand from the Rann as advocated by some critics (National Institute of Sciences, 1952)
appears to be completely ruled out. There is thus no prima facie evidence to indicate that desert is
spreading towards Delhi-Mathura-Agra region.

Based on interpretation of Landsat imageries (Bands 4 and 5 supplied by ISRO, Ahmedabad),
maps on 1:2.5 million and 1:2 million scale have been prepared which also indicate that there are no
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evidences to show the spread of the Indian desert. This inference is also supported by the socio-eco-
nomic surveys of the region. Further work is continuing in Haryana and western U.P.

Assessment of vulnerability of smaller area to desertification processes is also an important
subject of study at the CAZRI. The band 5 computer printout map depicts the vulnerability to
desertification processes of aeolian landforms in a small subscene in the Middle Luni Basin. This
feature is reflected in light and dark tone pixels. Analysis of the pixels reveals that the areas of
dark pixels due to the presence of vegetation and moisture (brightness value 0—65), which occupy an
area of 3.36 sq.km. in the subscene, are least vulnerable to desertification (table, below). The light to
dark gray pixels due to moderately sparse to sparse vegetation (brightness value 66 —69) indicate areas
moderately vulnerable involving an area of 6.07 sq.km. in the subscene. The bright pixels, due to
accumulation of fresh sands and no vegetation (brightness value 70 —83) constitute the areas highly
vulnerable to desertification and seem to occupy the largest area (11.72 sq.km.) in the subscene.

Assessment of vulnerability of areas to desertification in the western part of the Middle Luni Basin
(computer printout of Band 5)

Gray Number Area
Vulnerability teel Value of in Per cent
pixels sq.km.
Moderate 2-3 66—69 1346 6.07 28.8
High 4-6 70—-83 2599 11.72 35:3
4690 21.15 100.00

CAZRI has prepared a number of atlases on agriculture in Rajasthan, agro-demography and
sheep ecology.

Land-Use Planning and Management

Integrated natural resource surveys are being conducted by CAZRI and that of other bio-
physical aspects by several other organizations. The survey areas are selected on the basis of the
intensity of vulnerability to desertification. About 100,000 sq.km. area has been covered by CAZRI.
These surveys have yielded valuable information for better land-use planning and management. On
the basis of evaluation and assessment of physical, climatic and biotic factors, management plans for
better land-use practices based on ecologically and economically sound principles have emerged. A
number of hazards of technologies to be implemented have also come to light.

Different soil survey, agricultural and other developmental organizations of Haryana, Punjab
and Gujarat are also doing work for land-use planning and management in the desert areas. For
carrying out this type of survey the basic data are collected from various sources. The Economic,
Statistics and Revenue departments of the various State Governments supply the revenue and statisti-
cal and land-use data which are so essential for regional planning. Survey of India, Dehra Dun, is the
main source for providing large-scale topographical maps and aerial photographs which are the main
tools for carrying out natural resources surveys.

The receiving station of National Remote Sensing Agency (NRSA), Hyderabad, began taking

test data from Landsat in August 1979. The station has become operational from January 1980 and
users can obtain Landsat data products (70 mm chips, transparencies, colour composites etc.) from
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NRSA. Besides, a large number of application projects are currently in progress at NRSA including
natural resources survey, water resources survey and various soil studies.

National Atlases Organization supplies maps of various scales that are useful for basic resources
surveys. Indian Space Research Organization and its Space Applications Centre, besides their own
research programme, supply sequential Landsat imageries which are very helpful for regional surveys.
Indian Meteorological Department is the main source for supply of meteorological data which are
probably a primary need for considering developmental planning of arid and drought-prone areas.

Since the approach of mapping the land system as expressed on aerial photographs by a dis-
tinctive pattern remains bristled with difficulties in areas with immense biotic activity, a new concept
of composite mapping unit — Major Land Resources Unit (MLRU) — has been developed at CAZRI.
This unit enables the composite mapping of areas having similar resource potential and management
needs. In other words, besides the recurring pattern of soil, land form and vegetation, the MLRU has
the receiving pattern of human activities and resource potential of an area for development planning.
The human factors are supported by the socio-economic surveys. Integrated natural resource surveys
of the following regions have been completed: Rajasthan — Bikaner, Jodhpur, Nagaur, Lower Luni
Basin; Gujarat — Santhalpur district; Haryana — Mahendragarh district; and Andhra Pradesh — Chila-
keri district.

The National Bureau of Soil Survey and Land Use Planning, National Remote Sensing Agency
and a few other organization are also carrying out survey work in various fields. The Rajasthan
Government is further utilising the resource surveys in planning the land -use in Upper Luni Basin and
Rajasthan Canal Command Area.

Such surveys also point out the acceleration of desertification process due to man-made
decisions. Once a perennial river, the Ghaggar takes its origin from Siwalik ranges in the Himalayas
near Simla. Its natural course runs through Punjab, Haryana and northern Rajasthan, and it flows into
Pakistan to meet the river Indus. The Ghaggar is a dried up river in present times but with the develop-
ment of irrigation in Punjab, Haryana and northern Rajasthan and due to spilling of drainage channels
into it, the flood intensity of Ghaggar in Rajasthan has aggravated during recent years. In order to
find a suitable solution to combat Ghaggar floods, the Rajasthan Government diverted the excessive
water flow into 18 inter-dunal depressions of various size and shape involving an enormous quantity
of about 0.73 million acre feet of water which had disastrous effect due to seepage of water. These
stored depressions caused water-logging in about 440 hectares of fertile land.

The Rajasthan Government has established a Desert Development Board for co-ordinating
the efforts of various departments and organizations and managing land-use in arid and semi arid
regions in the State. ICAR has also established the Regional Committee No. 6 to identify research
needs of the desert states (Gujarat, Haryana, Punjab and Rajasthan) and to formulate proper manage-
ment.

The University of Jodhpur is conducting land-use survey of the Luni basin in collaboration
of ISRO. The Plant Protection Directorate of Government of India has established a special wing
for forecasting the invasion of locusts by advanced remote sensing techniques.

Improvement of Irrigated Agriculture and Water Management

Extensive irrigated agriculture facilities exist in Punjab, Haryana, and northern Rajasthan and
these are being further augmented through the construction of the Rajasthan Canal which envisages
to transform about 11 per cent of the barren uninhabited areas of western Rajasthan into a vast
granary.

In accordance with the Indus Water Treaty and in order to utilize the waters of rivers Ravi,
Beas and Sutlej, Rajasthan has been allotted 9,860 million cubic metres of water. To bring this water
to Rajasthan 204 kms of Rajasthan Feeder and 445 kms of Rajasthan Main Canal are being con-
structed. The work was commenced in 1958. Rajasthan Canal has a gross area of 2 million hectares of
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which 1.3 million hectares is culturable commanded area. The intensity of irrigation has been kept at
110 per cent. For facilities of construction and administration the project has been split into two
stages termed as Stage I and Stage II. Stage I comprises 204 kms of Rajasthan Feeder, 189 kms of
Rajasthan Main Canal and 2,880 kms of branches, distributaries, minors, etc. The culturable com-
manded area is 536,000 hectares which with an intensity of 110 per cent shall give an annual irriga-
tion of 590,000 hectares. Likewise Stage II comprises 256 kms of Rajasthan Main Canal and 4,000
kms of branches, distributaries and minors. The culturable commanded area under flow irrigation in
Stage II is 500,000 hectares and under lift irrigation it is 260,000 hectares. Whereas in Stage I there
is only one lift canal known as Bikaner-Lunkaransar Lift Canal involving a lift up to 60 metres, and a
culturable commanded area of 50,000 hectares, Stage Il includes five Lift Irrigation Schemes in
accordance with the recommendations of the National Agricultural Commission made in its interim
report on desert development. These five lift schemes are Kolayat, Gajner, Phalodi, Pokaran and
Nohar-Sawa, involving a lift up to 60 metres and a culturable commanded area of 260,000 hectares.
The intensity of irrigation in Stage II has been kept at 92 per cent.

In addition, programmes are in vogue to fully utilize the underground water resource in the
Jaisalmer-Chandan-Lathi region in Rajasthan keeping in view the need of its judicious use as recom-
mended by Ground Water Boards of Central and State Governments.

To suit the availability of irrigated water, research work on water use, irrigation system and
models, and cropping patterns, salinity and water-logging problems is in vogue at the Central Arid
Zone Research Institute, Jodhpur; Central Soil Salinity Research Institute, Karnal; Central Soil
Conservation Research Institute, Dehra Dun and in the agricultural and conventional universities in
the desert states.

On the basis of intensive eco-toxicological research work carried out on the insect and rodent
pests, well tested technologies are available to minimize pre-harvest and post-harvest losses inflicted
by these pests.

Improvement of Rangeland, Livestock Production and Wildlife Management

Extreme and intensive studies to establish scientific methods for the upgrading and utilization
of the denuded rangeland in different bio-climatic zones and vegetation types in the desert region have
been carried out by CAZRI. A number of technologies for establishing pastures, to regenerate natural
ranges, for their protection, carrying capacity, stocking rate, and water harvesting have been stan-
dardized and demonstrated at about 60 range management and soil conservation paddocks spread over
western Rajasthan. Fruitful technologies have also been developed for soil conservation by the Central
Soil Conservation Research Institute, Dehra Dun. Drought Prone Area Programme (DPAP) and De-
partment of Desert Afforestation and Pasture Development (DDAPD) have taken up range manage-
ment programmes in a big way.

Livestock production is a major lifestay of desert people. Although the livestock sector in
Rajasthan accounts for 12 per cent of total income of the State and provides employment to about
two-thirds of the population, yet the fact remains that the productivity of livestock is rather low. The
challenging problem was taken up by the CAZRI, Central Sheep and Wool Research Institute (CSWRI),
Avikanagar, and the Animal Husbandry Departments of various desert states. Based on the national
breeding policy for improving sheep in the region for enhancing carpet and apparel wool production
and quality, intensive cross breeding programmes were taken up at CSWRI.

In addition, a new product — the lamb pelt — has been jntroduced to raise the economic level
of the desert dwellers. Karakul, fat-tailed carpet wool breed of USSR, has been introduced in India.
Crosses of Karakul with extremely coarse and hardy breeds like Malpura, Sonadi and Marwari have
shown promise for producing acceptable quality lamb pelts. The cross-bred sheep are better adapted
to arid conditions.

Improvement in the quality and quantity of wool produced by desert sheep has been achieved
through selective breeding of the right types of biochemical polymorphic traits, and by chemically
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protecting feed proteins from microbial degradation in the rumen. Intermittent (twice-weekly)
watering of sheep has been proved to be a better management practice both in terms of sustained or
even improved animal production and in almost 50 per cent saving of water.

Goats have been alleged to be ‘desert-makers’ but physiological and sociological studies taken
up at CAZRI and those on forage utilization efficiency aspects at CSWRI have indicated that they
can be well utilized for meat and mohair production. These programmes are being taken up on a
larger scale. The role of the goat in arid agriculture has been reassessed and its continuance in suf-
ficient number has been advocated.

Appreciable progress has been made during the last seven years in respect of dairy development
which has been organized through farmers’ co-operatives. At the village level primary milk producers’
co-operative societies are organized which, besides collecting milk, also provide technical know-how
for increasing milk production which inter-alia includes supply of balanced cattle feed, veterinary
first-aid, artificial insemination and fodder seeds of improved variety. A laboratory is established in
every society for testing the quality of milk, since payment is made on the basis of fat content. 2,200
dairy co-operative societies have been organized, spread over 19 districts of the State.

The village-level societies have been federated into 11 district-level milk producers’ co-opera-
tive unions set up on milkshed basis. These unions have established animal health and technical input
centres from where inputs are sent to the village-level societies. The mobile veterinary unit visits every
society once a week.

The district milk producers’ unions have been federated into their apex body, the Rajasthan
Co-operative Dairy Federation. The Federation has set up a number of dairy plants and chilling cen-
tres to process the milk received from the district unions. It has also set up cattle feed plants for the
supply of balanced cattle feed and Frozen Semen Bank to supply frozen semen for cross-breeding of
cattle.

Bikaner district has been covered under Operation Flood-I. A feeder balancing dairy of
100,000 litres per day capacity has been set up at Bikaner.

Another similar dairy of 100,000 litres per day capacity has been set up at Jodhpur. Six
chilling centres each of 10,000 litres per day capacity were set up at Pokaran, Pali, Balotra, Merta,
Loonkaransar and Sardarshaher. The capacity of these chilling centres has been expanded to 20,000
or 30,000 litres per day. The capacity of dairy plants at Jodhpur and Bikaner is also being expanded
to 150,000 litres each. New chilling centres are being set up at Barmer, Nagaur, Phalodi, Falna,
Rajagarh and Chittorgarh. Under Desert Development Programme a 100,000 litre capacity dairy
plant is being set up at Hanumangarh and 20,000 litre chilling centres at Suratgarh, Nohar, Ganganagar
and Jhunjhunu.

Wildlife management has also received the special attention of the State Governments of
Gujarat, Haryana and Rajasthan, especially in the arid and semi arid regions. It is an encouraging
situation that the density of wildlife species in the desert is still appreciable whereas some of them
have almost vanished from the country, namely the Wild Ass, Equus hemionus, the Black Buck, Ante-
lope cervicapra, the Indian Gazelle, Gazella gazalla and the Great Indian Bustard, Choriotes nigriceps.
The three desert states (Gujarat, Haryana and Rajasthan) have declared the establishment of a number
of sancturies for preserving the wildlife. A Desert National Park has also been established in the Jaisal-
mer-Barmer districts in Rajasthan for the conservation of flora and fauna in their native environment.
In this context, the Regional Stations of Botanical and Zoological Surveys of India are lending useful
support to the programmes.

The Rann of Kutch in Gujarat harbours the only population of Wild Ass, Equus hemionus. A
sanctuary has been created at Dharangdhara for their protection. After the formation of the sanctuary,
their population has increased. A programme is being carried out for ringing flamingoes at their
nesting sites.
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CAZRI, Agricultural Universities, Departments of Agriculture in the region and the especially
established Co-ordinated Project on Dryland Agriculture of ICAR with its 24 centres spread all over
the country are engaged in planning and conducting research for evolving strategies for rain-fed
farming chiefly pertaining to the following measures :

Identification of efficient crops and varieties, cropping systems.

Optimal crop geometry, population, planting patterns.

Optimal fertiliser use levels and improving efficiency thereof.

Evaluating mulches, effective conservation procedures.

Screening available new plant materials for introduction/substitution.

Designing and developing improved agricultural implements.

Harvesting and storing inevitable run-off and its recycling strategies for meeting aberrant
weather situations.

Based on these major principles, sound crop production strategies have been developed to com-
bat the following aberrant rainfall situations :

Early onset of monsoon.

Late onset of monsoon.

Early recession of monsoon.

Breaks in monsoon at the seedling stage, at flowering, and grain formation stage of dry-
land crops.

¢ Normal and above normal rainfall years.

The standardized technologies are being transferred to farmers through Drought Prone Area
Programmes, Operational Research Projects, and Extension and Education Wings of various Institutes,
Universities and State Departments. Apex level training courses on Watershed Management are being
organized at CAZRI and CSCRI, Dehra Dun.

Notable success has been achieved by the CAZRI in standardizing techniques for establishing
rain-fed ber (Zizyphus mauritiana) orchards in the desert region. A number of orchards established
over interdunal plains are doing well in such a cost-worthy manner that arid horticulture has become
popular among farmers.

Research work for the utilization of the desert resources, namely organic produce from desert
plants, is being carried out at CAZRI. An indigenous know-how has been developed for the extrac-
tion and refining of Candelilla wax conforming to cordite factory specifications from the leafless
stems of Euphorbia antisyplitica. The fruits of an indigenous plant, Balanites roxburghii, yield on an
average 1.8 —2 per cent of commercially acceptable diosgenin—an important raw -material for steroid
hormone and oral contraceptives. Scoparone, a drug under clinical trials as a hypotensive and tranquil-
lizing agent, has been isolated in 0.91 per cent yield from the inflorescence of Artemisia scoparia.
Plantations of Jojoba (Simmondsia chinensis) and Guayule (Parthenium argentatum) have been
established to assess the yield of liquid wax and rubber from these plants.

Sea water irriculture has been successfully evolved at the Central Salt and Marine Chemicals
Research Institute, Bhavnagar. It has been possible to grow bajra (millet, Pennisetum typhoides)
under direct irrigation of sea water as a supplemental source of irrigation.

The International Crops Research Institute for the Semi-Arid Tropics ICRISAT) at Hyderabad
is intensively studying the resource conservation and management aspects in its Farming Systems
Research. It serves as a world centre to improve the genetic potential for grain yield and nutritional
quality of sorghum, pearl millet, pigeonpea, chickpea and groundnut. ICRISAT has been using mainly
soil loss as an index for desertification process. In small plot studies, multi-slot divisions and collec-
tion tanks are used for monitoring runoff and soil loss. In watershed based studies, parshal flumes,
stage level recorders and automatic silt samplers are generally used for hydrologic monitoring. The
effect of different management practices on soil tilth are also being monitored. Based on such studies
a number of technologies for double cropping on vertisols and runoff management have been stan-
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dardized. Improved practices of tillage, seeding, fertilization, crop geometry and pest management
have also been studied to improve rain-fed farming in India.

Revegetation-of Destroyed Surfaces

Serious efforts have been made to plan, organize and provide funds to improve the desert
environment. In 1970-71 the Government of India sponsored a Rural Works Programme for organi-
zing labour intensive and production-oriented works in the drought prone districts of the country
which was in addition to the normal developmental efforts in these districts under the State plans.
Priorities prescribed in the Rural Works Programme were :

e Major, medium and minor irrigation projects including land levelling and other infrastruc-
ture facilities.

Soil conservation and afforestation works.

Increase agricultural production.

Establishment of marketing complexes.

Village and district roads necessary to open up the area.

Later the scope of the programme was enlarged to an integrated area development scheme to
seek a permanent solution of the problems of drought in these districts. Accordingly, the emphasis
shifted from labour-oriented to problem-oriented schemes. This programme was designated as the
“Drought Prone Areas Programme” (DPAP) in 1972-73. Various components of the programme are :

Development and management of water resources.

Soil and moisture conservation measures.

Afforestation with special emphasis on social and farm forestry.

Development of pasture lands and range management in conjunction with development
of sheep husbandry.

Livestock and dairy development.

Restructuring of cropping pattern and changes in agronomic practices.

Development of subsidiary occupations.

Development of infrastructure :

— drinking water supply scheme
— rural electrification

— rural roads

— milk routes

The strategy of DPAP is to maximize the production in good rainfall years and to minimize
losses when the monsoon fails. Since the development of agriculture has obvious limitations in these
areas, the farmers are encouraged to take up subsidiary occupations like animal hasbandry, poultry,
sericulture and horticulture. Development of a comprehensive package of facilities including proces-
sing and marketing has been attempted for such subsidiary activities to enable farmers to derive remu-
nerative prices for their produce. Infrastructure for dairying and sheep breeding has been developed
to support cattle rearing and sheep rearing avocations. To improve ecology as also to meet the require-
ments of the local population, both cattle and human, forestry has been taken up relatively exten-
sively. Earlier emphasis was on the development of forest rangelands and restoration of the neglected
forests. Rural electrification to assist the exploitation of ground water has been promoted.

The Government of India launched another programme in 1977-78 designated as ‘“‘Desert
Development Programme” for an integrated development of the desert areas for increasing produc-
tivity, income level and employment opportunities for the inhabitants through optimal utilization of
physical, human, livestock and other biological resources. The schemes covered under the Programme
included pasture development, cattle development, dairy development, sheep development, camel
development and forestry. For infrastructural development only rural electrification was permitted on
a limited scale. Later the element of individual beneficiary schemes were also introduced. The pro-
gramme was extended to 19 districts (126 blocks) in five States of the country, viz. Rajasthan,
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Haryana, Jammu & Kashmir, Himachal Pradesh and Gujarat. Of these, 11 districts (85 blocks) were
in Rajasthan, the major beneficiary of this programme. This compared with coverage of DPAP
extended to 73 districts (401 blocks) in the country (including 18 part-districts) spread over 13
States. Rajasthan again figured prominently in DPAP contributing 79 blocks and 13 districts in the
above total. These two programmes have since been running simultaneously in a number of districts.
For instance, in Rajasthan DPAP and DDP are in operation in nine districts.

The Government of Rajasthan revitalised the Desert Development Board and established a
Department of Afforestation and Pasture Development, which is functioning in an efficient manner.
The major components of this revegetation programme and the achievements till 1980-1981 are :

Farm forestry (1.21 million ha).

Silvi-pastoral plantation (4,750 ha).

Village fuel-wood and fodder plantation (2,800 ha).
Sand dune stabilization (13,850 ha).

Shelterbelt -cum-roadside plantation (4,304 row km.).
Pasture development (19,500 ha).

Fodder bank (10,600 quintal).

Canal side plantation (3,600 ha).

The proposed financial outlay under the Desert Development Programme for various forestry
schemes mentioned above for the plan period has been kept as Rs. 185 million.

The efforestation programme in Rajasthan Canal Project area, which envisages protection of
canals, roads and farmlands from shifting sand dunes and supply of fuelwood, timber and fodder, is
being implemented with the assistance of the World Bank wihin the project area of 200,000 hectares
(Phase I of Stage I). For the remaining 246,000 hectares (Phase II of Stage I), advance action has been
initiated. Various works being implemented are shelterbelt plantation along canals and road, fuelwood
plantations near villages, sand dune stabilization, and pasture development. The progress of physical
achievements during the past years is very hopeful to revegetate at least parts of the desert region.
Allocations available for these works during the sixth plan period are Rs. 77 million.

Similar massive programmes are in vogue in Haryana and Gujarat. Strategies have also been
developed by the CSMCRI, Bhavnagar, to revegetate the coastal dunes through plantations of plants
like Guayule, Jojoba, Juncus and Buffalo Gourd.

Improvement of Human Conditions

Feasible national demographic policies have been laid out by the Government and a very large
number of centres for family planning have been established throughout the country. The voluntary
programme is backed by a scheme of fairly remunerative incentives. Health of people is very well
looked after in Government hospitals and dispensaries which provide free medical care.

Besides population control, steps are being taken for improving general literacy standards,
providing diversified base or occupations other than agriculture including agro-industries.

Settlement programmes for migratory and nomadic populations have been evaluated after
undertaking intensive research work on their socio-economical aspects, psycho-ethological para-
meters, traditions, kinship and symbiotic relationships. Employment opportunities for them are also
being enhanced.

CAZRI has taken up an extensive study on the social aspects of desertification in collaboration

of UNRISD. The project has been successful and has induced a new understanding of the behaviour
and traditions of desert people.
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Drought Risk Insurance

The DPAP programme, as mentioned earlier, is based on the philosophy of providing insurance
from drought risks. The nationalized banks have come forward in a big way to provide loans at low
interest rate to the needy farmers.

Strengthening National Capabilities in Science and Technologies

The Food Corporation of India has established large stocks of foodgrains and the Forest
Departments of various states have created fodder banks for providing them to drought affected areas.

As an integral part of Indian Science Policy a number of Central and State Research Organiza-
tions, Agricultural and Conventional Universities in the arid and semi arid zones of India are func-
tioning to evolve technologies for combating desertification vis a vis local conditions and to tranfer
them to various implementing agencies and farmers in the rural environment.

Recognising explicitly the pivotal role that conservation plays for sustained national develop-
ment, the Government of India has created a Department of Environment (DOE) and a National Com-
mittee on Environmental Planning (NCEP). DOE is the ‘nodal’ agency for environmental protection
and eco-development and is playing an important co-ordinating role in the planning and implementa-
tion of all environment monitoring, intelligence and early warning systems besides having direct
administrative responsibility for the following :

¢ Pollution monitoring and regulation.
o Conservation of critical eco-systems designated as Biosphere Reserves.
e Conservation of marine eco-systems.

These functions will be supported by the NCEP.

Recently, the Government of India has constituted a Science Advisory Committee to the Cabi-
net. The Committee will advise on the formulation of the science and technology policy of the
Government and on the manner of its implementation. Its functions are to recommend measures
for increasing the country’s technological self-reliance, with particular reference to the Government’s
policy on foreign collaboration and import of technology, policy issues relating to the development
and application of science and technology and organizational aspects of science and technology
institutions. Other functions include filling critical gaps in rational competence, promoting technical
co-operation among developing countries and other issues concerning science in international rela-
tions.

Alternative Energy Sources

Immediate basic requirements of rural areas of India are (a) fuel for cooking, (b) drinking
water, and (c) power for lighting, water lifting and farm machinery. The needs of fuel for cooking are
mostly met by cutting of trees and burning of cowdung and agricultural waste. The former is the
serious cause of desertification and the later deprives the agriculture of a very rich source of organic
manure. Drinking water has to be fetched from far-off places. Rural lighting is mostly done by using
kerosene whereas power for water lifting and farm machinery is met by manual labour and animal
energy, and also from petroleum products, of which there is an acute shortage. Many of the villages
are not covered by the national electric grid. Besides, drying of crops is an important requirement.
The present practice of courtyard drying is of long duration, unhygienic and results in wastage of
about 15 to 20 per cent by birds and infestation. In view of shortage of fossil fuels, alternative sources
of energy (solar, wind, biomass) are being investigated by a number of organizations in the arid zone,
e.g. CAZRI, Jodhpur, and CSMCRI, Bhavnagar, Defence Laboratory, Jodhpur, and others. CAZRI
has designed and developed a number of solar appliances for water heating, cooking, distillation of
saline water into fresh water, drying and dehydration of fruits and vegetables. A number of industries
have been approached for their large-scale manufacture. CAZRI is also engaged in design and testing
of flat plate solar collectors and concentrators, development of heat storage systems and selective
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surfaces for solar absorbers, and testing of materials for transparent covers, thermal insulation in solar
devices. Besides, the institute has also studied the performance of biogas (gobar gas) plants with gas
holder (and without) for cooking and lighting. Efforts are also under way to solve the problems in
the present biogas plants, viz. corrosion in gas holder, low output during winter and cost.

The use of wind power for various purposes to replace conventional energy has not, however,
gained momentum, though research work in this direction is in vogue. A suitable low-cost, sail-wing
windmill was developed at CAZRI for pumping water.

Feasibility of solar drying, cooking, distillation of saline water into fresh water, windmills for
pumping water and biogas plants is also being demonstrated to the rural community at CAZRI under
a PL-480 project. The institute is also co-ordinating the investigations on solar energy utilization in
agriculture at CRRI, Cuttack; PAU, Ludhiana; TNAU, Coimbatore, and University of Udaipur.

Government of India has recently set up a High Level Commission for additional sources of
energy with full executive and financial powers. Its main task will be to formulate policies and pro-
grammes for the development of new and renewable sources of energy. Broadly, the Commission’s
responsibilities will be (a) to develop appropriate technology for harnessing solar energy, wind energy,
biomass and bio-conversion technology, decentralized energy system and other new areas; (b) to
function as the national agency for international co-operation in the field of new and renewable
energy sources; (c) to interface research and development with production, by promoting acquisition
of technical capability and providing finances for design and engineering of pilot plants and prototype
production facilities based on locally invented processes and designs and setting up such pilot plants
and prototype facilities, wherever required, for rapid commercialization of new and renewable energy
technologies; (d) to recommend to the Government various incentive measures for commercial use of
new and renewable energy technologies by industries; (e) to function as a data bank and to advise the
Government on import of technology in the area of new and renewable energy sources; (f) to be
responsible for operating industrial and import licensing policy and procedures as far as the industries
in the new area are concerned; and (g) to develop schemes oriented to the needs of rural India, keeping
in view the rural sources of energy available.

Training and Education

Central as well as State Governments, and Universities are fully aware of the need for training
and educating the rural as well as urban populations in respect of habitat conservation and augmenting
the productivity of land. As a result many departments have been established for the purpose.
Scientific Research Institutes, Universities and State Departments are regularly organizing training
courses for workers in arid and semi arid zones at various levels, with various objectives. The progress
of such programmes is fairly satisfactory. Besides demonstrations in respect of a large number of
fields are being arranged to educate the rural masses using all the audio-visual aids, TV, satellite TV,
cinema and other extension methods. Very fruitful symposia, seminars and conferences are being
arranged for exchange of scientific knowledge and technologies among desert scientists.

National Machinery for Combating Desertification

Special mention may be made of two programmes launched by ICAR at all of its Institutes and
Agricultural Universities: Operational Research Programmes and the Lab to Land Programme. While
the major objective of the first is to demonstrate newer technologies to farmers on their own fields,
the latter actually inducts farming families for training and education.

The Jodhpur University is also running a Postgraduate Diploma Course in Desert Technology
for Graduate Civil Engineers and Agricultural Engineers. It covers varied topics related to the desert.
This course is also taught at the Master of Engineering level.

At present the DPAP and the Desert Development and Integrated Rural Development Pro-
grammes function as the co-ordinating and executive authorities in the Thar desert with a scientific
backing from CAZRI. However, there is an urgent need that the reclamation and development of
the Thar desert be undertaken as a National Project.
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INDIA (B)
Arid Zone Research in India
Introduction

Environmental conservation has been attracting global attention for quite sometime. There is
a general concensus about the degradation of environment vis-a-vis depletion of natural resources,
threat of extinction of important plant and animal species, ever-increasing human and livestock popu-
lations, food scarcity etc. It is in this context that the problems of arid regions assume great im-
portance since the arid eco-system is fragile and it is prone to desertification. The unplanned exploita-
tion of natural resources has enhanced the rate of desertification.

The arid regions in general are characterized by low, erratic precipitation, coarse textured
soils, shallow depth, low moisture storage capacity, high wind velocity, soil erosion escalation of
human and livestock populations etc. which mainly limit production in the arid areas. Besides, there
is a great diversity in the magnitude of the problems which individually, or in combination, determine
the management of natural resources in the fragile eco-system. The present status of the arid zone
research and efforts made to ameliorate the desertic conditions are discussed in this paper.

Extent and Distribution of Arid Regions of India

The arid zone in India covers about 12 per cent of the country’s geographical area and occu-
pies over 320,000 sq.km. of hot desert located in parts of Rajasthan (61 per cent), Gujarat (20 per
cent), Punjab & Haryana (9 per cent) and Andhra Pradesh and Karnataka (10 per cent). In addition to
this, an area of about 70,000 sq.km. of cold desert in Ladakh in Jammu and Kashmir presents an
entirely different set of agroclimatic conditions as compared to the hot desert. The bulk of the hot
arid areas of the country is located in Rajasthan. Roughly three fifths of Rajasthan lying north-west
of Aravallies falls within the limit of arid zone and it comprises the 12 western districts of the State,
namely Barmer, Bikaner, Churu, Ganganagar, Jaisalmer Jalore, Jhunjhunu, Jodhpur, Nagaur, Pali,
Sikar and Sirohi.

Land Use and Cropping Pattern

The total area of the three states comes to 57.3 million ha which is 18.78 per cent of the total
area of the country. The data on the land-use reveal that there is inadequacy of forests in the three
states as only 5.11 per cent of the total land in the region is under forests as compared to 21.62 per
cent of forest lands in the country.

The barren and unculturable waste lands in the three states together occupy 27.24 per cent
of the total land as compared to only 10.58 per cent of such land in India.

Bajra is the main cereal crop in the three states and it occupies about one third of the cul-
tivated area as against 10 per cent area under Bajra in the country as a whole. The cultivated area
under Gram and other pulses in the three states constitutes about 10 per cent as against about 15 per
cent in the country. 98 per cent of the area under guar crop in the country falls in these three states.
Similarly moth is predominantly grown in Rajasthan.

Human Population
By arid zone standards the Indian desert is one of the most thickly populated deserts of the

world. Matching with the resources available the density of population of 145 person per 2 sq.km.
is quite high. Specifically for the arid parts like that of Rajasthan the density of population is quite
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high, 48 per sq.km. as against 3 per sq.km. in most other deserts of the world. The States of Haryana,
Gujarat and Rajasthan had a total population of 62.4 million in 1971 which constituted 11.4 per cent
of the population of the country. The composition and characteristics of the population revealed that
32.57 million (52 per cent) were male and 29.82 million (48 per cent) female. Besides, the human
population in the desert appears to be relatively more fertile than that of the adjoining areas. The rate
of growth of population (1961-71) in the three States had been of the order of 31.36 per cent, 29.21
per cent and 27.83 per cent as compared to 24.66 per cent decennial growth for the country.

Furthermore, there is a huge concentration of population in the lower age groups which is
indicative of high future growth potential of population in the region, and which intensifes the diffi-
culties in meeting the demands of an expanding youth cohort. The literacy rate in the three states
combined is only 27.39 per cent as compared to 29.3 per cent for the country as a whole.

Over two thirds of the population constitutes the non-workers indicating a high percentage of
dependency. Majority of the workers are tied to traditional agriculture and most of the population
specifically in the arid areas of the States are dependent mainly on rain-fed crops. This population is
mainly employed during kharif season while during the remaining eight months or so is under-em-
ployed or unemployed.

Additionally a sizeable proportion of the population leads a nomadic, or semi-nomadic life
posing difficulties in regional development as well as in human welfare programmes.

Livestock Pressure

In spite of low productivity of the arid lands, the Indian desert sustains a fairly high popula-
tion of livestock. Paradoxically along with the reduction in the grazing area during the last two
decades, the livestock population has registered an alarming increase, from 9.4 million in 1951 to 18.1
million in 1971. The livestock density per 100 hectares rose from 72 in 1951 to 175 in 1971. The
high pressure of livestock on grazing lands specifically in view of its carrying capacity results in the
over use of these lands and in depletion of natural vegetation resources. Population has often to resort
to migration and nomadic life to meet the needs of their livestock.

The above information and other environmental, biotic and socio-economic factors reveal that
the region suffers from a number of problems. The negative socio-economic effects of the fast
growing population in the region combined with the harsh agroclimatic conditions are adversely
affecting the natural resources. The man/land ratio is fast declining. The improved technology has
not been adopted to any significant extent by the farming population. As a consequence more and
more marginal land is being brought under the plough, as is evident from the land use statistics
resulting into a substantial increase in sown area at the expense of grazing lands. But at the same time
the livestock population has increased leading to an over exploitation of the shrinking grazing lands.
Crop production on sand dunes and marginal lands is not only of low order but is also a soil erosion
hazard.

Similarly, due to the increase in population, not only has more land been brought under
plough, reducing the number of trees and shrubs, but also the increasing demand of wood for fuel has
led to an over exploitation of vegetation resources. With the persistence of human demands, a process
of degradation of resources has set in over grazed lands. Shrinking forests and eroded agricultural
fields show the imprints of man’s activity on his environment.

Some of the major problems may be summarised as below :—
a) Environmental constraints : Low and erratic precipitation; frequent droughts; intense rgdia-
tion; occurrence of frost; high wind speed ; poor soil conditions; limitation of water for human, animal

consumption and for irrigation; flash floods.

b) Biotic : Pressure of human and animal population particularly on marginal and sub-marginal
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lands; low plant productivity due to environmental and biotic pressures; damage due to insect and
rodent pests.

c) Socio-economic : Inadequate exposure to and adoption of modern farming technologies
and merits of conservation of natural resources/environment; lack of alternate vocations other than
cropping and animal husbandry ; fragmented holdings; nomadism, etc.

Initiation of Arid Zone Research In India

The importance of the problems of the Indian desert and its vital role in the development of
the national economy was realized soon after India attained independence. The Government of
India set up a Desert Afforestation Research Station (DARS) at Jodhpur on 17th October, 1952
under the aegis of Forest Research Institute and Colleges, Dehra Dun. This station was subsequently
taken over by the Central Soil Conservation Board in 1954, The station was re-organized as the
Desert Afforestation and Soil Conservation Station (DA & SCS) in January 1957.

In 1958 an extension scheme on pasture development was initiated under this station for
carrying out research and development work in the extensive range lands of this region and works were
started at 52 sites having an area of 60-80 hectares in eleven desert districts of Rajasthan.

Thus the emphasis was shifted from the erstwhile demonstrational aspect to increased systema-
tic research both of fundamental and applied nature in three major fields viz., silviculture, agronomy
and agrostology.

Following a request from the Government of India, UNESCO, under its Major Project on Arid
Zone, sent an Advisor Mr. C.S. Christian of C.S.I.R.O., Australia, to assess the work done and also to
suggest ways and means to re-organize the research for the development of resources on problem-
oriented basis.

After a detailed assessment of the problems of the arid and semi-arid regions, Mr. C.S. Chris-
tian said that a good start had been made on research in applied science of forestry, agriculture
and grasslands, and recommended that in order to develop the use of other resources, as well as to
orient the research in relation to problems, a full-fledged research institute should be set up to con-
duct detailed surveys of basic resources, to carry out research taking the inter-relationship between
soil-plant-atmosphere, water and energy and also to study the human-plant-animal relationship.

Accepting the major recommendations of the UNESCO Advisor, the Government of India
reorganized this station in to a full-fledged research institute in October 1959 as the Central Arid
Zone Research Institute (CAZRI) Jodhpur, to conduct fundamental and applied research on problems
bearing on physical animal and human resources and their gainful utilization in order to maintain
ecological balance between them. The main objectives of the Institute are given below: —

1: To undertake studies on land, soil, water, vegetation (pasture and tree) resources of arid and
semi-arid regions.

2. To obtain an understanding of the amount and fate of water received in the areas in terms of
rainfall, condensation, and surface and subsurface flow.

3. To obtain an understanding of the regional dynamics of the landscape, its tendency to change
as a result of varying climatic conditions or through use by man and animal and its susceptibi-
lity to interference and control.

4, To determine the optimum natural plant community of the major environment in the area in
terms of relative densities of adaptive and useful trees, shrubs, ground flora, under varying
conditions of utilization.

N To determine the best use of water and land in relation to:
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a) Optimum balance between forest and pasture as well as cultivated crops and animal pro-
duction.

b) Specific practices applied to each of the above.

¢) Optimum level of soil fertility which can be achieved and maintained under varied envi-
ronments.

d) Specific type and quality of products ultimately useful and favourable to the human
community.

e) An assessment of the best grouping of occupations and sources of income.

The Institute is organized at present into seven scientific divisions, viz., Division of Basic
Resources Studies, Division of Plant Studies, Division of Animal Studies, Division of Wind Power and
Solar Energy Utilization Studies, Division of Soil-Water-Plant Relationship Studies, Division of Eco-
nomics and Sociology, Division of Extension and Training. Besides the above, main centres of the All
India Co-ordinated Research Project on Dryland Agriculture, Co-ordinated Project for Improvement
of Millets, Co-ordinating Centre of the All India Co-ordinated Research Project on Rodent Control,
Integrated Project for Research on Water Management and Soil Salinity are also functioning as part of
the Institute. Two Operational Research Projects, one on “Arid Land Management’ and the other on
“Drip and Sprinkler Irrigation”, are operating at the Institute.

In furtherance of its objectives CAZRI has mainly directed its research efforts firstly to
prepare an inventory of natural resources, secondly to develop the technologies not only for the gain-
ful utilization of the existing resources, but also for their supplementation wherever possible and third-
ly to transfer the scientific and technological knowledge gained from laboratory and research farms
to the field for the benefit of the community as a whole.

The main results of research are as follows:

INVENTORY OF NATURAL RESOURCES OF ARID ZONE
Multi-Disciplinary Integrated Surveys

For making the best use of what nature has provided by way of endowments to the Indian arid
zones, it is essential that a through assessment of natural resources is made and a balance sheet of
assets and liabilities prepared. In pursuance of this objective, a scientific assessment of natural
resources (climate, land, water, vegetation, livestock, human population, etc.) has been made through
multi-disciplinary integrated surveys and specific detailed studies. As a result, knowledge has become
available for an area of 93,500 sq.km. as follows :—

Area covered (sq.km.) Percentage of the
State arid zone
Reconnaissance Semi-detailed Total covered
Rajasthan 32,303 54379 86,682 442
Gujarat - 1,356 1,356 2.2
Haryana & Punjab 3516 - 3,516 12.9
Karnataka 2,067 — 2,067 24.7
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To enhance the utility of this information in development planning, the land attribute data
generated by the above survey are integrated to form major land resource units and each such unit is
described for its present land-use, management and productivity, scope for improvement and suggested
treatments for realizing the same.

The surveys have also shown the extent to which the present land-use is inconsistent with the
land capability. It has been found that 21-24 per cent of the area presently being cultivated needs to
be brought under a permanent cover of grasses and trees. The so-called barren rocky areas or magras,
that constitute 5.6-8.8 per cent of the surveyed area, can be made to support some vegetation after
soil treatment.

To pinpoint problem areas for detailed survey and regional planning, four atlases of Rajasthan
have been prepared: Agricultural Atlas of Rajasthan (consisting of 34 maps); Ground Water Atlas of
Rajasthan (consisting of 30 maps); Agro-demographic Atlas of Rajasthan (consisting of 18 maps) and
Sheep Ecology of Rajasthan (consisting of 11 maps).

A Climatic Analysis of The Indian Arid Zone

A detailed delineation of the arid areas in the country, based on Thornthwaite’s moisture
indices, has been carried out. Areas with moisture index values of less than 40 were identified as the
arid zone. Of the total area (320,000 sq.km.) categorised as arid zone, 62 per cent lies in Rajasthan, 20
per cent in Gujarat, 5 per cent in Punjab and 4 per cent in Haryana. North-western India thus con-
stitutes almost 90 per cent of the total arid zone area in the country. Among climatic parameters,
low mean annual rainfall (100 to 450 mm), coupled with high coefficient of variability (40 to 70 per
cent) and its skew distribution, extreme variation of diurnal and annual temperature, together with
high evaporation have been considered characteristics of the Indian arid zone.

Climatic analogues are defined as regions which are enough alike in respect of soil and climatic
conditions. To identify the climatic analogues in India, a map showing 64 soil climatic zones was pre-
pared on the basis of moisture index, thermal index and important soil types. Moisture deficiency pat-
terns in Kharif and rabi seasons were indicated and some maladjustments in the cropping pattern have
been pointed out.

Climatic Fluctuations in Western Rajasthan

The climatic types vary from extremely arid to arid and occasionally to semi-arid conditions in
different parts of western Rajasthan from year to year. In view of this, the probabilities of occurrence
of extremely arid, arid and semi-arid conditions have been worked out. The conditional probabilities
for the extremely arid, arid and semi-arid conditions have been worked out using first-order Markov
Chain Model. The probabilities can be used to find out the conditions that are likely to prevail with
maximum chance during the succeeding year.

Distribution of Rainfall and Rainfall Patterns

The rainfall data recorded at different taluk stations during the years 1901-1970 were analysed
and rainfall probability charts were prepared. Maps showing (a) means and parameters of variability
and skewness etc. of rainfall; (b) the amounts of excess and deficit rainfall patterns expected once
in 5 years and 10 years and (c) percentage frequencies of highly deficient and surplus rainfall years
were also prepared. The major rainfall types in western Rajasthan have been identified.

Quantification of Rainfall and Its Utilization Efficiency in Rajasthan

The water use patterns by human and livestock populations and agriculture including grass-
lands and forests have been worked out district-wise. The rain water use efficiencies were also com-
puted. It was brought out that the land-use pattern in Rajasthan is such that it utilizes only about
50 per cent of rain water even under normal conditions.
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Rainfall/Run-off Relationships in The Arid Region Using Dynamic Water Balance Model

The water balance computations for the years 1975-80 were made incorporating the inten-
sity of rainfall, variation of infiltration rate of water in the soil with moisture content and field
capacity of the soil under Jodhpur conditions. The study revealed that the run-off and deep drainage
losses are in the ratio 1:3 on horizontal soil surface during abnormal years of rainfall.

Systems Analysis Approach for Crop Planning Under Rain-Fed Conditions

In view of high variability in the commencement and duration of growing season, systems
analysis was carried out considering early, normal and late commencement of sowing rains. The
strategies for crop planning under different systems have been suggested.

Agroclimatology for Crop Planning

On the basis of climatic water balance studies, maps of India showing (a) normal duration of
crop growing season with nil or slight moisture stress and its commencement and cessation dates under
normal conditions and (b) beginning and end of severe drought period under rain-fed farming were
prepared.

Detailed agroclimatological reports of Nagaur, Jodhpur and Bikaner districts were prepared
with emphasis on crop planning.

Assessment of Environmental Degradation in Arid Zone

Inherent vulnerability of land and intense biotic pressure have combined to set in a process of
deterioration. As a case study different manifestation of this process were quantified in respect of a
2,000 sq.km. area and a report was presented at UN Conference on Desertification. Besides this above
detailed study, a generalized map showing vulnerability to desertification has also been prepared for
the whole of Rajasthan. The results are summed up in Table 1. Presently, various critical indicators
are being tested by the institute as a part of a desertification monitoring programme.

Table 1 : Natural vulnerability and desertification hazard in Western Rajasthan.

S. No. Units Szm iﬁﬁfmog;t:hﬁn
Natural vulnerability
1. Desertified area 9,290.00 435
2. High to medium vulnerable 162,900.00 76.15
3. Medium to slight vulnerable 41,692.00 19.50
Total 213,882.00 100.00
Desertification hazards
1. Desertified area 9,290.00 435
2. High 135,292.00 63.26
3. Medium 67,400.00 31.51
4. Slight 1,900.00 0.88
Total 213,882.00 100.00
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Arid Zone Soils — Their Characteristics and Properties

The characteristics and properties of western Rajasthan soil have been studied in detail. Dunes
are a dominant formation in 30.6 per cent and a sub-dominent associate in 34 per cent of the total
area. Light brown sandy soils, associated with a few to many dunes, occur in 34 and 30.6 per cent of
the area respectively. Brown light loams, grey brown loams, soils with hard pan, sierozems, alluvial
soils with dunes and other soil types identified, occupy 1.7, 13.6,5.9, 1.6 and 6.8 per cent of the
area respectively.

Inherent Fertility Status of Arid Zone Soils

As of now nearly 25,000 soil samples have been analysed for their available nutrient status.
The results show that soils are very well provided with potassium, various trace elements and in most
situations also with phosphorus. Humus and nitrogen contents are low. Though under cropping, sup-
plemental application of inputs is essential for optimum production, this low level is not a serious
impediment in the establishment of a healthy cover of natural vegetation (Table 2).

Soil Salinity

Though few saline depressions are dotted here and there, there are three situations where soil
salinity assumes extraordinary proportions. These are (i) the far flood plain of Ghaggar (1,400
sq.km.); (ii) the Rann of Kutch (23,000 sq km.) and (iii) the south-eastern tract (app. 5,600 sq.km.).
These together make 30,000 sq.km. or 11.6 per cent of the arid zone concerned. Of these, the first
mentioned problematic area has been found manageable upon availability of canal water. The work
done in the Rajasthan Canal Command Area by the Rajasthan Department of Agriculture and C.W.C.
has shown that through leaching and paddy-wheat rotation it is possible to reclaim these lands. How-
ever, in the case of the other two areas the problem remains intractable. Recent work of CAZRI
concerning Pali area suggests that some improvement should be possible here by a combined use of
soil working, amendments and ponding of rainwater. Some scope exists also in reseeding with salt-
resistant grasses and shrubs, such as have been identified by CAZRI. The Great and Little Ranns of
Kutch are largely a saline marsh with ground water salinity even more than that of sea water. Recla-
mation of this vast saline waste or other alternative use of the Ranns is a problem that remains un-
tackled.

Table 2: The available nutrient status of the major soils

The No. of Organic carbon Available P, O3 Available K, O

Soil group samples
received & L M H L M H L M H

analysed % % % % % % % %o %

Desert calcic brown soils 144 89.10 790 3.00 25.13 44.43 30.44 23.60 50.70 25.70
Desert soils 4912 8830 740 4.3023.0046.1030.90 2.1059.90 38.00
Grey-brown alluvial soils 12,695 80.60 11.10 8.30 22.50 38.80 38.70 14.70 35.20 50.10
Brown soils (saline phase) 2,709 89.30 3.80 6.90 26.3038.30 35.40 21.10 38.10 40.80
Non-calcic brown soils 1,543 79.0015.70 5.30 2.5080.50 17.00 5.50 78.50 16.00
Hilly soils 2,250 72.5013.10 1440 30.84 26.84 42.34 15.16 42.15 42.69

Total 24253 82331000 7.6722.5441.8035.66 12.37 44.02 43.61
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Use of Brackish and Saline Waters in Irrigation
Data in Table 3 will show that nearly 60 per cent of ground water in arid Rajasthan are

brackish to highly saline. Investigations have gone on for a number of years to find out the use poten-
tiality of this water and the effects that it has on soil properties.

Table 3 : The distribution of water samples in different salinity ranges in arid Rajasthan

Percentage of samples falling in E.C. range (in mmhos)

No. of

B
1. Barmer 322 59 40 106 314 267 156 6.8
2. Bikaner 137 — 15 270 365 312 102 3.6
3. Churu 244 - 33 164 295  28.7 14.7 74
4. Jaisalmer 295 0.3 186 366 19.7 203 3.8 0.7
5. Jalore 505 - 0.9 279 299 19.8 10.3 2.8
6. Jodhpur 357 - 78 376 266 16.0 7.8 4.2
7. Nagaur 459 0.2 76 - 3T 287 2] 3.8 3.1
8. Pali 498 — 123 335 204 17.1 9.0 8.0

Total 2817 08 89 292.-268 208 8.9 4.6

As a result it is now possible to suggest that with a given quality water and soil type, what
crops and what yield can be had and with what management. Though the system is not as remunera-
tive as the fresh water irrigation and it requires some specialized management, the system is quite
workable and holds special promise in providing employment during lean periods and insurance against
famine condition.

Discovery of the Origin of Salt Basins

Earlier theories of Holland & Christie (salts are wind borne from the Rann of Kutch and
deposited in the salt basins) and of Godbole (salts are of marine origin and the basins are the relics
of the earlier sea) have been disproved. All evaporites occur along the buried channels; sodium
chloride occurs at the confluence points and potassium nitrate, gypsum etc. in the upstreams
according to their solubility.

Ground Water Resources

Investigations over the years by various agencies have made the picture of ground water availa-
bility reasonably clear. Adequate data are available on depth of occurrence and quality of ground
water. Exploratory drilling and geophysical sensing have enabled location of new aquifers, namely
the Lathi Basin, the Borunda area, the Sikar Basin and scores of smaller aquifers. It has been esti-
mated that as against the annual recharge or economic mining yield of 2,360 million cubic metres
(MCM) in arid part of Rajasthan, only 1,128 MCM or 47.8 per cent is being exploited at present.
Tapping of this unexploited potential should enable raising the area irrigated from ground water
resources from its present level of 0.55 million ha to 150.85 million ha of cropped area.
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Further exploration would help in the location of a few more deep-seated aquifers. However,
to safeguard against over-exploitation from these as well as those already under exploitation studies
as to actual recharge need to be intensified.

Surface Water Resources
To a large measure, the surface water resources of arid zone are being exploited already to

augument domestic supply and to provide limited irrigation, for example Jodhpur district has 10
reservoirs with a total capacity of 122 MCM and 292 big and medium sized ‘nadis’ (Table 4).

Table 4 : Existing surface water storage of Jodhpur District.

Major and medium Medium and big Water need
reservoirs nadis for human
S.No. Tehsil &
capacity capacity livestock
No. MCM Ne, MCM MCM

1. Jodhpur 3 48 .99 93 791 931
2. Bilara 3 5420 66 4 .40 5.50
3. Phalodi | 8.76 42 2.54 423
4. Shergarh — = 42 2.27 3.50
5. Osian 1 996 49 3.54 473
Total 10 121.91 292 20.66 2727

Nearly 40 per cent of the stored water is amenable to evaporation and therefore the ‘nadis’
are able to meet only 45 per cent of the domestic requirement. Survey has shown also that there are
24 catchments with a run-off potential of nearly 43 MCM. The run-off from these presently goes to
recharge ill-defined aquifers. Through suitable structures, it should be possible to harness it for more
effective use. Besides the above, nearly 0.11 million ha have scope for adoption of soil and water con-
servation measures.

A systematic study is in progress to work out the surface water potential of the only organized
drainage system in arid Rajasthan, namely the Luni system. Results obtained so far suggest the pro-
mise that artificial recharge methods hold for the area.

Recognition of Prior Drainage System and Its Significance

Pioneering studies carried out at the CAZRI have enabled reconstruction of prior drainage
system as it existed before the onset of aridity and its resultant disorganization. It has also been found
that the drainage lines are the potential and perennial sources of ground water.

Very recently it has been possible to discover the lost courses of the Vedic Saraswati. It is
seen that the Luni and the Drishadvati system were tributaries of the Saraswati flowing through the
Rajasthan desert. These systems were again tributaries of the Satadru (the Sutlej) which used to meet
the Saraswati at Sirsa, Jakhal, Hanumangarh, Anupgarh etc. Eventually the Saraswati and the Satadru
shifted westward and severed their relation. The Satadru amalgamated with the Indus and the Saras-
wati was flowing independently through the western part of Jaisalmer division.
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AFFORESTATION AND WIND EROSION CONTROL

One of the important techniques to control the spread of desertic conditions is afforestation
including establishment of wind break and shelter belts to provide mechanical obstacles to the free
sweep of wind so as to reduce its velocity. Such obstacles besides reducing the wind velocity and the
soil erosion, also reduce the evaporation from soil by minimizing the desiccating effect of wind.
Another important measure in this direction is the stabilization of shifting sand dunes. The following
techniques have developed to check the wind erosion.

Sand Dune Types and Their Dynamic Characteristics

In the arid zone of Rajasthan sand dunes with varying frequency are spread over 58 per cent of
the area. Their extent and distribution have been mapped. These dune bodies have been studied for
shape, size and genetic factors and from this six distinct types have been established. Of these, four
types, namely parabolic, coalesced parabolic, longitudinal and transverse, belong to the old system.
They are not unstable and some vegetation cover is present. However, the dunes of the new system
(barchans and shrub coppice) are unstable and hence hazardous. These need afforestation as a priority.

Sand Dune Stabilization

Unstabilized sand dunes shift their locations not only to encroach over the roads, railway lines,
villages and clog the irrigation canals, but the drift sand also covers the saplings of food crops, occas-
sionally in vast stretches of cultivated desert lands. Techniques for sand dune stabilization have been
evolved. The rehabilitation of marching sand dunes through revegetating involves three distinct pro-
cesses viz., (a) protection against biotic interference by fencing the area (b) establishment of micro
wind breaks on the windward side of dune in 5 m parallel strips or 5 m chess boards, and (c) sowing
of grasses and transplanting (with the onset of monsoon of adapted trees and shrubs raised in earthern
bricks on the leeward side of micro wind break.

Economic analysis of this stabilization has indicated that the average cost of Rs. 760 per ha
will be rapaid after the end of the 13th year.

It has been found that about 50 to 70 mm of moisture initially present within a metre depth
of unstabilized dunes helps in the seedling establishment. Moisture received in the monsoon helps for
seedling establishment and subsequent growth. Soil analysis after few years of establishment indicated
that this technique influences the organic matter build in the sand dune.

SHELTER BELT AND WIND BREAKS

High wind velocity (up to even 40 km./h.) and soil erosion are manifest from May to June/July
causing great danger to sown crops. To mitigate the ill effects of high wind velocity, not only has the
concept of shelter belts been developed but also the composition of trees and shrub species for
establishment of five-row shelter belts has been standardized in various permutations and combina-
tions in order to impart a pyramidal cross section. Following the technology, shelter belts of Acacia
nilotica, sp. indica and Dalbergia sissoo have been successfully established over 102 km. at the Central
Mechanised Farm, Suratgarh in Bikaner Division of western Rajasthan. Moreover, experimental shelter
belts in the form of roadside avenues along the principal highways were established in different parts
of the region to the extent of 200 km. at a cost of Rs. 1,200 per row/km.

The effectiveness index of tree shelter belts of Cassia siamea, Acacia tortilis and Prosopis juli-
flora in wind speed reduction was computed and it was found Cassia siamea and Acacia tortolis shelter
belts are useful in controlling wind speeds.

The crop shelter belt of bajra provided to summer vegetable crops was found to be instru-

mental in modifying the crop microclimate and increase the yield by about 40 per cent in respect of
Bhindi and Cowpea. It is further suggested that (a) the areas unsuitable for agriculture and where
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wind erosion is an acute problem should be put under grasses, trees or a mixture of both; (b) the
areas which are suitable for agriculture should be protected from wind erosion by following such prac-
tices as addition of organic matter, pond sediments etc. so that there is development of soil structure
which makes the soil more resistant to erosion; (c¢) crop barriers and shelter belts should be used for
checking wind erosion and reducing the effect of desiccating winds; (d) strip cropping techniques
should be followed, perpendicular to the direction of wind; (e) such practices as leaving crop residues
and stubble in the field, providing surface cover of mulches etc. should be followed and (f) cultiva-
tion and planting of a dry soil leads to breaking of clods and more erosion and, therefore, should be
avoided.

ARID SILVICULTURE

The most urgent practical problem in applied silviculture is the development of practical
methods for afforesting different land types met within the arid zone with suitable species. The
significant work has been on; (i) selection of suitable tree and shrub species both indigenous and
exotic and their eco-types for different sites; (ii) production of seedling transplants; (iii) silvical
characteristics of selected tree and shrub species; (iv) soil working techniques and cultural operations
in relation to hamessing otherwise uncertain and erratic rainfall, particularly during periods when lack
of soil moisture is more felt and (v) protection against disease and vertebrate pests.

Introduction and Selection of Fast Growing Tree Species

The local tree species of the region are not only few but are also extremely slow growing.
Therefore, greater attention was focused on introduction and selection of exotic fast-growing tree and
shrub species from iso-climatic regions of the world. In this effort about 112 eucalyptus species 65
acacias species and 82 miscellaneous ones from various countries including Mexico, USA, Latin Ameri-
ca, USSR, Africa, Israel and Middle East were introduced. As a result a number of exotics tree species
like, Eucalyptus camaldulensis, E. terminalis, E. melanophloia, Acacia tortilis, A. raddiana, A. seyal,
A. sieberiana, A. aneura, Colophospermum mopane, Dichrostachys glomerata, Brasilettia mollis, Schi-
nus mollis and Prosopis juliflora (provenance Israel, Peru and Chile) have emerged as very promising for
arid region. Of all the exotics Acacia tortilis has been adjudged the best fuel-cum-fodder species for
dry zones and when felled in the tenth year of planting is estimated to yield 40 tons of air dry fuel
per hectare. It has found a niche not only in western Rajasthan but also in other States including Pun-
jab, Haryana, U.P., M.P., Gujarat Tamil Nadu, Haryana, A.P., Orissa, Bihar, Maharastra, Karnataka,
Delhi, J. & K, W. Bengal and H.P. The seed and plant material of Eucalyptus camaldulensis supplied
from CAZRI has been grown extensively by Andhra Pradesh State Forest Corporation and great
demand for it has since followed from Tamil Nadu, Rajasthan, Gujarat and Haryana Forest Depart-
ments.

Acacia salicina, A. aneura, Brasilletia mollis Hardwickia binata and Colophospermum mopane
have been identified as fodder trees most suited for 300-350 mm rainfall zone. Whereas Dichros-
tachys glomerata has been adjudged the best species for reclamation of wastelands in view of profuse
root suckers produced by the plant.

Production of Seedlings

Nursery techniques for raising plant material of both indigenous and exotic tree species have
been standardized and include the use of (i) a well balanced potting mixture of sand, farmyard
manure, and clay in equal proportion; (ii) cylinderical mettalic bottomless containers; (iii) watering
at nine litres at a time per set of 50 containers; (iv) providing overhead shed during hot season; (v)
construction of cemented beds and (vi) raising of live wind breaks around the nursery.

Silvical Characteristics of Selected Tree and Shrub Species
The results of silvical studies on the important arid zone tree and shrub species indicated that
under rain-fed conditions the transplanting of 6-9 month old seedlings gives a significantly better per-

formance than seeding at site or the transplanting of two year old plants in 60 cu.cm. pits excavated
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and refilled with weathered soils. Thus in arid region younger seedlings successfully withstand the
physical limitations of the environment. The planting of yound seedlings, instead of the general prac-
tice of using older transplants will, therefore, substantially reduce the cost of production of nursery
stock. Planting at different periods did not show any marked affect on the seedling survival and
growth in height as the establishment depends mainly on the rainfall pattern. The best planting period
synchronises with the onset of monsoon. Compared with direct seeding, transplanting proved to be
an assured method of reboisement. It is better to follow an initial wider spacing of 5 x 5 m for condu-
cive plant growth and to obviate the necessity of early thinning.

Soil Working Techniques and Cultural Operation in Relation to Land Type

Soil working techniques and cultural methods for establishment of plantations in different
land types have been developed as follows:

e Shallow soils: Studies on afforestation of shallow soils (22.5 cm depth) over line hard cal-
careous pans under rainfall of 375 mm showed that two weedings, one at the end of the
July and the other at the end of January are extremely necessary for proper plant growth.
Perforation of the pan to a depth of at least 90 cm is also extremely necessary for obtain-
ing increased tree growth.

e Semi-rocky areas: Insemi-rocky areas, the soils are characterized by their shallow depth
at the foothills in the 225 to 350 mm rainfall tract and are formed by colluvial silt and
rock fragments. Among the different soil working techniques tried, staggered contour
ridge-cum-trench, each 2 m in length and 60 x 60 cm in cross section, proved successful.

e Rocky areas : Barren rocky hills, covering extensive areas form one of the characteristic
features of the landscape. Studies show that only those patches where about 45 cm
depth of soil has accumulated should be planted with tree species. Pre-sprouted stumps
of Prosopis juliflora in half-filled pits of 60 x 60 cm and direct seeding of Acacia senegal
on ridge have given quite good establishment.

Protection Against Disease and Vertebrate Pests

Not many tree species were observed to be affected by disease in the region except Delonix
regia and Eucalyptus gomphocephala saplings which were found to be affected by a fungus, probably
species of Fusarium. The affected trees when treated with Bordaux Mixture showed signs of recovery.

Among the vertebrate pests, the most common are Baselaphus tragocamelus (nilgai), Gazella
Gazella bennettii (chinkara), Capara species (common goat) Lepus nigricollis (hare) and Meriones hur-
rianae (Indian Desert gerbille). The most effective mechanical repellant for the first three species of
pest is fencing with angle iron posts and barbed wire. The ecology and control of the most obnoxious
rodent pest has been worked out in detail. '

ARID HORTICULTURE

Fruit plants adapted to various agro-climatic conditions have been identified. Improved varie-
ties of ber (Zizyphus mauritiana), such as seb, gola and mundia have been selected. Of these gole is
early maturing and its berries become available for marketing by end of December, when no other
improved varieties are available in the north-eastern belt.

A new technology developed has cut short the time for raising ber orchards from the normal
one year to only 4 months. The grafted plants are raised in polythene tubes in which root stock is
ready to receive scion in 90 days.

Further in order that this benefit may percolate to grass roots of desert dwellers, a field-scale

programme of budding of gola and seb on the root stock of common local bush Zizy phus nummularia
was initiated and has had a good impact on the farming community.
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Water harvesting techniques for assured establishment of ber orchard and maximized fruit
production along with infiltration characteristics in relation to slope and anticedent soil moisture
have been standardized and perfected.

Post harvest technology by way of manufacture of jam, squash, ber preserve and dehydrated
ber etc. from ber fruits has been standardized.

For the safe long distance transport of grafted ber seedlings, an innovative device called “poly-
back™ has been developed.

POTENTIALITY OF NATURAL VEGETATION

The vegetation — trees, shrubs and grasses — such as is encountered in arid zone is quite well
adapted. These are deep rooted, tenacious enough to survive extended droughts and yet efficient to
put on good bio-mass during favourable interludes. These are quite palatable, fairly nutritious and
rich in mineral matter including trace elements. Moreover, there is a great variety with as many as 107
species of grasses alone.

As a result of surveys, eco-types with more favourable economic parameters have been identi-
fied. With all these studies one fact comes out strongly i.e. the present low productivity from our
open grazing lands and orans is because of persistent over-grazing and consequent diminution of high
yielding, useful perennial species.

Besides the above, 96 species of grasses, shrubs and trees of use during period of famine and
108 species with medicinal value have also been identified.

Under-Exploited Tropical Plants

Plantations of little known economic plants such as jojoba (Simmondsia chinensis), guayule
(Parthenium — argentatum) candelilla wax (Euphorbia antisyphilitica) have been established.

Economic Products from Desert Plants

An indigenous know-how has been developed at CAZRI for the extraction and purification of
candelilla wax from Euphorbia antisyphilitica stems which finds an end use in the manufacture of
explosives.

Raw Materials for Pharmaceutical Industry

Diosgenin which is a raw material of choice in the production of sex hormones anabolic agents,
corticosteroids and oral contraceptives has been isolated from the fruits of indigenous desert plant
Balanites roxburghii. Diosgenin content averaged 1.8 -2.96 per cent of commercially acceptable quan-

tity.
Other materials extracted in workable yield are Scapolamine (0.3 per cent) from leaves of

Datura innoxia used in controlling tremor in Parkinsonia disease, Scoparone a tranquilising agent from
the inflorescence of Artemesia scoparia distributed wild in Palsana-Jhunjhunu region.

Iso-hexenylnaphthazarine a new class of drugs evaluated for anti-cancer activity in USA, have
been successfully isolated in Arnebia hispidissinea a common local desert herb.

Besides rotenone, the most effective insecticides among rotenoids have been isolated from the
common desert herb Tephrosia villosa.
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PASTURE MANAGEMENT AND IMPROVEMENT
Cultivated Pastures

A number of high yielding cultivars of grasses viz., Cenchrus ciliaris, C. setigerus, Lasiurus
sindicus, Dichanthium annulatum, Panicum antidotale for different agroclimatic regions have been
identified and their productivity assessed. Perennial fodder legumes like Dolichos lablab and Clitoria
ternatea for cultivation as pure crops as supplemental feed for animals have been identified. Agrono-
mic practices like tillage, time of sowing, method and depth of sowing, seed rate etc. for the above
grass and legume species have been standardized.

Pasture Utilization

Studies conducted on the carrying capacity of natural and sown pastures reveal that natural
pastures can sustain only one sheep per hectare whereas in a sown pasture three sheep can be main-
tained per hectare on year-round basis without deterioration of pasture. Mixed pasture of C. ciliaris
and C. setigerus gave maximum growth weight (17.5 kg) in ram lambs born in July-August in average
100 days. The animals fed on cultivated pasture give higher percentage of dressed meat (46.8 per cent)
and muscle protein (5.8 per cent) compared with those on natural pastures (43.2 and 4.4 per cent
respectively).

Water Harvesting Techniques in Rangelands and Pastures

A tractor drawn “pitting disker” was fabricated which has been found to be a very effective
and cheap method of water harvesting on range and pasture lands. While the working cost of this
implement is nominal (Rs. 27 per ha) the use of it increases the forage yield to the extent of 83.04
per cent and 52.90 per cent in natural protected rangeland and re-seeded pasture respectively.

Looking to its impressive performance, DPAP has adopted it for use in its Pasture Develop-
ment Paddocks at Jodhpur and Nagaur districts.

RANGE MANAGEMENT PRACTICES

Improved practices for raising the productivity of rangelands have been identified. It has been
recognized that because of heavy livestock pressure, it is not possible to have a successful range
management programme without proper fencing. Angle<ron posts with a fencing of barbed wire
is by far the most effective and economic means in the long run. Unwanted thorny plants should be
grubbed out mechanically, followed by the application of the herbicide 2-4-5, T immediately after
cutting away the aerial parts of the bushes. With a view to improve livestock production, providing
shade for grazing animals and the top-feed during the lean periods, it is imperative to introduce some
suitable top-feed tree species. A good pasture may have about 30 such trees per hectare.

Soil conservation measures increased the forage production significantly. The average in-
creased yields, as a result of contour furrowing, contour bunding and contour trenching, were of
the order of 638.7, 168.8 and 165.0 per cent respectively per year. Contour-furrowed plots were
found to contain more available soil moisture than that of contour bunded or contour-trenched plots.

A technique of re-seeding the grasslands has been perfected. The technique consists of selec-
tion of suitable species for different agro-climate regions, re-seeding the mixture of Cenchrus species
and Lasiurus sindicus, and Cenchrus species and Dichanthium annulatum in low and high rainfall
areas respectively, at the rate of 5-7 kg/ha and drilled uniformally in rows spaced at 75 cm apart in
furrows 8-10 cm deep at a depth of 1-3 cm, and two weedings done during the first year of establish-
ment.

Grazing in rangelands with climax vegetation should be regulated by dividing the area into
suitable blocks for practising rotational grazing. Studies on fertilization of rangelands have revealed
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that increased yields of forage of the order of 50 to 70 per cent could be obtained by application of
20 kg N/ha. The protein content of forage of fertilized pasture was higher than in the control plots.
Application of nitrogen at the rate of 20 kg/ha in areas with annual rainfall of 300 mm and below, and
40 kg/ha in areas with an annual rainfall above 300 mm, is recommended.

Provision of drinking water and preservation of forage for the lean periods/years are other im-
portant considerations in improving the productivity of rangelands. The Institute has done useful
work on all these aspects.

ANIMAL PRODUCTION
Physiological Reactions of Sheep and Goats to the Hot-Dry Environment

Research on livestock production in relation to heat and water stress conditions have revealed
that indigenous breeds of sheep (Marwari and Magra) and of goats (Barmeri and Parbatsar) are physio-
logically well adapted to the dry hot conditions of western Rajasthan. The major avenue of heat loss
in sheep seems to be through the respiratory tract, while the goat relies both on surface and respira-
tory heat exchange. The exotic Corriedale sheep and cross bred goats (crosses of Alpine and Saanen
with Beetal and Jamnapari) showed wide variations in body temperature, respiration rate and pulse
rate between morning and afternoon in summer in sharp contrast to indigenous sheep and goats. The
Corriedale and the cross-bred goats are, therefore, not suitable for the desert region. Of the five
desert sheep breeds examined, the Marwari is the hardiest, followed by the Magra. The Barmeri goat is
even more tolerant of heat and water stress conditions than the sheep.

Long-term intermittent (twice weekly) watering of Marwari and Magra sheep has resulted in
considerable increase in body growth and wool production rates in these animals. A net saving ranging
from 50 to 60 litres per month per adult sheep and about 25 to 30 litres per month per lamb could be
achieved by watering the animals twice weekly instead of watering them daily. Dehydration in these
animals induces urea recycling almost immediately. During water restriction periods, the goats
conserve water by reducing the urine volume. The goat is akin to the camel in maintaining the fluidity
of the blood during water stress. Even when drinking relatively saline (1.5% NaCl) water for more
than three weeks, Barmer goats maintained normal plasma and blood volumes indicating normal circu-
lation of blood.

Breeding Sheep for Finer and Heavier Wool

Attempts have been made to develop a biochemical approach to sheep production to obviate
the delay ‘inherent in the time consuming conventional method of selection based on performance
tests. Studies conducted so far point to haemoglobin A (HbA) and low glutathione (GSH") type
animals as producers of heavier wool and low potassium (LK) and Hb A type animals as yielders of
comparatively finer fibres, in comparison to animals of any other traits examined.

Sheep Reproduction Under Hot, Arid Conditions

A simple technique, involving a single dose of testosterone enanthate for the induction of
libido in inactive adult rams has been evolved. Both male and female Marwari sheep, and possibly
those of other desert breeds, are characterized by the non-seasonal nature of their reproductive charac-
teristics. This physiological flexibility makes it possible to plan breeding programmes in accordance
with climatic variations, feed resources availability, and market demand.

Considerable information regarding adaptive, productive and reproductive performance of
Australian Corriedale sheep managed under arid conditions has been generated. While the Corriedale
rams do not suffer from “summer sterility”, they are physiologically ill adapted for the region, and
hence their extensive use for flock improvement in this region may not be feasible.
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An Improved Nutritional Technique for Increasing Wool Production

In the arid and semi-arid parts of India, the leaves of the thorny plant Zizyphus nummularia
(locally called bordi pala) constitute an important protein-rich roughage and are of special value as
drought feed. A simple chemical treatment, involving dilute formaldehyde solution, of these leaves
(pala) has proved to be very effective in inducing increased wool growth when the treated leaves are
fed to the animals in small quantities daily. This chemical protection of feed proteins from ruminals
degradation and the subsequent more efficient utilization has considerable possibilities in the field of
animal production.

The percent chemical composition and true dry matter digestibility (TDMD) of 13 grasses and
2 leguminous forages have been established. Maximum TDMD was found to be in 15 day old cuts of
C. ciliaris presumably due to the high crude protein (CP) and low lignin contents. Due to the higher
lignin content of the leguminous forages, their RDMD were found to be low. Amongst the grasses,
Tribulus elatus followed the pattern of leguminous forages.

The desert sheep utilize the nitrogenous constituents of C. ciliaris more efficiently than those
of L. sindicus under conditions of prolonged partial water deprivation. However, cellulose digestibility
is generally higher in 50 per cent water restricted Marwari and Magra sheep compared to ad-lib watered
animals. Dry matter digestibility of mature Lasiurus sindicus hay is of a low order in these breeds of
sheep. Dry matter intake (DMI) of P. cineraria (khejri) leaves per unit body weight is significantly
higher in the goat than in the sheep. In sheep, the digestibility of the cellulosic fraction of this feed
was less than half that recorded for grass (Cenchrus ciliaris) cellulose.

ANIMAL PRODUCTION UNDER RANGE CONDITIONS
Water Requirements of Animals on Rangelands

The drinking water consumed per day by an adult dry cow weighing 272 kg increased from
19.3 litres in January to 41.1 litre in June; yearling heifers needed 10.2 to 17.0 litres; water consumed
by an adult ewe increased from 2.1 to 4.5 litres and a ram lamb increased its watér requirement from
1.6 to 4.0 litres during this period.

Stocking Rate in Range Areas

‘Excellent’, ‘Good’, ‘Fair’, ‘Poor’ and ‘Very poor’ conditions of rangelands (having approxi-
mate productivity of 20, 15, 10, 7.5 and 5.0 q/ha, respectively) can safely provide year-long grazing
to 25.30, 20, 17, 13, and 1-6 adult cattle units per 100 hectare blocks respectively during normal
years. In abnormal years, grazing stress has to be increased or decreased depending on the availability
of forage on the rangelands.

Studies conducted on different stocking rates, without supplemental feeding, on different
types of rangelands revealed that growth rate per animal remains the highest when the animals graze
on the carrying capacity basis (2.40 ha/heifer). Although by increasing the stocking rate, viz., 1.20
and 0.60 q/heifer, the total livestock production goes up considerably, but the grass component, parti-
culaly the annual species, gets eliminated through effective utilization. As a result, it has been consi-
dered necessary to provide concentrate feeds to the animals during the lean periods (December-June)
to meet their digestible crude protein (DCP) and total digestible nutrients (TDN) requirements.

Goat vs Sheep Grazing

Studies on the comparative performance of goats and sheep on a sown pasture of Cenchrus
species infested with Zizyphus nummularia and Minosa hamata bushes revealed 292 per cent increase
in the body weight of male goat over that of ram lambs within a period of one year under light inten-
sities of grazing (3 animals/ha). The increase in weight gain of the buck over the ram lamb was 178
and 75 per cent under medium (4 animals/ha) and heavy (6 animals/ha) intensities of grazing respec-
tively.
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Investigations on the goat’s role in land use have shown the superiority of the desert goat to
the sheep in several respects. The goat economises on water use. Its browsing habit not only provides
it with a protein and mineral rich diet, but also does less harm to rangelands than does the close
grazing habit of sheep. The goat can be reared in areas where cattle and sheep will fail to produce, or
even survive. The goat is highly salt-tolerant, both in respect of feed and drinking water. By con-
suming salt-loaded shrubs, the goat is, in a way, reclaiming saline soils.

The general misconception regarding the goat’s contribution to desertification needs to be
removed. However, controlled grazing practice for the goat is a necessity. An efficient converter of
scrub vegetation to meat and milk, the goat is indeed the ‘Poor Man’s Cow” which can if properly
managed and improved, bridge the protein gap in the dietary of our people and earn a considerable
amount of foreign exchange. The marginal lands of western Rajasthan provide the means to achieve
this objective.

The Parbatsar Goat

A new breed of goat, the Parbatsar breed, has been established as a good dairy breed, well-
adapted to desertic conditions. Its milk production performance can very well be compared with
other good dairy breeds like the Jamnapari and Beetal.

ARID ZONE AGRICULTURE

The net area sown with crops annually in the whole of India, in Rajasthan and in desert districts
of Rajasthan are almost similar, being about 45 per cent of the total land areas of the respective
regions. In arid districts pulses contribute 25.6 per cent of the total food grain production and these
districts contribute 1.7 per cent and 4.8 per cent respectively of India’s total cereals and pulses pro-
duction. 72.7 per cent bajra produced in Rajasthan comes from arid districts, which also make size-
able contribution to the production of oil seeds in the State.

Considerable work on agronomic practices influencing the yield of dryland crops, particularly,
pearl millet has been done. Some of the important aspects on which research work has been carried
out and technologies developed are as follows: —

Suitable Crops and Varieties

Suitable dryland crops and their varieties which match the rainfall pattern of the region and
are efficient utilizers of rainfall and stored soil moisture have been identified. (Ex. bajra - BJ 104;
mung S-8; moth T18; T-23; cowpeas FS 68; til T13; castor-aruna, GAUCH-1, bhaggya; sunflower-EC
68414 ; guar-durgapura saffed, FS-277, durgajai, HFG-75, 2470/12.)

Crops and varieties that have been found most suitable for late-sown conditions are: mung S-9,
cowpeas K. 11, guar 2470/12, castor aruna, sunflower Ec 69874, EC 68414, moth T18.

Varieties of fodder crop having high-yield potential and well adapted to this area identified
are : cowpeas HFC 42-1, moth T 3, guar 2470/12, guar JS 10, merta, bajra F-2 of BJ-104.

Contingent Crops

In view of very short available crop growing season particularly during droughts in arid zone,
crops of minor millets were tried and improved. Among minor millets, a few varieties of kangni (Seta-
ria italica) and chena (Panicum miliaceum) which have high-yield potential and can find place as a
remunerative crop in the cropping system of arid zone have been identified.

Mid-Season Correction and Strategy to Meet Aberrant Weather Situations

A strategy to meet aberrant weather situations (early onset of monsoon, late onset of monsoon,
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early cessation of rains, drought at the seedling stage and drought at the flowering/grain filling stage,
etc.) has been formulated and given a fair trial. Transplanting of bajra (21 to 25 days old seedlings)
late in the season (end of July or begining of August) on a drizzling day, has been found to be the only
way to obtain reasonably good yields of bajra. A fodder-cum-grain production system for early onset
of monsoon; alternate crop and varieties, pre-sowing seed treatment, transplanting, early and com-
plete weed control for late onset of monsoon; adjustment of plant population according to soil mois-
ture availability, recycling of rain water harvested and stored in a pond earlier, ratooming, use of
organic mulches for early cessation of monsoon; have been found to work well as contingency plans.

Cropping Systems for Drylands

Suitable and remunerative cropping systems, including intercropping systems have been identi-
fied. In good rainfall years (more than S00 mm) with an extended rainy season, it has been possible
to follow a double crop system, viz., bajra (BJ 104) and mustard (T59) on drylands.

Inclusion of perennial grasses like Cenchrus ciliaris, castor bean, cluster bean, etc. in the crop-
ping system have been found to impart stability to crop production. Intercropping systems, like Cen-
chrus ciliaris + guar (C. ciliaris + mung; sunflower + cowpeas/mung; mung (paired/triple rows) + bajra;
castor bean + cowpeas (HFC-42-1); castor + moth (fodder); have been found to impart stability to
production, besides being remunerative and efficient with regard to land (LER) and moisture utiliza-
tion.

Crop Stand Establishment — Proper Tillage and Seedbed Preparation

Optimum plant population/density has been worked out for principal dryland crops (bajra,
mung, guar, moth, til, etc). Techniques for securing proper and adequate crop stands have been
evolved. Pre-sowing seed treatments (soaking of seeds in water) for hard coated seeds like sunflower,
safflower and castor, have been standardized. Optimum seeding depth in respect of the above crops
has also been worked out.

Sowing of seeds with seed drills having shovel type furrow openers and packing wheels proved
more efficaceous for the situation in this region.

Preparation of seedbed with sweep cultivator was found to be expeditious and efficient with
regard to weed control.

Gap filling 15 to 20 days after sowing with 21 to 25 days old seedlings of bajra proved useful

in securing adequate plant stand in the event of heavy seedling mortality due to drought at seedling
stage.

Soil Moisture Management/Water Harvesting

Procedures for harvesting water in situ through inter-row water harvesting and run-off concen-
tration systems and collection of inevitable run-off in a pond have been standardized.

Crops and crop stages which benefit most by supplemental irrigation from the collected run-
off have been identified.

Use of bentonite as a sub-surface moisture barrier has been found efficaceous in reducing
losses of moisture in deep percolation in sandy soils. The technique of bentonite barrier coupled with
run-off concentration system has been standardized.

Use of bajra husk as surface mulch has been found effective in reducing losses of moisture in
evaporation, delaying surface drying and controlling surface crusting in bajra.
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Run-off Farming

A technique for catching rain drops and cropping in run-off concentrated in level plot below
the sealed catchment has been established. This technology has a good potential for increasing and
stabilizing yields, lowering the risk of crop failure, saving the inputs of production, and making the
best of every rain drop that falls on the farm. Among the various ratios of catchment of cultivated
areas (viz. 0:5,1:0 and 1:33), 0:5 ratio has appeared to be promising for crops like bajra, moong, guar,
cowpea, til and sunflower. The apparent disadvantage of transfer of some areas for making catchment
is sufficiently compensated by accumulated benefit over years. It has further been found that manipu-
lation of inputs like seeds, fertilizer etc. in water harvesting system lead to increase crop yeilds.

Soil Fertility in Arid Areas of Rajasthan

The areas suffer from a general deficiency of nitrogen (0.02 to 0.07 per cent). The P,Os con-
tent is high (0.05-1.0 per cent) but its availability is rather low. The available potassium is found in
medium to high range.

In low rainfall areas, mitigation of nitrogen deficiency through fertilizer application in soil at
sowing poses a problem as desirable effects are often not found in drought years and thus there is a
possibility of investiment losses. However, split application — 30 kg N/ha at sowing and 15 kg N/ha
one month after (as top dressing or foliar), if soil moisture is favourable, helps in bajra growth. It has
again been found that even 80 kg N/ha may be applied to bajra through foliar application in four splits
during its vegetative period with good results.

Effect of Micro-Nutrients

Soil application of Zn as ZnSO, has a significant and positive effect on the control of downy
mildew in pearl millet (HB3). The effective level of Zn which depended on the severity of disease was
15 kg when the disease incidence was less than 45 per cent and 30 kg/ha when it was more. The inci-
dence of disease had a negative correlation with Zn content in grain and a positive correlation with
the P content of straw. Application of Zn increased the N-up take in pearl millet.

Techniques for Overcoming Problems Posed by Unfavourable Soil Physical Conditions

High intensity rain showers followed by rapid drying were found to form soil crust of high
strength and thus affected the emergence of bajra and mustard seedlings. Ridge sowing, harrowing or
sprinkling water after the formation of crust were found to mitigate the effects of soil crust formation
and improve the emergence of seedlings.

Post sowing compaction of sandy soils with narrow iron wheel was found to increase the
availability of moisture and thus improve the emergence of the seedlings of mustard and sunflower
particularly under low moisture conditions of soil (5-6 per cent moisture).

Post emergence cultivation (one cultivation) of 5-10 cm depth done after one month of sowing
resulted in improved physical conditions of soil, checked weed population, improved root growth and
availability of nutrients and thus increased the production of pearl millet.

SALINE WATER USE FOR CROP PRODUCTION

Saline water of EC 9-12 mmhos can be used for continuous cropping instead of leaving the
land fallow. Gypsum application (2 tons/ha) after harvest of rabi crop overcomes the detrimental
effects of residual alkalinity after leaching of soluble salts thus making it suitable for the next crop.

UTILIZATION OF SOLAR ENERGY AND WIND POWER

As a result of research efforts to develop appropriate technology for utilization of solar energy
for water heating, cooking, desalination, drying of agricultural produce, pumping water for irrigation,
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and wind power for pumping water and for generation of electricity, the following solar appliances for
adoption in rural as well as urban areas have been developed:

1 Collector-cum-storage type of solar water heater

2. Solar water heater-cum-steam cooker

3. Solar water heater-cum-still

4, Solar cabinet dryer with autoregulation of temperature

Besides, investigations on the solar radiation regime over India from the point of view of solar
energy utilization were carried out and design curves, based on normal solar radiation for 10 Indian
stations, giving ratio of daily useful energy collection to heat removal efficiency factor vs temperature,
have been prepared for typical summer and winter months.

A Simple Sail Wing Windmill

To utilize wind power potential for lifting water for irrigation from shallow water tables and
for drinking purposes, a simple sail wing windmill costing Rs. 3,000 has been designed, developed and
tested. The mechanism of the windmill is very simple and is autodirectional in operation.

RODENT PEST MANAGEMENT

Food of various rodent species and their pest status has been determined. Eight species, viz
Meriones hurrianae, Tatera indica, Rattus meltada, Gerbillus gleadowi, Funambulus, pennanti, Bandi-
cota bengalensis, Rattus rattus and Mus musculus, have been identified as most harmful to the crops
and stored food grains in Rajasthan. Delineation of relatively abundant rodent species in western
‘Rajasthan based on ecological distribution has been established as: up to 250 mm annual rainfall G.
gleadowi, M. hurrianae; 250-400 mm M. hurrianae, T. indica; 400-500 mm R. meltada, T. indica canal
irrigated crop B. bengalensis, R. meltada.

Investigations have revealed that large-scale operations should be taken up during May and
June (population density and breeding rate of rodents being minimal during summer months) to
minimize the operation cost and to maximize the efficacy. Bajra + 2 per cent groundnut oil is the
most effective bait for mixing poison for rodent control. Pre-baiting should be carried out before
poison baiting for 2-3 days to minimize the effect of neophobic behaviour of rodents. Two percent
concentration of zinc phosphide has been found to be an equally effective dose for the control of
rodents. The acute rodenticide (RH-787) and anticoagulants Brodifacoum and Chlorophacinone have
been found effective for field rodent control. Control with zinc phosphide should be carried out only
on a single day during one operation. This poison should be used again only after 3 months in the
same area. If a repeat operation is needed, both bait and poison should be changed. The baits should
be placed at a 10-15 m intervals for an optimal coverage of bait to all the rodents.

On the basis of ecological distribution of various rodent species in different habitats, soil and
crop types, and considering their food, reproduction and population cycles, behavioural aspects and
evaluation of a number of rodenticides, a number of strategies to control rodent population in field,
residential premises and godowns have been standardized. A calendar of operation for farmers has also
been formulated.

PLANT PROTECTION

The researches on plant protection measures have also received due attention. The methods
for control of white grubs (Helotricha sanguinea) has received national recognition. The investigations
revealed that application of 100 kg 10 per cent dust of BHC/ha or sevidol at 25 kg/ ha has given effec-
tive control. Use of fenitrothion 0.05 per cent a.i., dichlorovas 0.05 per cent a.i. and malathion 0.1
per cent in a three-spray schedule, the first beginning in mid October, the second three weeks later
and the third six weeks after the second, have been successful for control of fruitfly in ber plants.
Karathane 0.2 per cent spray has been effective against powdery mildew in ber. Katra (Amsacta) larva
a common pest in western Rajasthan has been effectively controlled by spraying crops with 0.025 per
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cent a.i. of quinalphos or methyl perathion. The incidence of bacterial blight (Xanthomonas cyanop-
sidis) of guar can be checked effectively when the seeds are treated with streptocycline at 0.025 g/kg.
The dry root rot on cowpea caused by Macrophomina can be checked by treating seeds with 0.2 per
cent bavistin.

SOCIO-ECONOMIC FACTORS AND NOMADISM
Nomads and Nomadism

An important social problem of the arid region is that of the nomads. Historical, political
and cultural factors combined with climatic and geographical factors give rise to nomadic life. The
nomadic groups of the arid zone may be broadly placed into four categories: (a) the pastoral nomads
(Raikas, Sindhis, Parihars, Billochs, etc.); (b) the trading nomads (Banjaras, Ghattiwala, Jogis and
Gowarias); (c) artisan nomads (the Gadoliya Lohars, Sansis and Sattias and (d) miscellaneous type of
nomads (Nats, Kalbeliyas Jogis).

Detailed rehabilitation schemes have been prepared for the Banjaras (the trading nomads), the
Gadoliya Lohars (the artisan nomads) and for the nomadic cattle breeders of the Anupgarh-Pungal
region of Western Rajasthan, keeping in view their present cultural values, kinship structures and other
important social and economic factors.

Impact of Drought on the Socio-Economic Structure of the Population

Intensive studies on the oral traditions, local evidences and empirical data pertaining to impact
of drought have been undertaken in Nagaur and Jodhpur districts of western Rajasthan. The studies
provide information on the traditional social indicators of drought prediction, perception of drought
behaviour by the rural folk and socio-economic consequences of drought. The studies also provide
empiricism to the various believed notions concerning the causes of drought, drought induced
problems, social and economic disorders and bio-physical problems in nature etc.

Economic Evaluation of Arid Zone Technology

Cost-benefit analysis of sand dune stabilization fuel plantation, econo-ecological evaluation of
xerophytic plant and tree species, fertilizer use in various crops and forage has been worked out.
Economics of livestock was also worked out in relation to availability of feed and fodder in different
areas of arid zone. The studies employing sophisticated techniques like project appraisal criteria, pro-
duction functions, programming models have evaluated the economic viability of cropping, mixed
farming, silva-pastoral and afforestation systems. This has added to the efficiency of facilities for ex-
tension of arid technology.

In addition to the above, several studies on various aspects of rural problems viz., empirical
estimation of indicators of economic development, production performance of rural sector, marketing
development and infrastructure, inputs supply system and production potentials, impact of dairy on
land-use pattern and the state of economy of farmers, economic evaluation of different water-lifting
devices and comparative economics of bullock and tractor power use in Uppler Luni Basin have also
been conducted.

TRANSFER OF TECHNOLOGY
Operational Research Project

To transfer the technology to the field and to identify the gaps and constraints in the process
of transfer two Operational Research Projects on ‘Arid Land Management’ and ‘Drip and Sprinkler
Irrigation Systems’ have been undertaken near Jodhpur. The project on drip and sprinkler irrigation
systems is aimed at enhancing the water use efficiency without impairing crop productivity. Under
the ‘Arid Land Management’ programme, useful work has been done on sand dune stabilization,
shelter belts and roadside plantation, grassland and horticulture development and crop production on
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drylands and under limited moisture supply conditions. The sprinkler system has been installed on
24 ha land belonging to six different farmers in the villages of Manaklao and Dahijar. In the rabi
season of 1976-77 the system permitted recycling of ponded water on lands where other systems of
irrigation could not be as effective. The technique of manufacturing drippers has been perfected in
the Institute. More than 30,000 drippers have so far been manufactured in the workshop and installed
on 0.6 ha of potato and 0.8 ha of citrus and pomegrante orchard in Dahijar village. Besides, a gobar gas
plant has been installed to demonstrate the most efficient use of cattle dung for purposes of fuel as
well as organic manure.

Lab to Land Programme

Under this programme 200 farming families belonging to the lower echelon of the rural society
have been adopted for total development with ‘family unit approach’. Demonstration of arid land
technologies right in the fields of selected farmers, training both on-the-spot as well as at institute-
level are being conducted to enlighten the farmers with different arid land technologies and to bridge
the communication gap arising out of variations in income, land holding and social exposure. Seven
villages have been selected from four western Rajasthan districts, namely Jodhpur, Bikaner, Pali and
Jaisalmer, under this massive development programme.

Extension fortnight was conducted where farmers, youths, schoolboys, women folk parti-
cipated and derived a good amount of inspiration from the Institute’s scientists. Personnel from
dairy development department, agricultural department and locust department also participated. It
was a conglomeration of different departments at one point to benefit the farm community engaged
in different persuits.

Farmers of Jaisalmer, Bikaner, Jodhpur have been enlightened with arid land technologies.
Thus the awareness gap could be bridged to a considerable extent. Demonstrations conducted in the
fields of farmers have sufficiently built up confidence among the farmers. However, lack of farm
inputs, nearby markets and low investment capacity hinders the progress and thus multiplier effect is
slow.

In kharif and rabi season the Institute organizes Farmers Day at Central Farm, Jodhpur,
Bikaner and Pali, in which, farmers of the surrounding villages visit the experimental farm of the
Institute and get acquainted with arid zone technologies through demonstrations, exhibitions and
discussion with the scientists. Nearly 400-600 farmers participate in the field day.

On similar lines, field days are being organized by the division in the ORP areas to educate the
farmers through demonstration. Nearly 50 farmers participate in the field day.

Extension leaflets in Hindi and English regarding the arid technologies and dry land farming
are published from time to time and distributed to the farmers. Nearly 20 leaflets have been released
so far for the benefit of the farmers. Besides this, farmers are intimated through rural radio broadcasts
and press conferences from time to time.

Constraints in Technology Transference

In an analysis of different constraints limiting technology transfer it is observed that cost, non-
availability of inputs in time and lack of irrigation facilities minimizing risk of crop failure are the
major factors limiting use of hybrid seeds and commercial fertilizers. Besides “non-availability”,
“wrong availability” of inputs has equally setback the transfer of technology in certain cases. To
cite an example, supply of mixed seeds in place of hybried bajra in one year followed by severe ergot
infection put back the hybrid seed programme and it needed much effort to re-establish farmers’
faith in the programme. Nearly half of the farmers still believe that use of fertilizers deteriorates soil
fertility. Regarding use of pesticides, cost and poor knowledge about their use were the dominant
factors, but few farmers did not feel the need for pesticides use.

136



Farmers’ general beliefs that mixed cropping (bajra + moong + moth + til) covers the risk of
crop failure, that grains of local bajra and wheat are sweeter in taste, that fertilizer spoils land and
deteriorates grain quality, that crop remains thirsty if irrigated by method other than flooding, that
pesticides poison the grain, that use of fertilizers make land surface white (saline) etc. are no doubt
slowly dying out but are still a factor limiting faster technology transfer.

GAPS IN KNOWLEDGE

The foregoing pages outlined the main results and status of research in the arid zone conducted
by CAZRI, not only to reclaim the desert but also to ameliorate the desertic conditions. Discipline-
wise, technical bulletins have been published in a few cases by individual scientists. Thus on the basis
of the scientific knowledge gained and the technology developed, the Great Indian Desert can claim to
be one of the best studied deserts of the world and for which CAZRI is a large data base. But it will
be appropriate that the voluminous data generated be critically examined and synthesised for prepara-
tion of a master plan or blueprint for local and area specific development.

However, looking to the vast dimensions of the problem, investigations on the following
aspects, to enumerate a few, need to be intensified:

B Devising crop-water-soil management practices condusive to the build up of soil fertility and
to improve the soil physical conditions, so as to obtain maximum crop output per unit water.

° Identification of non-monetary inputs and their impact on crop production.

® Diverse and graded technology for small, marginal and medium sized farmers depending upon
socio-economic conditions and requirements.

. Under rain-fed situations the desirable density of vegetation (grass, trees and crops) has to be
ascertained in reckoning with moisture availability and other conditions.

o Studies on agro-forestry, silvi-pastoral, and horti-pastoral systems need intensification.

. Quantification of available water potential (water balance) of individual water sheds is neces-
sary.

° For precise assessment of total ground water resources and timely prevention of overdraft of

water resources, hydrological investigations need intensification on mini-water-shed or index catch-
ment basis.

. The processes and problems occuring due to advent of canal irrigation, like rise of water table,
salinity, seepage losses, etc. need to be studied in depth.

o Research on wind erosion control needs intensification in relation to type of sand dune, direc-
tion of wind and control of hazards like removal of soil and nutrients under different land use condi-
tions and to develop new technologies for cultivation on marginal lands.

o Intensive research is needed on the genetics and breedings of trees, shrubs (especially in-
degenous) forage grasses, and legumes for obtaining desirable attributes.

. Identification of new alternate sources of plant products of industrial importance in arid zone
in respect of medicinal, essential oil and insecticidal value.

. There is a severe paucity of improved grass seeds for regenerating the existing pasture and
rangelands.  Moreover, intensive large scale grassland improvement programmes are envisaged to
enhance the productivity of the arid lands. Therefore, there is an urgent need for establishing the
grass seed farms to meet the requirements of grassland improvement and development programmes.
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. Inspite of the useful contribution made by CAZRI’s research efforts, the diffusion and adop-
tion of the scientific knowledge gained and technologies developed have not made breakthrough
on the development front. Therefore, major emphasis needs to be placed on ‘Extension and Commu-
nication Research’ in which the constraints with adoption of technologies in the areas already saturat-
ed with extension service may be analysed in more detail and consequent remedies found for effective
implementation.

® As the ultimate success of programmes will largely depend on the extent of involvement of

the desert people, emphasis needs to be given to training and education of farmers and extension
works. Regular short duration training courses are necessary for farmers as well as villagedevel
agencies such as VLW, agricultural overseers, BDOs and other agricultural extension officers, which
will act as refresher courses and make them acquainted with innovations and recent research findings
from time to time.

. Studies have shown an existence of nearly 3 million ha of salt affected soils in the region. Over
the years a technology based on leaching with canal waters and use of amendments has been developed.
However, for much of the problematic area, such sources of fresh water are not available. Recent
work suggests that some improvement should be possible with soil working and use of amendments
only. More studies need to be undertaken in this regard.
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INDONESIA

Combat Against Desertification in Nusa Tenggara Timur, a Semi- Arid Region
in Indonesia

by
H. Ataupah®

Summary

Compared with most of the lush tropical islands of Indonesia, the chain of islands stretching
eastward from Bali up to the small Malukuan islands at the eastern tip of Timor, has a semi-arid con-
dition. This condition is caused by the complex interactions of physical features, uncertain weather
conditions, and human actions. But the condition is not a homogenous one.

This report is primarily concentrated on Nusa Tenggara Timur, the central part of the arid-
region. There are 19 million ha of critical lands in Nusa Tenggara Timur, out of the 18 million ha of
critical lands in Indonesia. That is why reforestation and regreening programmes in Nusa Tenggara
Timur are carried out simultanously with those programmes in the humid islands of Indonesia.

Much progress has been made, but traditional hampering factors such as physical features,
weather conditions, fires, straying cattle, and socio-economic values are still present.

To put reforestation and regreening programmes at a maximum success, various improvements
are initiated in public administration, development administration, organization, planning and moni-
toring systems.

Centres for Environmental Studies were established in 1979 to carry out various environmental
studies to support the national development plan, including the anti-desertification programmes in
Indonesia. One of these centres is established at the Nusa Cendana University. It is conducting a
study to ascertain in detail the local varying conditions of the eco-systems of the semi-arid region,
especially Nusa Tenggara Timur.

Nusa Tenggara Timur has received increased attention from the Central Government. Routine
budgets of reforestation and regreening programmes have been increased considerably within recent
fiscal years. Extra funds are allocated to foster and push forward the regreening programmes on
seriously degrading watersheds. The involvement of local villagers in regreening programmes is ac-
tivated through various intensified information channels. The presence of the President of Indonesia
at the opening ceremony of the 19th anniversary of the of National Regreening Week, in the vicinity
of Kupang at the end of 1979, (the second time for such a national occasion within five years) was of
great importance to the anti-desertification programmes. The presence of the President is technically
followed by various actions of the Government and the inhabitants of Nusa Tenggara Timur.

Industrial development is at its infancy and urbanization is due to the concentration of high
school facilities in urban centres. Consequently there are no combined negative effects of industriali-
zation and urbanization in Nusa Tenggara Timur. The main source of ecologioal problems is the com-
bined effects of swidden agriculture, traditional cattle raising, and fire outburstings, on the dry natural
environment.

* Center for Environmental Studies Nusa Cendana University, Jalan Jendhral Soeharto No. 72, Kupang — Timor, Indonesia.
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There are no new significant corrective anti-desertification measures in Indonesia.

There are no specific insurances against the risk and effects of drought in Nusa Tenggara
Timur or any other part of Indonesia. If any food crop failure occurs, the Logistic Depot in Kupang is
charged to solve the food shortages to overcome further complications.

Introduction

Unlike the other lush tropical islands in Indonesia, the chain of islands stretching eastward
from Bali up to small Malukuan islands at the eastern tip of Timur, has a semi-arid condition. This
condition is caused by the interactions of natural physical features, climate and human actions.

This report is primarily concentrated on the Nusa Tenggara Islands, the central part of the arid-
region. There are at least 1.9 million ha of critical lands in this region, out of the estimated 18 million
ha of critical lands in Indonesia. That is why reforestation and regreening programmes which are now
being carried out in Nusa Tenggara Timur must be considered as integrated programme of the national
campaign against critical lands all over Indonesia. Within the framework of the pattern, strategy,
priority, and policy of the National Development Plan in Indonesia, the Province Combat of Nusa
Tenggara Timur is simultaneously developed with that of the other Provinces in Indonesia. The
destruction of productive land, water, forests, and other natural resources has taken place in both the
densely and sparsely populated islands. In other words, desertification is happening also in the humid
islands in Indonesia. Although the final physical outcome of desertification in humid islands will be a
different one to that in semi-arid or arid lands, the socio-economic problems are the same.

Since the semi-arid conditions in Nusa Tenggara Timur reported here are scattered in many
areas with varying situations, this report contains much information which must be treated specifically
when to fully understand the combat of desertification in Nusa Tenggara Timur.

EVALUATION OF DESERTIFICATION AND IMPROVEMENT OF
LAND MANAGEMENT IN NUSA TENGGARA TIMUR

Background Information.

Nusa Tenggara Timur is located between the meridians of 118°55°-125°1" E.L., and 8°3'-
11°2" S.L. It consists of 111 islands with a total land area of 48,900 sq.km. and sea area of 96,000
sq.km.

Contemporary geologists divide this archipelago into two groups, the Inner Arc Islands and the
Quter Arc Islands. The Inner Islands are mostly of volcanic origin (except some areas in East Flores
and East Alor, which are of calcareous limestone origin), which are rich and productive basically.
They consist of Flores and the surrounding islands, Solor, Adonara, Lembata or Lomblen, Pantar,
and Alor and its surrounding islets.

The Outer Arc Islands are mostly of calcareous limestone origin with old volcanic materials at
the northern coast of Timur, which are relatively less rich and productive compared with the soils of
the Inner Arc Islands.

Compared with the other lush tropical islands in Indonesia, the Nusa Tenggara Islands have a
semi-arid condition. This condition is not a homogeneous one all over the archipelago. There are
varying and gradual differences of local conditions which are caused by the complex interactions of
natural physical environment, climate, and human actions over many centuries.

Volcanic activities as well as geological processes such as folding, faulting, emerging, submerg-
ing and so on, caused complicated reliefs which are broadly characterized by cores of rugged hills and
mountains, highly dissected ridges trending to various directions and craggy mountain uplands with
varying elevations, sometimes higher than 2,000 m above sea level.
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These physical features play an important and influential role in conditioning weather
elements in the region, which in turn influence the vegetation cover, water availability, eroding pro-
cesses, human adjustment and so on.

During rainy seasons, the W-NW monsoon wind loses a lot of its raindrops in West Indonesia
and North Indonesia before it reaches the rugged hills and mountains of Nusa Tenggara Timur. The
rainfall becomes relatively less in Nusa Tenggara Timur because of its more southerly position and rug-
ged physical features. Furthermore, the beginning, duration, ending, and distribution become uncer-
tain. The northern hill; and mountains, as well as coastal areas, receive earlier rainfall in November,
while the southern hills and mountains as well as coastal areas sometimes get the first rainfall late in
December with uncertain heaviness. During dry season the E-SE wind, originating in Australia and
blowing over relative a narrow sea, contains less raindrops compared with the W-NW monsoon wind
and most of its raindrops are lost on the narrow coastal hills and lowlands, so that usually the northern
hills remain relatively untouched by rainfall. The up to 26 knots E-SE winds are desiccating the cal-
careous limestone islands of Timur, Sumba and East Flores so that the soils of the areas become strakly
dry during the rainless dry seasons. Since the rainfall varies from unexpected showers of more than
450 mm within 24 hours to 450 mm within a year, the drying E-SE winds can cause much damage and
numerous disasters such as the drying up of rivers, springs, wells, the burning of grasslands and srubs,
with their consequent human sufferings. Damages and disasters have their specific cumulative nature
when the foregoing rainy season of the same year or consecutive years, has or have too little rainfall
or too much rainfall accompanied by fast-blowing N-NW winds which cause floods, land-slidings,
failures of foodcrops, and so on.

Each of the other weather elements (temperature, humidity, cloudness, sunshine and radiation,
evaporation, and atmospheric pressure) plays its own specific role toward a semi-arid climate in Nusa
Tenggara Timur.

Land Management and Desertification.

Simple and traditional human beings have been adjusting themselves conspiciously to their
environment for centuries. The remarkable phenomenon is that they depend upon their environment
to sustain their lives and future, but they do not take sufficient actions to preserve the carrying capa-
city of their environment. They are unaware of their deteriorating environment caused by their
actions. At the present stage of development, the land management and desertification should be
briefly discussed as follows:

a. Swidden Agriculture and Extensive Livestock Keeping.

With an annual average increase of 1.69 per cent, more than 80 per cent of the 2.5 million inha-
bitants of Nusa Tenggara Timur are swidden agriculturists. In reality, they are not pure swidden agri-
culturists, because whenever it is possible they are performing other extensive traditional activities
such as hunting, gathering forestry products, keeping livestocks, and so on. By performing various
activities they minimize or shift risksin a traditonal manner.

Fallowing croplands when the harvest is decreasing is a common traditional practice in swidden
agriculture. But since the number of swidden agriculturists is increasing, the fallowing period must be
theoretically shorter, compared with the fallowing periods in former times. But as soon as the culti-
vated lands are abandoned for natural restoration, straying cattle and other grazing animals pour into
these lands. Remnants of food crops, grasses, young trees, shoots, and other palatable vegetation are
cleared thoroughly by these hungry animals within a short period of time. The fallowed lands are
denuded, and become easily eroded, and the fallowing period is forced to be prolonged. If the swid-
den agriculturist cannot find a better patch of land to plant his food crops he arbitrarily goes to the
protected forest areas, or is forced by the situation to go back to his less productive fallowed land
which has been devastated by animals. Leucaena glauca trees, Sesbania grandiflora, and other trees
planted by the swidden agriculturists within the framework of the National Regreening Movement
(Gerakan Penghijauan Nasional) are sometimes also destroyed by straying animals.
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To get rid of this situation the Government is persuading the people, especially the villagers to
have their grazing animals fastened and stabled periodically, or to plant various palatable tree species
to provide green fodder for their livestock. It will take some more time before this improving action
reaches a satisfactory level. The traditional dttitude of letting straying livestocks look for their own
fodder and water is still deeply rooted in the hearts of cattle owners as well as the swidden agricul-
turists. When horses and Bali cattle were imported in the 19th and 20th centuries to bolster the
region’s economy, this traditional attitude was maintained. Officially there were 1,052,950 grazing
animals (400,811 Bali cattle, 123,475 water buffaloes, 183,618 ponies and horses, 291,372 goats,
53,679 sheep) in Nusa Tenggara Timur at the beginning of 1980. Besides that number of grazers there
are 691,065 pigs, which are also straying animals in many cases.

Swidden agriculturists and straying animals are the main cause of the process of desertification
in Nusa Tenggara Timur. But the swidden agriculturists do not initiate any significant action to
change the situation. They do not fertilize lands, like the wet rice cultivators, nor do something else
which may be considered as better land management.

b. Fire, Firewood, and Fences.

Fire is used as a traditional tool by the inhabitants of Nusa Tenggara Timur. It is used by hun-
ters, forest product gatherers, swidden agriculturists, and cattle raisers. The immediate objective of
using fire is understood by everyone, but the environmental deterioration caused by the use of fire is
not yet fully understood by the common people. Fire is easily made and used by everyone, while the
drying grasses and the fast blowing winds in the dry season, facilitate the use of fire as a tool. The
outbursts of fire in grasslands and protected forests occur frequently. Sometimes newly reforested as
well as newly regreened lands are devastated by fire originating from the fields of swidden agricul-
turists or from any careless person. Many measures are taken to prevent fire outbursts but as long as
fire is used as a tool in the agricultural activities in Nusa Tenggara Timur, the menace of desertification
is here to stay. There are no available statistical figures about losses caused by fire outbursts, but there
is much self-clarifying evidence that the damage is great.

Firewood is used in kitchens for cooking and boiling activities, as well as for heating purposes
during the cool nights and mornings in mountain areas. At least three pieces of large firewood are
used at once to keep the fire going day and night to ensure sufficient heat and light in traditional
houses. Statiscal figures are not available at the present time, but if it is assumed that at least 100,000
traditional houses are lighted and heated by the above mentioned traditional manner all year round, a
lot of firewood is consumed for that purpose.

Firewood is also used by peasants to guard their crops against animal attacks at night, especial-
ly when wooden fences have not been erected. A large amount of dry wood is burnt when peasants
are forced to erect fences at night to protect their newly planted crops from straying pigs, cattle, and
Wild animals. Much more firewood is consumed at the guarding time before harvesting to chase
animals away.

Strong wooden fences must be erected to prevent livestock and wild animals from devastating
food crops, villages, reforested and regreened lands. Since many branches within the newly cultivated
lands are burnt out during the clearing period or are consumed as firewood, the wood for fences must
be taken from the nearby forests and bushes. This action helps to deplete the forests and bushes of
which there is now a minimum quantity.

The fences will be in effective use for two to four years, depending on the kinds of wood used.
After this effective period, the fences are left to rot, or are burnt out, or are used as firewood when
the cropland is abandoned. When the land is still in use, the wood must be replaced or a new fence
must be erected.

Many reforested and regreened lands are denuded again by grazers, after the protecting fences
are broken, rotten, or burnt. Barriers made of stones have a lasting duration, but it takes more time,
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effort and skill to build such barriers. Many villagers do not build them although suitable corral stones
are available in many places. Barbed wire is too expensive for common villagers.

C. Regreening and Reforestation.

The process of environmental deterioration have been taking place for many generations.
Intermittent and incidental actions were taken by many local leaders and villagers to prevent serious
deterioration in many places in Nusa Tenggara Timur.

In the 1930’s, the Leueaena glauca was introduced and planted side by side with the Sebania
glandifora which was introduced ealier. Soon it become evident, that the Leucaena glauca has a
superior capacity as a natural fertilizer, a standing green fodder and as an instrument to prevent
erosion. This tree is welcomed by villagers.

Since the introduction of the National Regreening Week (Pekan Penghijauan Nasional) in
1961, the Leucaena glauca has been extensively planted throughout Nusa Tenggara Timur by the
Government as well as by villagers.

Despite all the vigorously carried out programmes of reforestation, afforestation and regreen-
ing which have been supported by villagers, churches, private organizations until the end of 1973,
there were still 512,400 ha of critical lands within the protected areas, and 1,509,000 ha outside the
protected forest areas. Thus the total critical lands in Nusa Tenggara Timur at that time was 2,012,400
ha. At the end of 1977 the remaining critical lands within the protected forest areas was 504,600 ha,
and outside the protected forest areas was 1,497,178 ha. The total remaining critical lands was
2,001,778 ha out of the total national figure of approximately 18 million ha.

After the Nairobi Conference in 1977, the annual reforestation and regreening programmes
were at a constant rate, as follow:

1978 1979
Reforestation 5,390 ha 5,380 ha
Regreening 13,900 ha 13,900 ha

Further information about the reforestation and regreening programmes in 1979 is as follow:

1. Through a routine budget of the Presidential Instruction on Reforestation and Regreening,
Nusa Tenggara Timur receives a total fund of Rp 1,012,893,000 (equivalent to $US 1,602,636. 80 at
the official rate of exchange, Rp 625 = $US1.) which is divided into Rp. 447,661,000 for regreening
programmes and Rp. 565,232,000 for reforestation programmes.

The Rp 447,661,000 budget is allocated to finance the planting of 13,590 ha of critical lands,
the contour terracing of 710 ha, the caring of 16,564 ha of lands planted within the last two years, the

building of two check dams and the buying of 9,602,500 seedlings.

The budget of Rp 565,232,000 is allocated to finance the planting of 5,380 ha of critical lands,
the caring of 7,965 ha of lands planted within the last two years, the building of 10 km of forest road,
the clearing of 362.5 km of fire-breaking spaces, the buying of 53,882,000 seedlings, the nursing of
3,332,000 seedlings and the buying of 16,100 kgs of seeds.

2. Besides the above mentioned routine budget, the President of Indonesia has allocated an
extra regreening budget of Rp 500 million for contour terracing at the Noemina watershed in Timur,
the Aisesa watershed in Flores, and the Mangili watershed in Sumba. This extra budget is intended to
supplement the regreening programmes initiated by local villagers and local government.

3. The President of Indonesia and members of his Cabinet attended the opening ceremony
of the 19th anniversary of the National Regreening Week at the village of Besmarak in the vicinity of
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Kupang, the capital of Nusa Tenggara Timur on December 17, 1979. It was for the second time that
Timur was selected as the site of the opening ceremony of the National Regreening Week. The first
time was in December 17, 1974. It is a custom in Indonesia that the opening ceremony of the
National Regreening Week takes place at well-chosen sites to promote the national campaign against
critical lands.

The Provinces of West Java, Central Java, Jogyakarta, East Java, Lampung, South Sumatra,
North Sumatera, South Sulawesi, Central Sulawesi, North Sulawesi, South Kalimantan, West Kaliman-
tan have had their turn too.

THE COMBINATION OF INDUSTRIALIZATION AND URBANIZATION
WITH THE DEVELOPMENT OF AGRICULTURE AND THEIR EFFECTS
ON ECOLOGY IN NUSA TENGGARA TIMUR

At the present stage of development there are no combined negative effects between industria-
lization and urbanization upon agriculture. Consequently there are no further combined negative
effects between industrialization, urbanization and the development of agriculture on ecology in Nusa
Tenggara Timur. Each sector, however, has some negative effects on ecology which are briefly dis-
cussed below.

1. Industrialization.

The development of a viable manufacturing industry in Nusa Tenggara Timur is at its infancy.
Nearly all industrial goods are imported from other parts of Indonesia or from abroad. There are only
some rice milling, coffee milling, saw milling, coconut oil processing, sandalwood oil distilling, leather
tanning which have relatively minor effects on the immediate surroundings of the manufacturing
firms.

2. Urbanization.

Out of the more than 2.5 million inhabitants of Nusa Tenggara Timur in 1980, 90,000 are
living in Kupang, the capital of Nusa Tenggara Timur (and the Kabupaten Kupang). The population of
Kupang has increased from 54,000 in 1960 to 90,000 in 1980, but the increase is due to the growing
number of Junior and Senior High School students and students at the Nusa Cendana University. The
number of civil servants is also increasing because governmental activities have soared in this decade of
development (1970-1980). Hills at the southern side of Kupang are denuded for firewood, especially
by the High School students who come from simple families in the hinterland of Timur. Capital of the
11 Kabupaten of the Province of Nusa Tenggara Timur which are considered as the major urban
centres in Nusa Tenggara Timur are experiencing the same phenomenon as Kupang. The total increase
in population of the 11 urban centres and Kupang itself from 1975 to 1980 is 57,384 (from 216,476
to 273,860). The total increase of employees in manufacturing firms is 371 (from 8,328 to 8,699).

3, The Development of Agriculture.

The inhabitants of Nusa Tenggara Timur did not realize that they had a low standard of living
during the colonial period. The colonial authorities let Nusa Tenggara Timur become a backwater of
their empire. They were successful in putting an end to tribal wars and exterminating contaminating
epidemics among the native people, but they did not do much to raise the standard of living of this
people. To bolster the region’s economy, the Dutch authorities and their Chinese middlemen im-
ported cattle at the beginning of this century. Through mis-management, the natural savanas and
grasslands in Nusa Tenggara Timur especially in Timur and Sumba were devastated, but the elite of
the traditional soc