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Foreword

The proceedings of the Sixth Near East-South Asia Irrigation Practices Semi-
nar are reported in this volume. The seminar was co-sponsored by the Government
of Jordan and the United States Department of State Agency for International
Development, and was held in Amman, Jordan, from March 19 to March 30, 1966.

Fifteen nations of the NESA Region sent delegates to the seminar as follows:
Afghanistan, Ceylon, Cyprus, Greece, India, Iran, Iraq, Jordan, Lebanon, Nepal,
Pakistan, Saudi-Arabia, Syria, Turkey, and the United Arab Republic. Observers
were present from the United Kingdom and the United Nations Food and Agri-
culture Organization (FAO).

The seminar series, sponsored by the United States Agency for International
Development, had its beginning in Izmir, Turkey, in 1956, and has been held bien-
nially since that time with meetings successively in Tehran, Iran; Lahore, Pakistan;
Ankara, Turkey, and New Delhi, India.

Delegates to the seminar were appointed by their respective governments from
officials having a major responsibility concerned with irrigation in their countries.
The delegates dedicated their cfforts in the seminar towards the task of finding
solutions to the many problems concerned with irrigation practice, realizing that
legal practices, institutional practices, social customs, and water delivery practices
beyond the control of the irrigator have a profound effect upon the efficiency of
water use under irrigation, but that the effect of all practices, including those of
the irrigator, are integrated at the farms and fields being served. The seminar was
effectively used by the delegates to study problems, exchange ideas, discuss mutual
problems, and formulate plans for better use of the land and water resources of
the NESA Region.

A. Alvin Bishop
USAID/Washington
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SIXTH NESA IRRIGATION PRACTICES SEMINAR

March 19-30, 1966

Amman, Jordan

Saturday, March 19
0800 Registration of Delegates

1000 Inauguration

Welcome Address by Dr. Najm ad-Din
Dajani, Secretary General, Jordan De-
velopment Board

Welcome Address by Joseph C. Wheeler,
Dircctor, USAID/Jordan

Welcome Address by Dr. M. S. Fayyad,
Head, Jordanian Delegation

Response by Mohamad El-Madany, Tech-
nical Advisor, Irrigation Ministry, Unit-
ed Arab Republic

Opening Remarks and Orientation by Dr.
A. Alvin Bishop

1200 Executive Committee Meeting

Sunday, March 20
0800 Chairman, Dr. M. Fayyad, Jordan

Coun{r{v Progress Reports by Afghanistan,
Ceylon and Cyprus

1030 Chairman, Mohamad H. Parwana,
Afghanistan

Country Progress Reports by Jordan, India
and Iran

1230 Chairman, Thuraippah Thiruchittampa-
lam, Ceylon

Country Progress Reports by Pakistan and
Saudi Arabia

1630 Executive Committee Meeting

Monday, March 21
0800 Chairman, C.A.C. Konteatis, Cyprus

Country Progress Reports by Saudi Ara-
bia, Syria and Turkey

1030  Chairman, D. B. Anand, India
Country Progress Reports by United Arab

xvii
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Financing Individual and Group Irrigation
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Water-Use Improvement Project, Cyprus
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Region, Iran

2000 Dinner sponsored by Jordan Development

Board
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1240
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Irrigated Agriculture (continued)
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Soil Moisture as a Function of Plant
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TECHNICAL SESSION: Technical Factors
(continued)

Technical Factors in Irrigation Practices,
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Evaluating Lands for Irrigation
Commands, India

Evaluation of Sprinkler Method of Irriga-
tion and Its Comparison to Furrow
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Irrigation Application Trials to Meet the
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Supply Period, Pakistan

Measuring Devices for Farm Turnouts
and Pipes, Turkey

Cartographic and Photographic Facilities
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Training

Plans for Education and Training in
Irrigation in Cyprus

How Research is Carried to the
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Delegate Appraisal, D. B. Anand
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OPENING SESSION

Chairman

DR. HANNA ODEH

Director of Planning and Research

Jordan Development Board

Welcome Address
by
DR. NAJM AD-DIN DAJANI

Secretary General, Jordan Development Board

Your Excellencies,

Gentlemen,

I 'have the honor of welcoming each of
you on behalf of His Majesty the King, the
Government and people of this country, on
this occasion of inaugurating the Sixth Irri-
gation Seminar in Amman, the deliberations
of which, I hope, will promote those of pre-
vious seminars,

The exchange of information in such
§ seminars in reg rd to water distribution, ir-
rigation techniques, plant requirements and
other relevant subj:cts, is without doubt con-
sidered to be highly useful for purposes of
economical development. This is especially
true in countries which face drought problems and shortages in agricultural produc-
tion, thereby preventing the attainment of self-sufficiency in foodstuffs, which
problem is further accentuated by population pressure.




Jordan is a country that suffers from its limited cultivable area, which does not
exceed seven percent of its tctal area. Moreover, the country lives under circum-
stances of a harsh struggle against nature. Drought seasons record fearful figures
which defy all types of feasibility studies, and makes every drop of water valuable,
In spite of thesc adverse natural circumstances, the people of Jordan enjoyed rela-
tive prosperity twenty years ago. However, the Palestine catastrophe did away with
that state of affairs and created more severe conditions as a result of the influx of
more than half a million refugees and the deprivation of the remaining part of
Palestine of its most fertile plains, and its surface and underground waters. This
situation resulted in over-population in a meager area, and led to a state of bitter
strife in which all efforts were mobilized to utilize available resources to increase
the cultivable area through exploration for underground water, and also to utilize
surface waters, notwithstanding their scarcity, and flood waters through the con-
struction of dams.

It is fortunate that our country has witnessed a general awakening movement
which embraced all activities and was reinforced by domestic stability during the
reign of His Majesty our beloved King Hussein, ( May God preserve him.) In the
twelve years that have elapsed since his accession, the country has achieved a state
of overall prosperity that has brought enlightenment to all strata of the population.
The Government system has grown steadily, coping with this prosperity and helping
in its creation. Public services have been greatly strengthened and academic schol-
arships have played a significant role in providing the governmental system with
such highly qualified and well trained employees as have enabled it to carry out its
tasks toward the country's growth and development. Among the main concerns
of the Government has been water. The Central Water Authority was established
and undertook extensive exploration work throughout the Kingdom for underground
water and constructed a number of dams in the desert. Another Authority, The
East Ghor Canal Authority, was established to implement the first stage of the
Major Yarmouk Scheme, in cooperation with US Agency for International Develop-
ment, and has almost completed this work, thereby putting about 120 thousand
dunums in the Ghor area under full irrigation. The Government also established
a Regional Corporation to implement the Major Yarmouk Scheme, which aims at
the irrigation of 517,000 dunums in Jordan Valley, in addition to execution of the
Arab defensive project for the exploitation of Jordan River Tributaries water to
save Arab Zor lands which were formerly irrigated by Jordan River water. These
lands are now threatened by Israel’s aggressive conversion of the River watercourse,
thus increasing the salinity of water flowing in the old course, which renders these
lands useless for irrigation. These Jordanian projects require the construction of
dams at Makarin and Mukheibeh, and the utilization of storage waters to generate
clectric power. Our projects aim at the expansion of irrigated lands since it has
been confirmed beyond any doubt that our dependence on rainfall water is impos-
sible and that, on the other hand, an area of more than 160,000 acres can be culti-
vated if water is made available.

It is therefore obvious that we cannot relinquish our rights in any drop of
water which others would like to deprive us of, because to us water means life. The
cultivation of the above area would undoubtedly strengthen our defense against
harsh natural circumstance, and would prevent the conversion of our most fertile
lands into deserts that would increase our already heavy burdens. The cultivation



of such lands would increase our production and thus mitigate the problems of
over-population. It would play an important role in our balance of payments and
provide opportunities for the exportation of vegetables and other horticultural
products to Near East and other markets, since the Ghor area enjoys such enormous
exportation opportunities in wintry seasons as cannot be available to adjacent
countries.

It is with great pleasurc that I mention with appreciation the close cooperation
between the Ministries of Agriculture and National Economy, Jordan Development
Board, the Central Water Authority, the East Ghor Canal Authority, the Ministry of
Interior for Municipal and Rural Affairs, the Ministry of Social Affairs, the Agri-
cultural Credit Corporation, the US Agency for International Devclopment in Jor-
dan, and of friendly states in all ficlds of economic and social development, agricul-
tural extension and land reclamation for irrigation purposes. All these agencies
work in full cooperative coordination and deep understanding for the realization
of all that leads to the prosperity of this country.

Gentlemen, the afore-said statement explains why we are particularly glad to
have this seminar held in Jordan. We have been confident that the participation
of this large number of friendly nations’ representatives in the seminar, on such high
technical, scientific and practical levels, will create a sublime scientific atmosphere
radiant with goodness and yielding beneficial information. Through it most useful
and easily applied methods will be generalized among farmers, on whose behalf 1
express thanks to you in the name of the Government and a most sincere welcome
to every one of you, with wishes for your happy stay in this country, which is
honored by your presence.

Gentlemen, the rapid increase of world population imposes on the whole world
the necessity to think of its destiny and of hungry mouths that daily increase in
number. Thoughts should be focused on supporting academic and practical cfiorts
for utilizing available possibilities aimed at the expansion of cultivablc areas, and of
productive capacity, and organizing methods of water usage. Such efforts should
prevent waste or negligence in water resources. They should bridge the gaps in
existing legislation, that we might more fully benefit from storage waters for power
generation, which constitutes the basis of all industrial development in the world.
The world has also to strengthen its efforts for the promotion of peace, paying heed
to the fact that were armament expenditures directed toward peaceful purposes it
should, by itself, secure the strongest defense against the calamities of starvation,
sickness and unemployment.

Gentlemen, this seminar actually represents a community of international
importance, whose history is intertwined. The relationships of its people with each
other are historically and inseparably interwoven. The standards of its peoples are
similar. The objectives of its rulers are similar, in their endeavor to develop the
region and spread welfare and prosperity among its people by overcoming poverty,
disease, unemployment and under-development. This necessitates sincere coopera-
tion among our states, based on principles of good neighborhood, complete and
fraternal understanding within the limits of justice, mutual interests and work for the
good of humanity at large, including our peoples.



In conclusion, I extend best wishes for the seminar and all participants, thank-
ing them for all the troubles they have incurred in their travel to this place, and
wishing them a happy stay iu our country, hopefully expecting that they will kindly
bear best rtemembrances of it Finally, I extend due thanks to the United States
Agency for International Development and its responsible officials for all their
obliging efforts to hold this seminar.



Welcome Address

by
JOSEPH C. WHEELER
Director, USAID/Jordan

Excellencies; Friends:

The United States Agency for Interna-
tional Development is happy to join with the
Government of Jordan in extending a wel-
come to the Sixth Near East-South Asia Re-
gional Irrigation Practices Seminar, We are
pleased to welcome you to Jordan. Among
other outstanding facts about Jordan is the
fact that it is one of the fastest growing
countries in the world. Jordan has main-
tained an average annual growth rate of ten
percent in gross national product during the
past ten years. Many factors have contrib-
uted to this growth, but surely one of the
most important has been the development of
irrigation projects. You will have an opportunity to study one of these — the East
Ghor Canal project — which has unique features in land reform, water distribution
and maintenance. Jordan has reason to be proud of this development.

This is the Sixth Irrigation Practices Seminar to be held in the Near East-
South Asia Region. You have met every two years since 1956. Since 1956, vast
amounts of money have been spent in the world to develop irrigation schemes.
Unfortunately, the “payoff” has not always been up to expectations. It matters
little how spectacular the large dams, or headworks may be, if the farmer does not
utilize the irrigation water to good advantage, the project will not be successful. To
assist the irrigation farmers in the proper utilization of soil and water requires many
skills and considerable knowledge in engineering, extension methods, farm manage-
ment, and crop practices. Your assignment in this seminar is to discover from each
other how best to make the link between water availability and increased produc-
tion. This assignment is of tremendous importance in a world in which food supply
and increasing population are in a race challenging mankind to organize its knowl-
edge or face the realities of a Malthusian catastrophe. It is you and your associates
back home who will determine the outcome of this race. I wish for you a success-
ful seminar and an enjoyable and profitable stay in Jordan.

As we say in Jordan, Ahlan wasahlan!



Welcome Address

by
DR. M. S. FAYYAD

Head, Jordanian Delegation

Excellencies,
Honorable guests,
Colleagues,

On behalf of the Jordanian National
Committee for this seminar, I have the pleas-
ure to welcome you all to this meeting.

I would like to apologize for any incon-
veniences and shortcomings that you might
encounter during your st2y in our country
and throughout your participation in this
seminar. This applies to the various facili-
ties provided and to any undesirable weather
conditions as well.

Our country is proud to have this sem-
inar held here. Jordan, as all other partici-
pants, is concerned with irrigation problems, which have a great impact on our
devclopment. As you all know, Jordan is a small, developing country, with very
limited potentialitics which nced to be most optimumly utilized. In particular,
our national resources as to fertile land and water potential are too small and con-
fined. Being deprived of large rivers and extensive plains, our irrigation practices
arc rather meager and quite recent. This imposes on us the need to be more con-
cerned and to look forward to making use of expericnces of other participating
countries with better and wider potentialities in irrigation and agriculture.

I hope that our seminar will be successful in achieving all of its purposes. To
my mind, one of the major objectives of such seminars is to promote international
cooperation through an interchange of ideas and experiences for the welfare of our
human society. This international cooperation is rather a must to secure decent
human living for all pcoples of our world. The other main objective is that expected
from us all as delegates from devcloping countries. We have to admit that we are
actually under-developed countries and ought to work hard to catch up with devel-
oped countrics and to join others in the caravan of humanity in its march of progress
in technology as well as other fields of human development.



In conclusion, it is my pleasure and duty to extend due thanks to all who
contribute to the anticipated success of this seminar. On behalf of the Jordanian
delcgation I extend thanks to the United States Agency for International Develop-
ment in Jordan. I also express my sincere thanks to all delegates participating in
this seminar, and through them to their governments. Last, but never least, thanks
are due to all individuals who have worked hard to arrange this seminar and insure
its success. In particular I have to mention Dr. A. Alvin Bishop, the technical
advisor for the seminar.

I hope cach of you will enjoy your stay in our country and make the most of
your participation in this seminar. Welcome to Jordan and Ahlan wasahlan!



Comments on Seminar

by
DR. A. ALVIN BISHOP

Technical Advisor

Excellencies, Director Wheeler, Delegates
and Friends:

It was with a great deal of pride that I
accepted the honor of serving as technical
leader for the Sixth NESA Irrigation Prac-
tices Seminar. Irrigation became my life’s
work more than thirty years ago, and I must
say, I have had many rewarding experiences
and few regrets concerning my profession as
Irrigation Engineer. Not the least of my
rewarding experiences concerns this very
seminar. I am thinking of last summer when
1 visited ten of the Near East-South Asia
countries, many for the first time, to make
preliminary arrangements for the seminar.

Although my first official contact with the seminar came last summer with my
visit to the area, I must say that I have followed the seminar closely since its incep-
tion in 1956, At that time, 1956, I was working as an irrigation expert for FAO
in Japan, assisting the Japanese with problems concerned with the irrigation of
sloping lands. I learned of the seminar at that time through a friend in FAO.
Later, in 1958, I had the pleasure of working in Japan with Mr. M. R. Lewis, who
had just completed an assigment in Iran in connection with the second seminar.

As many of you know, the technical leader for the Third, Fourth and Fifth
Seminars, Dean F. Peterson, is my lifelong friend. We grew up in the same irri-
gated alkali desert in the western United States and were initiated to the art of irriga-
tion as small boys. Our fathers both had irrigated farms and we learned about irri-
gation on the business end of a shovel. At this time I would like to bring you
greetings from Dr. Peterson. I talked with him a short time ago and he sends his
best wishes for the seminar and his regrets that he is unable to attend.

At any rate, through my friendship with Dr. Peterson and Mr. Malcolm Jones,
who was also identified with early seminars, I received the proceedings of the
seminars and studied them because of the wealth of information contained. I am
sure that you have also found much valuable information in the seminar proceedings.
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So again I say, it was with pride that I accepted the responsibilities delegated
to me in connection with the Sixth Seminar and to tell you that I am looking forward
to the work we must do together in the next twelve days. And work I'm sure it
must be if this seminar is to be profitable.

One of the major jobs of the seminar is to develop recommendations for con-
tinuing objcctives. Thus the Fifth Seminar, held two years ago in India, provided
the major objectives for the Sixth Seminar just now started. You will note that the
agenda includes the following topics recommended by the Fifth Scminar:

(A) Drainage and salinity problems.

(B) National programs for improvement of irrigated agriculture.
(C) Education and on-the-job training,

(D) Farm layout for an irrigated agriculture.

(E) Small projects.

(F) Technical factors in irrigation practice,

(G) Research,

I would suggest that you give detailed consideration to these seven points,
Here I would like to quote directly from the proceedings of the Fifth Seminar:

It is recommended that the seminars shall be concerned with the problems of soil and
water management on the farm, especially as they relate to agricultural production,
drainage and land conservation, recognizing that such management depends on many
resources which must be at the disposal of the farmer and whose integration into irrigated
farm production practice should recejve due consideration, Planning, engineering and
construction activities related directly to on-the-farm production shall be included; and
consideration shall be given to basic project water supply and drainage system planning,
engineering and construction, insofar as these factors are related to the capability require-
ments for on-the-farm production,

This statement, drafted by the executive committce of the Fifth Seminar,
recognizes, I believe, that irrigation farming is a way of life and that the farmer
himsclf is the key to the success or failure of an irrigation project. As irrigation
engineers we cannot be content until cach unit of water is producing the maximum
agricultural product. For example, our job is infinitely more difficult than that of
the hydro-clectric engineer who s interested in the maximum clectrical energy per
unit of water. He can control the cfficiency of the power plant to a very large de-
gree, and the machinery of the plant must function according to the plan and design
of the project. However, the controlling factor in the irrigation project is not the
machinery, the dams, canals or works of man but the irrigation farmer, and needless
to say, his actions are much more difficult to control than the turbines and generators
of a power plant. We know what the farmer should be doing, in most cases, but
the problem is how to get him to do it. Here is where the practice lags far behind
the technical knowledge. Here is where we must place a major cmphasis in this
seminar. The successful solution of the problem will be a major engineering
achievement.



Much time has been devoted to this unsolved problem in previous seminars
and by all who are concerned with irrigation development. This is indicated by the
fact that two of the scven objectives recommended by the Fifth Seminar are directly
connected with this problem. These are objectives “B” and “C,” as follows:

Objective (B)

National programs for improvement of irrigated agriculture:
(1) How to deal with problems.
(2) How to link with the farmers’ resources.

(3) Development of effective institutions,

Objective (C)

Education and on-the-job training:
(1) New training methods, programs and techniques.
(2) Problems encountered and how they are solved.
(3) Interchange in available schools.
(4) Programs for training farmers.

(5) Demonstration farms and irrigation farming camps in newly de-
veloped areas.

(6) Special emphasis on training middle-level technicians.

One item that I find lacking in this list of objectives concerns incentive. T mean
incentive on the part of the farmer. All the training, demonstrations, education, ¢tc.,
will go by the wayside if there is no incentive on the part of the farmer to put this
knowledge or training to practice. True, the training, demonstration and education
programs are designed tu motivate the farmer to do the things wanted of him, but
these may be easily offset by increased taxes on extra production or other devices
which kill the farmer’s incentive. Increased emphasis must be given to the compli-
cated legal, sociological, technical interactions that may make it impossible for the
farmer to do what is expected of him or which may kill his incentive to do it. To
further complicate the matter, as we must all realize, irrigation is a complex art
requiring the application of our best knowledge of soil and water. The application
of this knowledge must be by the farmer. This implies that the farmer must have
the knowledge, or that it becomes an integral part of the practice, so that the appli-
cation of the knowledge becomes routine.

To integrate the best knowledge of soil and water into the practice of irrigation
is a delicate and exciting challenge. If it is successfully achieved, the farmer rou-
tinely applies this knowledge in his day-to-day activities.

1
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OPERATION OF THE SEMINAR

Your host country, Jordan, has done cc siderable work in arranging the many
details required. The agenda for the mectings have been carefully planned. Hous-
ing accommodations for delegates, a meeting place, and transportation have been
arranged. In short, the committee has worked long and hard on many items to make
your stay in Jordan pleasant and to allow the work of the seminar to move forward.,
I'm sure that you are already aware of the work of this committee, which includes
members from the Jordan Development Board, the Ministry of Agriculture, the
East Ghor Carial Authority, the Central Water Authority, the Agricultural Credit
Corporation and the USAID Mission.

It has been a matter of policy in the Near East-South Asia Irrigation Practices
Seminars to form an executive committee. This committee consists of the head of
cach country’s delegation, with the seminar advisor as ex-officio member. The
exccutive committee will meet immediately following the session to decide on com-
mittce responsibilities and other important business.

The Fifth Seminar cstablished six panels to conduct special studies and make
recommendations concerning the special subject matter areas. These panels were
concerned with (1) Education and Training, (2) Operation and Maintenance, (3)
Field Irrigation and Drainage Research, (4) Waterlogging, Salinity and Alkali
Problems, (5) Farm Irrigation and Drainage Systems, and (6) Standards for Irri-
gation and Drainage Investigations. I hope you have all had the opportunity to
study the work of these panels in detail. I think that considerable progress was
made resulting in sound recommendations. The seminar will need to re-cvaluate

these problem areas with the idea of making any amendments or including new
areas for study.

There is always considerable intercst in research. The quest for new knowl-
edge is always exciting. It must continue if we are to advance. Likewise, technical
aspects of irrigation arc of major interest because the solution of the problem is
more clear cut. Technical advances must be closely linked with research and must
continue. If they are to be adopted, the improved irrigation practices shown to be
desirable by research and technical advances must be clearly explained to the farmer.
Here is where the education, demonstration and training programs play such an im-
portant role. All of the efforts and programs, and in fact the main goals of the
seminar, are concerned with the problems of soil and water management on the
farm. I believe we have a tendency to emphasize the importance of these items
just mentioned, that is research, technical advances, education and training, yet
overlook the importance of the organizations and institutions in regard to soil and
water management on the farm. Dr. Peterson mentioned this aspect in his address
to the Fifth Seminar, and 1 would like to endorse what Dr. Peterson said about
organizations and institutions, and add my own observations. It is my belief that
soil and water management on the farm is influenced to a large degree by:

(1) Institutional practices

(a) Management practices.



(b) Legal practices.

(c) Water delivery practices, including water measurement and method
of delivery.

These items, all in the broad institutional framework, can only be influenced
by the farmer to the degree he is involved, and quoting from Dr. Peterson’s remarks:

One point is clear, it is important that the farmers become full partners in the irrigation
effort. They must be brought into the picture as early and effectively as possible.

I would urge, therefore, that the seminar give some attention to the practices
listed above with regard to the role they play in relation to soil and water manage-
ment on the farm,

And now in conclusion, I extend my greetings to you and express the hope
that the seminar will be an instrument for the free exchange of ideas and informa-
tion between the nations here represented, toward improving irrigation and solving
irrigation problems.



CHAPTER I

RECOMMENDATIONS

Panel |

Education and Training

Korkut Ozal — Turkey — Chairman

The recommendations of the previous semi-
nars have been reviewed by the committee and are
found generally adequate and of high value. This
committee concurs, in general, with these recom-
mendations of previous seminars, and maintains
the opinion expressed by their panels that one of
the major reasons irrigation practices are not being
fully adopted and applied in irrigation develop-
ments is the lack of adequate education and train-
ing of all types of required personnel,

Education and training are the most important
keys to the success of irrigation development.
Only through irrigation and training can the trans-
fer and adaptation of modern irrigation technology
be applied to help realize better crop yields.

The committee would like to point out that
although considerable progress has been made in
the training efforts, they are still far from being
adequate to supply the qualified personnel require-
ments of ever growing irrigation development.

A major effort is deemed necessary to develop
the procedure for educating and training the need-
ed personnel in various countries.

The committee places emphasis on the recom-
mendations of the previous seminars and makes
the following supplementary recommendations.

. Policy

(A) A policy must be adopted which will
satisfy the education and training requirements of
personnel at every level, not only the farm level.

(B) Personnel inventories from the project
level up should be made to determine the qualified
manpower requirements in a balanced way and for
a reasonable time in advance.

(C) Maximum efforts should be exerted to
educate and train personnel by local means, al-
though exteraal facilities may be temporarily em-
ployed in the early stages.

(D) Education and training systems should
be planned in such a manner that a self-generating,
chain reaction effect will be established and main-
tained. The educated and trained personnel should
be used, in addition to their routine activities, for
the education and training of others.

15



(E) Formal education and the training pro-
. gram should be designed in such a way that learn-
ing is followed by application of a reasonable
amount of information and knowledge before new,
refined information is introduced. It should also
be essential to develop lower level personnel to
assume jobs in higher specializations. Incentive
rewards for in-service training among project per-
sonnel should also be provided.

(F) To make the education and training of
farmers as desirable to them as it is to project
authorities, the whole irrigation development pro-
gram, including education and training, should
be seen and dealt with in one perspective. This
will help provide the incentives, such as markets
for the products, credits, etc., which are indis-
pensable to the success of efforts in education and
training,

(G) Finally, more and better agricultural in-
formation and application should be incorporated
into the normal curriculum of primary and sec-
ondary schocls.

Il. The Planning

(A) The planning of education and training
for better irrigation practices should be considered
as a job of primary importance, rather than a
complementary or secondary activity. The man-
power requirements of a project should be deter-
mined and measures for their success be provided
in advance. Therefore, a department responsible
for the planning, design, implementation and
supervision of education and training activities
with regard to irrigation practices is to be estab-
lished and maintained within the agencies con-
cerned.

(B) This department should conduct per-
sonnel surveys to determine the particular re-
quirements of the agency, from the project level
up, and prepare position requirements to obtain
qualified manpower, and develop short and long
range programs for their success, qualitatively and
quantitatively.
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(C) The programs should aim to cover all
types of personnel and various types of education
and training,

.  Iimplementation

(A) Basic education should be mainly the
responsibility of ordinary educational institutions.
However, agencies engaged in irrigation activities
should provide active support to these educational
institutions.

(B) Training and specialized education
should be mainly the responsibility of related
agencies. However, active coordination with edu-
cational institutions should be maintained, and the
limited possibilities of higher educational institu-
tions should be used for specialization until the
agencies develop their own specialized training
and educational systems,

(C) The training activities should be diver-
sified and extended to all levels in order to have
the needed flexibility. For this, the committee
recommends the following:

(1) The training of professional and sub-
professional personnel including extension work-
ers may be progressively carried on simultaneously
by: (a) on-the-job training; (b) short courses at
the job site under the conduct and supervision of
more experienced and highly trained personnel of
the project; (¢) periodic refresher and specializa-
tion courses at the job site; (d) intermediate term
development courses at regional or central training
centers; (e) highly specialized short term courses
including management training,

(2) To have an adequate number of person-
nel for farm level training some manpower sources
may be activated. An “Agricultural Corps” may
be developed through recruitment of the graduates
of high schools and higher education as agricul-
tural workers on a compulsory or voluntary basis
after they receive a certain level of training. In
some countries army recruits are used for this
purpose. This system should have a balanced and
continuing program.



(3) The training of farmers should be mainly
on a demonstration basis. Audio-visual means
should be used. A comprehensive demonstration
system should receive the utmost attention. Full
use should be made of the means and ways already
available to, or that could be provided by, the
farmers. Complementary measures should also be
elaborated.

(4) In addition to the above general sugges-
tions, the committee recommends the following
with particular regard to farmers:

(a) Through organized Farmer Planning
Groups in villages, train farmers in soils and soil
problems, solution to soil problems, and selection
of practices for effective irrigation on their own
farms.

(b) . From Farmer Groups select outstanding
farmers to assist technicians in training farmers of
other groups.

(c) Continue Farmer Field Trips to improve
practice demonstrations of progressive farmers
and on model demonstration farms.

(d) Assist farmers in development of land
judging contests for irrigation agriculture.

IV. Coordination

The committee is of the opinion that NESA
countries can actively and successfully cooperate
in their training ecfforts. The experience and
achievements of one country may save the other
countries from repeating the same trials and er-
rors. Consequently, the committee deems it use-
ful to establish a routine for the regular excharge
of experience and information among NESA
countries. Also, joint programs in particular parts
of education and training, such as highly special-
ized short term courses, may be launched.

To establish and maintain the above coordin-
ation the committee recommends the designation
of a liaison officer in each country. The chairman
of each country is requested to let the other coun-
try chairmen know the name and address of the
designated officer at the earliest possible time.

Panel 1

Education and Training
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Panel Il

Farm Management for Irrigation Practices
Ayten Aydin — Turkey — Chairman

Panel II discussed the problems relating to
farm management for irrigation practices. Prob-
lems were analyzed and discussed and construc-
tive recommendations were made.

The committee realizes that one of the major
factors causing low and inferior crop yields in
most NESA countries is inadequate farm manage-
ment for utilization of soil and water resources.
Its recommendations agree with the deliberations
of the Fifth Seminar. In addition, it wishes to
make the following resolutions:

(1) The committee notes that in some coun-
tries certain traditional methods of irrigation result
in low efficieucy of irrigation and water logging. It
is therefore recommended that governments should
help the farmers in adoption of improved water
application methods.

(2) To maximize benefits from irrigated
farms, farmers should be induced to adopt im-
proved cropping practices, such as using improved
seeds, fertilizers, plant protection, etc., and to
adopt better techniques of farming through dem-
onstration, education and incentive programs.

(3) Govemnments should promote farm plan-
ning especially for irrigated agriculture where the
capital investment is very high and yields should
be raised to the maximum. Emphasis should be
given to land preparation,

(4) In many countries, inadequate and/or
poorly maintained water courses result in heavy
water losses. Agencies responsible for water dis-
tribution should, where necessary, carry out, down
to the farm level, water course construction and
betterment programs in cooperation with, and at
the cost to, the farmers,
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(5) Farmers should be encouraged to de-
velop groundwater resources within existing regu-
lations, especially where existing supplies from
other sources are inadequate or nonexistent.

(6) 1t is resolved that the land should be
owned by the cultivator. The governments may
implement proper measures for the selection of
the optimum economical size of holdings, in addi-
tion to other assistance. In case of small frag-
mented holdings which lead to improper utilization
of resources, land consolidation should be en-
forced,

(7) Motivation of farmers to improve their
farming methods must be studied and incentives
established. This may take the form of guaranteed
minimum prices on farm products, subsidies, as-
sistance in developing farm mechanization and
processing industries, and special credit facilities,
Land taxes should not be relaxed on land left
uncultivated.

(8) Inasmuch as improper operation and
maintenance of farm distribution systems lead to
nonuniform diversion and utilization of resources,
policies should be adopted governing the respon-
sibility of the operation and maintenance of farm
distribution.

(9) To achieve the most efficient use of
water, especially in areas suffering from a shortage
of irrigation water, the charge to farmers should
be changed to volumetric basis, and where this is
not feasible, to an area and cropping basis,

(10) All governments are urged to establish
communications within irrigation projects. This
includes farm-to-market roads, electricity for irri-
gation pumps and other uses, and telephone con-



nections between all irrigation facilities and vil- (12) Education and training of farmers by
lages. institutions or governmental agencies should be
promoted.
(11) Agricultural cooperatives should be
promoted, to make credit, irrigation and market- (13) Necessary legislative measures and in-
ing facilities available to farmers on the farm level.  stitutions to implement the above mentioned rec-
ommendations should be provided.

Panel 2 Farm Management for lrrigation Practices



Panel Ill

Irrigation Institutions — Farm Relationships

D. B. Anand — India — Chairman

Obljective

The main cbjective of this panel was to exam-
ine (from the viewpoint of institutional responsi-
bilities, policies, and legislation) the reasons po-
tential agricultural production is frequently not
obtained from irrigation water supplies developed
at large expense and delivered to farmers near
their farms.

Considerations

Discussions by the eight committec members
from six countries brought out that, in general,
the following problems exist in the NESA region:

(1) Properly delivering the right quantity of
water at the right time to large numbers of small
and often fragmented land holdings growing a
variety of different crops.

(2) Getting farmers to properly shape and
drain their lands for the maximum economic crop
production,

(3) Getting farmers to use the irrigation
water efficienily to obtain maximum benefits from
the limited water supplies and expensive invest-
ments in project developments and farming oper-
ations,

(4) Getting farmers to efficiently grow crops
with optimum yields.

(5) Getting farmers to actively participate in
solving their own problems with a minimum of
government assistance.

(6) Getting farmers to pay a fair share of the
cost of government irrigation project expenses
incurred in providing irrigation water and services
to farmers.

(7) Developing the necessary effective insti-
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tutions, policies, legislation, trained manpower,
finance, and timely coordination between all *he
numerous government and private interests in-
volved in developing and managing the irrigated
agriculture necessary to equitably meet the re-
quirements of the farmers and the nation.

In considering solutions to these problems, the
panel considered the following: the desirability
of developing more leadership, initiative, and
group action by irrigation farmers; the reasonable
division and delegation of authority and responsi-
bility between government and farmers; identifica-
tion of property and water rights; equitable distri-
bution of project benefits; balancing of project in-
vestments for farm development and operations in
relation to water supply development and distri-
bution costs; relationships of the dependability of
timely irrigation deliveries to the farmers’ crop
production activities; the requirements of the gov-
ernment and farmers for financial assistance in ob-
taining and utilizing the requirements for efficient
maximum crop production; the needs for training
and education of both government technicians and
farmers; the importance of promoting soil building
crops; the nced to establish contact with farmers
and associations; how to establish water and proj-
ect charges that will be fair to farmers, under
existing farming and educational conditions and
not cause undue financial burden on the general
community; the importance of assured markets for
agricultural production; the role of land ownership
in promoting intensive farming; the relationship of
taxation in creating incentives for productive use
of land; the role of volumetric water measurement
in improving water efficiencies; and miscellaneous
other factors afiecting the most economical crop
production on irrigated land.

Conclusions

(1) All the foregoing considerations are of



importance in developing efficient agricultural pro-
duction from irrigated farms, and should be given
careful consideration in promoting the best irri-
gated agriculture,

(2) Most of the member countries have the
main government institutions required for devel-
oping efficient irrigation, but such organizations
usually lack sufficient well trained personnel and
sufficiently well delegated authority and legislation
to enforce proper control over farm development
and water utilization. Programs and budgets of
the various government and private groups con-
cerned are frequently not coordinated in the man-
ner required to complete the full job of properly
utilizing the irrigation water supplies in the most
desirable manner. Hence much of the capital in-
vestment is not producing well because a relatively
small yet vital part of the total requirements is left
undone, due to ignorance, finances or lack of
coordination between groups concerned,

(3) Local democratically constituted farmers’
organizations capable of assuming a large degree
of local leadership and responsibility generally
either do not exist or do not operate effectively
in developing common understanding between
government agencies and the individual water
user, or in assisting in irrigation activities. This is
largely due to the low level of education and un-
derstanding of water users and the lack of trained
local leadership in irrigation problems. Thus the
governments have been burdened with the task of
working individually with most water users, and
the number involved is too large to effectively
handle with reasonable cost by government
agencies.

(4) Lack of well documented land ownership
and water rights combined with uncertainty of
water supplies, lack of knowledge of proven mod-
ern irrigation, drainage and production practices,
lack of easily obtainable credit and productivity
inputs, and lack of assured crop markets at fair
prices have all had a depressing effect on the
farmers’ productivity.

Recommendations

(1) The operation and management of irri-

gation, distribution systems and drainage projects
or portions of them should be gradually transfer-
red to the beneficiaries through their own self-
organized associations if and when the state con-
siders them qualified. Such organizations should
be of a nature, size and pattern as will best fit the
needs of the particular project or project entity.
Operation and maintenance costs and collection
responsibilities should also be transferred gradu-
ally to the beneficiaries,

(2) The state should assume the responsibil-
ity for operation and repairs of such installations
as large dams and reservoirs, major canals, hydro-
electric plants, and multi-purpose structures, etc.,
where large public interests are involved.

(3) Member countries should encourage for-
mation of irrigation associations, give serious con-
sideration to establishing irrigation associations
and, as necessary, provide short courses to their
representatives in the general problems of irriga-
tion and drainage, including instruction in how to
obtain various goods and services related to irri-
gated farming, laws and legislation concerning the
organization and operation of water users, the role
and responsibility of water user organizations, and
the policies and procedures of government agen-
cies.

(4) Each country should prepare and publi-
cize a booklet of all existing laws and government
regulations now in effect concerning the rights,
authority, and responsibilities of all government
and private organizations relating to water rights,
development and distribution of surface and
groundwater supplies, farm development, irrigated
crop production and marketing, operation and
maintenance of irrigation projects, and formation
and operation of local water user organizations.

(5) While santioning an irrigation project,
the government should concurrently assure plans
and budgetary provisions required by other agen-
cies toward achieving speedy and efficient irriga-
tion and farm development. For major govern-
ment projects, the budgets of the various responsi-
ble agencies should be allocated by projects and
each of the responsible government agencies be
held accountable for completing its activities as
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scheduled and budgeted. Steps should be taken
to assure effective coordination among these vari-
ous agencies.

(6) Subsurface drainage is a1 important part
of all irrigation projects. Timely steps should be
taken, therefore, to deal with the problem at the
earliest time when the need arises, and constructed
by government and/or the farmers, according to
local conditions.

(7) Land shaping, unitization of large fields,
and consolidation of land holdings are conducive
to good irrigated farming, and should be encour-
aged.

(8) To promote intensified land utilization,
the government should recover as much as prac-
ticable of its irrigation development and operation
cost by levying a small charge on the command

area capable of being served, regardless of wheth-
er or not the land is irrigated after a reasonable
development period. In addition, tlicre should be
a crop charge on actual water used. The total of
these two charges form the basis for the water
rate. This total water rate should have a reason-
able relationship to the gross or net benefit derived
by the farmers from the irrigation facility.

(9) Where water is in scarce supply, an
equitable policy for allocating or rationing the
supply should be established.

(10) Credits and subsidies on easy terms
should be provided to the farmers for financing
their farm needs and ancillary operations, Also,
where necessary, organizations should be created
for making available to the farmers at reasonable
terms the goods and services needed to improve
farm operations,

L

i1

Panel 3 Irrigation Institutions — Farm Relationship
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Panel IV

Irrigation Practices Research

M. El-Madany — U.A.R. — Chairman

Introduction

Recognizing the importance of research to all
branches of irrigation and drainage, and their di-
rect reaction on productivity, the panel has re-
viewed the various recommendations of the pre-
ceding research panels, and discussions between
representatives in the present NESA Seminar. Tt
has felt the necessity of widening the scope of re-
search to cover all those branches of irrigation and
dainage that appeared of significant interests to
the participant countries.

Part |

(A) The panel emphasizes that research rec-
ommendations should be published in a special
report within three months after the seminar, and
circulated in the participating countries for imple-
mentation.

(B) The committee recognizes the great dif-
ficulty in conducting research due to lack of requi-
site equipment. It is recommended, therefore, that
reasonable funds should be allocated by each par-
ticipating country for the timely procurement of
equipment needed both in the laboratory and field.

(C) Arrangements should also be made to
circulate research plans, on different subjects,
among the member countries to acquaint them
with the nature of work being undertaken. This
is needed to enable them to exchange notes if they
so desire. AID should alsb be requested to pro-
vide facilities for individual research workers to
visit other countries where similar work is being
conducted. Circulation of periodicals and bulletins
on related subjects should be organized among the
member countries to acquaint them with up-to-
date research knowledge.

(D) The panel suggests that the Executive
Committee should ensure that the NESA Seminar
includes representatives from research workers for
a better understanding of common problems and
improved methods of solving them.

Part Il

The panel recommends that research on the
following subjects be given particular attention:

(A) IRRIGATION

(1) Application of different methods for the
estimation of water use requirements for different
cropping patterns.

(2) Economical aspects of water use in the
field related to various systems and methods of
application.

(3) Assessment and control of irrigation
water losses in its various forms, including the use
of chemicals for suppression of evaporation from
open water surfaces.

(4) Sedimentation and erosion in farm
ditches and farm ditch maintenance.

(5) Improvement of field irrigation practices
in relation to specific soil and crop conditions.

(6) Development of farm devices for the
measurement of irrigation water, and the stand-
ardization of these devices.

(7) Evaluation and standardization of vari-
ous irrigation methods.
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(8) Establishment of standards of quality of
irrigation water for different crops under different
soil conditions.

(9) TIrrigation practices with reference to
other agronomic practices such as fertilizer appli-
cation and plant population,

(10) Effects of water quality and irrigation
methods for various crops and different soils in
relation to salinity.

(B) DRAINAGE

(1) Evaluation of drainage co-efficients for
disposal of surface and subsurface waters.

(2) Methods of measuring soil permeabil-
ities in the field,

(3) Techniques and materials for horizontal
and vertical drainage.

(4) Most economical depth of water table
for different crops under different soil and climatic
conditions,

(5) Effect of irrigation water on the quality
of drainage water and its suitability for re-use,
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Irrigation

(6) Relationships between drainage and
quality of irrigation water for safe use.
(C) SoiLs

(1) Development of devicr s for soil moisture
measurement,

(2) Soil physical conditions as affected by
irrigation and other farming practices with special
emphasis on soil compaction.

(3) Reclamation of saline and alkali soils.

(D) Crops

Cropping patterns and crop rotations under
different climatic and soil conditions.
(E) WEeED CONTROL

(1) In canals,

(2) In farm ditches.

(3) In cropped fields.

Practices Research



Panel V

Irrigation and Drainage Systems

M. H. Parwana — Afghanistan — Chairman

The ccmmittee fully endorses the recommen-
dation made at the Fifth Seminar that the farm
irrigation and drainage systems play a vital role
in making cfficient use of irrigation water and in
obtaining sustained maximum benefits from irri-
gated agriculture, and that the countries should
give serious consideration to this important phase
of irrigation development.

The committee makes the following recom-
mendations on various aspects of the problem:

(A) The drainage system should be regarded
as an essential part of the irrigation system, and
both irrigation and drainage systems should re-
ceive attention as integral parts of the irrigation
project, right from the planning stage.

(B) Irrigation and drainage systems should
be planned and designed with due regard to such
considerations as: (1) topography; (2) size and
shape of the field; (3) type of soil and sub-soil
strategraphy; (4) depth of water table; (5) salin-
ity and alkalinity status of the soil; (6) quality of
irrigation water and of the local groundwater.

(C) Requisite data on the above factors
should be collected and analyzed as part of the
investigations for the main project.

(D) In planning and designing the drainage
system, the need and prospects for eventual land
consolidation operations should be kept in view.

Il. Priorities

(A) Construction of the field irrigation chan-

nels should be completed simultaneously with
construction of the main project and the convey-
ance and distribution systems, so that the irriga-
tion water made available is put to use in an effi-
cient manner without delay.

(B) Conveyance and distribution systems
should be lined with suitable materials in the very
first instance, if such lining is technically and
economically feasible. The priority about lining
or piping of field channels, however, may be de-
cided in accordance with the financial 1csources
available and the conditions obtained on each
project.

(C) The following factors should be taken
into account in determining the techno-cconomic
feasibility of lining or piping: (1) the texture and
structure of the soil; (2) topography; (3) the
problems of weed control; (4) depth of water
table; (5) cost of land; (6) cost of lining; (7)
saving in maintenance cost; (8) cost and avail-
ability of irrigation water; (9) socio-economic sta-
tus of the farmers and their interest in irrigated
agriculture,

(D) The drainage system should be con-
structed as soon as its need is apparent. Execu-
tion of various phases of the syste i1, such as the
main drains, the laterals and the field drains,
should be properly phased in accordance with
likely needs. As a rule, construction of the main
and lateral drains should be given priority over
construction of the field channels.

ll.  Execution — Technical Factors

(A) The irrigation system should be aligned
and graded with due regard to the topography,
soils, weed growth, and the lay of the ficlds, so
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that irrigation water reaches most of the com-
manded area under gravity (unless a little lifting
of the water at the field level is considered desir-
able for sake of its economic use) and there is no
erosion or silting in the system.

(B) The capacity of the irrigation systems
should be fixed, taking into account the following
factors:

(1) The supplies available at the source
during different seasons.

(2) The proposed usage of the available
water in relation to the cptimum cropping pattern
under the agro-climatic conditions existing and
likely to develop in the region.

(3) The area available for irrigation.

(4) The peak requirements of the opti-
mum cropping pattern.

(5) The proposed delivery pattern of the
irrigation supply.

(C) The irrigation system should be pro-
vided with adequate structures, measuring devices,
etc., for control and regulation of supplies at the
crucial points.

(D) Adequate number of drainage and road
crossings and other communication facilities
should be provided, to avoid wastage of water, to
give accessibility to farm units, and to ensure
maintenance of the system.

(E) The committce discussed various prob-
lems of drainage in irrigated areas and factors that
should be taken into account in designing proper
drainage systems.
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The committee emphasizes that:

(1) In areas of groundwater pumping the
number of wells and their capacity and the likely
effect of pumping should be considered in deter-
mining the need for construction of field drainage
channels.

(2) The likely impact of lining of irriga-
tion channels or of other improvements in water
use practices contemplated in the region should
also be taken into account. -

(3) Choice of the proper type of field
drainage system, whether open drains or tile
drains, should be decided after taking into account
the local conditions of soil, topography, strati-
graphy, drainage requirements, etc., and the rela-
tive advantages, disadvantages and economics of
the two systems under these local conditions.

V. Organization

(A) The committee emphasizes the need of a
proper organization for efficier operation and
maintenance of the irrigation « .l drainage sys-
tems,

(B) The committee agrees with recommen-
dations made at the Fifth Seminar that while the
responsibility for construction and maintenance of
ficld irrigation and drainage channels is entrusted
to the cultivators/village institutions, the latter
should be supported with adequate finances and
technical guidance in the alignment, layout, place-
ment, spacings, etc., of these channels. The com-
mittec emphasizes that the organization at the
field level for this purpose should be adequate and
should include technicians who have been suitably
trained or otherwise have proper background and
experience in the subject.



Panel VI

Standards for Irrigation and
Drainage Investigation

S. Ozgul — Turkey — Chairman

After reviewing the Fifth NESA Seminar Re-
port on Standards, the following conclusions have
been reached;

(A) The Panel unanimously endorsed the
recommendations of the Fifth NESA Report in
its entirety.

(B) It was agreed that some additional fac-
tors should be incorporated, as follows:

(1) System Operation and Maintenance
(for item 18).

(2) Pollution Control (for item 19).
(3) Farm Credit (for item 20),

(4) Farm Machinery and Services (for
item 21),

(5) Construction Sequence (for item 22).

(C) After discussing each factor of the Fifth
NESA Seminar Report on Standards, the follow-
ing recommendations on particular points were
made;

(1) On item “Land and Soil Classifica-
tions” more study on cconomic consideration is
recommendcd.

(2) On item “Drainage Requirement”:

(a) Design should be based upon close
correlation with soil and land classification.

(b) Close coordination should always
be ensured between agencies responsible for carry-
ing out drainage works.
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(c) The determination of the benefit-
cost ratio should be based upon sound economic
evaluation,

(d) Extended investigations should be
conducted on the possibility of re-use of drainage
waters for extended irrigaticn water supply, sub-
ject to satisfactory water quality.

(3) On item “Water Planning”:

(a) Where possibility of water require-
ment fluctuations have not been completely as-
sessed, it is recommended that planning for water
capacities and distribution should consider extra
needs (changes in crop patterns, soil and drainage
conditions, etc.) so that constructed facilities can
be made adequate.

(b) The next seminar should consider
achievement of some uniformity of standards in
accordance with accepted internationally known
terminology and standards.

(4) On item “Groundwater Supply”:

(a) Any planning concerning ground-
water supply — whether for water supply or for
drainage, should be based upon groundwater ex-
plorations considering all the aquifer character-
istics and legal aspects.

(5) Publications of the following agencies
could be used for development of standards for
each country:

(a) International Commission on Irri-
gation and Drainage (New Delhi, India).

(b) United States Bureau of Reclama-
tion (Denver, Colorado, USA).



(c) US. Department of Agriculture,
Soil Conservation Service (Washington, D.C.,
USA).

(d) U.S. Geological Survey (Washing-
ton, D.C., USA).

(e) U.S. Salinity Laboratory (Riverside,
California, USA).

(f) International Institute for Land
Reclamation and Improvement (Wageningen,
Holland).

Suggestions for Improvement
Of Irrigation Practices Seminar

A. Executive Committee should consider the
formation of technical groups for the technical
discussions.

B. The metric system, should be used in
reference to dimension, area, or volume, and the
unit of the specific country be included in paren-
theses.

The U.S. dollar should be used as the unit of
cost, followed by the local country’s currency in
parentheses.

Panel 6 Standards for Irrigation and Drainage Investigations
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Panel VIiI

How to Live with Salinity

K. Haddad — Jordan — Chairman

In most of the participating NESA countries,
salinity is quite a serious problem affecting agri-
cultural production. It was felt that this seminar
should consider the various aspects of salinity with
special reference to the proper use of those lands
under existing circumstances. For this purpose,
Panel VII was formed to deal with the subject,
“How to Live with Salinity,”

The members of the panel discussed various
aspects of salinity problems under various condi-
tions in the different participating countries and
felt that the efforts should be mainly concentrated
on those problems that are most common among
these countries. The panel discussed certain con-
ditions under which the problem of salinity may
exist and considered some of the ways and means
to make the best possible use of these lands.

The panel considers that for use of the saline
and alkali lands, thorough investigations should
first be conducted to study the soils and waters in
order to learn the nature of the problem. On the
basis of these findings suitable practices should
be adopted.

The various categories under which the prob-
lem of salinity may exist, and the broad measures
that could be adopted to usc these problem lands,
are briefly summarized below:

(A) Saline and alkali soils with good quality
and quantity of irrigation water.
(1) Good drainage facilities. The problem

of using these lands is not acute, since leaching is
possible and should be done by providing needed
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drainage. If nccessary, leaching should be done
with suitable amendments.

(2) Inadequate drainage facilities.

(a) To prevent rise in the water table
and water logging, use of excessive amounts of
irrigation water should be avoided.

(b)  The crop water requirements should
be met by giving frequent light irrigations.

(c) Salt-tolerant crops and those hav-
ing high water requirements that can survive un-
der moist conditions, preferably with shallow
root systems, should be used.

(B) Saline and alkali soils with poor quality
irrigation waters.

(1) Good drainage facilities.

(a) Necessary drainage should be pro-
vided.

(b) Sufficient amount of water may be
used for leaching, provided the total soluble salt
content of the water is less than the saturation ex-
tract of the soil.

(c) If the soluble salt content of the
irrigation water is higher than 2500 parts per
million, then these waters should be used with
due caution. Investigations should be made for
sodium adsorption ratio (SAR) and residual so-
dium carbonate, to determine the required amounts
of amendments.

(2) Inadequate drainage facilities,

In such cases, the soils and water are



already bad. Efforts should be made to conserve
and ulilize a maximum amount of rain water
and encourage growing of crops, if possible. Pref-
erably such areas should be developed as grazing
lands, along with growing salt-tolerant tree vegeta-
tion such as palms, eucalyptus and others.

(C) Saline and alkali soils where sufficient
irrigation water is not available. Under such con-
ditions, the use of the land would depend mainly
upon the rainfall. Therefore, maximum conserva-
tion of rain water and its efficient utilization are
essential.

(1) Rainfall below 350 mm.

Such lands normally have low productiv-
ity under the restricted climate conditions. Efforts
to conserve rain moisture should be made with the
least amount of investment. Grasses and other
vegetation should be encouraged for grazing
purposes.

(2) Rainfall between 350 to 600 mm.

Maximum amount of rainwater should
be conserved so as to leach the soils and encour-
age some crop growth and development of grass
lands, Investigations should be conducted on
drainage feasibility for crop production.

(3) Rainfall above 600 mm.

(a) Maximum amount of rain water
should be conserved to grow the crops.

(b) Adequate drainage facilities should
be provided according to local existing conditions
and cropping pattern.

(D) Non-saline and non-alkali soils (normal
soils) with saline and poor quality waters.

(1) Good drainage facilities.

(a) Adequate drainage systems should
be provided.

(b) Saline waters should be used with
necessary amendments to check development of
salinity.

(c) There should be occasional heavy
applications of irrigation water to prevent salt
accumulation within the root zone and to provide
for leaching of salts.

(d) Maximum utilization of rainwater
should be made for growth of the crops.

(e) Whenever possible, groundwater
should be recharged with fresh waters to dilute the
salinity of the water, particularly in coastal areas
in Middle East countries when, due to over-pump-
ing of groundwater, sea water intrudes. Under
such conditions, in addition to having recharge
works, strict control should be enforced on pump-
ing groundwaters.

(2) Inadequate drainage facilities.

In such case, the suggestions already
given for the (B-2) category are applicable.

Agronomic and Cultural Practices

The panel considers that proper agronomic
and cultural practices can prove very helpful in
using the saline and alkaline lands. Most of these
practices are common for various categories de-
scribed earlier. Some of these practices arc given
below:

(1) Salt-tolerant crops and such other vege-
tation as rice, beet root, sesbania, etc., should be
grown,

(2) More than normal seed rate should be
used to compensate for germination mortality.

(3) In high water table areas shallow rooted
crops, preferably those that are tolerant to exces-
sive moisture, should be used.

(4) Row crops should be planted in the mid-
dle of the ridges or in other suitable spots where
salt concentration is comparatively low.

(5) In case of small grain crops, more uni-

form spreading of water should be attempted so
that salts do not concentrate in patches.
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(6) Winter flooding should be practiced
wherever possible, as leaching is more effective
during this period.

(7) Green manure or other organic manures
should be used, wherever possible.

(8) Suitable fertilizers should be used prefer_-
ably those containing calciums as an ingredient
and having acidic residua} effect.

(9) Wherever possible continuous cropping,
mulching and other helpful practices should be
used,

General

(1) The use of amendments wherever nec-
essary should be encouraged. In many cases, the
use of amendments is reported to be very costly.
The panel recommends that the amendments
should be subsidized by the governments.

(2) The panel understands that there isina
number of countries useful information available
on various aspects of using saline and alkali lands.
A compilation and exchange of this information
would be helpful. It is suggested that the good
offices of USAID in participating countries can
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help in such a compilation and exchange of this
information,

(3) It is felt that necessary research projects
should be encouraged on use of saline and alkali
lands, such as improvements of drainage, use of
amendments, improved agronomic and cultural
practices, involving salt-resistant varieties and
other aspects. Research is also needed on rela-
tionships of salinity of groundwater with depth of
drains for different textured soils. The panel con-
siders that this subject, “How to live with salin-
ity” is of great importance and interest to most of
the participating countries. Therefore, the panel
recommends that this subject be repeated in the
Seventh NESA Regional Irrigation Seminar.

Miscellaneous

As the ultimate goal of irrigated agriculture is
to attain the maximum production, this panel feels
that more stress should be given to the agronomic
aspects, such as cultural practices, fertilization,
irrigation frequencies, irrigation amounts needed
for different crops, and other practices. There-
fore, the panel recommends that the Seventh
NESA Regional Irrigation Practices Seminar in-
clude the topic, “Improved Agronomic Practices
in Irrigated Agriculture.”

Panel 7 How to Live with Salinity
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CHAPTER 1l

CLOSING SESSION

DR. M. FAYYAD — Jordan

Chairman

Report of the Executive Committee
by Dr. Sami Sunda’

I. Continuation of Seminars

It is recommended that the NESA Scm-
inars be continued. It is believed that con-
tinuation of the seminars will further benefit
irrigated agriculture in the NESA region.

. Scope and Objectives of
Future Seminars

It is recommended that future seminars
keep the focus on irrigation practices and
that continued attention be given to the ex-
perience and findings of the countries par-
ticipating in the seminars and possibilities of
applying these findings elsewhere.

The Executive Committee, while gener-
ally endorsing the recommendations of the
panels and the proposed actions to achieve them, would like to recommend the fol-
lowing points as objectives for the next seminar:

(A) EDUCATION AND TRAINING

(1) The value of establishing inventories of existing personnel at various
levels and future requirements for both short and long term needs.

(2) The desirability of establishing an agricultural corps through recruitment
of graduates of agricultural engineering faculties and of agricultural
high schools or similar institutions.

(3) The establishment of pilot demonstration farms and irrigation farming
camps in newly developed areas,
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(4) The importance and necessity of training middle level technicians.
(5) The need of inservice training and refresher courses.
(6) Planned programs for training in soil and water problems.
(B) FARM MANAGEMENT FOR IRRIGATION PRACTICES
(1) Farm planning for irrigation.

(2) Survey and development of groundwater resources and integration with
surface water resources.

(3) Criteria for selection of optimum size of holdings, and in particular, land
consolidation.

(4) Importance of establishing agricultural credit, and marketing facilities.
(5) Area development, including communication facilities,

(6) Legislative measures to implemert farm management programs,

(C) IRRIGATION INSTITUTIONS—FARM RELATIONSHIP

(1) Transfer of management and operation of parts of irrigation and drain-
age systems to the organizations of beneficiaries when and where deemed
practicable.

(2) Formation of irrigation associations, their role, responsibilities, and
government policies and procedures regarding these associations.

(3) Laws and regulations regarding water rights and water use.

(4) Water charges in relation to benefits derived.

(D) IRRIGATION PRACTICES RESEARCH

Papers should generally deal with research projects and findings related to
Panel 1V recommendations.

(E) FARM IRRIGATION AND DRAINAGE SYSTEMS

Papers should generally deal with the recommendations of Panel V, with
cmphasis on case histories.

(F) STANDARDS FOR IRRIGATION AND DRAINAGE INVESTIGATIONS

The participating countries should summarize and present standards and prac-
tices in use at the farm level with regard to land leveling, size and shape of plots,
water delivery level, control structures, water allowances, etc.

(G) How 10 LIVE WITH SALINITY

Papers should include case histories of both successful and unsuccessful
projects.



Modifications and Improvement of the Program and Procedures

It is recommended that the following modifications and improvements be

introduced in the program and procedures of the next seminar:

(A)
(B)

(C)

(D)

(E)

(F)

(G)

Iv.

(A)

(B)

The duration of the seminar be approximately two weeks.

The scope of the seminar be limited to the aforesaid recommendations made
by the Executive Committee:

The seminar leader contact NESA countries about one year prior to the
seminar to determine what technica! papers would be most appropriate.

The country progress reports present progress since the previous seminar
in the field of irrigation and related problems. These should be prepared
according to the outline given below:

(1) Brief description o. the country and the present status of irrigation
development,

(2) Accomplishments since the last seminar.

(3) Progress on water supply development mainly as related to farm irri-
gation,

(4) Development of institutions and procedures for improvement of farm
irrigation.

The total number of technical papers to be discussed may be limited to

about thirty.

Technical papers to be presented at the next seminar be prepared and
printed at least two months before the date of the seminar and distributed
according to instruction from the seminar leader.

A general technical session be included in the program, preferably after
field tours have been made.

Responsibility for Organizing and Conducting Future Seminars

It is recommended that:

The United States Agency for International Development should continue
to take leadership responsibility for organizing and conducting future
seminars,

An invitation to participate in the next seminar be extended to interested
UN specialized agencies.
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Invitations for 1968 Seminar

On behalf of the Government of Cyprus, Mr. C. A. C. Konteatis extended
an invitation to hold the Seventh Irrigation Practices Seminar in Cyprus,

On behalf of the United Arab Republic, Mr. Mahamad E} Madany extended
an invitation to hold the Seventh Irrigation Practices Seminar in Cairo.
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Resolution

The following resolution was prepared and read by
HASHIM ROUMANI

Syrian Arab Republic
and adopted by the seminar

Mr. Chairman, Dr. Bishop,
Fellow Delegates,

It gives me great pleasure to extend, on
behalf of all the honorable delegates to this
Sixth Near East-South Asia Seminar, our
deep thanks and gratitude to our host coun-
try, the Hashemite Kingdom of Jordan, to
his Majesty King Hussein, to the Jordan
Government and the people of this country,
for the warm welcome we have had, the
noble sensation we have felt, and the great
generosity we have reccived since we arrived
here,

I think you agree with me that this

> country has a right to be proud and to be
distinguished from other countries of the world for its holy places, which constitute
the heroic, heavenly religions calling for peace and brotherhood for all human kind.

After this closing session of the seminar, we will leave this wonderful country,
carrying with us the nice spiritual feelings and the best memories we have of our
visit and the friendships formed among the respected delegates of the different
member countries.

Will you allow me finally, in behalf of all delegates, to extend again our deep
thanks to all Jordanian authorities who, with the assistance of the USAID Mission
to Jordan, did their utmost in preparing the seminar program, which has been very
successful. We express our thanks mainly to the personnel of the Jordan Develop-
ment Board, East Ghor Canal Authority, and all those who helped in organizing
this seminar. We also thank the secretariat of the meeting for the excellent work
they have performed.



Seminar Report

by
DR. A. ALVIN BISHOP

In a very short time now, we will bring
to a close the Sixth Near East-South Asia
Irrigation Practices Seminar, and most of the
delegates will be completing, what I might
call, the active phase of the seminar. You
have been actively preparing for and partici-
pating in the seminar. Now comes the prac-
tice phase, of returning to your home coun-
try and putting into practice the ideas, meth-
ods and knowledge that you have gleaned
from the seminar which may improve irri-
gation practices in your country. I hope that
you have each found something useful. Now
1 would like to quickly summarize some of
the accomplishments of the seminar.

Many of the worthwhile aspects of the seminar were achieved before the
meetings officially opened on March 19. 1 am referring to the planning done during
my visits to many of your countrics last summer, which for me, incidently, was
the official beginning of the seminar. 1 am referring also to the preparation of
country reports and technical papcrs developed in anticipation of the seminar.
I am referring too to the recommendations from previous seminars that have had
a role in improving irrigation in this part of the world. All of these things happened
before March 19, 1966.

First, regarding the planning during the summer of 1965: At this time, each
country gave scrious consideration to what worthwhile contributions it could make
to the seminar. This caused an exchange of ideas within the country, which I believe
is necessary and beneficial. At the same time, since reports and papers had to be
prepared, it became necessary for people working with agricultural problems from
different branches of government within the country to get together to discuss
mutual problems. Thus a favorable atmosphere was created to get a report written,

Following my planning visits each country selected delegates who, with the
help of their colleagues, prepared the reports and technical papers for presentation
here. The subject matter of the technical papers, of course, was sclected so as 0
be in accord with the recommendation of previous seminars. Nevertheless, many of
these valuable papers would not have been written if it had not been for the seminar.
So I believe that much good was done before our official meetings began here in
Jordan.
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Now concerning the seminar itself: First, the country progress report noted
the development of irrigation in each country, the pressing problems were identified,
and in some cases the importance of previous seminars in suggesting solution to
the problems was mentioned,

The technical papers and discussions during the technical sessions provided
a meeting ground for the solution of many problems and the exchange of many
worthwhile ideas, Drainage and Salinity was the central theme for the first five
Papers in the technical sessions. National Programs provided the theme for six,
Farm Layout for Irrigated Agriculture then was the central topic for «iree technical
papers and Small Projects followed with six. Four papers were concerned with
Technical Factors and Research contributed seven, with Education and Training
providing three. As one reads the titles of these thirty-four papers, he is impressed
with the tremendous breadth of the problems in irrigation. It is little wonder that
irrigation is said to be so inefficient in many areas. How is it possible for the
farmer or the cultivator to know all of the factors influencing his irrigation prac-
tices? I believe 1 mentioned once that the challenge facing the irrigation engineer,
the irrigation scientist and government officials concerned with irrigation problems
is to design, manage and operate the irrigation system in such a way that the farmer
naturally makes the decisions that will yield for him the highest economic returns
and will be in the best interest of national aims and objectives.

This seminar, above all, has been a working seminar. I have been impressed
with the dedication of the delegates. All have shown a keen interest at all times in
all of the papers, discussions and deliberations. The seven panels suggested by the
executive committee went right to work, gave detailed consideration to the subject
matter area, and formulated a comprehensive report with recommendations, In
these panels, the free exchange of ideas and opportunity for individual discussion
were evident. I believe much good “.ill result from the hard work and that all
countries will be the beneficiaries,

I believe that special mention should be made of the work of the executive
committec. Its work was concerned with the brogram of the seminar and the selec-
tion of subject matter arcas for panel discussions. Many hours were spent by this

committee and its work was a major contribution,

I must also mention the field trips. These were designed as a study of irrigation
practices of Jordan’s newest irrigation project, the East Ghor. I'm sure that the
delegates from other countrics found many things of interest from the standpoint of
irrigation practices. The main objective of the trips was therefore achieved, and
in addition, an enjoyable experience was shared by all.

I think you would all be interested to know that more countrics were repre-
sented at this Sixth Seminar than at any previous seminar. Last night I quickly
reviewed the proceedings of all previous seminars and found that eight countries
were represented at the first seminar, nine in the second, ten in the third, ten in the
fourth with an FAO representative in addition, nine in the fifth and fifteen in this,
the sixth.

Now, in closing, I would like to commend the committec here in Jordan and
the USAID Mission here for a job well done,



Delegates’ Appraisal

by
D. B. ANAND

India

Mr. Chairman, Dr. Bishop, and
Fellow Delegates,

It is my pleasure and proud privilege to
extend heartiest thanks on behalf of the del-
cgates and mysclf to His Majesty's Govern-
ment of Jordan for hosting us here. We are
highly indebted to our Jordanian colleagues
and friends who have spared no efforts in
making excellent arrangements for the sem-
inar and the field trips.

The seminar was initiated by USAID in
the year 1956, and has gained strength in
the five sessions preceding the present one,
We owe a debt of gratitude to USAID for its
continucd sponsorship of the seminar, and to
the organization and its staff who have worked ccasclessly to make the present
seminar the success it has been.

Irrigation in the NESA region is an age-old science, and has had a historic
growth in each country. The vast and increasing populations of the region are
tradition-bound in agriculture as in other matters. A great responsibility, therefore,
lies on the technical men of these countries to achieve a break-through toward the
acceptance and adoption of modern science in the matter of irrigation practice
and agricultural production, so that not only the barest minimum but a reasonable
level of sustenance is provided for the people. This needs not only pure scientific
knowledge but also an understanding of the past background, and local compulsive
and motivating factors. Success can be achieved only by dedication, and by almost
heart breaking efforts.

I commend this challenge to the patience of the technicians of the NESA region.

Scicnce hnows no boundaries, and the task is pressing. The need of looking
across the geographical boundaries is therefore sclf-evident. Seminars like this
one provide such opportunitics. The conditions differ from country to country,
yet there is usually a thread of common approach toward a common goal. The
personal contacts and discussions in the seminar induce understanding of the vari-
ous conditions, the typical problems, and the probable solutions; no amount of
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cold logic could be as useful. And yet, by the very nature of things, no seminar
can make mandatory decisions; it can merely indicate directions within broad
guidelines. Such a goal the seminar has eminently achieved in its discussions and
selection of subjects for future study.

We have had days of ceaseless work. The field trips were no less strenuous.
The visit to the East Ghor Canal was stimulating, and technically rewarding. The
hospitality of the Project Authority will be a thing to remember. The members of
the executive committee had to burn the evening lamp for long hours; Dr. Bishop,
Dr. Suna’ and some of their aidzs for longer hours still. Delegates to future seminars
will look forward to somewhat relaxed, though increasingly useful, sessions.

Now, like all good things, the seminar comes to a close. All delegates, I am
sure, will join me in expressing deep appreciation of the efforts by our host country
and the USAID authorities.

While departing with pleasant memories of a very successful seminar, we
look forward to renewing contacts and friendships in the next seminar,

Thank you.



Observations of USAID

by
EMORY M. HOWARD
Chief, Irrigated Farming Division, USAID/J

This is the closing session of the Sixth
NESA Regional Irrigation Practices Sem-
inar. There have been eleven days of ener-
getic study and work by the delegates in
matters related to the improvement of irri-
gated agriculture in this region. There has
been a valuable exchange of experience and
technical information that, I am sure, has
been well received, but from which the real
benefits will come at a later date, as the new
experiences are translated into meaningful
water deliverics to thirsty acres.

The enthusiasm shown among the dele-
gates to this seminar has lead me to believe
that the coordinated efforts of the partici-
pating countries in the Near East-South Asia Region will have lasting results in
the improvement and expansion of effective farm irrigation.

There have been fifteen countries represented, with observers from FAO of
the United Nations, the United Kingdom, and the United States. If the number of
delegates and participating countries are criteria for the success of these seminars,
certainly this seminar has been successful. But 1 believe that the continued growth
of the NESA Irrigation Practices Seminar is indicative of the ever increasing pro-
fessional competence of the delegates attending. Anc the growth has continued
since the beginning of the seminars in 1956,

I have been able to attend only a part of this session but I have kept in touch
with the seminar progress, and I am impressed by a number of things, of which 1
will mention only three.

First, the fine quality of technical papers. It has been interesting to note that
when a paper has becn presented the author has had to be well acquainted with
his subject and able to defend his position because he was delivering it to a compe-
tent group of technically trained people. This observation might well be noted by
delegates who will attend future seminars,

Second, the recommendations made by the seven panels. These recommen-
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dations show a good deal of thought and study of important problems in farm irri-
gation,

And third, the executive committee, which has demonstrated its ability to focus
the recommendations of thesc panels into a coordinated program for future study
and for future seminars.

At the opening session of the seminar, Mr, Wheeler, Director of the USAID
Mission in Jordan, extended a welcome on behalf of USAID. At this closing ses-
sion, may I, on behalf of the USAID Mission in Jordan, express our appreciation
for the fifteen participating countries. 1 would like also to express to the Jordan
Government our sincere gratitude and USAID's appreciation for its part as host
to the conference. We are also indebted to Dr. Bishop for his guidance in the affairs
of the seminar. He has left a very busy schedule at his university to give us the
assistance needed in making this a successful meeting,

I am hopeful that the value received from the seminar by the exchange of
ideas and the building of new friendships among the delegates can be lasting and
continue into the future. There are many problems in the overall development of
water resources and farm irrigation that extend beyond the boundaries of a single
country. For others to have a knowledge of the problems confronting neighboring
countries can have lasting effects.

In closing, I sincerely trust that you have obtained something of value to take
back to your country. I want to challenge each of you attending this seminar to
return home dedicated to pursue a little harder the cause of developing improved
irrigation practices. Increasing and hungry populations requiring an ever increasing
food supply can certainly be assisted by your dedicated efforts.

Thank you.



Closing Address

by
DR. NIJMEDDIN DAJANI

Secretary General, Jordan Development Board

At the conclusion of your deliberations,
I should like to express our gratitude to all
who have come here to Jordan for the Irri-
gation Practices Seminar. We have been
very glad to see you here, and we owe a
special debt to tuvse of you who produced
l papers for this seminar. I have been advised
by the technicians of the great knowledge
which is shown in these papers. I should
like to thank those of you who were respon-
sible for the preparation of the seminar, I
know something of the hard work and ad-
ministrative detail which it involved. I would
like to congratulate you for your efforts and
achievements, and I am sure that the report
of the seminar and its recommendations will constitute a valuable scientific and
practical document for all participant countries.

The seminar has already aroused wide interest in Jordan, and I feel justified
in saying that further seminars for the examination of some other irrigation matters
or matters related to irrigation practices will be needed.

Up to now you have had the pleasure of listening to papers read by gentlemen
whose credentials in scientific training and technical experience are unquestioned.
You must not grumble if an amateur tries to make a few comments on the subject.
I hope you will bear with me as I make some of these remarks even as you are
ready to go home.

I feel that one of the serious problems facing irrigation development has been
the inadequate attention given in planning the legislative, institutional, and organi-
zational aspects of irrigation development, while giving all the attention to the
engineering aspects of the development. It is because of this that I feel that future
seminars ought to consider these aspects. The Arabs have had a long and sustained
experience in irrigation. Whenever one reads history of the Arabs one always con-
cludes that the periods when their irrigation and agriculture flourished most in the
past, were the periods when there was a strong ruler, and in more recent times when
there was suitable legislation properly enacted and firmly enforced. It is not possible
to think of conserving soil, preventing malaria, developing and securing the future

47



48

of agriculture without the full control of water, a control which can be met only by
governments and for which the individual interest must in many cases give way
to the interest of the state.

From our experience with the East Ghor Canal scheme we have found that
for the implementation of irrigation schemes of this magnitude and complexity a
new organizational technique is needed: adequate control for proper irrigation
and coordination of the work at the different levels of planning and operations. To
mect this need and cut across the multiplicity of work through several government
departments it has been found advisable in Jordan to establish a separate, inde-
pendent statutory agency. In addition to the above, such a body has the advantage
of being able to reduce red tape. It will also have more freedom in recruiting quali-
fied staff and paying higher salaries than those prevailing in the established govern-
ment departments.

The shortage of trained and experienced personnel at all levels is a matter of
concern to us in this country. This has been due to our continuous loss during the
past five years to some of the neighboring countries where the salary scales are much
higher than those prevailing in Jordan.

| was glad to sce that your seminar paid adequate attention to the problem
of salinity, a factor which may have a considerable bearing on the future of many
of the irrigated lands in this part of the world. While highly saline water which has
a direct and immediate adverse cffect on crops is rarely used, a large proportion of
the irrigation water has a relatively high saline content, the effect of which, though
not immediately apparent, is cumulative and may have a permanently injurious
cffect on the soil. This problem has already arisen in certain areas in Jordan where
intensive cropping coupled with continuous irrigation has been practiced for the
last ten to fifteen years. Qur knowledge is limited as to the influences on yields of
(a) the various qualities of water and (b) the mcthods of irrigation. It is therefore
cvident that the problem needs further study.

Ladies and gentlemen, before I close, 1 should like to take this opportunity of
thanking the United States Agency for International Development for making this
seminar possible and for the valuable contributions of Dr. Bishop, its technical
adviser and seminar leader.

I hope that you have spent a pleasant time here during your stay in this
country arnd that you have had the opportunity to get acquainted with our develop-
ment program and our plan for the future. 1 take this opportunity to thank you and
your countrics for accepting our invitation to participate in this seminar, and I
hope that you will come back again. I wish you success in your future efforts and
your safe return home.



CHAPTER IV

Country Progress Reports

AFGHANISTAN

In the country report submitted by Afghani-
stan at the last seminar on “Irrigation Practices,”
in New Delhi, India, in March, 1964, information
was presented concerning irrigation developments
and related water resources activity which had
occurred in Afghanistan during the preceding two-
year period. This report presented here today
gives up-to-date information on those projects dis-
cussed two years ago, as well as discussion of
work on new projects. Also, we hope to give you
some idea as to what our plans and hopes are for
future expansion and improvement of irrigation.
Since almost all agriculture in Afghanistan is based
on irrigation, it is natural that discussions of this
conference are of major interest to the delegates
from my country.

Rainfall in the southern section of Afghani-
stan was above normal in the spring of 1964 and
about normal for 1965. Runoff of the rivers in the
southern half of the country was about average for
1964, while heavy snows plus rains in the central
highlands where the Helmand and Arghandab
rivers rise, created well above normal runof’ dur-
ing the spring and early summer of 1965, Records
indicate that streamflow for 1965 for rivers in the
south was about 160 percent of the average for

0

the period of 1952-65. Both the Helmand and
Arghandab rivers were at flood stage for a con-
siderable period of time. Because of storage pro-
vided by the Kajakai Reservoir on the Helmand
River and the Arghandab Reservoir on the Ar-
ghandab River, water supply has been adequate
in the Helmand Valley Project for the past two
years. Also water supply for irrigation in other
sections of the southern part of the country has
been average or above average.

On the basis of records and observations, it
is found that runoff and water supply for irri-
gation were about average for the northern part
of Afghanistan for the past two years. There
werc no droughts, and no severe flooding condi-
tions,

At present, the prospect for the coming year
is not so cncouraging. Snow surveys made in
February and March indicate that runoff from
snow melt may be low in 1966, as therc is pres-
ently little or no snow on most of the snow survey
courses.

In the past two years irrigation development
throughout Afghanistan has continued through
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construction and investigations. The largest proj-
ect type of development in the country is the
Helmand River Project, which is being executed
under the gencral administrative direction of the
Helmand Valley Authority. This multi-purpose
project, which provides for irrigation, flood con-
trol and hydroelectric power, was initiated about
twenty years ago, through construction of two
major reservoirs, the Kajakai Reservoir on the
Helmand River, and the Arghandab Reservoir on
the Arghandab River. Four irrigation canals with
a total length of about 253 kilometers, together
with a few laterals, drains and project roads, were
also constructed during the initial stage of devel-
opment. Also, two small power plants have been
built at drops in main canals, and plans are now
being made for installing a large power plant at
the Kajakai Reservoir. Although all the main

supply canals and some of the distribution works
and drains were installed during the initial phase

of project construction, many of the laterals,
drains, and most of the land development have
not been completed. To bring additional land into
higher production through improved irrigation
systems, the Afghan Construction Unit, a division
of the Helmand Valley Authority, has continued
land development work and other construction
activity. During 1964 and 1965, thirty-five kilo-
meters of deep drains were dug in the Darweshan
unit in the Helmand Valley, and some forty-seven
kilometers of farm drains were constructed in the
Marja unit on the west side of the Helmand River
on a desert bench arca. Also, some fifty-seven
kilometers of laterals were constructed in the Dar-
weshan unit on the Helmand River and the Tar-
nak unit in the Arghandab Valley near Kandahar.
As part of the land development program in the
Tarnak arca, 300 hectares* were leveled to get
the land in shape for irrigation and subsequent
settlement. Road construction has continued and
some thirty kilometers were completed on the Ka-
jakai road. Also in the past two years, the Girishk
hydro-electric power plant.on the Boghra Canal
was rehabilitated and further studies are now
being made of this plant to determine the cause
of erratic fluctuations in turbine speced. Another
activity in the Helmand Valley that has been ini-
tiated in the past two years is that of project de-
velopment planning. This work has been under-

* One acre equals 0.40 hectare.
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taken to make a better selection of lands to be
developed in the future. Planning work is being
based on land classification, engineering plans and
economic studies to insure engineering and eco-
nomic feasibility of future work.

Also, as ancillary programs for the Helmand
Valley, the Helmand Valley Authority is promot-
ing modernization of agriculture and agricultural
based industrics. A research station has been
established on the Helmand River at Bost, to test
and improve seeds for the farming community as
well as run experiments in farming practices and
use of fertilizers. Also, a modern cotton gin has
been built and is now operating at Bost, and a
modern plant for extracting vegetable oils from oil
seeds is under construction.

The Nangharhar Project on the Kabul River
near Jalalabad, Afghanistan, is another major irri-
gation project under construction since the fall of
1961. In the current plans for this project, it is
contemplated that some 30,450 hectares of land
will be developed for irrigation by diversion of
water from the Kabul River by means of a diver-
sion dam, a main canal seventy kilometers long
having an initial capacity of fifty cubic meters per
second, and laterals, sub-laterals, and drains as
required. Of the total area to be irrigated, it is
planncd that 6,500 hectares will be irrigated by
pumping from the main canal and the remainder
of the lands will be served by gravity flow. The
plan also provides for construction of a hydro-
electric power plant at the diversion site with three
generators having a total installed capacity of
11,500 K.W. Part of the electricity generated at
this power plant will be used by Jalalabad and
nearby towns and villages and the remainder will
be used for the irrigation pumping plants,

In the report submitted two years ago, progress
on the Nangharhar Project was discussed in de-
tail. Since then work has continued and the main
canal, including two tunnels and several siphons,
has been completed, and most of the laterals and
drains for lands to be served by gravity have also
been completed. Work on one of the irrigation
pumping plants is almost complete, and the main
supply lateral which will deliver water from the
pumping plant discharge pressure line is also al- »



most complete. The power plant is now complete
and power is being provided to Jalalabad for
domestic and municipal use. Land preparation is
underway by leveling and installation of farm
ditches, and this work his been completed on
about 16,000 hectares. Irrigation is being pro-
vided to these lands. Intensive operations are
underway to improve their fertility through a pro-
gram of crop rotation and other practices designed
to make the lands capable of high production.
Crops now being grown are citrus fruits, alfalfa,
peas, and truck crops. Land development is being
continued to bring additional lands under irri-
gated cultivation as soon as possible.

Construction of the Sardeh Dam and Reser-
voir near Ghazni, reported on at the last confer-
ence, has been continued and is now almost com-
plete, and water is being stored in the reservoir.
The reservoir at present has a useful designed ca-
pacity of 125 million cubic meters, and it is con-
templated that water supply developed at this
reservoir will be used for irrigation. Studies are
now being initiated for developing the irrigation
features of the project. When these plans are
completed it is anticipated that as much as 21,000
hectares may be irrigated from this reservoir.

Other construction work for irrigation in Af-
ghanistan during the past two years has been de-
voted largely to rehabilitation of existing systems
so that water supply for irrigation will be more
dependable and adequate. Most work performed
has consisted of repairing or imprcving diversion
works or intake structures and in some instances
improving old canal systems. The location of
points where such work has been accomplished is
shown on the accompanying map.

In the north part of the country the Sharawan
Canal diverts water from the Amu (Oxus) River
to a large area of land along the south side. Due
to degradation of the bed of the river, the normal
flow of the river fell below the canal intake and
diversions could not be made. To overcome this
difficulty, the main canal was extended upstream
during the spring of 1965 and a new intake was
constructed at a point that would permit diver-
sions into the canal when the river flows at a nor-
mal or low stage. This work was an emergency

operation and was done to insure irrigation water
supply during the 1965 irrigation season.

Work on the Adjmir Canal intake, initiated
more than two years ago, was completed in the
fore part of 1966. This canal is located on the
Khunduz River near Pul-i-Khumri in Baglan Prov-
ince. This intake canal is about two and a half
kilometers long, extending between the diversion
works at the tail race of a power plant and the
upper end of the existing old canal system. This
new intake canal has a capacity of fifteen cubic
meters per second and serves an area of 12,000
hectares. Consideration is now being given to im-
provement of the existing main canal and lateral
system that presently serve the old irrigated lands.

Work of lining about ten kilometers of the
Badak Canal a few kilometers southwest of Kabul
was initiated in 1964 and is now in progress. It
is contemplated that this work will be completed
in 1966. Lining consists of stone masonry with
cement mortar joints. The canal serves an area
of about 5,000 hectares.

The Reza-Kohestan Project at Gulbahor in
Kapisa Province is another project that has re-
cently been rehabilitated. Work consists of im-
proving a canal some forty-two kilometers long,
having an initial capacity of five cubic meters per
second. The area served by this canal is about
3,200 hectares. About one-half is old lands and
the remainder is new lands to be served by canal
and lateral extensions.

In addition to the construction work just dis-
cussed, planning has been accomplished or is
underway for three projects in the Khunduz River
Basin in the northern part of the country. These
are the Kalagai, Lankharbi and Alchin projects.
Planning and design have been completed on the
Kalagai and Alchin projects and construction can
be initiated whenever approval and financing are
provided. Planning is underway on the Lank-
harbi project, with surveys completed, and design
work underway.

In the plan for the Kalagai project, it is con-

templated that a new diversion dam and a main
canal eighteen kilometers long will be constructed.
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The initial capacity of the canal will be four cubic
meters per second. The terminal end of the canal
will join an old canal system that serves about
1,500 hectares of presently irrigated lands. In
addition to the old lands to be served, about 1,000
hectares of new land will be served by a gravity
canal that will be located above the original irri-
gated lands. Also, 200 hectares will be served
by pumping by means of a ten-meter lift in eleva-
tion. Capacity of the pumping plant is designed
to deliver 0.3 cubic meter per second.

The plan for the Lankharbi project has not
been completed, as the economic feasibility of the
pump irrigation phase of the project has not yet
been determined. The project as presently con-
ceived will be largely rehabilitation of a canal sys-
tem which serves about 3,000 hectares of pres-
ently irrigated lands. By extension of the canal
system an additional 1,000 hectares will be served
by gravity. Also, if determined feasible, possibly
as much as 1,000 hectares of new land may be
irrigated by pumping.

The initial diversion capacity of the main
canal will be about 3.3 cubic meters per second,
and the capacity of the extension of the system to
serve new land is 2.5 cubic meters per second.
The final plan for this project will be determined
after further studies,

The Alchin project is a ombination rehabili-
tation project for existing irrigated land and new
land development. The works contemplated will
consist of a diversion works and a main canal one
kilometer long to its junction with the existing As-
qualon Canal. This new diversion canal will have
a capacity of eleven cubic meters per second. Old
irrigated lands under the Asqualon Canal total
5,200 hectares. At the junction with the Asqualon
Canal, a pumping plant is planned which will lift
water fifteen meters at a rate of 1.9 cubic meters
per second. The pumping plant will discharge
into a canal eight kilometers long and serve 1,350
hectares of new land to be irrigated.

In addition to the construction work and de-
tailed planning work described above, soil and
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topographic surveys have been carried out by th.e
Soil and Water Authority of the Ministry of Agri-
culture and Irrigation. Work done during the
past two years by this agency consists of recon-
naissance surveys in the Khunduz River Basin for
developing irrigation on about 15,000 hectares.
In the Kokcha River Basin, semi-detailed surveys
were made for an area of about 20,000 hectares.
Also, reconnaissance surveys have been conducted
in the northern provinces covering extensive areas
of land, including both new lands and old irrigated
lands under existing systems. Surveys in the
northern provinces also include studies of eleven
dam sites. Surveys of multi-purpose projects for
flood control, hydro-electric power and irrigation
have been made in the Panj and Amu (Oxus)
River basins where ten dam and reservoir sites
have been studied.

In the realm of groundwater, work has been
initiated for making comprchensive groundwater
investigations in the Kabul area and the Katawaz
area south of Ghazni. The total area to be studied
comprises about 26,000 square kilometers, which
appear to have possibilities for shallow ground-
water pumping. Planning for the program has
been completed and equipment for the work is
‘now being mobilized.

In addition to this work, investigations are
being considered during the coming year for the
Lagman, Balkh and Kunar projects. Also, studies
of the Hari Rud and Kabul River basins are being
continued to determine the possibilities of multi-
purpose projects for irrigation, hydro-electric
power, and flood control.

In our planning work, we have not overlooked
the need for basic data. At the present time fifty-
six stream gauging stations are being operated
with automatic water stage recorders, and eight
stations are being operated by means of staff.
gauges, Plans are being made for more than
doubling the number of stream gauging stations
throughout the country. Also, some thirty-three
weather stations are being operated to provide
information on precipitation, temperature, and in
some instances, wind velocities and evaporation.
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CEYLON

Geographical Features

The Island of Ceylon is situated southeast
of the southern extremity of India and lies be-
tween 5°-55 and 9°-50' North latitude and be-
tween 79°-42' and 81°-52' East longitude. It is
separated from the subcontinent by a narrow strip
of shallow water, the Palk Strait, The greatest
length of the island is 270 miles from north to
south and its greatest width is 140 miles from east
to west. It has a total surface area of 25,332
square miles,

The relief of Ceylon may be said to comprise
4 mountainous area about the south-central part,
averaging in elevation from about 3,000 feet to
7,000 feet, and surrounded by an upland belt of
about 1,000 to 3,000 feet, while the coastal plain
occupies the rest of the island. This plain is nar-
rower on the west, east and south, but broadens
out to a vast tract in the north,

Geologically, about nine-tenths of the island
is occupied by crystalline rocks of Archaean age,
with only narrow belts of more recent sediments
along the coast. The only extensive development
of sedimentary rocks is along the northwestern
coast of the island, which is built up of limestones
of the Miocene age.

Climate and Rainfall

Although its situation is close to the equator,
the mean temperature in the low country is mod-
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crate, about 80° to 82°F due to the oceanic effect,
In the hill Country the temperature falls off at a

steady rate of about 1°F for each 300 foot rise
in elevation.

A noteworthy feature in many parts of Ceylon
is the small variation in the mean monthly temper-
ature and pressure, Highest temperatures are ex-
perienced in the districts to the north or northwest
of the hills and in the eastern or northeastern low
country, generally during the period of March to
June. But they seldom exceed 99°F. The lowest
temperatures experienced in the hills are generally
of the order of 45°F, but do occasionally fall be-
low freezing point,

Rainfall is unevenly distributed and is the only
form of Precipitation. There are two main rain-
fall seasons, the southwest monsoon period from
May to September and the northeast monsoon
period from December to February, each preceded
by an inter-monsoon period of about two months’
duration. The southwest monsoon rain js mostly
confined to the southwestern parts of the island
and the northeast monsoon to the northeastern
parts. The rainfal] during the inter-monsoon
period of October and November is widespread
and exceeds twenty inches at many stations, On
the island as a whole, this is the rainjest period of
the year. Conditions are similar during the other
inter-monsoon period of March and April, but the
rainfall received is less, mainly because of less
depressional activity,



The average annual rainfall varies from below
forty inches in the driest areas in the northwest
and southeast of the island to over 200 inches in
certain arcas on the southwestern slopes of the
hills. There are two recognized rainfall zones,
namely the “wet zone” and the “dry zone,” sep-
arated by the seventy-five-inch isohyet. This dis-
tinct separation is mainly due to the physiograph-
ical effect of the central mountainous region. The
wet zone covers approximately the southwest
quadrant of the island and the dry zone the re-
mainder.

The wet zone receives most of its rainfall dur-
ing the southwest monsoon. The average annual
rainfall generally varies from seventy-five to 200
inches. The rainfall in the dry zone is due mainly
to the northeast monsoon. The average annual
rainfall is from forty to seventy-five inches.

Rivers and Waterways

The hydrographic pattern is a function essen-
tially of relief, and in Ceylon with its central hilly
mass, a general radial pattern is clearly revealed.
The rivers flowing to the west, east and south are
shorter than those flowing to the north, northwest
and northeast.

There are 103 rivers and streams that form the
main waterways, draining areas varying from 4,-
034 to four square miles. The largest and the
longest river is the Mahaweli Ganga, 203 miles
long. It has a catchment area of 4,034 square
miles. The other large rivers are the Kelani Ganga
(885 square miles), the Kalu Ganga (1,050
square miles), the Walawe Ganga (954 square
miles) and the Aravi Aru (1,268 square miles).
The total average annual discharge of all rivers
and streams is estimated at 27.6 million acre feet,
representing a runoff of about twenty-one inches
depth or 1,100 acre feet per square mile. The dis~
charge of the twenty rivers that flow entirely in the
wet zone is sixteen and one half million acre feet,
while the other eighty-three rivers flowing through
the dry zone discharge 11.1 million.

National Resources and Population

The estimated population of Ceylon in 1964

was 10,971,000, with a density of 440 persons
per square mile. The annual increase in popula-
tion is about two and one half percent. The great-
est concentration of population is mainly along
the western and southern coastal regions and the
central region, which comprises the entire wet
zone area. In the rest of the island, the density of
population is low,

Agriculture is the most important industry in
Ceylon. About four million acres of land are un-
der cultivation, in the following crops:

Rice oo, 1,250,000 acres
587,000 acres
671,007 acres
Coconut .......ccooovvvivnnn, 1,100,000 acres
392,000 acres

Total.................... 4,000,000 acres

Besides agriculture there are no other indus-
tries of much significance. Manufacturing indus-
tries are confined to producing common salt, ce-
ment, asbestos, plywood, leather, glassware, ce-
ramics, garments, soap, paper, cigarettes, biscuits,
confectioncry, and matches. But most of these do
not produce the island’s requirements and have to
be supplemented by imports.

There are no known deposits of coal or petro-
leum, and easily exploitable industrial raw material
resources arc few. The only minerals of commer-
cial significance at present are graphite, limestone,
precious and semi-precious stones and ilmenite
and monozite sands,

Hydropower is not available in sufficient quan-
tity, and large quantities of fuel have to be im-
ported.

Agricultural Problems

Ceylon’s national economy depends almost
entirely on agriculture. While over ninety percent
of her foreign exchange is earned by the export of
her primary agricultural products, such as tea,
rubber and coconuts, about thirty percent of these
earnings are spent on the importation of rice,
wheat and subsidiary foodstuffs,
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The staple food of the population being rice, it
has to be imported annually at a cost of about
225 million rupees* to meet the deficit in local
production. Another 167 million rupees has to
be spent on the importation of subsidiary food-
stuffs, such as chillies, onions, potatoes, pulses,
etc. The production of these additional require-
ments will not only save the country very valuable
foreign exchange but will also to a large extent
reduce the heavy unemployment and under-em-
ployment.

The total extent of developed paddy land in
Ceylon in 1964 was 1,249,160 acres, comprised
of 736,363 acres of irrigated lands and 512,797
acres of “rain-fed” lands. However, the actual
acreage cultivated in 1964 was 1,013,611 during
the maha season (October to March) and 571,-
587 acres during the yala season (April to Sep-
tember), or a total of 1,585,198 Crop acres, some
lands being double-cropped. The total yield was
fifty million bushels of paddy, equivalent to 705,-
000 tons of rice, which was sixty-one percent of
the total consumption of 1,139,000 tons. The
deficit was therefore about thirty million bushels
of paddy. The consumption requirements of the
annual increase in population will be two million
bushels.

If the total consumption requirements are to
be grown in the existing developed area, the aver-
age yield ner acre has to be increased to about
sixty-two bushels, compared to the present yield
of 38.6 bushels. To meet the nceds of the annual
increase in population the yield per acre should
be further increased by about one and a half
bushels per year. On the other hand, with the
present yicld about 650,000 acres of lands should
be developed to meet the deficit in production,
and another 45,000 acres per year to meet the
needs of the increase in population. The in-
crease in crop acreage during the six-year period
1958-1964 was only 203,000 acres and the yield
during the same period rosc from 34.1 to 38.6
bushels in maha and from 34.9 to 38.9 bushels
in yala. The production has to be increased
therefore, both by increasing the yield per acre
and by extending the area under cultivation.

* £1 equals rupees 13.33,
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As regarding the subsidiary foodstuffs, of the
167 million rupees worth imported in 1964, chil-
lies account for nearly thirty percent. In that year
the import of chillics was 425,383 cwt. at a cost
of 46.5 million rupees. This quantity can be pro-
duced locally by developing about 40,000 acres
under irrigation. There has been no organized
cultivation of chillies under irrigation so far. The

extent under cultivation in 1964 was about 40,000
acres, of which about 1,900 acres were under lift

irrigation from “dugwells” and the balance was
rain-fed, mainly in chenas and home gardens.
Chillie production cannot be expanded at the re-
quired speed and quantities by relying exclusively
on rain-fed cultivation. The solution lies in pro-
viding irrigation in those areas best suited for this
crop. If this is done, chillic cultivation will estab-
lish itself as a system of settled farming in which
not only chillies but also a variety of other subsid-
iary crops can be grown by a system of rotation.

land Resources

The total area of Ceylon is 16.21 million
acres, of which about four million acres are under
cultivation. The remaining area of 12.21 million
acres may roughly be grouped as follows:

(a2) Roads, Streams, Tanks,
Towns, Villages, etc. .......... 1,300,000 acres

(b) Forests (including national
reserves and sanctuaries) .. 3,500,000 acres

(¢) Rocky, steep lands, etc. ...... 4,750,000 acres
(d) Balance available for future

agricultural development .... 2,660,000 acres

Total.........cocoven.... 12,210,000 acres

Thus there are about 2,7 million acres almost
entirely in forest, which is available for agricul-
tural developmient. As the wet zone has been fully
developed, most of the available land is in the
dry zone.

Agricultural Development of the Dry Zone

Agricultural development of the dry zone un-



der irrigation has hitherto denoted the develop-
ment of lands under rice cultivation. The dry zone
covers an area of about 12.5 million acres or
about three-quarters of the island. The mean an-
nual rainfall in the dry zone is about forty to
seventy-five inches. From an agricultural point of
view thesc figurcs are much less significant than
the seasonal distribution, variability and effective-
ness of the rainfall. The mean monthly rainfall
for the southwest monsoon months of June, July
and August is low and in certain places very low.
These months constitute the dry season. Although
about seventy-five percent of the mean annual
rainfall is experienced during the wet season,
September to January, eighty percent of this seas-
onal fall is realized in about 100 days. Even dur-
ing this period there are long spells of dry weather
which make organized agriculture a hazardous un-
dertaking. The soil is generally shallow, hard and
relatively impervious, with the result that when
precipitation occurs, a large percentage of it flows
down as surface runoff. The rate of evaporation
is also high. In these unfavorable conditions, im-
pounding of the wet weather flow in storage reser-
voirs becomes a necessity, and irrigation an essen-
tial requirement for dry zone agriculture, as water
has to be supplied for cultivation not only during
the dry season but during the wet season as well.

The extent under rice cultivation in the dry
zone in 1964 was about 850,000 acres, of which
600,000 acres were under irrigation and the other
250,000 acres were “rain-fed.” Detailed studies
of the irrigation potential of the available land and
water resources have yet to be made. However,
preliminary studies indicate that an additional
900,000 acres of new lands can be developed
from the yicld of the cighty-six river basins in the
dry zone,

The groundwater resources of the dry zone
have not been assessed. Except in the Jaffna
Peninsula in the north and a narrow northwestern
coastal strip, the dry zcne is floored by crystalline
rocks which hold no water, except in relatively
rare fissures and permeable bands. Underground
water is limited to a thin permeable surface layer,
usually varying from two or three to forty feet
thick of decayed rock, sub-soil and soil, and even
when these materials are saturated during the

northeast monsoon the quantity held is scanty.
Hence extensive development from groundwater
resources is not possible. However, proposals are
in hand to assess the groundwater resources and
develop a small extent of land in the northwestern
coastal strip of the island under subsidiary food
Crops.

Agricultural Development of the Wet Zone

The total land mass of the wet zone is about
3.75 million acres, more than seventy-five percent
of which is developed. The balance is mostly for-
ests, marshes and inland lakes. The lands avail-
able for development are therefore the marshes
in the coastal belt, about 60,000 acres, some of
which were cultivated and abandoned due to want
of proper drainage, salt water intrusion or both.
These arcas are generally flat and almost at or a
few feet above sea level, while certain areas are
below sea level, ranging down to about -2.0
M.S.L., and lic in the most thickly populated parts
of Ceylon. The unemployment here is very acute
and the demand for land is pressing.

A scheme for the reclamation and develop-
ment of these lands has been drawn up to provide
drainage by gravity and pumping where necessary,
prevent sand bar formation, intrusion of salt water
and treatment of soils to make them cultivable.

The extent of developed paddy land in the wet
zone in 1964 was about 400,000 acres, of which
140,000 acres were under irrigation schemes and

the balance “rain-fed.” As the rainfall in this zone
is adequate and fairly evenly distributed, the

streams are perennial and storage reservoirs are
not quite necessary for irrigation. The irrigation
schemes in the wet zone are mainly small anicut*
schemes for diversion of water from these peren-
nial streams, or are drainage schemes.

Peasant Colonization for Irrigation Development

The trade slump of the early thirties in the
principal commodities of the island reduced em-
ployment in the wet zone and brought about a
vital necessity for expansion to the dry zone as a

* Anicut is a gated diversion wier,
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means of livelihood to the people. On the one
hand there were large extents of jusgle lands in
the dry zone, on the other there were thousands of
families living in congested areas in the wet zone
with no means of sustenance. Thus the population
pressure in the wet zone caused the government
to initiate a scheme of colonization and land utili-
zation in the dry zone. The settlement on idle
land served with irrigation facilities held out to the
peasant bright hopes of improving his standard of
living and at the same time increasing the wealth
of the nation. The general policy of the govern-
ment had been to establish a peasant on a unit of
holding consisting of irrigated land and a highland
area to enable him to scttle on the land and derive
from it an income sufficient to maintain himself
and his family,

In the carlier settlement schemes the irrigated
land unit was five acres and the highland three
acres. As the price of agricultural produce im-
proved, the demand for lands by the peasant set-
tlers increased, the unit of allocation was first re-
duced to three acres of irrigable land and two
acres of highland. The units of allocation to a
colonist at present is two acres of irrigable land
and onc acre of highland. The smaller unit will
induce the cultivator to do intensive cultivation
and pay more attention to his land.

The colonization under irrigation schemes in
the dry zone commenced with the Minneriya
Scheme, which could be said to be the first area
of organized scttlement provided by the govern-
ment, To date about 50,000 colonist families have
been scttled in about seventy colonization schemes
covering approximately 250,000 acres, of which
150,000 acres arc under irrigation and the balance
highland.

Irrigation Works

The irrigation works are classified as major
irrigation works and minor irrigation or village
works.

The major works are those maintained and

operated by the Irrigation Department from gen-
eral funds and the lands under them have to pay
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irrigation rates in accordance with the agreement
between the government and the proprietors under
the Irrigation Ordinance. There are about 200
major schemes irrigating 366,000 acres, Minor
flood protection schemes and salt water exclusion
schemes arc also classified under major works.

Minor works are small tank or anicut schemes
which do not pay any irrigation rate. The con-
struction of these works is the responsibility of
the Irrigation Department, while the operation
and maintenance are the responsibility of the culti-
vators under the supervision of the Department of
Agrarian Services. There are over 7,000 minor
works which irrigate 375,000 acres.

irrigation Organizations

The organizations responsible for irrigation
devclopment in the country are the Irrigation
Department and the River Valley Development
Board under the Ministry of Lands, Irrigation and
Power, and the Department of Agrarian Services
under the Ministry of Agriculture and Food.

The Irrigation Department handles all activi-
ties relating to water resources development and
drainage of agricultural lands. The departmental
organization consists of ten territorial divisions,
cach administcred by a divisional engineer. Each
division is furthur divided into three or four sub-
divisions each in the charge of a sub-divisional
engineer. The sub-divisional engineer is the exec-
utive officer in charge of all investigations and
construction of all irrigation works and the oper-
ation and maintcnance of all major works.

Each of the twenty-two revenue districts in the
island has a district agricultural committee, under
the chairmanship of the revenue officer, which
brings up new items of minor works for investiga-
tion and construction by the Irrigation Depart-
ment. These are included in a priority list. After
investigation by the sub-divisional engineer, these
are taken up by him for construction.

The 'planning and résearch division of the
department, in the charge of a deputy director, is
responsible for the overall planning of the island’s



water resources, for the investigations and designs
of the major projects, and for carrying out labora-
tory and field tests, foundation exploration works
and collecting hydrologic data throughout the
island.

The maintenance and operation of the minor
irrigation works is under the supervisory control
of the Department of Agrarian Services. The main
function of that department is to provide the serv-
ices required for assisting the cultivators in the
production of rice and subsidiary foodstuffs. The
services provided are: granting of credit facilities,
supply of fertilizer at subsidized rates, payment of
a guaranteed price for the food crops, a marketing
scheme for the purchase of produce from the culti-
vator, operation of the Paddy Lands Act by which
security of tenure of land is assured to the cultiva-
tor and the crop insurance scheme.

The Gal Oya Development Board was estab-
lished in 1949 as an autonomous body for the
complete and coordinated development of the
area under its authority, inclusive of all irrigation,
power development and supply, flood control and
other agricultural and industrial development. The
activities of this bourd have now been expanded
with the object of entrusting the development
activities in other river basins, and the board has
been reconstituted as the River Valley Develop-
ment Board. This ncw board has been placed in
charge of the development work of the Uda Wa-
lawe Basin.

Five-Year Plan of Irrigation Development

The five-year plan for the period 1966-1970
has been drawn up for the development of 195,000
acres under irrigation and 47,000 acres of high-
land. The land under irrigation is made up of
106,000 acies under major projects, 50,000 acres
under minor projects, 19,000 acres under drain-
age and reclamation schemes and 20,000 acres
under lift irrigation schemes for subsidiary food
crops. The lift irrigation program introduced for
the first time into the irrigation plan comprises
15,000 acres under lift irrigation from surface
sources and 5,000 acres from groundwater. Some
of the major projects in the program of construc-
tion are listed below:

Rajangana Reservoir Project

This project, located in the northwestern prov-
ince of the island envisages the construction of a
reservoir 81,000 acre feet in capacity to irrigate
under rice cultivation 15,000 acres of land now in
jungle, the settlement of 7,200 families, and the
development of 11,000 acres of jungle land under
highland crops.

The dam, two and a half miles in length, con-
sists of a central concrete dam 1,175 feet in length
and a maximum height of about seventy feet, with
rolled filled carth dams on both flanks. The spill-
way, incorporated in the concrete dam, consists of
an uncontrolled overflow section 220 feet long and
a gate scction controlled by thirty-two radial gates
cach twenty feet by ten fect high. Two sluices,
one on each bank of the river, discharge into two
main canals. The right bank canal, five miles long,
together with about ninety miles of minor chan-
nels, irrigate 4,500 acres, while the left bank main
canal, thirty-five miles long, together with about
200 miles of minor channels, irrigate 10,500
acres. The estimated cost of the project is thirty-
one million rupees.

Construction of the carth dam and nincty per-
cent of the concrete dam and sluices has been
completed. About ten miles of the main canal
and twenty-five miles of the minor canals are also
complete. The project is scheduled for comple-
tion in 1970,

Kaudulla Reservoir Project

This is a flood control-cum-irrigation project
situated in the northeastern part of the island. It
consists of a reservoir 104,000 acre feet in ca-
pacity, formed by the restoration of an ancient
breached dam across the Kaudulla Oya and the
provision of two sluices and a spillway consisting
of twelve radial gates cach twenty feet by twelve
and a half feet high. It is designed to develop
under irrigation for rice cultivation 10,000 acres
of land now in jungle, the settlement of 4,500
families in 5,500 acres of highland, which will also
be developed under highland crops. In addition,
this project will protect 3,000 acres of rice lands
under Gal Amuna Anicut Scheme from damage
by floods.
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The low level main canal seven and a half
miles long, and minor channels about eighty miles
long, will irrigate 4,500 acres, while the upper
main canal ten miles long, and about 100 miles of
minor channels, will irrigate 5,500 acres.

Under the first stage, the embankment has
been raised to seven feet below its final top level
and the low level sluice, its main canal and scventy
percent of the minor channels have been com-
pleted. About 3,000 acres have already been ce-
veloped under irrigation. The high level slu.ce
and spill are under construction. The estimaied
cost of the project is seventeen and a half million

rupees,

Minipe Yodi Ela Extension Project

The Minipe Yodi Ela Project s'tuated in the
central province, is a diversion project on the left
bank of the Mahaweli Ganga, the largest river in
Ceylon. It is comprised of a diversion weir across

the Mahaweli Ganga, an inlet sluice, a main irri-
gation canal cightcen and a fourth miles long and

minor channels for the development of 3,200
acres of new lands under two rice crops per year.
This project was completed about fifteen years
ago.

The Extension Project now under construction
provides for —

(1) the improvements to the existing works to
supply water to an additional 10,000
acres,

(2) the extension of the main canal by thirty
miles and the provision of necessary
minor channels to develop 10,000 acres
of jungle land for rice cultivation by the
settlement of 5,000 families on 6,500
acres of highland.

The improvements to the existing works have
been completed. The main canal has been ‘ex-
tended by twelve miles and irrigation facilities
have been provided to about 3,000 acres. The
project is scheduled for completion in 1970,
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Mvuttuaiyankaddu Reservoir Project

This is the first of the irrigation projects for
the cultivation of subsidiary food crops. Muttuai-
yankaddu Project is situated in the northern prov-
ince. The reservoir, 32,000 acre feet in capacity,
is formed by the restoration of an ancient breached
dam across the Per Aru by the closing of the three
breaches, improvements to the bund and the con-
struction of a masonry clear overfall spill and two
sluices, one on each bank of the river.

It is designed to irrigate 1,000 acres of de-
veloped private land now cultivated under “rain-
fed” conditions and 11,000 acres of crown land
blocked out into 3,660 lots of three acres each,
on each of which will be settled a landless peasant
family. The construction of the headworks is
nearing completion and that of the channel sys-
tem just commenced. The scheme is scheduled
for completion in 1969,

Mvulti-Purpose Projects

Gal Oya Reservoir Project

The development under the Gal Oya Reservoir
Project — the first of the multi-purpose projects
for irrigation, flood control, and hydro-power de-
velopment — is nearing completion. Besides the
construction of the main reservoir, capacity 770,-
000 acre feet, five major rescrvoirs and several
small tanks of total capacity 218,000 acre feet,
have been constructed. The completed irrigation
system includes the construction of 274 miles of
main and distributary canals and 846 miles of
minor channels. The necessary roads, telecom-
munication facilitics and social amenities have
also been provided.

To date irrigation facilities have been pro-
vided to 53,550 acres of new lands for rice culti-
vation and improved facilities to 34,500 acres of
existing rice fields. Irrigation facilities have also
been provided for 7,000 acres of sugar cane plan-
tation and 1,300 acres of tobacco fields. Besides
the 96,350 acres of land developed under irriga-
tion, 22,000 acres of highland have also been de-



veloped and about 9,000 colonist families have
been settled.

The installed capacity of the hydro-power
plant is ten M.W. The necessary transmission and
distribution lines have been laid to supply power
to the industries set up in the project, as well as
to the consumer needs in the arca and the neigh-
boring areas. The income in 1964 from the vari-
ous industries set up in the arca was seventeen
and a half million rupees.

The work on irrigation that remains to be
done is the restoration of two breached ancient
reservoirs and the provision of irrigation to 12,000
acres for paddy cultivation and 4,000 acres for
sugar cane cultivation.

Uda Walawe Reservoir Project

This is the second multi-purpose project un-
dertaken in this country. It is situated in the
southern province. The reservoir is formed by
the construction of a rolled filled carth dam two
and a half miles long and maximum height of 130
feet across Walawe Ganga, one of the large rivers
in the country. The spillway is located on the left
bank end of the dam with provision for five radial
gates and an emergency natural rock spill. The
installed capacity of the power plant is 5.4 M.W.
with an annual generation of twenty-one million
k.w.h. of energy. The hydro-power developed will
be fed into the main island grid.

The area to be developed under irrigation is
60,000 acres of which 36,500 acres will be under
rice, 6,200 acres under sugar cane, 2,000 acres
under citrus and 15,300 acres under cotton. The
associated development of highland will be 30,000
acres. The number of families that will be settled
on the rice land alone will be 18,250.

Industrial development in the area will for the
present be confined to those industries which are
ancillary to the land development and coloniza-
tion work of the area. A tile and brick factory
with capacity of about two and a half million tiles
per year and a timber impregnation plant for
treatment of soft woods will be established.

The estimated cost of the headworks, includ-
ing power plant, transmission lines and irrigation
facilities, is 132 million rupees. The construction
work commenced in 1964 and about three-fourths
mile of the dam and six miles of channel have
been completed. The project is scheduled for
completion in 1971,

Irrigation Practices

irrigated Crops

Irrigation hitherto has been directed toward
rice cultivation. With the exception of a small
area in the northern province, which grows sub-
sidiary foodcrops under lift irrigation from “dug
wells,” and a small area ia the hilly districts which
grows vegcetables, all the lands in irrigation are
under rice cultivation,

Cultivation Seasons

As rice cultivation requires an assured supply
of water, the cultivation seasons correspond to the
rainfall seasons. There arc two cultivations —
the “maha” season corresponding to the northeast
monsoon rains from October to March and the
“yala” season corresponding to the southwest
monsoon rains from April to August. In the dry
zone, where most of the rice is grown under irri-
gation and where the rainfall is during the north-
east monsoon, the main cultivation is the maha.
The yala cultivation is dependent upon the carry-
over storage that remains after the maha cultiva-
tion. Normally a maha crop is a four-month va-
riety while the yala crop is of three months,

Preparation of Fields

Cultivation meeting of the proprietors is held
for each of the irrigation schemes well ahead of
the cultivation season, and dates for the various
operations for the season are decided. Water is
let into the field two or three days before the first
ploughing. A larger extent of lands under irriga-
tion schemes are now tractor-ploughed. Due to
the insufficiency of tractors, the ploughing opera-
tions take a long period, resulting in wastage of
water. After the initial ploughing, the fields are
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kept flooded for about a week or two to allow suf-
ficent time for the weed and other organic matter
to decay. The field is then ploughed a second time
and puddling commenced, either by buffaloes or
by tractors. Then the field is leveled and excess
water drained for sowing or transplanting. This
operation requires a large quantity of water —
about twenty to twenty-five percent of the full
crop requirements,

Chief reason for the use of a large quantity
of water for this operation is the elimination of
weeds. Climatic conditions in Ceylon favor weed
growth. Unless the fields are ploughed several
times and water impounded for a long period
weeds are not properly decomposed. Considerable
weed growth develops in the ficlds even after sow-
ing, and an excess of irrigation water is required
to inhibit their growth.

Sowing

Practically every cultivator is aware that trans-
planting gives better yields. Due to shortage of
labor during cultivation season, particularly in the
dry zone arcas, and due to the high initial cost,
transplanting is not common. In 1964 the total
extent transplanted was less than ten percent. The
balance was sown by “broadcasting.” Seed certi-
fied by the Department of Agriculture for purity,
germination and quality is made available to the
cultivators through the cooperative societics, and
these are largely used.

Duty of Wator

The duty of water for rice cultivation refers to
the quantity of irrigation water required to suc-
cessfully cultivate one acre of rice land. The duty
depends on the useful rainfall during the cultiva-
tion period. The use of irrigation water can be
considered as supplemental to the rainfall. In the
recent past a duty of five acre feet per acre for
the maha crop and seven and a half acre feet per
acre for the yala crop was considered normal, The
duty was based on the issues at the main canal
offtake. However, the actual duty worked out to
be higher than these figures.
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In recent years, a duty of four acre feet per
acre for mala and six acre feet per acre for yala
have been allowed in the design of major irrigation
projects. This was on the assumption that better
irrigation practices would be introduced in the
new projects. One reason for the excessive use
of irrigation water is the inhibition of weed growth
in the ficlds. Another is the long period of field
preparation due to shortage of tractors. A third
is the continuous issue of water from the reservoir,
from commencement to the end of the cultivation
season,

Uncontrolled weed growth in the rice fields
depresses the yields considerably. Weed control
by manual labor is proving increasingly difficult
in most arcas and particularly in the dry zone
arcas where there is a serious shortage of labor
for manual operations during the cultivation sea-
sons. The use of weedicides is not very popular,
and until such time as this is made popular, the
excessive use of irrigation water on this account
cannot be avoided.

With a view to reducing wastage by continu-
ous water issuc from the reservoir during the cul-
tivation period, observations were made by cutting
off issues intermittently on three major projects.
The total extent cultivated under these projects
was 35,000 acres. During the first month of culti-
vation, i.c., up to the time of sowing, the sluices
were kept open continuously. This was to allow
for the large quantities of water required for the
field preparation. When the sowing was com-
pleted, the sluices were shut off for a continuous
period of three days every week. When the crop
was about sixty days old for the maha and forty-
five days for yala, the sluices were kept open con-
tinuously for a period of two weeks, as the plant
requires more water during this period. The four-
day weekly issue was then continued until the
crop matured.

This system of issue was put into operation
during the 1964-65 maha and the 1965 yala, and
considerable saving of water was effected. It is
hoped to extend this to a few other projects and
make observations for a longer period.
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CYPRUS

Topography

Cyprus covers an area of approximately 3,500
square miles. Some 3,900,000 donums are arable,
constituting about sixty percent of the whole
island. Of these, 3,300,000 donums are culti-
vated, of which 650,000 donums are irrigated.
Seven hundred square miles representing twenty
percent of the total arca are forests, located main-
ly on the hills. The topography of the island is
chicfly distinguished by two main features: The
first feature is the big plain between Morphou and
Famagusta bays, known as the Mesaoria, which
covers an area of over 1,000 square miles,
dividing the mountainous regions in two, the
northern and the southern ranges, which form the
second feature. The northern range, known as the
Kyrenia range, is the smaller of the two, covering
an arca of about 150 squarc miles and reaching
heights of up to 3,000 feet above sea level. The
southern range, known as the Troodos range, is
by far the larger, covering about 1,350 square
miles and reaching a height of 6,600 feet above
sca level. The remaining 1,000 square miles are
the coastal strips around the island, which are
below the 1,000 foot contour and form good
agricultural lands. (See Dr. No. G 3996.)

Geology (see Drawing G4015)

The main geological features of the island are
as follows:

The Troodos Igncous complex, covering 900
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squarc miles, includes the Pillow Lavas covering
260 squarc miles. In addition we have the Ma-
monia complex, covering about 100 square miles,
These rock formations constitute the main geo-
logical features of the Troodos range,

The Hilarion Limestone (Jurassic), covering
about sixty square miles, is the most striking fea-
ture of the Kyrenia range.

The Lapithos Group (from upper Cretaceous
to lower Miocene) covering about 210 square
miles, and the Kythrea beds and Pakhna forma-
tions (Miocene), covering about 1,180 square
miles, are encountered in the foothills of the two
ranges.

The Mesaoria Group (Pleiocene), plus the
Fanglomerates (Pleistocene), and the recent de-
posits, covering about 1,150 square miles, form
the main geology oi the plains.

Meteorology

Cyprus is a semi-arid country. Annual rain-
fall varies from ten inches to forty-four inches on
Troodos, the isohyetal lines following a close re-
lationship to the topographic contours. The aver-
age annual rainfall throughout the island is about
nineteen inches, half of it falling in December and
January. Rainfall normally occurs from October

to April. From May to September the weather is
normally dry.



Rainfall intensities are normally moderate ex-
cept for short periods when four inches per hour
have been recorded in certain cases. The recorded
maximum in twenty-four hours is about ten inches.

The temperatures vary from several degrees
below zero in winter on the Troodos range to
112°F in the plains in summer. The Troodos
range is normally covered with snow between Jan-
vary and April. There arc about 140 Rainfall
Stations on the island, some of them automatic.
Among them there are a number of meteorological
stations which have instruments for measuring
temperatures and humidity. Rainfall data exist in
many cases for over fifty years. For the distribu-
tion of rainfall please see Dr. No. G 2427,

Hydrology

The total quantity of rainfall on the island
represents one million million (10!2) gallons of
water in an average year (nmineteen inches).
(Please see Dr. No. Ir. 3844.)

(A) SURFACE RUNOFF

Cyprus is divided into 39 hydrological areas.
(Please see Dr. No. Ir. 3844.) The maximum
surface flow in an average year is estimated to be
about 73,000 million gallons and the loss to the
sea, about 40,000 million gallons. (Please see
Table 4.)

The biggest runoff is that of the Kouris-Garyl-
lis watershed, at 9,000 million gallons every year.

No river in Cyprus flows the year-round, ex-
cept at the upper reaches above 3,000 feet eleva-
tion. In the lower reaches the best rivers flow
until June only.

Many automatic flow recorders are installed
on these rivers to measure the flow.

The amount of water from surface flow pres-
ently utilized for irrigation is of the order of 35,
000 million gallons a year, mainly for spate and
for winter irrigation of cereals. (Spate irrigation
is the annual spreading of flood waters across
unleveled lands.)

(B) GROUNDWATER

Wells and boreholes. The main aquifers are
the Western Mesaoria, South Eastern Cyprus, Ak-
rotiri, Kiti-Pervolia, Polis Chrysochous and Kyre-
nia. In addition there are a few minor coastal
strips and some river valley aquifers, The water
from these aquifers is pumped through about
10,000 boreholes and several thousands of shal-
low wells, the total extraction being estimated to
be of the order of 40,000 million gallons annually
for irrigation and about 4,000 million gallons for
domestic and industrial purposes.

All the main aquifers are overpumped and
there is a constant decline of the water table. This
problem has arisen because of numerous illegal
boreholes and the uncontrotled extraction, while
in certain areas, such as Famagusta, Syrianochori,
Akrotiri and Pervolia, sea water intrusion has
been observed. In Famagusta, where the problem
is the most serious, sea intrusion has resulted to
the destruction of a large area of coastal citrus
groves.

However, in certain small aquifers such as
chalks and gravel beds along river valleys, some
underground loss of water to the sea is observed
and therefore only a limited development is pos-
sible.

There is a network of observation boreholes
over the island from which measurements of the
water tablc and quality are taken monthly and
which enable the production of groundwater table
contours and isosalinity curves.

A five-year United Nations Special Fund Proj-
ect is now in operation for the evaluation of the
groundwater resources of the island.

Springs. There are no really big springs on the
island because the Troodos mountain range, which
is the largest mountainous region, is of igneous
rocks, which are of impermeable characteristics,
except along fractures and joints which form the
feeder zone of springs of moderate capacity. The
biggest springs existing are those found on the
Kyrenia range on the north of the island and which
have their sources from the carstic limestone.
Also, in the periphery of the Troodos range, the
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permeable sedimentary rocks give rise to the flow
of springs.

Many of the smaller springs are rapidly disap-
pearing and the larger ones have been decreasing
considerably in yield during the last ten years,
due to the many boreholes being drilled around
them, and to the enormous extraction from these
boreholes.

Many of these springs, except the bigger ones,
are used solely for domestic water supplies. From
the bigger ones an appreciable amount is also used
for the same purpose. The total yield from springs
is estimated to be about 6,300 million gallons
annually, 5,000 million gallons of which are util-
ized for irrigation and the remaining for domestic
and industrial use. Records of the flow and qual-
ity of 300 springs, representing the most important
ones, have been kept for many years.

I. Domestic Water Supplies

(A) RURAL WATER SUPPLIES

Rural water supplies cover the needs of 627
villages with a population of 392,000 people,
representing sixty-six percent of the population of
the island. '

The sources of supply are springs and bore-
holes of good quality water which needs no filtra-
tion or sterilization.

The conveyance is by means of asbestos or
steel pipes as necessary. Storage is always pro-
vided for at least half a day’s supply in concrete
reservoirs or clevated tanks. The distribution is
by asbestos or steel pipes and it usually involves
house-to-house distribution with metered supply.
The quantity of water provided in these projects is
calculated on the basis of twenty gallons per cap-
ita per day.

The financing of these projects is fifty percent
by government grant and fifty pereont village con-
tribution provided by a long-term, low-interest
government loan.

The administration and operation of these
projects is governed by the Water (Domestic Pur-
poses) Village Supplies Cap. 349 which provides
for the establishment of Village Water Commis-
sions under the chairmanship of the District Offi-
cer of the particular district,

The position regarding the progress in rural
supplies at the end of 1965 is indicated in the fol-
lowing table.

Table 2
VILLAGES WITH
VILLAGES WITH PIPED WATER SUPPLY NO PIPED TOTAL
SATISFACTORY UNSATISFACTORY TOTAL WATER SUPPLY VILLAGES
DISTRICT NUMBER NUMBER NO. NO. % NO,

Nicosia 147 29 173 2 1.10 178
Larnaca 44 13 57 2 3.39 59
Limassol 101 11 112 1 0.88 113
Famagusta 72 26 98 . . 98
Paphos 131 1 132 . . 132
Kyrenia 32 14 46 1 2.13 47
Totals 527 94 618 6 C.96 627
Percentage 84.05 14.99 99.04 0.96 100.00
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It is anticipated that soon there will be practi-
cally no village without a piped supply. Improve-
ments and extensions will of course have to be
made in the future.

(B) TowN WATER SUPPLIES

There are four main towns in Cyprus: Nico-
sia, Limassol, Famagusta and Larnaca.

There is piped water supply in each town and
the situation is as follows:

(1) Nicosia, including all its suburbs, has a
population of about 100,000. The maximum con-
sumption in summer reaches four and a half mil-
lion gallons per day, which means that per capita
per day consumption is forty-five gallons.

The sources of supply are:
20 boreholes at Kokkini Trimithia, Akaki

3 boreholes at Dhikomos
infiltration gallery at Dhikomos (Sychari)
boreholes at Dhali
boreholes at Laxia
chain-of-wells (Arab Ahmet) at Strovolo
chain-of-wells at Machedhonitissa
boreholes at Athalassa
boreholes at Morphou Emergency Scheme
14 boreholes at Syrianochori, Morphou

51 total number of boreholcs

NN = = W

All water is conveyed through steel or asbestos
cement pressure pipes ranging from eight inches to
eighteen inches in diameter, the largest pipeline
being that from Syrianochori, extending for twen-
ty-four miles. The conveyor pipelines supply stor-
age tanks situated at commanding points around
Nicosia, with a total capacity four and a half mil-
lion gallons — twenty-four hours' storage. From
these tanks the water is then distributed to sixteen
independent areas through ring mains of asbestos
cemient pressure pipes ten inches to twelve inches
diameter. The distribution system varies from four
inches to cight inches diameter and each house is
provided with a scparate connection and water
meter.

The Water Supply of Nicosia, as for all towns,
is governed by the Water Supply (Municipal and
other Areas) Cap. 350 Law which provides for
the establishment of Water Boards and generally
for the administration of domestic water supplies.
This law is administered by the Water Board
which is made up of not more than three persons
appointed by the Government and not more than
three members nominated by the municipality.

In the casc of Nicosia, in addition to the Water
Board, for certain arcas which have not yet been
handed over to the Water Board, the operation is
done by the Water Development Department, and
within the walls by the Nicosia Water Admini-
stration,

The waterworks, which were started in 1950
and completed in 1962, have cost about two and
a quarter million pounds ($6,300,000), except
the old system within the walls.

Nicosia at the moment has sufficient water,
but the problem is that scveral of the borcholes
have been depleting, mainly those at Kokkini Tri-
mithia, and others are in danger to become saline
from sca intrusion, like those at Syrianochori,
which may have to be abandoned.

Investigations are being carried out for one or
more of the following schemes to provide addi-
tional supplics: more groundwater; impounding
scheme on the rivers west of Morphou; desalting
plant at Morphou-Syrianochori.

(2) Limassol is the second largest town, with
4 population of about 45,000,

The daily consumption in summer is two mil-
lion gallons, equivalent to forty-five gallons per
capita per day.

The sources of supply are:

Three springs at Halassa at the foothills south
of Troodos.

Five boreholes on the Garyllis river bed.

One chain-of-wells at Chiflikoudhia.

Four borcholes at Yermasoyia river bed.
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The most distant sources are the springs at
Halassa eleven miles away. The water is conveyed
to a storage tank of 800,000 gallons capacity at
a commanding place in Limassol, then distributed
to ten independent arcas, where a house-to-house
metered supply is connected.

The largest scheme now in the course of com-
pletion conveys one and a half million gallons of
water per day from Yermasoyia valley and in-
cludes the building of a storage tank of 450,000
gallons capacity and additional distribution.

(3) Famagusta is the third largest town, with
37,000 people.

A quantity of one and two tenths million gal-
lons per day is used.

The consumption is equivalent to thirty-two
gallons per capita per day. The sources of supply
are fourtcen borcholes at Phrenaros. There are
three storage tanks of 700,000 gallons capacity
and the water is distributed house-to-house by
metered supply.

The boreholes at Phrenaros are badly declin-
ing and their replacement or relieving is essential.

The water supply problem of Famagusta is the
most acute, for all the groundwater of the district
is declining and there are no prospects of finding
any new significant groundwater resources of good
quality water. Further, there are no big rivers in
the district,

A study is being made to: improve the Phre-
naros boreholes; convey additional groundwater
from the ncighboring district of Larnaca; convey
water from impounding reservoirs on the nearest
rivers in Larnaca district; install a desalting plant
at a later stage.

(4) Larnaca is the fourth largest town, with
20,000 people.

The present sources are one chain-of-wells
known as the “Bekir Pasha” and four boreholes
in the Tremithios river valley. The total quantity
of water now available is about 800,000 gallons
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daily, which is enough to supply forty gallons per
capita per day. Storage of 450,000 gallons is now
provided and additional storage is scheduled to be
provided in 1966. The Distribution System is
rather old and requires considerable improve-
ments,

Il. Brief History of Irrigation and
Drainage Development

Cyprus has a long history of irrigation: it has
been practiced for over 2,000 years. Water was
conveyed in irrigation canals from springs, gravity
chain-of-wells, river intakes and also pumping
from shallow wells by means of Persian wheels
or windmills,

The first storage works on a large scale to
impound river water were constructed from 1896
to 1912 in the form of long, low earth embank-
ments with the necessary spillways and outlet
works. Thesc works were the Eastern Mesaoria
Kouklia, Akhyritou and Syngrasis reservoirs, im-
pounding water of the Pedieos Idalios rivers and
of the Kyrenia range. The capacity of one of
these, the Kouklia reservoir, which is stiil in use,
is 1,000 million gallons. Until 1950 these were
the only impounding works in Cyprus, for until
that time the responsible local opinion as well as
opinion of experts from abroad was that no more
impounding works should be constructed in Cy-
prus because, according to them, it would be unec-
onomic and the aquifers would suffer by the con-
struction of dams,

Between 1950 and 1960 this policy gradually
changed after extensive hydrological, topographi-
cal, geological and economical studies. During this
period fiftcen dams of rather small size were built,
three of which are of gravity mass concrete sec-
tion, nine in gravity masonry section and three in
carth,

In 1961 a big dam program was initiated. In
1961 one concrete and two carth dams were con-
structed, in 1962 five earth dams and one big
carth reservoir were constructed, and in 1963
three big rockfill dams, five earth dams and one
earth reservoir. (Please see Dr. No. AG/IR/g/
1A))



Table 3 shows the land irrigated in 1963, the
type of crops and the water consumed. Also Dr.
No. V/G/g/1 indicates the main crops and vege-
tation cover.

Waterlogged and saline lands in Cyprus are
not a major problem, as such lands do not cover
;nore than seventy square miles. And as the avail-
able water resources that could ever be developed
in Cyprus would never irrigate more than a small
fraction of the available la.d, the drainage of these
saline lands is not a priority problem.

However, some drainage works have been
carried out, but the main purpose was the cradi-
cation of mal.ria. Some have been combined with
irrigation. Tertain drainage . schemes that were
designeu were never carried out because of the
drop in the water table by excessive pumping for
irrigation in these arcas. In one particular area
at Morphou bay where there were marshy condi-
tions in 1950, signs of sea intrusion have now
been observed due to the overpumping in the area.
(Please see Dr. No. Ir. 3843.)

. Special Problems as a Result of the
Introduction of Irrigation Works

In Cyprus problems such as waterlogging, sa-
linity and malaria are encountered only to a lim-
ited scale because of: Heavy overpumping and
lowering of the water table; limited irrigation;
natural drainage conditions. However, many other
problems have arisen, such as: Artificial recharge
of underground water; water conservation; land
consolidation; other aspects, such as legal, financ-
ing, administration and economics, are being dealt
with later.

(A) ARTIFICIAL RECHARGE

Artificial recharge has been necessary for
about ten years due to the limited underground
water and to excessive pumping of it.

Artificial recharge works have been carried out
in many parts of Cyprus since 1953. The first
scheme was in Famagusta, where sea intrusion
was first observed. Spreading reservoirs and an
underground gallery through the sandstone aquifer
were constructed following a parallel line to the
coast for a distance of about six miles. Many other

infiltration reservoirs, and a big open recharge
canal six miles long have since been constructed
in Famagusta district. In 1962 a big dam to serve
for recharge was constructed in Morphou, where
the water table had made an alarming drop, and
another big one at Kiti. Experiments in recharg-
ing water through borcholes are now carried out
and a program is being prepared for more re-
charge works.

(B) WATER CONSERVATION MEASURES

The control of extraction is the primary re-
quirement. Now the extraction is not controlled
in the majority of cases. It is necessary to fix
water meters on each borehole and control the
water to be extracted from each borehole accord-
ing to the potential of the aquifer and the needs
of the crops. New legislation is now being studied
for this purpose.

Due to the limited water supplies and to the
many needs, especially for irrigation, the problem
of using the water in the most efficient manner is
most important. Still a lot of water is wasted in
Cyprus, especially from surface source supplies.
But for the underground water where the danger
of exhaustion and sea intrusion is great, many
steps have been and are being taken for efficient
utilization. [t is estimated that at this moment the
efficiency of irrigation water from underground
supplies on the average throughout Cyprus is of
the order of fifty-five percent. The aim, however,
is to attain about eighty percent. This efficiency,
which it is hoped can be reached in about ten
years, necessitates the following measures where
applicable:

(1) Land leveling.

(2) Land consolidation.

(3) Lined canals.

(4) Piped distribution.

(5) Efficient systems of irrigation.
(6) Control of extraction.

{C) LAND CONSOLIDATION

This is a very difficult problem in Cyprus.
Most land has been divided over the centuries too
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many times and the parcels are very small. There
is no law for land consolidation as yet, but one is
in the course of preparation. The problems are
not easy, for oftentimes in a small piece of land,
the land belongs to one person, the trees belong
to another and the water to somebody else.

IV. Brief Description of Some Typical
Irrigation, River Training, Drainage
and Flood Protection Works

(A) IRRIGATION WORKS

(1) Conveyance systems are canals lined or
unlined, irrigation pipes made of steel, cast iron,
asbestos or concrete, which are used for convey-
ing the water from the source to the irrigable
lands. Hundreds of miles of conveyance systems
consisting mainly of reinforced concrete rectangu-
lar sections have been constructed in Cyprus. In
fact, during the past the expenditure on these
works constituted one of the main items in the
budget. Now trapezoidal concrete canals are used
also, and a study is being made for the introduc-
tion of the elevated polycentric or semicircular
sections.

(2) Works on springs include excavations for
increasing the yield and building works protecting
the source. Thesc works were until only ten years
ago onc of the most important sources of irriga-
tion and culinary water supply in Cyprus. But
recently, due to the many boreholes drilled, quite
a number of these springs have dried up.

(3) Chain-of-wells are infiltration under-
ground tunnels traversing an aquifer and convey-
ing the collected water by gravity to the surface.
These works were until about ten years ago a
most important source of supply. But due to the
recent drilling most of them are now disappearing.

(4) Pumping Works include pumping instal-
lations on wells or boreholes for the extraction of
underground water from an aquifer. These
schemes were introduced in Cyprus about fifteen
years ago when the extensive exploitation of the
aquifers by drilling started. Much private work
has been done in this field, which culminated in
the recent illegal drillings.
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(5) Diversion works are earth, masonry or
concrete works or intakes constructed in the river
beds for diverting the flow or part of the flow of a
river to the lands for irrigation.

A large number of diversion schemes have
been and are being constructed both on the moun-
tains, mainly for summer irrigation, and on the
plains, mainly for spate irrigation of winter crops.

(6) Storage works include the construction
of earth, masonry or concrete reservoirs or im-
pounding works formed of dams made of earth,
rock, masonry or concrete. Small tanks have been
built in Cyprus, especially on the mountains, since
the establishment of the Water Development De-
partment, and are used for storing water from
springs or streams.

The construction of dams in Cyprus started
on a small scale about fifteen years ago.,

Until 1960, fiftecn rather small dams, mainly
of the mass concrete and masonry gravity type,
were constructed particularly on the mountains,
having a total capacity of about 200 million gal-
lons, at a cost of about $560,000.

Since 1960, eighteen major dams, and many
smaller ones, mainly of earth and rockfill con-
struction have been completed or they are being
constructed with a total capacity of about 4,000
million gallons, ©nd at a total cost of $6,160,000,
excluding the canalization. The major dams are
mainly of earth and rockfill construction. (Please
see Dr. No. AG/IR/g/1A.)

(B) RECHARGE WORKS

Artificial recharge works in Cyprus constitute
one of thc major works undertaken by the Water
Development Department. The problem has be-
come very scrious in the last few years because
of the uncontrolled pumping and the depletion of
the aquifers. The most scriously affected areas are
the Morphou, the Famagusta-Larnaca and the
Akrotiri aquifers, where the water table constantly
drops by more than two feet every year.



The main recharge works in Cyprus during the
past few years are:

(1) The Famagusta System, comprised of the
Ay. Nicolaos lake 300 m.g. capacity, the
fresh water lakes 600 m.g. capacity, the
Ayios Lucas Reservoir 100 m.g. capa-
city feeding an infiltration gallery five
miles long, and the Ay. Memnon re-
charge reservoir. Also we have the Par-
alimni lake 300 m.g. capacity feeding a
six-mile-long recharge cana] and about
fifty small recharge dams with an aver-
age capacity of two m.g. In addition we
have in other areas of the Southeastern
Mesaoria another twenty small dams
with an average capacity of two m.g.
More of such small dams are now built
in Famagusta-Larnaca Districts.

(2) The Morphou recharge dam built on a
pervious foundation, 450 m.g. capacity.

(3) The Kiti Dam near Larnaca, 450 m.g.
capacity.
Some other schemes are a combination of re-
charge and surface irrigation.

(C) DRAINAGE WORKS

Where natural drainage conditions are not
satisfactory, artificial drainage is required to drain
surplus water cither from irrigation or rainfall or
from percolation through any nearby canal system.

In the past decade, some drainage works were
built in Cyprus, but the main purpose was the
eradication of malaria.

The following are some of the main drainage
schemes designed by the Water Development De-
partment. Not all of these have been completed,
either because the water table dropped during re-
cent years due to excessive pumping, or because
the schemes proved too expensive.

(1) Drainage of about 10,000 donums of the
Syrianochori marshes. Partly carried out.

(2) Drainage of the Achyritou saline reser-
voir lands. Partly carried out.

(3) Drainage of the Patriki Lake. Carried
out,

(4) Drainage of the Ayios Lazarus and Pam-
boula swamps. Partly carried out.

(5) Drainage of the Polis, Ayia Kebir, Kou-
klia, Xeros and Mandria swamps. Not
carried out,

(6) Drainage of about 10,000 donums of the
Akrotiri marshes and the salt lake.
Partly carried out.
Some of the above schemes are combined irri-
gation and drainage schemes.

(D) RIiVER TRAINING WORKS

These arec works carried out in river beds
mainly for one or more of the following reasons:

(1) Flood control.

(2) Land reclamation.

(3) Town or country planning.

In Cyprus river training is mostly undertaken
for land reclamation and flood control purposes.
River training works by protective walls, gabions
and staking have been constructed in mary places,
such as: Xeros river bed in Paphos, Limnatis
tributary of the Kourris, Limnatis river bed, and
Yermasoyia river bed.

The most important river beds in Cyprus,
where land reclamation could be substantial, by
reducing the width of these beds from over 1000
feet in many cases to two or three hundred feet,
are: the Scrrachis, the Pedicos, the Idalias, the
Yermasoyia, the Kourris, the Dhiarizos, the
Xeros, the Ezuza, the Chrysochou, the Pyrgos and
the Limnatis.

These land reclamation and river training
works could also be combined with recharge
schemes. In some cases town planning is also of
importance, such as the casc of the Pedicos pass-
ing through Nicosia, for which river training works
are required,

(E) FLoop CoNTROL WORKS

The purpose of flood control schemes is to re-
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duce or eliminate completely the intensity of a
river flow likely to cause destruction by flooding
inhabited areas or agricultural land,

In Cyprus many such works are being designed
and built by the Water Development Department.
One flood control reservoir, the Athalassa earth
dam, built in 1962, is also used for irrigation, and
one flood control dam built in 1963 has been de-
signed for protecting Famagusta town from floods
and in addition helps in recharge,

Many flood protection embankments are built
along river beds, and in many cases groynes of
concrete or gabions are built — cylinders filled
with stone and mud to serve as a dike,

In other cases diversion canals are built to
divert the floods away from inhabited areas, such
as the Voroklini scheme.

V. Multi-Purpose Schemes — Basin-Wide
Development

Some of the constructed dams serve for two
or three of the following purposes:

(1) Surface irrigation.
(2) Underground water recharge.
(3) Flood control.

For example, the Athalassa dam constructed
in 1962 serves for surface irrigation, underground
water recharge and flood protection. The Mor-
phou dam constructed in 1962 serves for recharge
and surface irrigation, while the Famagusta dam
constructed in 1963 serves for flood protection
and recharge. It is anticipated that some of the
future dams may also serve for domestic water
supply and probably for the generation of elec-
tricity to a limited extent,

The dams that have been constructed up to
now are chicfly in small rivers and have not re-
quired a very detailed basin development study.
However, the necessary studies have been made
to determine that the dams fall within an inte-
grated basin development project.
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VI. Future Water Development
(A) UNDERGROUND SUPPLIES

A United Nations special fund project is now
in operation for evaluation of the groundwater
supplies and also for finding any new supplies
possible from greater depths, However, it is con-
sidered doubtful whether any new significant un-
derground source will be found,

This project employs, in addition to the local
staff, many foreign experts. Part of it has been
conducted by a German mission partly financed
by the German government, and part of it has
been carried out by a French mission partly fi-
nanced by the French government,

Considerable technical data has been collected
in the last few years, such as observations of the
water table fluctuations, quality of water, rainfall,
surface runoff, and evapo-transpiration. This
work must continue.

(B) SURFACE SUPPLIES

The present surplus flow to the sea from the
rivers is the only reliable source of water for
future development. To store this water for irri-
gation, many relatively small dams are necessary,
duc to the topographic conditions. These devel-
opment projects are among the most expensive in
the world, but due to the special circumstances
prevailing on the island and the high revenue
earned, they are feasible.

Technical data such as runoff figures, rainfall
and evapo-transpiration are available, but more
records are nccessary. By the end of this year it
is hoped to complete all the necessary network of
automatic flow recorders and rainfall stations,

With regard to technical staff, there are now
enough locals who are assisted and trained by ex-
perts from the United Nations, the United States
Aid Mission and foreign consultants,

Funds are available from the Cyprus Devel-
opment Budget, but some loans have been issued
by the German and the United States govern-
ments,



The 1964-1965 dam construction, numbering
nine relatively large dams which have now been
substantially completed, is an indication of the
government's interest in water development.

Table 4 shows the anticipated water de-
velopment which may result in the construction of
dams to store the surface flow now lost to the sea.

VII. Water Laws, Administration,
Economics, Financing

(A) WATER Laws

The water legislation problems in Cyprus con-
stitute one of the most serious difficulties in the
water development of the Island, All the springs
and many surface and underground water supplies
are privately owned, either in the form of regis-
tered rights or in the form of ab antiquo rights.
The main water laws are:

(1) Irrigation Division Cap. 342

Deals with the formation of an Irrigation Di-
vision by at least ten proprietors (owners of land)
for the purpose of constructing, operating, im-
proving, maintaining, or repairing irrigation works
and/or for th. protection of their water resources
or their water rights,

(2) Irrigation Association Cap. 115

Provides for the formation of an Irrigation
Association by at least seven proprietors (owners
of water) for the construction, operation, main-
tenance, repair of any irrigation works or/and
protection of their water resources or water rights.

(3) Wells Cap. 351

It gives power for the prohibiting of the sink-
ing or construction, widening, decpening or clear-
ing of a well or borehole without a permit and for
the imposing of any conditions on the permit.

(4) Water Development and Distribution
Cap. 348

Provides for the declaration of certain regions
into development areas for the conservation and
better use of water resources in these areas or for
the effective execution of an Island-wide policy
relating to water.

(5) Government Water Works Cap. 341

This law vests in government all underground
waters, all water running to waste from any river,
spring or water course and all other waste water.

(6) Public Rivers Protection Cap. 82

Gives power to the government to declare any
public river or portion of a public river to be pro-
tected against damages to banks, removal or carry-
ing away of stones, shingle, gravel, sand, soil or
other materia: from any river and the dumping
of any rubble, rubbish or other refuse in the river,

(7) Water Supply (Municipal and other
Areas) Cap. 350

Provides for the establishment of Water Boards
in towns to administer Water Supply Works, and
is comprised of government members and munici-
pal members.

(8) Water (Domestic Purposes) Village
Supplies Cap. 349

Provides for the establishment of Village
Water Commissions for administering the domes-
tic water supplies of the village.

(9) New Legislation

A new law has recently passed which gives
more power to the government for enforcing
measures toward the control of extraction from
boreholes and the efficient use of the water.,

A revision and certain improvements of these
laws have been recommended by a United Nations
team of water legislation experts who visited Cy-
prus and studied the water legislation problems.

.Their recommendations are being considered by
" the government.
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(B) ADMINISTRATION

Irrigation works are operated and maintained
either by an Irrigation Division, if the proprietors
are land owners, or by an Irrigation Association,
if the proprictors are water owners. These divi-
sions arc under the chairmanship of the District
Officer of the District Administration, and a com-
mittee made up of local proprietors is formed.
This committee is responsible for the operation,
maintenance and financial affairs of the works.

This type of committee has worked satisfac-
torily in the case of small irrigation works which
do not face any appreciable technical, administra-
tive or financial difficulties. But as the works now
under construction are relatively on a large scale,
to cnsure their success it will be necessary that
these works be controlled by a committee com-
prised not only of administrative officers and rep-
resentatives of the proprictors, but also by water
engineers, agriculturists, and economists, and the
works should belong to the government, which
should undertake to sell the water to the propri-
ctors. This method has already been put into ef-
fect with five major dams which have been de-
clared as Government Water Works under the re-
spective law.

(C) Economics

That an irrigation scheme should be econom-
ically feasible is a prerequisitc for its approval,
The economic feasibility of an irrigation project
mainly depends on a comparison of the expendi-
ture for construction, maintenance and operation,
and the direct benefits which are:

(1) Irrigation benefit measured in terms of
increase of crop production and income.

(2) Reclamation benefits.

(3) Flood control benefits measured in terms
of damages prevented.

Although many of the irrigation projects in
Cyprus involving the construction of a dam are
rather expensive, yet the income from the crops is
su great that the schemes are feasible and some-
times benefit-cost ratios of more than three are

74

attained. For example, an acre of orange groves
gives an average net profit of over $560 every
year, an acre of apple trees gives an average
net profit of over $1,120 every year and an acre
of carrots gives an average net profit of over $420
every year.

(4) Financing

Irrigation works carried out for irrigation divi-
sions or associations are financed by the govern-
ment, which makes money available, partly in the
form of a grant and partly in the form of a loan.
It has been an established practice that the gov-
ernment contribution to water works conducted
for an irrigation division is as follows:

(a) Winter crop irrigation schemes, eighty
percent,

(b) Spring crop irrigation schemes, seventy-
five percent.

(c) Perennial irrigation schemes, sixty-six
and seven tenths percent.

(d) Drainage schemes full cost to govern-
ment except where irrigation works are
also involved, which are then financed
as previously explained.

(e) Flood protection works full cost to gov-
emment except where irrigation works
are also involved, which are thea fi-
nanced as previously explained.

The government contribution to domestic
water supplies for villages is fifty percent but there
is no government contribution in the case of town
water supplies.

The government contribution for irrigation as-
sociations does not depend on the type of irriga-
tion but on the distribution of shares of water
among the proprietors. The government contri-
bution to these is usually less than to irrigation
divisions,

The village share is made available by the
government in the form of a long term, low inter-
est loan. This system of financing does not apply
to the major irrigation schemes, especially those
incorporating a dam, which are built at full cost
to the government. The government controls the



works and imposes water rates per unit volume of
water used in these cases. The advantages of this
method of financing are:

(a) More efficient water utilization, because
the proprictors will pay according to
what they use.

(b) The works will belong to the government
and the government will operate and
maintain them by appointing an appro-
priate authority comprised of administra-
tive, technical and financial representa-
tives of the government and representa-
tives of the proprietors.

(c) The government will be able to establish
priorities of construction and selection
of works, instcad of awaiting schemes
requested by the proprietors.

(d) Administrative difficultics and delays in
issuing loans and starting the works are
overcome.

This system of financing has already been in-
troduced in the case of five major dams.

VIll. Research Program

No real laboratory research regarding water
development has been conducted in Cyprus, but
the following are being studied: rainfall; runoff
in rivers; underground water table observations;
silting up of dam reservoirs; water requirements
of crops.

It is important to note that since 1962 two
main research organizations have been established
with the United Nations' help:

(1) The Agricultvral Rescarch [Institute,
which conducts a research program in
all branches of agriculture, including
water use and animal husbandry.

(2) The United Nations Special Fund Proj-
ect, to make a determination of the po-
tentialities of all underground water and
to find new underground supplies.

IX. Statistles

Total area of Cyprus ............ 6,750,000 donums*
Total arable area ................. 3,900,000 donums
Total area cultivated ............ 3,300,000 donums
Total area cropped per year ..1,800,000 donums
Total area irrigated ................ 650,000 donums

Seldo.nly drainage is necessary
on irrigation schemes.

Length of main canals ............. About 1,500 miles
Length of distribution canals .... About 1,500 miles

Cost per unit area irrigated

Pumping scheme ........................ $70 per acre
River diversion scheme ................ $42 per acre
Impounding scheme ...................... $84 per acre
Cost per unit area cropped
Citrus ..o $101 per acre
Carrots ..o, $110 per acre
Potatoes ......coccooverviceieenne, $ 50 per acre
Olives ........ceeiierneeecceen, $ 42 per acre
Grapes .....cccevveveememereerereeeeevenns $ 50 per acre

X. Drainage Statistics, international Agree-
ments and Flood Control Works

(A) Drainage works, as mentioned before, are
not significant in Cyprus. The enclosed
drawing No. Ir. 3843 gives all that is avail-
able,

(B) No international agreements are necessary
since Cyprus is an integral island.

(C) Flood control works are also of minor im-
portance. Some details have been men-
tioned previously.

* One donum equals one-third of an acre.
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HYDRO-GEOLOGICAL CLASSIFICATION OF THE ROCKS OF CYPRUS

Table 1

| AREA OF
THICKNESS OUTCROP
AGE FORMATION GROUP LITHOLOGY FEET SQ. MILES YIELDING WATER TO
Recent Alluvium Silts, sands and gravels up to 200 ) 210 Wells and Boreholes
Pleistocene Fangiomerate Boulder beds, gravels, sands, 10-170 | Wells and Boreholes
Series silts, clays & havara )
Upper Pliocene Athalassa MESAORIA | ) Fragmental limestone with
to Upper Formation GROUP ) subordinate brown marl 150 782 | Wells and Boreholes
Miocene Nicosia Formation ) 300 165 | Wells and Boreholes
Myrtou Marl Khaki and grey marls with
calcareous siltstones with
Pissouri Marl some intraformational 2,000 10 | Few Boreholes
conglomerates 480 5
Middle Miocene Koronia Limestone |DHALI Reef limestone 200 12 | Springs, Wells & Boreholes
Pakhna Formation GROUP Gypsum, chalks, limestones 1,820 575 | Wells and Boreholes —
and marls water is highly
Kythrea Formation Marls, sandstones, limestones mineralized
greywackes & conglomerates 13,600 506 | No useful water
Lower Miocene to | Terra Limestone LAPITHOS Reef limestone 200 8 | Springs, Wells & Boreholes
Upger Cretaceous | Upper, Middle & GROUP Chalks, chert, marls, shales
Lower Lapithos & limestones 2,000 219
Upper Triassic Mamonic Complex Micaceous sandstones, lime-
stones, tuffs red marls 600 95 | No useful water
Perapedhi TRYPA Black shales, umber bentonitic
Formatian GROUP clays and radiolarites 80 No useful water
Akamas Sandstones Sandstones, locally quartzitic 8
Petra tou Romiou Recrystallized and brecciated
Limestone reef limestones 2 | Small springs
Schist Series Quartz-mica schists, hornblende
gneiss No useful water
Upper Cretaceous Hilarion Recrystallized and brecciated .
to Upper Limestone limestones 1,000 61 | Springs and Boreholes
Carboniferous
Undated Troodos lgneous 926 | Springs
. Complex
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IRRIGATION, CROPS, EXTENY AND WATER CONSUMPTION

G R 0] U N D w
KYRENIA
WESTERN S.E. B.Hs & AKROTIRI-
MESAORIA MESAORIA Wells Springs PHASOURI POLIS
TYPE =
- —_ —_~ > — -~
S| g2 gz | | 8x| |53 gz | _|&2
OF F | $s| Tl2s| 7|89 3|2%| 3|fs| 7|
g |53 08|52 |08 52| 81551 o8[52 eS|
- ) - .0 bt . O bt B - . O - )
CROP <% |dg[<3|0g|<B|c2|<B|dT| <3| |%3|a2
— B - 8| =08]l-8 =08 |=8)=08|-2 - 0|l -3 ~0j= ¥
s o 2y 22/0c (0D 01080870 2olos| 820
RE RS RE | ||| E|RS| BE[pox| LBk
1. Citrus & other trees 24950 | 7610 11785| 2990 { 4825 | 925 [2375| 380 7140 | 2195 | 140 | 40
2. Deciduous . . . . 300 50 | 300{ 50 . . .. .
3. Vines & Table grapes 200 25 200 25| 120 12 80| 10 2400 | 300 50 6
4. Harricot beans 4120 680 460 80| 195 25 | 180 20 1015 | 235 100 15
5. Melons & Water Melons 3970 610 ] 2630| 565 . . . . 410 90 {1160 |290
6. Potatoes (Spr.) 3595 350 168651 1490 | 260 25 | 250| 25 545 75 55 5
7. Potatoes (Aut.) 3510 535 8590 1165 70 10 20 3 95 17 55 10
8. Tomatoes 1300 250 | 2220 | 440 50 10 20 5 530 120 | 320 | 80
9. Colocasse .. . 940 | 300 . . .. . . . . .
10. Cucumbers 500 100 750| 150 150 30 20 5 270 55 | 240 | 50
11. Artichokes . . 200 60 500 150
12. Clover 730 440 .. . .. . . ..
13. Carrots 3500 315 100 10 400 40 50 10
14. Tobacco . .
15. Cotton .. .. .. . .. . .. . . .
16. Cow peas 2000 350 300 50§ 100 15 - . 300 50 | 200 | 40
17. Other Seasonal Crops 2620 650 610| 150 | 380 80 50| 10 430 100 | 100 | 20
18. Peas . .. ..
19. Broad beans
20. Cereals (wheat,
barley, oats)
TOTALS 50995 | 11915 | 456501 7475 | 6450 | 1182 | 3295| 508 | 14035 | 3427 [2470 566
Domestic, Animal
Husbandry & Ind. 866 459 109 46 713 349

Note: Other Seasonal Crops include: Onions 3000 d., Cabba

and Groundnuts 1300 d.

es 2100 d., Cauliflowers 2000 d., Okra (ladies’ fingers)

Deciduous Crops include: Apples 8300 d., Pears 2800 d., Quinces 250 d., Apricots 5400 d., Cherries 3500 d., Peaches
Citrus & other frees include: Oranges, Lemons, Gropefruits, Tangerines, 60000 d., Pomegranates 4800 d., Bananas
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Table 4
POSSIBLE WATER STORAGE DEVELOPMENT

Catchment Estimated runoff in average year, Storage and land to be irrigated
Proposed
Storage
Allow- Evapo-| Flow
ance ration | for
for Perco- | storage
fFlc:w Recharge | lation | Mill.
rom Existing Irrigation | ete. Gals.
Surface Nov. storage Upstream | from | (e) = Possible irrigation from
Runoff | Max. to without | Nov. td a-b-c-d proposed storage (Donums)
to the | Annual { Mar. Storage [storage | March compare
Hydr. seg flow Mill. No. Mill. Mill, Mill. | with the [Citrus
No. Name Mill. Mill. Gals, of Gals. Gals. Gals. | runoff & Vegetables| Decid-
Gals. Gals. (a) Dams (b) (c) (d) to sea  Bananas|(two crops) |uous
1 Yialias Negli- ) .
gible 1500 ) 1 1000 .
Pedieos " 1050 )
2  Serrachis Ovgos 1000 6750 5500. 3 650 4200 150 500 800 800 1000
3 Elea 200 1600 1300 .. .. 850 50 400 - 1600
4  Atsas 150 850 600 2 12 408 30 150 200 400 .
5 Karyotis 750 2650 2200 .. .. 350 50 1800 2000 3200 2000
6 Marathassa 400 2000 1650 2 280 270 70 1030 1000 2000 1000
7 Xeros 150 1500 1200 1 28 240 32 900 1600 2000 .
8 Kambos 150 650 500 1 5 185 10 300 600 600 .
9 Llimnitis 600 1750 1400 .. .. 570 30 800 1000 2200 .
10 Pyrgos 400 1300 1050 . . 300 30 720 1000 1800 .
11 Katouris 100 180 200 1 60 35 25 80 100 200 -
12 Ay. Theodoros 80 120 . . . 20 20 80 100 200 -
13 livadhia 200 450 370 1 270 70 30 " - - -
14 Xeros (Ay. Marina) 100 200 160 1 70 60 30 . . . -
15 Yialia 100 280 220 . . 40 30 150 300 300 -
16  Magounda 400 1000 800 1 270 480 50 - - - -
17  Khrysochou 1950 3050 2500 . . 700 100 1700 3000 3800 -
Mavrokolymbos 500 750 600 1 500 40 40 - - - .
Ktima-Akamas
18  Peninsula Minor
Catchment 1000 1250 1000 . . 770 30 200 200 600 -
19  Ezuza 2500 2750 2200 . - 400 100 1700 2500 800 500

20 Xeropotamos 3500 4650 3800 - - 250 150 3200 4000 6000 2800
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21 Dhiarizos 4000 5450 4400 - - 430 170 3800 5000 5000 3200
22 Khapotami 1200 1300 1050 . .. 130 120 800 1000 1000 1200
23 Episkopi Bay
Minor Catchment 1050 1050 800 . . 170 800 150 200 400 .
24 Kourris-Garyllis 7500 9000 7100 4 900 500 200 5500 10000 5000 7000
25 Yermasoyia 1700 3300 2500 1 5 350 145 2000 3000 3000 2000
26 Moni Area
Minor Catchment 450 550 400 120 30 250 500 500 .
27 Vasilikos 750 2200 1700 260 40 1400 2000 3000 600
28  Maroni 350 750 600 70 30 500 500 1500 .
29  Pentaskynos 650 1550 1550 300 50 1000 2000 2000 .
30 Puzis and
Xeropotamos 350 400 320 - - 30 20 250 200 800 .
31 Tremithos 450 1550 1300 1 400 630 170 100 . 400 .
32 Llarnaca Minor
Catchments 500 500 400 1 10 140 50 200 . 800 -
33 Achna-Famagusta-
Cape Grego
Minor Caichments 2000 2000 2000 50 1500 Recharge Dams 500 - - -
(including
40 small)
34 Karpas Peninsula,
Minor Ca‘chments 3000 3100 2700 2080 120 500 . 2000 -
35 North Kyrenia Range
Coastal Strip 1500 1500 1200 790 110 300 1200 -
36 Paleomylos 250 250 200 100 20 80 . 300 -
37 Kormakiti
Minor Catchment 250 250 200 150 10 40 150 -
38 Aloupos 250 380 300 180 20 100 . 400 -
39 South Kyrenia Range
Minor Catchments . . . - . 1950 -
i Kanli 270 270 1 245 - 25 - .- - -
ii Almyros 250 250 1 230 - 20 - - - -
iii Tengelis 35 35 . .. - 5 30 - - -
iv Ay. Vassilios 30 30 .- - 5 25 - - -
v Symeas 90 90 1 74 . 16 . - - --
vi Aksoyu 55 55 .. . 10 45 - - -
vii Kodja Dere 55 55 i 10 45 . . -
viii Yeni Dere 70 70 . 10 60 - - -
ix Yerokolymbos 120 120 . 20 100 .- -- -
x Kryos 50 50 10 40 - - -
xi Kyparishia 50 50 .. . 5 45 .- .- -
xii Other Minor Streams 155 155 3 55 100 - --
TOTALS 40444 72590 57200 78 6564 16688 3298 31670 42800 58900 21300
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Appendix |

SOILS OF CYPRUS

by

C. Soteriades*

Although Cyprus is a small island, it never-
theless has a large variety of soils. This may be
attributed to its rather complex and varying geol-
ogy as well as to climatic factors. The annual
precipitation ranges from just over ten inches in
some parts of the plains to over forty inches on
the highest peaks of the Troodos mountains (ele-
vation over 6,000 feet above sea level).

In their natural state the soils of Cyprus are
very poor in nitrogen and phosphorus, while gen-
erally rich in potash. The imports of nitrogenous
fertilizers amount to around 50,000 tons of fertil-
izers per annum. Phosphatic fertilizers as well as
mixed fertilizers of 35,000 and 25,000 tons per
annum respectively are also being imported.

A reconnaissance soil map of Cyprus, in the
scale of 1:125,000, was published in 1961. De-
tailed soil surveys in the scale of 1:10,000, mak-
ing use of soil series, types and phases, are now in
progress in various parts of the island. One such
sheet, with an area of nearly one hundred square
miles, was published in the scale of 1:25,000 in
1965.

A brief account of the soils of Cyprus on the
basis of the reconnaissance soil map is given be-
low.

(1) Kafkalla

The term “kafkalla” refers to the hard, calca-
reous crust which occurs as an outcrop on most
of the plateaus and mesas of the island. It is very
rich in lime (CaCOj; content around eighty per-
cent), and very hard. The relative hardness de-

* Department of Agriculture.

pends on the degree of interlocking of the calcite
crystals. Softer material, locally called “havara,”
underlies kafkalla, which from the petrographic
point of view, may be considered as hardened re-
crystallized havara. Havara and kafkalla are
thought to be terrestrial deposits of post-Pliocene
or Pleistocene age.

Two types of kafkalla are distinguished. The
fairly level type usually implies that havara under-
lies kafkalla. In many such cases it is possible
to reclaim these large expanses of land by ripping,
which breaks the surface crust and exposes the
havara or the softer underlying calcareous mate-
rial. On ripping, such lands become suitable for
trec crops, mainly carobs or barley and fodder
crops. The moderately sloping type usually indi-
cates that the crust (kafkalla) is merely a cap on
another rock and therefore ripping is impractical.
The usual rocks that are limestone capped are the
Nicosia or Athalassa sandstone and the Koronia
limestone,

(2) Terra Rossas on Kafkalla

Terra rossas occur extensively along all the
coastal plains and on the mesas and plateaus of
the central plain. These are always associated
with or overlie kafkalla. Terra rossas are gen-
erally shallow, although very deep soils, up to ten
feet, exist in places. Such soils are colluvial accu-
mulations and occur either in depressions, low
lying places or along old water courses. Shingle
beds, havara or other solid geological formations,
instead of kafkalla, usually underlie such deep
soils,

Terra rossas generally have a good red color,
with a 10R or 2.5YR hue and chroma six or
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higher. These have little or no horizon differenti-
ation. The soil is calcareous or slightly so on the
surface but always calcareous in the subsoil. Lime-
free soils on tie surface can be found in certain
areas.

Their texture is that of a clayloam to clay on
the surface, but always clayee in the subsoil,
Crumb or granular structure on the surface and
subangular (rarely angular) blocky in the subsoil
are characteristic. The soil is friable when dry
but somewhat plastic and rather difficult to dig
when wet. Few cracks appear on the surface upon
drying and these only where the soil is very deep.
Swelling and shrinking on wetting and drying are
not considerable. Terra rossas are generally well
drained, base saturated, easy to manage and very
productive when deep.

“Immature” terra rossas represent soils of
non-red color associated with or overlying kaf-
kalla. These soils are always calcareous, with
fragments of crust, calcareous nodules and grits
throughout the profile. A whole range of colors,
from pale grey brown to pale brown, brown and
reddish brown, exist, and soils with such varying
colors are so intermingled among themselves and
the red terra rossas, that it occasionally proves
difficult to separate these soils cven in detailed
surveys. The “immature” terra rossas can be
regarded as juvenile soils which have not yet at-
tained maximum development. Apart from dif-
ferences in color and lack of advanced chemical
weathering, these are in all other respects similar
to the true terra rossas. Given time and protcction
from erosion, these will develop the red color re-
quired and also become decalcified. With this
view in mind, the term “immature terra rossa”
has been introduced to show their similarities and
the direction of future development.

(3) Terra Rossas on Hard Limestone

These soils do not occur very extensively. The
St. Hilarion limestone, on the northern range and
the Koronia reef limestone on the south and south-
east of the island, form good parent materials for
the development of these terra rossas. These soils
resemble very closely those described above, but
are usually decalcified, especially those on the
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northern range. As these occur on steep topog-
raphy, the soil is usually limited to certain pockets
only, while the underlying limestone is mostly

exposed.
(4) Red Earths

Soils of this group are mainly found on the
northern foothills of the southern range and along
the central plain at altitudes of 200 to 700 feet
0.D., with a rainfall of fourteen to eighteen inches
per annum. These are developed mainly from the
weathering of igneous pebbles and overlie loose
igneous pebbles, or igneous conglomerates mixed
with very calcareous deposits (havara) occasion-
ally cemented. These soils resemble the terra
rossas in that these both have a red or reddish
brown color but differ in profile development and
characteristics. The “A” horizon has a clay or
clayloam texture, but the “B” horizon has a mod-
erately heavy clay texture and a prismatic or ten-
dency to prismatic structure. These soils have a
slightly calcareous or non calcareous “A” horizon,
but their “B” horizon is always calcarcous. A
“BCa” horizon with a lime content of twenty to
thirty percent is characteristic of some of the soil
series belonging to this group of soils.

The typical red earths can be considered as
more mature soils than the terra rossas, for they
show a good profile development. Another im-
portant difference between these two groups of
soils is the considerable swelling and shrinking on
wetting and drying of the red earths, attributable
most probably to differences in clay minerals.

The term “immature” has been used for the
red earths with the same meaning as for terra
rossas to indicate a lighter soil of brown or grey
brown color and a higher proportion of igneous
pebbles and lime. Another subdivision in this
group are the “degraded” soils which occur at
higher elevations and result from the washing
away of the top soil by erosion, thus exposing the
“B” or the “BCa” and “C” horizons in most in-
stances. Such soils undergo now a new cycle of
weathering.

(5) Brown Earths

This group is restricted to soils developing or



overlying pillow lavas. Because of the steep or
rolling topography of the pillow lavas, soils are
generally shallow and are approaching the brown
rankers. Deeper soils are colluvial accumulations
exhibiting a certain degree of profile development.
Soils are generally non-calcareous, although some
calcareous soils may be found near the contact
with the Lapithos chalks and limestones.

(6) Calcareous Raw Soils

These are mainly mechanically weathered soils
lacking in soil development, and occur on the
Lapithos or Pakhna limestone formations. Most
of the vineyards in the Limassol and Paphos dis-
trict are on these soils which, in spite of their
steep topography, have survived complete destruc-
tion from erosion through cxtensive terracing. In
essence these are man-made soils created because
of the softness of the parent rock with the aid of
the pick and the plough. The whole profile can
still be considered as that of the “C” horizon, as
the original “A” has been washed away and is
just now being reformed. A very pale color (al-
most white in the majority), a very high propor-
tion of limestones and slabs from the underlying
rock, as well as excessive lime content (sixty to
eighty percent) gritty texture and lack of organic
matter are the characteristics of this group.

(7) Xerorendzinas

The Xerorendzinas, in contrast to the calcare-
ous raw soils, are chemically weathered “A/C”
soils showing some profile development and occur
on limestones, marls, or other very calcareous
deposits. On the basis of the parent material the
Xerorendzinas were mapped as below:

(a) On the Kythrea beds. The parent ma-
terial in this case is an interbedded sandstone and
marl highly folded and tilted. These rocks give
rise to a hummocky topography with the sand-
stone beds vertically exposed and the marl weath-
ers down to give an “A/C” soil with some lime
accumulation. Such soils are usually heavy, cal-
careous, humus- deficient and have a grey brown
or yellow brown color.

(b) On limestones, chalks and very calcare-
ous deposits. These are mostly deep soils of pale
color derived mainly from colluvium of the Pak-

hna and Lapithos limestones and chalks. “A/C”
soils are extremely calcareous even in the “A”
horizon with low organic matter,

(c) On Pliocene marls. These soils are sim-
ilar to those developed on the Kythrea beds, but
occur mainly on the Myrtou and Pissouri marls.
They are essentially “A/C” soils having occasion-
ally a “B” horizon; usually shallow clays to heavy

clays having an impcded drainage when on level
land or depressions.

(8) Shallow Rendzinas with Hard Limestone
Outcrops

These soils are found on the eastern half of
the northern range where the soft Lapithos lime-
stone occurs extensively. Soils with a northern
aspect have a dark “A” horizon, rich in organic
matter, while those with a southern aspect are less
rich. These soils develop under low scrub woody
deciduous vegetation.

(9) Alluvial Soils

Apart from some narrow patches occurring
alongside certain rivers there are two main exten-
sive alluvial regions. The one on the central part
(Eastern Mesaoria) consists mainly of heavy soils
highly influenced by the Kythrea marls lying to
the north. The other region, around Morphou
Bay, consists mainly of lighter soils from the
southern range. Generally speaking, the alluvial
soils of the west are less calcarcous than those
of the central region. All alluvial soils, however,
are recent sediments and show no profile develop-
ment.

Among the alluvial soils one finds saline and
marshy soils formed under the influence of a high
water table. These were mapped separately. Soil
salinity varies from 0.1 to two percent total salts,
the majority of salts being chlorides of sodium.
The salinity of the underlying water table is still
higher, and may reach two or three times that of
the sea. Saline alkaline soils rarely exist, the least
saline ones being usually alkaline in the surface
horizons.

Reclamation of the saline and/or alkaline soils
is feasible when an adequate system of artificial
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drains is established and gypsum applied where
necessary.

(10) Silicate Raw Soils

These are mainly mechanically weathered soils
occurring on the basic igneous rocks or on the
very old rocks of the Mamonia formation and
which have suffered severe erosion,

(a) On igneous rocks. The majority of soils
on igneous rocks are raw, consisting of rock frag-
ments mechanically broken down, showing little
or no profile development. Steep slopes and ero-
sion are the two factors in the exposure of the “C”
horizon. In protected areas or under coniferous
forest some profile development can be seen. Un-
derneath the pine needle littre, there is a dark
loamy “A” horizon with neutral or slightly acid
reaction overlying a thin “B” clayloam horizon.
The “C” horizon is occasionally quite deep, espec-
ially where the underlying rock is soft. Such soils
may be termed as rankers. Red or brown “ABC”
soils of heavy texture similar to the red earths
can be found also on the southern range especially
on ultrabasic rocks. Grey brown Podsolic soils
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with a weakly developed “A.” horizon occur at
altitudes of over 5,000 feet and an annual rain-
fall of thirty-five inches or more.

(b) On Mamonia rocks. The so-called Ma-
monia formation is the oldest geological formation
and dates back to the Jurassic-Triassic age. It
includes a wide range of rocks, such as limestones,
sandstones and marls on one hand, and basic and
ultra-basic rocks on the other. The most exten-
sive, however, is a red marl giving rise to a heavy
red soil with bad structure and impeded drainage.
These soils have not yet been studied in any de-
tail. In view of their bad physical properties,
however, these soils are considered generally un-
productive.

(11) Blown Sand

These are Aeolian deposits of many feet thick-
ness consisting entirely of beach sand and occur
in isolated places north of the Morphou Bay and
along the Kyrenia, Famagusta and Karpass penin-
sula coastlines. Many of these have not yet been
established.



Appendix I
IRRIGATION IN CYPRUS*

Irrigated crops form the very backbone of the
Cyprus economy, and they always have; recently,
however, even more so, and with a difference.

Through all of history, up to and including
World War II, “irrigation” here meant wild flood-
ing of unleveled lands for cereal production, util-
izing spate waters diverted from the rivers when
swollen by rains. Understandably, the extent of
this type of irrigation varied conciderably from
year to ycar, and efficiency of water use was ex-
tremely low. However, on the average, large areas
were irrigated and the overall production was a
sustaining force in the economy. Dry season, or
year-around irrigation was relatively unimportant
because such water supplies were very scarce.
They were comprised of a few good springs and
the small quantities which could be lifted from
shallow aquifers by such devices as windmills and
Persian waterwheels. Life in the villages was diffi-
cult, and dry years could spell disaster, but wet
years always came along to restorc the production
balance, and the standard of living to its normal
level, The point is, there were no basic water
supply problems, or threats to the way of life.
Water, while a wasted asset, was not a wasting
asset. Onc might mourn the annual runoff of huge
supplics of surface waters to the sca, or the fact
that large, untapped reserves existed in the deeper
aquifers of the Island, but taken in context, the
overall irrigation picture was one of stability. De-
spite the extreme inefficiency of the system, one
cannot complain that spate waters were *“mis-
used.” These were, after all, waters which if not
diverted, would be wasted to the sca. The costs of
diversion were insignificant, and the gains there-
from relatively high. It simply was not feasible to
level the land or to take other measures for the
improvement of irrigation cfficiences for such a
crop as cereals, not to mention the additional
problems of shallow soils, land fragmentation,
crop rotations and fallowing, highly variable water

* Produced by the Water Use Section, Department of
Agriculture.

supply, etc., all of which compound both the
difficulties and the costs beyond practicability. It
should be added that the same holds true even
today.

Today, although spate irrigation goes on just
as always, its relative importance in the overall
irrigation picture is greatly diminished, due to the
appearance on the scene of the deep bored well
and the deep well pump; essentially a post-World
War Il phenomenon in Cyprus. For the first time
in history we have been offered a large and de-
pendable supply of water for year-around irriga-
tion. Is it any wonder that farmers went all-out
to tap this unprecedented source of prosperity, or
that government encouraged them to do so? 1
think not. As a result the Island today produces
a great quantity and variety of fruits and vege-
tables, much of which is for export, comprising
fully threc-fourths o. the total value of agricul-
tural exports, and this in a country which exports
essentially only minerals and agricultural procucts.
Chief among the exported crops are citrus fruits,
potatoes, and carrots, but many other irrigated
crops are exported also, for the climate and soils
are suited to virtually all crops. Only water is lack-
ing. A measure of the value of irrigation to Cy-
prus is the fact that the mere five percent of crop-
land which is irrigated year around (the over-
whelming majority of which is irrigated with
groundwaters developed in the last twenty years)
yiclds one half of total crop production, or onc
third of the total agricultural output. Donum for
donum, the irrigated lands are thus scen to pro-
duce nineteen times the value o the drylands
(which include the spate irrigated lands). In
19406, spate water use was 25,000 million imperial
eallons (note that figures on irrigated acreages,
water use, etc., can best be described as rough
approximations), and the valuc of the cereals,
etc., produced was Cyprus $9,800,000. Ground-
water use was 8,600 million gallons and produced
a gross income of Cyprus $8,400,000.
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In 1966 spate water use and income should be
the same as before, but groundwater use should
have risen to 57,500 million gallons and should
produce a gross income of Cyprus $58,800,000;
in other words a seven-fold increase in twenty
years. Present groundwater usc appears to be
rising by 4,500 million gallons per year, and the
income from this use at a corresponding rate.

However, the blessing is decidedly mixed, be-
cause groundwater development had already be-
come over-development in some aquifers more
than a decade ago. In 1956 when groundwater
use was a mere 20,000 million gallons, a large
portion of the Famagusta aquifer was already de-
stroyed by the intrusion of sea water, due to over-
pumping along the coastal strip, a rich citrus belt.
The same process had begun in small areas near
Limassol and Morphou.

Controls were ordered by the then Colonial
Government, but you will recall that this was the
period of struggle which culminated in indepen-
dence in 1960. Controls were unenforceable, and
few people were fully alerted to the dangers of the
situation anyway. As for proper water use, it
had never been of concern, and there were no
trained people on che Island.

Since 1960, the Government of Cyprus, real-
izing the importance of all-scason irrigated agri-
culture to the economy, has given its full support
to the development of surface sources presently
wasted to the sea, to the improvement of water
use efficiencics at the farm level (see separate pa-
per on the “Water Use Improvement Project”),
and to various investigative programs to deter-
mine the true status of water supply and use.
Meanwhile it has striven to formulate and pass
legislation to enforce necessary controls on water
use. I am pleased to report that this legislation
has now been passed, and enforcement procedures
are being formulated.

The sobering fact is that all possible measures
must be taken if the present high income from irri-
gated agriculture is to be maintained, much less
increased:
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(1) Unauthorized drilling of wells must
ccase.

(2) All groundwater sources must be fitted
with water meters or other accurate
measuring devices.

(3) Extraction Quotas must be set and en-
forced for each well.

(4) Every effort must be bent, and every
facility made available, to effect the
highest possible efficiency of water use
at the farm level.

(5) Water must be transferred from areas of
plenty to threatened areas.

(6) New sources of water, both surface and
subsurface, must be developed to sup-
plement present sources.

(7) Likely a charge will have to be put on
the extraction of groundwaters.

(8) Quite possibly there will have to be
planting controls which could restrict or
halt new plantings, with cropping pat-
terns to favor low water requirement
crops, or in grave cases, to reduce the
irrigated area.

Some of these measures are already being

taken, others soon will be, and the rest are under
consideration,

There is a bright spot on the horizon which is
now looming larger daily. It happens that the
returns from fruit and vegetable crops, per unit
volume of water they require, are very high. We
can afford to pay a high price for a dependable
supply of year-around water. So we are pleased
to note the results of the latest feasibility studies
for a large scale (150 x 10% US gallons per day)
desalinization plant in the USA, which indicate
unit costs comparable to those we are presently
expending for development of surface supplies
which are not dependable in Cyprus, and which
projects are further complicated by problems of
water rights and land fragmentation. We submit
that it is time for Cyprus to begin seriously con-
sidering desalinization of sea water as a very pos-
sible answer to our water supply problems in the
not too distant future,



Appendix 1l

RESEARCH IN IRRIGATION

by

Mr. Y. Stylianou

In the summer of 1962, after an agreement
between the Cyprus Government and the Special
Fund of the United Nations and the FAQ, the
Agricultural Research Institute was established.

Among other sections, the Soils and Water
Use Section is one of the most important.

Since water is one of the most precious com-
modities in Cyprus, priority was given to the find-
ing of the exact water requirement of the main
irrigated crops and particularly citrus. This de-
tailed information is necessary for raising the irri-
gation efficiency. It is also of utmost importance
to the government in its effort to enforce strictly
any legislation designed to balance the extraction
of groundwater with the replenishment.

The experimental trees are irrigated by the
“hose-basin” method. The moisture is followed
by regular samplings and by the use of tensio-
meters. The frequency of irrigation is another ob-
jective of the experiments, side by side with the
water requirement. Four points on the scale of

* Agricultural Research Institute

the available moisture (1-5-9 - 13 atmospheres
average tension in the root zone) are under, and
no difference in the trees' growth or production
has as yet been observed. This means that we
can grow the trees without any damage, with fewer
irrigations and less total water, since the efficiency
of application can never be 100 percent.

This coming irrigation season the data to be
collected will include evaporation records for the
first time in Cyprus. Evaporation records will
also be used to determine the water requirements
of crops such as potatoes, since the soil samples
are not reliable, due to the sparse root system.
An important part of the work in 1966 is the
testing of waters of various salinity levels for
sprinkling alfalfa. Also for raising the efficiency,
we will try to determine the optimum length of
furrow for a given soil type, slope and head of
water.

The work of the Water Use Scction of the
Research Institute is therefore “applied” research
on problems raised by the farmers or by the
Extension Irrigation experts of the country.
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Appendix IV

SOIL CONSERVATION SCHEMES

by

Kyros L. Sarrides*

Soil conservation has been a serious problem
in Cyprus, and as the government realized it a
specialist service of Soil Conservation was estab-
lished under the Department of Agriculture to
deal with both dry and irrigated land. The follow-
ing schemes are now in operation for promoting
soil conscrvation works:

(1) Organization of Soil Conservation
Divisions

According to the Soil Conservation Law, legal
power is given to the government for the establish-
ment of Soil Conservation Divisions on compact
areas, provided this is decided by the majority of
the land owners and the scheme prepared by the
Soil Conservation Service is approved. The ad-
ministration and application of the scheme are the
responsibility of a local committee of land owners,
clected by the farmers affected, with the Director
of Agriculture or his representative as chairman.

In addition to the technical assistance, the
government gives financial help, which now
amounts to fifty percent as subsidy and the re-
maining fifty percent as a long-term loan.

The major obstacle in the economic planning
of such divisions has been the scattered holdings
in small plots, the average size of each plot being

* Soil Conservation Engineer, Department of Agriculture
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about one acre. This problem is expected to be
solved by the enactment of a Land Consolidation
Law in the near future.

(2) Soil Conservation Minor Works Sub-
sidy Scheme

According to this scheme a subsidy of twenty-
five percent of the cost is given to the farmers of
joined villages for certain soil conservation meas-
ures applied by them according to the instructions
of the specialists. Such measures are: bench ter-
races, leveling, masonry structures, ripping, etc.

(3) Earth-moving Equipment

The use of such machinery was initiated by
the government by making fiftecn crawler tractors,
with scrapers, bulldozers and rippers, available to
farmers at very low prices in the beginning but
now at cost price. Meanwhile, individual con-
tractors have increased sufficiently in number so
that their services are obtained at rcasonable
prices.

(4) Technical Assistance

Technical assistance is given to individual
farmers by the Department of Agriculture and
plans are prepared for proper land preparation
and usage.



GREECE

The total irrigated area of Greece (1964)
amounts to 540,000 hectares, fifteen percent of
the cultivated surface. The area that can be irri-
gated in the future, by the existing possibilities,
is estimated to be 1,600,000 hectares.

Methods of Irrigation

Furrow irrigation is widely used, chiefly for
cotton, corn, sugar beets and vegetables, and
covers about cighty percent of the irrigated area in
northern Grecce and a smaller percentage in other
regions of the country.

The main rcasons for adopting furrow irriga-
tion in northern Greece are: (a) the increasing
acreage cultivated with row crops; (b) the small
rates of discharge, which are very casy to handle;
(c) the use of small siphons to supply water from
laterals to furrows that facilitate considerably the
application of irrigation.

In southern Greece the most widely used
method of irrigation, especially in orchards, is irri-
gation by basins. This method is preferred in
order to prevent excessive water losses and to in-
crease the water distribution efficiency.

Sprinkling irrigation by portable individual
sets is applied in areas where collective surface
irrigation projects are under construction.

The irrigated area by sprinkling (individual
installations) amounts to 34,300 hectares.

0

A project for collective irrigation by sprinkling
on demand is under construction to serve 2,100
hectares and an additional area of 51,700 hectares
is being studied. A comparison between surface
irrigation and sprinkler irrigation is also being
made.

From an analysis of the gencral and annual
costs of the two systems the following conclusions
have been made: (a) The total cost of construc-
tion of surface irrigation systems, including the
cost of land grading, is $905 per hectare. The
comparative cost for sprinkling systems amounts
to $1,474 per hectare, or $569 per hectare more
than surface irrigation; (b) The annual cost for
surface irrigation is $95.50 per hectare, while for
sprinkler irrigation the unnual cost is $169 per
hectare. In other words, surface irrigation gives
a net profit of $73.50 per hectare more than
sprinkling; (c) In general, irrigation by sprinkling
should be adopted when special soil and water
conditions make surface irrigation impossible.

Field experiments are conducted by the Land
Reclamation Research Station on the amount of
water applicd, length and width of borders, length
and spacing of furrows, land slopes and sprinkler
irrigation designs.

Field irrigation efficiency studies have been
made only on the methods of furrow and border
irrigation.

In newly constructed projects land leveling is
applied by the Land Reclamation Service, on the
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basis of carcful studies carried out by the special-
ized agronomists.

Improved Irrigation Systems

Due to the high cost involved, irrigation canals
were constructed unlined a few years ago, but
since 1957 all systems are concrete lined.

Flumes (canaletti) of a length of five meters
each have been used since 1960 in all major irri-
gation projects, where land slope is very small.
Concrete lined canals (mostly rectangular) and
more recently pipelines are used in irrigation
works constructed on hilly areas. In all large irri-
gation projects Neyrpic discharge measuring de-
vices equipped with Neyrpic (Amil, Avio, Module
a Masque) regulators are installed in every canal.

The continuous flow delivery system is most
commonly used.

Water Quality

A serious water quality problem developed
recently in the coastal areas, where overpumping
from shallow or deep wells caused intrusion of
sea water,

In making soil survey studies for the construc-
tion of irrigation projects, quality of waters to be
used for irrigation is always examined by the soil
laboratories of the Ministry of Agriculture and
waters are classified in various classes of salinity
and alkalinity, according to the USDA Salinity
Laboratory Diagram.

Under our conditions we consider the water
quality classification applied by the USDA Salin-
ity Laboratory as very strict and therefore, in
Greece, waters beyond the upper limits are still
accepted as suitable for watering the respective
crops to a certain degree.

Leaching of Saline and Alkaline Soils

Saline and alkaline soils cover a relatively large
irrigable area, estimated at 110,000 hectares, out
of which 50,000 hectares are coastal soils and 60,-
000 hectares are continental. An additional
40,000 hectares will be reclaimed from lagoons,
swamps, etc.
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Some work has been done with leaching of
saline soils in combination with rice cultivation
and with application of gypsum. Good results
were obtained in the case of permeable (more or
less sandy or organic) soils when well drained.

A systematic investigation of leaching require-
ments of saline soils, and of the proper amount
and nature of soil amendments to reclaim alkaline
soils, has been included in the program of the
Land Reclamation Research Station. More espec-
ially, the investigation will aim at determining
quantities of water, time of flooding and soil
amendments needed to improve saline, non-saline-
atkali and saline-alkali soils, and also plants to be
grown, until full reclamation is achieved.

Drainage of lrrigated Land

Drainage is extensively applied in Greece: (a)
on areas reclaimed out of lakes or marshes; (b)
on bottom lands suffering from high water table,
and (c) in irrigated arcas, where it is generally
combined with the irrigation network, except in
sloping areas.

Drainage ditches are usually located parallel
to the irrigation laterals. Thus spacing of drains
depends largely on the spacing of irrigation later-
als, In some irrigated arcas, however, a high water
table may occur.,

The areas where closer drainage spacing is
necessary are those of impermeable soils or those
containing an excessive amount of salts. Practic-
ally all drainage projects consist of open ditches.
A very small area, with an impermeable layer at
a depth of sixty to seventy cm. is drained by mole
drains for experimental purposes.

Methods Used for Determining Consumptive
Use of Water by Crops and Frequency
of Irrigation

Systematic studies for determining the con-
sumptive use of water by crops have been under-
taken recently by the Land Reclamation Research
Station, using direct and indirect methods. The
direct methods applied are: (a) measuring the
moisture of soil samples, and (b) the use of bouy-



oucos blocks. An indirect method recently used is
the atmometer method. Studies have also been
conducted to determine ideal irrigation frequen-
cies. Results indicate that a decrease in the avail-
able moisture in cotton fields below twenty-five
percent for a certain period may cause a consid-
erable reduction in yields.

Assuming soil moisture constantly over twenty-
five percent of the available moisture on medium
textured soils, the best irrigation frequency for
cotton would be fourtecen to nineteen days during
August, which may be considered as the most
critical month for conditions prevailing in Greece,

Extension and Training of Farmers

The agency having the overall responsibility
for the application of irrigation in the field and
the training of farmers in modern methods of irri-
gation is the Land Reclamation Service of the
Ministry of Agriculture, working in cooperation
with the Extension Service of the Ministry of Ag-
riculture as well as the general and local organiza-
tions administering the irrigation works.

Field demonstrations are organized by the
Land Reclamation Service, to train farmers in
modern methods of irrigation, handling of sprink-
ler systems, conservation through land leveling,
etc. Special courses also are undertaken for sup-
plementary education of scientific personnel.
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INDIA

by

Jagat Kishore Jain *

The sub-continent of India lics partly in a
tropical and partly in a sub-tropical region with
land elevations varying from sea level to very high
mountains. Physiographically the sub-continent
may be divided into four regions of varying char-
acteristics: (1) the Peninsula of Deccan, largely
composed of most ancient rocks; (2) the Hima-
layas; (3) the Thar Desert and (4) the Indo-Gan-
getic alluvial plains. The Indo-Gangetic plains
constitute onc of the most fertile tracts in the
country.

The main problem in water utilization in India
is the great diversity in scasonal and annual dis-
tribution of rainfall. Floods may be causing havoc
in some parts of the country while other parts are
suffering from drought. The rainfall varies from
five inches (127 mm) in the deserts of the north-
west to over 100 inches (2540 mm), leaving out
Chirapunji in Assam, which gets an average an-
nual rainfall of 500 inches (12,700 mm). Most of
the rainfall is duc to the southwest monsoon and
occurs in the months of June to September, except
in the southcast portion of the peninsula, where
the rainfall is heavier from October to December.
Even from year to year the raiuiall is subject to
wide variations, both in regard to quantity and
time. Due to these irregularitics in rainfall, wide-
spread nced for irrigation is recognized in most
parts of the country,

Soils. The soils of India can be classified into

* Deputy Irrigation Advisor, Ministry of Food, Agricul-
ture, India
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four major types: (1) alluvial soils of the Indo-
Gangetic plains and the coastal areas; (2) black
cotton soils of the Deccan tract; (3) red soils and
(4) laterite soils.

Agricultural acreage. The geographical area
of the country is 809.6 million acres,! of which
about 337 million acres (net) were under culti-
vation in 1962-63. The gross arca under different
crops was 386 million acres. The major food
crops are: rice, jowar, wheat, bajra, gram and
pulses. Cotton, groundnut and sugarcanc are the
cash crops which occupy the maximum area. The
arca actually recciving irrigation during 1962-63
was 63.5 million (net) acres ard 72.6 million
(cropped) acres. This is only nineteen percent of
the arca. There is thus an evident scope for fur-
ther devclopment of irrigation,

Water resources. The utilizable surface water
resources of the country are estimated to be about
450 million acre-feet,® of which about one-third is
expected to be developed by the end of the Third
Five-Year Plan, i.c., the end of March, 1966, A
reliable estimate of the country's groundwater re-
sourccs is yet to be made. The longterm potential-
ity for irrigation development in the country is
tentatively placed at 187 million acres, comprised
of about 142 million acres from surface water
sources and about forty-five million acres from
groundwater sources,

1 One acre equals 0.40 hectare.
2 One acre-foot equals 1233.48 cubic meters,



Irrigation facilities. Since the beginning of the
First Five-Year Plan in 1951-52, concentrated
efforts have been made to develop irrigation facil-
ities in the country through all feasible types and
sizes of schemes. During the three Five-Year
Plans, about 500 major-medium irrigation proj-
ects have been constructed. They are expected
to creatc an irrigation potential of about nineteen
million acres, with an expected outlay of Rs.13,-
100 million*® during the fiftcen years’ period. In
minor irrigation, the salient achievements during
the last fifteen years arc: construction and restor-
ation of 900,000 dugwells; boring and deepening
of 300,000 dugwells for augmenting their yields;
construction of 30,000 shallow tubewells; and
construction of 9,500 deep tubewells; installation
of 125,000 dicsel powered pumps and 375,000
clectrical driven pumps; construction for repairs
of about 55,000 tanks. A large number of small
diversion, drainage and embankment schemes
have also been developed. The net additional
irrigation potential expected to be created by the
end of the Third Plan is 13.8 million acres, with
an outlay of about Rs. 5800 million.

Administration. The primary responsibility
for implementation of all types of irrigation
schemes rests with the state governments; the cen-
tral government mainly plays an advisory and co-
ordinating role. The major-medium irrigation-
schemes are handled by the Ministry of Irrigation
& Power. The schemes are scrutinized from the
planning and technical angle by the Central Water
& Power Commission under that ministry. The
minor irrigation schemes are handled by the Min-
istry of Food, Agriculture, Community Develop-
ment & Cooperation. The coordination zmong
various ministrics in regard to agriculture, includ-
ing irrigation and drainage, is achicved by the Ag-
ricultural Production Board, which is a high-
powcred coordinating body, including representa-
tives from all the concerned ministries,

Floods and drainage. The problems of flcods
and drainage are fairly acute in the country. On
an average, the floods annually affect an area of
sixteen million acres, including about five million
acres under crops. The total annual direct and

8 One rupee equals 0.213 U.S. dollar.

indirect loss amounts to Rs, 1000 million. It is
tentatively estimated that the longterm outlay re-
quired for flood protection and drainage works
would be of the order of Rs. 10,000 million. The
investment actually made by the end of the Third
Five-Year Plan was some Rs. 1500 million.

I. Accomplishments Since Last Seminar

(A) EXECUTION OF WORKS

The work on irrigation projects has continued
vigorously. The emphasis has been on completion
of those major-medium irrigation projects which
were in advanced stages of construction so that
benefits could start accruing quickly. Under minor
irrigation, cmphasis has been on increasing
groundwater utilization through construction of
dugwells, dug-cum-bore wells (dugwells which are
decpened by drilling to increase discharge) and
power driven pumps. Priority has also been given
to renovation of existing irrigation sources which
had previously been owned by the absentee land-
lords and were in disrepair duc to long neglect.

(B) MAINTENANCE AND OPERATION OF WORKS

The responsibility for maintenance and opera-
tion of irrigation projects irrigating more than
200 to 250 acres rests with the State Irrigation
Departments. Irrigation charges are realized by
the government from the beneficiaries on a crop-
area basis. In some cases therc is a two-part
charge comprising a fixed charge on the entire
commanded area irrespective of whether irrigation
is carried out or not, and the other is a variable
charge on the basis of the actual crop-acres irri-
gated. Adequate maintenance grants for these
projects are car-marked specifically in the annual
budget of the states. For some smaller projects,
the grants carmarked in the annual budget were
not adequate. During the last two years these
grants have been increased in many states.

The responsibility for operation and mainten-
ance of irrigation works irrigating lcss than 200
to 250 acres has continued to be entrusted to the
village panchayats (local self-government) in all
the states. Rural engineering departments have
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been established in the states to provide technical
supervision and guidance on the maintenance
works and other rural jobs executed by the pan-
chayats. Specific grants for maintenance are made
av. ‘iable by the government to panchayats.

(C) IRRIGATION WATER MANAGEMENT

Many positive steps have been taken since the
seminar in 1964 for improving irrigation water
management on the projects at the farm level.
These are described subsequently in the report,

(D) DRAINAGE, WATERLOGGING, SALINITY AND
ALKALI PROBLEMS

(1) The problems of waterlogging, salinity
and alkalinity relatc closely to drainage. As a first
step, therefore, cmphasis is being placed on im-
provement of drainage. Technical committecs
have been appointed to examine the problems of
drainage and flooding in all badly affected regions,
Longterm master plans have been prepared on
the basis of the recommendations of these com-
mittees. The program is being executed in a
phased manner, first the main drains then the
laterals and subsidiary drains. Maximum progress
has been attained in the State of Punjab which
was .badly affected by waterlogging and salinity.
Of the longterm Master Plan, involving a total
cost of above Rs.610 million, works covering
about twenty-five percent of the total are cxpected
to be completed by the end of the Third Five-
Year Plan,

(2) The work of surface drainage improve-
ment is being accompanied by a vigorous program
of groundwater pumping through construction of
dugwells and tubewells in the affected areas. This
groundwater pumping not only provides added ir-
rigation (in case the quality of water is good) but
also helps depress the water table and thus relicves
waterlogging.

(3) A land reclamation organization has been

set up in the state of Punjab for bringing saline
and alkaline areas under cultivation. A discharge
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of about 1,000 cusecs* of water is being utilized
for leaching the salts and raising crops. Reclama-
tion work is also being conducted in the states of
Maharashtra, Rajasthan and Uttar Pradesh. Up
to March, 1964, a total of about 52,000 acres
was reclaimed in these states. Since the last sem-
inar an estimated 60,000 more acres have been
reclaimed,

(4) To promote a program of saline-alkali
reclamation on a large scale during the Fourth
Five-Year Plan, the government of India initiated
three centrally sponsored pilot demonstration proj-
ects. These projects are located in the affected
areas of Punjab (1,000 acres), Gujarat (600
acres), and Madras (300 acres). The project
areas have been selected and preliminary investi-
gations as to salinity and alkali reclamation nceds
have been completed. Necessary reclamation
works are in progress. The project in Punjab
consists of laying of tile drains, leaching of saline
soils, and treating alkaline soils with gypsum ap-
plications. The project in Gujarat is intended to
determine the efficiency of open, pipe and rubble
drains with and without application of gypsum to
reclaim coastal saline lands which have already
been protected against ingress of sea water by con-
struction of suitablc embankments. The project in
Madras will work on an open field drainage sys-
tem and the application of amendments for recla-
mation of salinc-alkali lands in rice fields. The
results of these projects are expected to be avail-
able within the next two to three years.

(E) FIELD IRRIGATION DRAINAGE RESEARCH

After the last seminar, the government of In-
dia appointed a committee to study the needs for
research on irrigation and drainage and make suit-
able recommendations for intensification of the
programs. The committee strongly emphasized
the need for undertaking coordinated projects on
items connected with field irrigation and drainage.
Under each coordinated project, the work is en-
visized to be conducted at different research insti-
tutes in the country. There would be a coordina-
tor for each project to control and integrate the
work. These coordinated projects would be de-
1 One cusec equals 0.03 cubic meter per second.



veloped in the Fourth Five-Year Plan, Mean-
while, the work on irrigation and drainage already
being conducted at the various research institutes
is being intensified. There is a coordinated scheme
for research on minor irrigation and water use
under which research work is being conducted-on
irrigation methods suited to different crops under
variable conditions of soils, topography, etc. The
work of determining water requirements of crops
according to the soil-moisture regime method has
been intensified at various research institutes.
Some work has also been initiated on determina-
tion of water requirements of crops based on cli-
matological approach,

Five irrigation research centers have been
established in five major project areas. The work
on field irrigation and drainage is being speeded
up at these research centers.

(F) EDUCATION AND TRAINING

(1) Professionals. Since the last seminar the
central government arranged two training courses
for the professionals on the subject of minor irri-
gation and water use — one during February-
March, 1965, and the other during January-Feb-

ruary, 1966. About forty technicians from dif-
ferent states were trained during these two courses,

The training provided was sufficiently comprehen-
sive and included lecturcs on theory as well as
field practice. It is proposed to conduct one such
course cvery year in the future.

(2) Sub-Professionals. A training program
for sub-professionals on the subject of minor irri-
gation and water use is already underway in thir-
teen of a total of sixteen states. The program has
made good progress in several states and the
others have been catching up.

(3) Village Extension Workers and Farmers.
Training of village extension workers and pro-
gressive farmers is being provided on a regular
basis. The village extension workers are provided
pre-service as well as in-service training. The
curriculum of training includes different aspects
of irrigation and water use depending on the
requirements.

Il. Plans for New Water Supply Development

(A) Development through execution of ma-
jor-medium and minor irrigation schemes in close
coordination is proposed. The Fourth Plan (1966-
71) is yet to be finalized. It is, however, hoped
that sufficient allocations will be made in the Irri-
gation Sector to enable creation of an additional
irrigation potential of about twenty to twenty-five
million acres.

(B) For accelerating the creation of poten-
tial major-medium irrigation, it is proposed to
give priority to those projects which arc continu-
ing from earlier plans,

(C) Under minor irrigation, emphasis is on
groundwater development along scientific lines.
A program for groundwater investigations exe-
cuted by the Exploratory Tubewell Organization
of the government of India has been underway
since 1955. This program, however, has confined
its activitics mainly to morc favorable ground-
water-worthy areas for deep tubewell construction.
There are, however, many tracts in the country
which offer possibilitics for increased groundwater
utilization through construction of dugwells and
shallow tubcwells. A centrally sponsored program
of groundwater surveys to be implemented by the
States has been initiated recently to cover these
tracts,

(D) The existing organzation in the states
for conducting drilling work and for undertaking
deepening of dugwells by means of pneumatic
blasting is being strengthened. For facilitating lift-
ing of water from dugwells and also from other
sources such as ponds, lakes, strcams, rivers, etc.,
a program for the installation of power pumps,
both electric and diesel, is underway. The pro-
gram is proposed to be intensificd further during
the Fourth Five-Year Plan. For this purpose
many incentives have been introduced. Until re-
cently, only financial assistance in the form of
loans was available to cultivators for purchase and
installation of pumps. However, he is now eli-
gible for a substantial subsidy amounting to
twenty-five percent in the case of electrical pumps
and up to fifty percent (varying according to the
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H.P.) for diesel powered pumps. It has also been
decided that the rate of electricity supplied for
irrigation pumping over and above Rs. 0.12 per
unit would be subsidized. In the case of the pump
units as well as the electricity supplied, the sub-
sidy is to be shared half and half between the
central government and the state governments,

(E) Under the Rural Electrification Pro-
gram, emphasis is on providing motors and power
for as many pumps as possible within available
finances,

(F) Under the new strategy of development
of irrigated agriculture in conjunction with such
other basics as improved seeds, fertilizers, etc.,
emphasis is on providing more dependable and in-
tensive irrigation. Major-medium and minor irri-
gation schemes have been playing a complemen-
tary role in this regard. Construction of dugwells,
dug-cum-bore wells and tubewells in major-
medium irrigation projects is increasing. Besides
increasing the intensity of irrigation this is also
expected to reduce the hazards of waterlogging,
salinity and alkalinity, etc., in the controlled area.
The program is proposed to be intensified during
the Fourth Five-Year Plan. Integrated utilization
of major-medium diversion and storage schemes
and minor tanks is also planned wherever feasible
by diverting the surplus supplics, if any are avail-
able during the monsoon season, and storing them
in small tanks for irrigation.

(G) On somec storage schemes the existing
practice is to grow only one long-duration crop of
paddy. It is proposed to replace this crop by a
high yiclding short-duration variety and then fol-
low it up by a sccond crop during rabi (winter
scason) within the same amount of available
storage water. With simultaneous introduction of
improved irrigation practices in the distribution
and application of irrigation water, this arrange-
ment is considered to be workable on many stor-
age schemes,

lil. Development of Institutions and Procedures
for Improving Irrigation and Drainage at
the Farm Level

(A) Tt is now well recognized that the full
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impact of irrigation potential on increasing food
production cannot be obtained unless irrigation

and drainage at the farm level are planned scien-
tifically. In fact, a single program which is ex-

pected to yield spectacular results in the agricul-
tural field today at a minimum cost is considered
to be the promotion of irrigated agriculture. The
question has been how to achieve this important
objective, particularly in the face of many diffi-
culties such as: fragmented and scattered land
holdings; subsistence level of farming; lack of in-
centive on the part of the cultivators for increasing
production; lack of tech:ical know-how; shortage
of basic supplies and services, and scarcity of
credit at the disposal of the cultivators.

During the last few years the problem has
been discussed in detail by various working groups
appointed, and at various seminars convened for
the purpose. Consequently, there has been some
crystalization of thought on the issues involved
and as a result positive steps have been taken by
way of: (1) intensification of the research on field
irrigation and drainage; (2) undertaking training
programs in the modern techniques of irrigation
and drainage; and (3) strengthening action pro-
grams in the field. Details about (1) and (2)
have already been given earlier in the report.

(B) In regard to strengthening action pro-
grams, a composite approach seeking coordination
of all basic inputs and practices along scicntific
lines should be the basis of any action. Consistent
with this principle, the essential ingredients of the
action program (although the program would vary
in details from region to region and project to
project) are considered to be as follows:

(1) Crop planning and regulation of irriga-
tion supplies — providing supplemental
irrigation wherever necessary and feas-
ible.

(2) Proper distribution and application of
irrigation water and provision of ade-
quate drainage facilities,

(3) Land shaping and consolidation of hold-
ings.

(4) Soil surveys for efficient crop and water
use planning,



(5) Arrangements for supplies and comple-
mentary inputs.

(6) Extension and demonstration,

(7) Financial arrangements to meet the
credit needs of the cultivators.

(8) Cooperative storage and marketing facil-
ities.

(9) Communication and agro-industrial de-
velopment.

Several measures have been undertaken to
strengthen the action program:

(1) A special program called the Ayacut
(Command Area) Development Program to cover
the integrated activitics of the type mentioned
above has been initiated. The program envisions
a concerted and coordiated effort on the part of
various departments in selected compact areas.
It is planned to begin the program in limited areas
only, because of the limitations of resources such
as trained men, supplies, cooperative credit, etc.
The state departments involved would be those of
Irrigation, Agriculture, Community Development
and Public Works. A broad indication of the
specific responsibilities of different departments is
as follows:

Irrigation Department

(a) To fix the alignment of the field channels
and supply the maps showing the command
area and the alignment of field channels for
each village to the block development staff
panchayats.

(b) To construct the water courses and field
channcls departmentally where the cultiva-
tors so desire or have not been able to con-
struct these themselves,

(c) To help the Agriculture Department and the
ayacut development program project staff in
crop planning in relation to irrigation sup-
plies.

(d) To review the existing practices in regard
to duty of water, water allowances, outlet

factors, restoring of channels, etc., and to
introduce such adjustments as may be feas-
ible for accommodating the cropping pro-
gram.

(e) To forecast the availability of supplies so
that the plantings can be planned accord-
ingly.

(f) To construct and improve the drains of the
tract.

(g) To construct such supplemental works as
may come under the purview of the de-
partment.

Agriculture Department
(a) To make a detailed soil survey of the area.

(b) To plan cropping in the area in relation to
the irrigation supplies, in consultation with
the Irrigation Department and the project
staff of the area program.

(c) To organize departmental mechanized units
for carrying out leveling work; and to pro-
vide implements and technical guidance to
the cultivators.

(d) To arrange for improved sceds, fertilizers,
manures, insecticides, fungicides, etc., for
the area.

(e) To arrange consolidation of holdings on a
priority basis within the program.

(f) To actively participate in the extension and
demonstration work of the area in collabor-
ation with the extension staff of the blocks.

Community Development Department

(a) To persuade the cultivators to construct
field channels and prepare their fields prop-
erly.

(b) To plan and carry out the extension and
demonstration work required under the aya-
cut development program.

(c) To stimulate and direct activity for road
construction and improvement in the area.
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(d) To carry out all the normal community de-
velopment activities.

Cooperation Department

(a) To arrange for the requirements for long,
medium and short-term credit for the culti-
vators under the program.

(b) To revitalize the existing cooperative soci-
eties and to organize additional societies for
cooperative storage and marketing.

(c) To establish cooperative units for processing
the main agricultural produce of the area.

Public Works Department
(Buildings and Roads Branch)

This department is to expand communications
in the area covered under this program on a
priority basis,

(1) As indicated above, the entire country has
already been brought under the community devel-
opment program with the establishment of 5223
blocks covering 558,000 villages of India. Each
block is staffed by extension officers who are
specialized in different disciplines such as agron-
omy, soils, fertilizers, crops, engineering, etc., and
by village-level workers. All this staff is trained
in extension methods.

As mentioned in the country report of the
last seminar, a cooperative credit organization has
also been established in the country to assist the
cultivators in activities connected with agriculture.
This cooperative organization is expected to meet
the short-term as well as the long-term credit
needs of the farmers in regard to development
of irrigated agriculture. The organization makes
available short-term loans for scasonal require-
ments for improved seeds, fertilizers, etc. For
construction of field irrigation and drainage chan-
nels, land preparation, purchase of bullocks, im-
plements, etc., medium and long-term loans are
made available by the organization. Special ef-
forts are planned under the cooperative sector to
meet the requirements of the cultivators under the
coverage of the ayacut development program on
a priority basis,
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The program of ayacut development has al-
ready made good progress on certain projects in
Maharashtra and Andhra Pradesh. Other states
have also initiated the program in selected areas.

(2) As detailed in the last country report;
an intensive agricultural development program is
in progress in several districts. In some of these
districts, the practical methods of efficient water
use have been demonstrated to the farmers. The
program of demonstrations includes: (a) the
establishment of proper farm irrigation distribu-
tion systems, including construction of field chan-
nels and simple structures for control and distribu-
tion of water; (b) proper grading and preparation
of fields for uniform water application according
to sound irrigation methods, and (c¢) provision of
suitable drainage arrangements for excess water.

The demonstrations are arranged in the ficlds
of cultivators. This program has brought excellent
results. In the beginning the farmers were appre-
hensive and reluctant. However, the spectacular
increase in the yields of crops as a result of im-
proved practices and proper fertilizer application
has made noticeable impact on their minds.

Experience with the demonstrations, on the
other hand, has also revealed that the work in-
volved in construction of field channels, distribu-
tion structures and land leveling and preparation
in relation to the topography, soils, crops, etc.,
requires specialized knowledge and must be done
by a staff specially trained in the subject. More-
over, the farmers, even after they have carefully
watched the demonstration cannot do this work
themselves unless they are provided with further
technical guidance and supervision.

(3) Ithas been felt necessary that the irrigation
codes be revised and updated. These cover prac-
tices in regard to water allowances, duty of water,
rotation of channels, etc. In several cases they
were prepared a long time ago. Consideration
should be given to the changing needs and the
cropping patterns of the high yielding strains of
crops. These involve changes in water require-
ments as a result of increased use of chemical
fertilizers and other factors. The government of
India has appointed a technical committee to ex-



amine these codes in the light of modern develop-
ments and suggest suitable modifications. The
committee is expected to give its recommendations
within a year.

(4) The state governments have been ad-
vised to set up a special organization for handling
development of irrigated agriculture according to
modern techniques. The responsibility for imple-
mentation of the ayacut development program
would also rest with this organization. On new
irrigation projects this organization would evalu-
ate the project from the agricultural point of view
during the planning phase. The states have been
taking steps for setting up this organization.

(5) A country-wide drive is being organized
to expedite construction of field channels on new
irrigation projects. Technical guidance in this
regard is being provided by the project authorities.
Legislation has been introduced in nearly all the
states, empowering the state governments to un-
dertake the construction of field channels them-

selves in case of default and charge the cost to the
beneficiaries.

(0) For lining field channels, some state
governments have decided to extend financial as-
sistance in the form of loan and subsidy to the
cultivators who are prepared to carry out this
work. Field channels in the form of underground
pipes manufactured locally have become popular
on well and tubewell irrigation in many states such
as Maharashtra and Gujarat. The state of Uttar
Pradesh, where there exists the largest number ol
deep tubewells (about 8,000), has decided to line
the field channels to a total length of three miles
instead of the older practice of lining only two
miles per tubewell.

(7) The soil conservation organization in
some states has begun a program of constructing
and lining field channels and of leveling and pre-
paring fields. The program has become very pop-
ular on well irrigation in the state of Punjab. It is
proposed to extend this activity to other statcs.
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[RAN

by

Asghar Azzarnia*

General information about the geographical
condition, climate, water resonrces, agriculture,
and the main farming methods in different areas
of Iran and also different procedures of getting
water have been noted in the country reports of
the Fourth and Fifth Irrigation Practices Sem-
inars,

I have tried to avoid any repetitions and will
therefore, only mention a summary of activities in
agricultural development, utilization of available
water resources and improvement of irrigation
during these past two years in Iran.

Before explaining the said activities I would
like to state that the implementation of the Land
Reform Law has had cxcellent results and has
causcd many changes in the social conditions of
the rural arcas in different parts of Iran. These
changes resulted largely from the approval of six
national principles proposed by H.LM. Arya
Mechr, followed by organizing and activating
thousands of army draftees for education, health
and cxtension work in the villages. This added
manpower lias speeded the rural development pro-
grams far more than expected.

I. Education and Training

(A) Professionals. Equipment for the agri-
cultural colleges of Tehran, Pahlavi, Ahwaz and

* General Dircctor, Agricultural Engineering Dept., Min-
istry of Agriculture,
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Tabriz Universities has been essentially completed
and thus it was possible to double the number of
students in the year 1965-66. A new agricultural
college has been established in Rezaieh in north-
west Iran. Since September, 1965, with the coop-
cration and help of French and Iranian experts, a
hydro-geology postgraduate course has been start-
ed in Tehran University,

(B) Sub-Professionals. In addition to the
professional and sub-professional agricultural
training, mechanized irrigated farming methods
and proper use of soil and water are being taught
to farmers® sons in twenty-one practical training
centers in different areas of the country. His Im-
perial Majesty Arya Mehr's order establishing the
Extension and Development Corps was issued on
September 21, 1964 (Farmer’s day), was ap-
proved by the parliaments in January, 1965, and
was announced to the Ministry of Agriculture im-
mediately after the signature of His Majesty was
obtained.

The Extension Corps trains farmers and small
landowners in remote rural areas in agricultural
methods and proper use of soil and water. To
date, over 1,000 young men, all graduates of high
schools or technical colleges, have been sent to
special practical training courses in irrigated farm-
ing and then sent to live in the villages to train
farmers and small land owners in better farming
and rural development, under the general guid-
ance of the regular government Extension Service,



(C) Training of Farmers. During the two
past years over 1500 farmers and small land own-
ers have become acquainted with methods of
mechanized agriculture and proper use of water
and soil at demonstration farms.

The Agricultural Extension Service, together
with the Agricultural Engineering Department, has
established demonstration and training farms in
the provinces of Azarbayejan (east and west),
Gillan, Mazandaran, Esfahan, and Fars. These
farms are a minimum of 200 and a maximum of
500 hectares.

The extension men can train at least 250 farm-
ers at a time. Since the farmers’ training courses
are short, it is expected to acquaint 10,000 to
20,000 farmers with new methods of farming each
year.

To acquaint farmers and smail land owners
with mechanized sugar beet planting and proper
irrigation, and to encourage them in mechanized
sugar planting, mechanization worling task forces
have been established in four ostans.! They per-
form agricultural activities with agricultural ma-
chinery, charging the farmers very small and reas-
onable prices for the work.,

This year demonstration farms will be estab-
lished in the areas of activity of sixteen govern-
mental factories to show the sugar beet farmers
and the small land owners the methods of mechan-
ized sugar beet planting and the advantages of this
kind of farming. Meanwhile the Agricultural En-
gineering Department, with the help of tractor
dealers, has arranged two-month training courses
for tractor drivers in the provinces.

These courses started in the year 1965 and
in nine months a total of 425 drivers have been
trained for mechanized agriculture.

Il. Operation and Management
of Irrigation Projects

Water management of individual rivers is by
relevant groups of land owners under the technical

1Qstan means region or state,

supervision of government water masters. Since
the execution of the Land Reform Law the rural
coops have replaced the previous land owners and
the local Water and Power Organizations, as rec-
ommended by previous seminars, These coops are
responsible for the management and maintenance
of the dams, irrigation establishments and the
hydraulic units. In the areas where irrigated farm-
ing was not practiced and the farmers were not
acquainted with irrigated farming, some irrigation
organizations were established, but irrigation man-
agement will be done by government organizations
until the farmers get acquainted with the irrigation
operations.

Ill. Field hrrigation and Drainage Research

During the past two years three laboratories
for drainage research have been established and
the equipment for previous laboratories has been
completed. Irrigation research for indicating the
amount of water neceded for sugar beet, cotton,
wheat, rice and alfalfa is being continued accord-
ing to the previous program. Within the past six
months a commission of experts in irrigation and
drainage has been established, with the guidance
of professors at the agricultural college of Tehran
University.

The commission will make recommendations
regarding the amount of water needed for different
plants, the size of basins (or the length of the fur-
rows in mechanized irrigated farming) and make
economic comparison of different methods of irri-
gation (border irrigation, furrow irrigation and
sprinkler irrigation). It will also indicate the
effect of different chemical fertilizers on the
amount of irrigation water used. The depth of
drains, spaces between the drains, the climatic
conditions, and the soils of different areas of the
country for various farming products, the effect
of soil leaching in saline soils and the need of
water for this purpose are under study. This study
is c4pected to be completed in the next two
months,

IV. Waterlogging, Salinity and Alkali Problems

The recommendation of the Fifth Seminar for
training agricultural engineers has been considered
and the drainage and reclamation of saline areas
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have been included in the training course pro-
gram, since it is so important for the southern and
southeast areas of Iran. It has also been included
in the program of the agricultural machinery and
soil conservation center in Karaj.

V. Farm Irrigation and Drainage Systems

The necessity of research and preparation of
agricultural development plans and irrigation net-
works has been more noticeable since the imple-
mentation of the Land Reform Law and the farm-
ers’ awareness of improvements in the condition
of farming.

The local irrigation organizations, with ade-
quate budget and funds, are modemizing farming
conditions. Executive and study groups of the
Agricultural Engineering Department, following
the special regulations of assistance to farmers, are
responsible for land leveling and rural irrigation
and drainzge networks. The Department also car-
ries out reclamation and canal lining activities at
a very low price to farmers and small land owners.
Excellent results came from these activities and
programs arc¢ underway for the development of
50,000 villages throughout the country, which will
be performed by these groups. Work is planned
$0 as not to interfere with individual private farm-
ing but to encourage and guide farmers in their
activities.

VI. Standards for Irrigation and
Drainage Investigation

The recommendation of the Fifth Seminar
concerning the standard for irrigation and drain-
age has been considered and observed by the Min-
istries of Agriculture and Water and Power, and
it is always regarded in preparing preliminary
study plans, feasibility reports and project designs.

It is hoped that by sincere cooperation of the
two said ministries Iran will be able to carry on
relevant projects without the assistance of foreign
advisors and organizations.

VIl. Activities in Agricultural Development

and Use of Water Resources
The Ministry of Water and Power was estab-
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lished on March 1, 1964, and all the irrigation
organizations, such as Khuzestan, Sefid-Rood,
Karaj and Tehran Water and Power Authorities,
were centralized in this ministry. The Independent
Irrigation Bongah® (Independent Irrigation De-
partment) also was separated from the Ministry
of Agriculture and attached to the Ministry of
Water and Power. Thus there is more coordina-
tion among the various organizations in perform-
ing the reclamation plans and use of water re-
sources.

With the separation of the Irrigation Bongah
from the Agricultural Ministry, the Agricultural
Engineering Department and the Soil Institute
were separated from the Bongah, remained as two
departmental units in the Ministry of Agriculture,
and are being managed with more authority and
better facilities. The following activities have been
implemented during the past two years:

(A) Topography. Through the Topographic
Institute, topographical maps with scales of
1/5000 have been prepared with photogram-
metry, for the province of Khuzestan, ports and
islands of the Persian Gulf, ports and islands of
Oman Sea, Sistan, Baloochestan, Esfahan, Gillan,
Mazandaran, Tehran, and a part of Azarbayejan
and Khorasan. The contour lines in the plain
areas are shown at intervals of one meter, and in

mountainous areas fi