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FOREWORD 

This volume reports the proceedings of the Fifth Near East-South Asia 

Irrigation Practices Seminar held in New Delhi, India from March 2-14, 1964, 

which was co.sponsored by the Government of India and the United States 

Department of State, Agency for International Development with eight nations of 

the region and the United States participating. Held biennially, this series of 

Seminars began in Izmir, Turkey in 1956 and was followed by meetings successively 

held in Tehran, Iran ; Lahore, Pakistan ; and Ankara, Turkey. 

Delegates to the Seminar having major responsibility for the improvement of 

irrigated agriculture in the various countries are selected by their respective govern

ments. The seminar forms a panel whereby common difficulties may be analyzed 

All seminars have been dedicated to theand experiences and ideas exchanged. 

idea that the results of irrigation effort are realized at only one place-on the farms 

and fields of the irrigator. The Fifth was no exception. Not only did the dele

gates exchange valuable information about irrigation science and technology, but 

much interest and discussion centered around problems of education, organization 

and service related to irrigation development and improvement. 
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CHAPTER I 

OPENING SESSION
 

WELCOME ADDRESS
 
by 

Shri G. R. Kamat 

Secretary, Department of Agriculture, Government of India 

Sardar Swaran Singh, Dr. Rao, Mr. Wood and 
friends 

It gives me great pleasure to extend a 
cordial welcome to the distinguished delegates 
and guests who have gathered here to partici
pate in the 5th NESA Irrigation Practices 
Seminar. I am aware that several leading 
experts who have come from abroad have 
travelled long distances and at considerable 
personal inconvenience to participate in this 
Seminar. To them I wish to say that we are 
very pleased indeed to have them in our midst. 
May I also, on behalf of the gathering, thank 
Sardar Swaran Singh, our Minister for Food 
and Agriculture, for having very kindly agreed 
to inaugurate this Seminar and Dr. K.L. Rao, Minister for Irrigation and Power 
for agreeing to our request to address this Session. We are also grateful to the 
United States Agency for International Development, who have so readily extended 
all assistance and cooperation in organising this Seminar here in New Delhi. 

This Seminar has a unique role to play in the matter of pooling of scientific 
information and exchange of technical knowledge. The countries participating in 
the Seminar commonly share a number of pressing agricultural problems. In nearly 
the entire Near East and South Asia region, the small land holdings, illiteracy 
among cultivators, subsistence farming, shortage of chemical fertilizers, etc., are 
some of the major impediments in the way of rapid agricultural development. The 
technical experts foregathered here will, I am sure, throw special light on how 
modern science and technology can help in rapidly raising agricultural production 
despite these handicaps. 

Irrigation is undoubtedly the mainstay of agricultural development in most 
parts of the Region. There are large areas where rainfall is inadequate and erratic ; 
in most countries it is seasonal, fluctuating from year to year and often ill-distribut
ed over the season. Therefore, our problem is one of bringing water either from 



great distances or from under the earth, conserve it and distribute it to the fields. 
There are again large tracts, such as in India, where rainfall is adequate and 
assured but it drains off in a rush. There, the problem is one of storing the rain
water and conserving the moisture. Concerted efforts are being made in India and 
in other participating countries to step up the irrigation potential fast enough to 
increase agricultural production. But the utilisation of irrigation potential has now
here in this Region attained the optimum level yet owing to certain inherent diffi
culties of a fundamental nature to which I have already referred. A coLntry could 
have found it possible to go easy on the development of irrigation use in the past 
when population had not began to press so hard as at present on limited food 
supplies. But we can no longer afford to place ourselves in this complacency, 
particularly when irrigation sources are being built up at great costs and available 
water resources are still inadequate to meet the wide-spread demand for irrigatiol. 
Formerly it was not unusual for an irrigation project to take a quarter of a century 
or more to reach the full limits of its potential. But now the needs are so urgent 
and of such magnitude that all the available resources of science must be pressed 
into service to yield the maximum returns in the shortest possible time. 

Un-controlled use of iri'igation water is known to aggravate or precipitate 
problems of water-logging, salinity and alkalinity in intensively irrigated tracts with 
comparatively flat slopes and inadequate drainage outlets. In India there is a total 
of about 6 million hectares of land which is so affected. In the major part of this 
affected land, over-irrigation for long periods wit' ;nadequate drainage has been 
mainly responsible. Investigations carried out in these areas have led us to the 
conclusion that controlled use of irrigation water is not only essential for bringing 
more area under irrigation from the same quantity of water but also for preserving 
the fertility of the land. We have also learnt the lesson that drainage is an essential 
counterpart of all irrigation projects to ensure effective and sustained agricultural 
benefits from the land. 

The problem of water management and optimum use of irrigation water 
requires concentrated and coordinated efforts on the part of various agencies and 
disciplines ; not least of which are, the State Agriculture and Irrigation Depart
ments, the Department of Community Development, extension organisations, 
research and training institutes. Although it is ultimately the cultivator, who has 
to bring about the optimum use of water for raising maximum yields, it is for us to 
ensure that he is equipped with the requisite know how and motivated with true 
purpose. Integrated activities in various fields are, therefore, necessary to provide 
the requisite financial, technical, material and organisational support to the farmer. 

The main aim of this Seminar, I understand, is the advancement of irrigated 
agriculture throughout the Region by mutual exchange of knowledge and scientific 
informrtion and the stimulation of interest and activity in the right direction. This 
will provide ample field for detailed discussion on the basic problems of irrigation 
with due regard to the existing agro-economic conditions in the Region. I am sure 
the leading scientists and experts gathered here will be able to throw considerable 
light on these problems. I also trust that our own scientists and technicians will 
greatly benefit from the experience of their colleagues in other countries. I have no 
doubt that the recommendations of this Seminar will .be carefully considered by the 



Governments of particip.ting countries and will go a long way toward developing 
irrigation on scientific lines. 

Let me once again tell you how very gratifying it is to welcome such a dis. 
tinguished gathering of experts from abroad. It is indeed a great privilege to 
welcome you all to this historic city of Delhi and I do hope you will find your stay 
in the city happy and comfortable. During and at the end of the Technical 
Sessions, you will be invited to field trips to see important irrigation works in the 
vicinity of Delhi. I hope you will find these visits interesting. 

I thank you all once again for participating in this Seminar. 



WELCOME ADDRESS
 
by 

Mr. C. Tyler Wood 

Director, US AID, New Delhi 

Hon. Sardar Swaran Singh, Hon. Dr. Rao and 
friends : 

On behalf of the United States Agency 
for International Development, co-sponsor 
with India of the Fifth Near East-South Asia 

Seminar on Irrigation, I join with Secretary 
Kamat to extend a most hearty welcome and 

best wishes from the country and agency 
which I represent. I think that it is most 

timely that the Fifth NESA Seminz:_ :s being 

held in India. India is now completing new 

and vast irrigation projects which will add 

materially to her agricultural resources. 
Furthermore, important steps are being taken 

to assist Indian farmers in their efforts to 

improve the practice of irrigation and the conservation of soil resources. Thus, 

I am happy that India decided to play the host and that US AID was invited to join 

with them in sponsoring this seminar. 

I am impressed that India has such a large interest in irrigation. Except for 

China, there is more land under irrigation in India than in any other country. The 

number of farmers in India roughly equals the number of farmers on the continents 

a large share of these farmers are irrigation farmers,of Europe and Americas and 
India has made many important contributions to the sciences and arts of irrigation-

Her keen interest in the subject iscontributions too numerous to summarize here. 
presenceexemplified, not only by her sponsorship of this seminar, but also by the 

this morning of both Hon. Sardar Swaran Singh, Minister for Agriculture and Hon. 

Dr. K.L. Rao, Minister of Irrigation and Power of Central Government of India. 

The personal interest of these two eminent and exceedingly busy gentlemen is most 

encouraging. 

It is interesting to recall that human civilization began in the vast-desert lands 

extending through the Near East to Egypt and in the Indus and the Ganges valleys. 

for the first time, lived in communities ; he engaged, for the
In these lands man, 
first time, in the organised arts and crafts of commerce, agriculture and industry ; 

to read and write ; and he first surveyed lands and recorded theirhe first learned 
It is interesting also that invariably theseownership titles in the public records. 


ancient communities engaged in the practice of irrigation ; so this is an ancient art.
 



The strength of the ancient communities was often measured by the effectiveness 
of their irrigational developments and by their means to command and to maintain 
physical works which provided them with water. When these works failed, or when 
the land became non-productive, the communities died. 

Today, the desert-like lands of the Middle East and the Indian sub-continent 
are no less in need of irrigation than they were in past ages. They are still arid 
and in order to produce significant crops, they still must be irrigated. But there is 
a difference and an urgency today. A great many more people live on these lands 
than ever before. Populations are increasing I These people seek a new and 
better way of life ; they want more freedom ; and they want to increase their, 
material benefits. The farmers of India, like the farmers of many other countries, 
are seeking to break the ancient bonds of low agricultural production and the 
consequent poverty and hardship of subsistence living. And they are seeking to do 
this by irrigation. 

The ancients developed systems of irrigation which were so great in magni
tude and so complex in design that they astound us even today. Nevertheless, in 
the last century, modern scientific and engineering technology has pointed in new 
directions. If we are sufficiently determined, we can build dams, canals and 
diversion works of almost any required size. Many works have already been built, 
others are under construction, on the drawing boards, or under investigation, and 
the means are.at hand to continue to increase the useable water supply. Large
 
investments have already been made and even greater expenditures are planned for
 
the future.
 

But, of course, the building of the great dams, the canals and the reservoirs is 
not the whole story. It is only the first step ! We are here today because we are 
concerned about the second step. 

Increased agricultural production under irrigation results only as the overall 
total practice of agriculture improves. Good seeds, fertilizers, profitable markets, 
available capital and credit are extremely important elements of the total effort. 
The interrelationship of the numerous factors of increased agricultural production 
are like the links of a chain. Failure of one link can cause the entire effort to fail. 
Improved practice of irrigation is a vital and an important link in the chain and 
with irrigation, there must be adequate drainage so that water-logging, salinity and 
alkali do not occur. These are problems which not only reduce production but 
may totally ruin valuable and irreplaceable land resources for generations to come. 

You who are here today have been given the responsibility by your govern
ments to effect increased production through the proper practice of irrigation and 
drainage. You also have the task of helping the farmer obtain the other tools of 
production which he needs to complement his efforts in irrigation. These are 
difficult tasks. Not only must you obtain the sound scientific and technical 
knowledge required, which is difficult in itself, but you must also find the resources 
and develop the organizations which will serve and assist the farmer in getting his 
job done. This will be even more difficult. 
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theirRecognition of the problems fac;.g the farmers who sought to improve 
methods of irrigation encouraged leaders and their U.S. associates in this region to 
propose the first Near East-South Asia Irrigation Practices Seminar. This was held 

in Izmir, Turkey in 1956. Later seminars were held in Tehran in 1958, in Lahore 

in 1960, and in Ankara in 1962. Through the years most of the countries in the 

region have participated and reports of each seminar have been printed and widely 

circulated. The most recent report contains 318 pages. Technical subjects such 

as the water requirements for crops, the time and method of application of water, 

and the depth and spacing of drains have been covered ; but the seminar has been 

concerned also with such subjects as the education and training of farmers, 

extension personnel and technicians ; the development of organizations and institu

tions for improving irrigated farming ; the design of field and farm distribution 

systems ; the operation of irrigation and drainage systems ; and the research of 

irrigation and drainage practices. The delegates and their U.S. associates, have 

to the seminar from their own countries their experience in the variousbrought 
topics under discussion. The results of a seminar are diflicult to measure 

but it is believed that previous seminars have helped to accelerate progress in the 

following ways : (1) The basic principles of scientific irrigational practices and of 

drainage have become widely known and disseminated throughout the area ; (2) 

More effective national and community level organizations for improving irrigation, 

and agriculture in general, have been developed in the various countries ; (3) 

Improved programmes for training farmers and technicians at all levels have been 

established ; and (4) Government officials at high levels have become more aware 

of the difficulties with which irrigation farming is faced and of the action necessary, 

with the result that increased national efforts are being made to improve the 

practice of irrigation. 

We hope that this Fifth seminar may be as helpful as the previous ones. We 

think that an exchange of ideas, to learn where others have succeeded and where 

they have failed, is important. You have all had experiences which can assist some

one else, whether he be your neighbour or a stranger with a similar task in a far 

away land. If your ideas are exchanged and freely discussed then the efforts of our 

host, India, to hold this seminar, the efforts made by your own country to send you 

here, and the efforts of the United States, will be amply rewarded. 

Again, may I join my colleagues from the Government of India in extending 

a hearty welcome to you. May your discussions be profitable and helpful, and may 

you have a most enjoyable visit here. 
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ADDRESS 
by 

Dr. K. L. Rao 

Minister for Irrigation and Power, Government of India 

Mr. Chairman, Mr. Tyler Wood, Mr. Swaran 
Singh and Friends: 

I am happy that the U.S. Agency for 7f 
International Development accepted India's 
invitation and arranged the 5th Irrigation 
Practices Seminar in Delhi. It is a privilege 
to welcome the delegates from all the neigh
bouring countries who are engaged on 
problems of irrigation similar to that of ours A 
in India. I am sure, we will be able to learn 
a great deal from their experience and the 
Seminar will provide the forum for exchange . . 
of views on the subject of irrigation practices 
in a cooperative effort to solve one of the 
major problems that mankind faces today. 

Irrigation was never so important in human civilization as it is at present. 
Two-thirds of the world is underfed, that is, the basic sustenance of life is not being 
made available in adequate quantity to the major portion of humanity. While the 
possibilities for it are definitely there, in an effort to feed all the people, we have 
got to take various steps. Of these, irrigation is perhaps the primary one. It is a 
revealing fact while we irrigate only a tenth of the cultivated land in the world, the 
food produced from that fraction is able to supply enough for a fourth of the world 
population. That is, if we can provide more irrigation facilities, by doubling the 
irrigated area, the problem of food for the world can be solved. Irrigation facility 
is the best agricultural production multiplier. Even in U.S.A., the economic 
destiny of one in ten depends on irrigated areas, and large farms have sprung up 
on irrigation development nearby. We, ira India, have realised the importance of 
this. Three-quarters of our population- lives by agriculture, and nearly half the 
national income comes from agriculture. That is why, from about 50 million acres, 
or about 15 per cent of the cultivated land, we have gradually built up today nearly 
80 million acres in the course of the last decade. This, as you can imagine, requires 
a major financial and engineering effort. 

On the engineering side, we have to take steps for the conservation of the 
river waters by building dams and preventing wasteful flow of water in the rivers 
which flow full only in monsoon months. On an average, 3 to 7 crores of rupees 
are required in India for conserving one million acre feet. In tropical countries 
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like India, conservation of water is the most important method of utilising the river 
wealth of the country. Such conservation helps in meeting the deficit in foodgrains. 
Thus, in this country, out of the total of 323 million acres, in 280 million acres 
foodgrains are grown. Out of this, again, 80 million acres grow rice and 32 million 
acres grow wheat. India is deficit in wheat. Wheat to the extent of two million 
tons is being imported every year. Wheat is a crop that is grown in the months 
other than the monsoon, that is during July to September. Therefore, to meet the 

water requirement for wheat, water has to be conserved. If only another four 
million acres are irrigated from the conserved water, self-sufficiency in wheat can be 
achieved through improved irrigation practice only, that is by mere supply of 
water. Therefore, conservation of water by the construction of dams, tanks and 
other types of works, wherever it is possible, has to receive utmost attention. 

Extensive irrigation is achievable through minor irrigation also. For, in India 
nearly 50 per cent of the irrigated area is fed from minor irrigation works. 

Besides conservation of water, protection of crops against damages has to 
receive earnest attention. The major disease of irrigation is waterlogging and 
salinity and has to be combated. This problem is posed in Punjab. In many 
other parts of India, where there are good slopes and where the use of water is not 
too intense, no waterlogging occurs, in spite of irrigation for many years. Cauvery 
delta has never shown any signs of waterlogging or salinity, though irrigation has 
been practised for several centuries. 

We have another factor in India leading to damage to agricultural production 
due to floods in States where the land is congested with water, and is not drained 
promptly, as in Bihar, eastern parts of Uttar Pradesh and Assam. This is now 
being tackled on a national scale. 

In developing countries, there is an utmost need to bring about earliest 
utilisation of the newly created irrigation potential. In India, while on an average 
80 per cent utilisation of the potential in the course of 3 years is achieved, there are 
some projects where, due to various prevailing practices, there occurs a lag. These 

are fortunately, very few, and the irrigation benefits are less than even 10 per cent 
of the irrigation potential created. Timely assistance to the farmers will help in 
early utilisation. A very good example is the Musi Project. Loan was advanced 

by the Reserve Bank to the Land Mortgage Bank, who, in turn, gave the loan to 
the farmers. The loans were of two types_-(l) 15-year loan to be repaid in 15 years 

at Rs. 300 per acre for levelling and farming bunds etc. ; and (2j 8-years loan at 
Rs. 50 to 100 per acre for agricultural operations i.e. purchase of seed, manure etc. 

The Agricultural Department kept a fleet of twelve bull-dozers and two 
motor-graders and gave them on hire for land levelling. On account of use of 

machinery, the average cost of levelling with these bull-dozers was only about 

Rs. 70 to 80 per acre. The loan incentive enabled a quick development of the 
project, for out of 38,000 acres, 35,000 acres have been developed in 3 years. This 

indicates that assistance to the farmers should be given not only by providing them 
with water but also with other essential ancillaries, if intensive development is to 

take place.
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In the modern age, scientific research in every walk of life has become inevit
able. That is so in the field of agricultuse production also. Research has given 
remarkable results in the development and use of improved seeds, fertilizers and 
other productive agricultural practices. Even in the field of irrigation, research is 
imperative with regard to the optimum requirements of water for crops. This 
resear:h in irrigation engineering, as well as in agronomy, will lead to considerable 
economies in water use and enable extension of irrigation. It is found that the 
water requirement of crops is reduced when the crops are properly manured, and 
if water is supplied at the proper times. It has also been found that the frequency 
of irrigation is more important than the deptb of irrigation. 

All these benefits of research, fertilizers, better seeds and implements, how
ever, can only be sparked off by adequate supplies of water to the land. Irrigation 
is, therefore, the essential starting point and, I venture to believe, is the real panacea 
for the food and raw material shortage that is haunting the expanding population 
of the NESA region today. But there is no denying that irrigation must go hand 
in hand with the best agronomical practices. Rightly paired and rightly yoked, 
irrigation and irrigation practices can take the economy of every country and of the 
whole region at a fast pace to self-sufficiency in agricultural prodn:ction. 

I wish you all, our distinguished guests, a happy stay in India and interesting 
and fruitful deliberations. 
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INAUGUR4L .-ADDRESS 
by 

Sardar Swaran Singh 
Minister for Food & Agriculture, Government of India 

Dr. Rao, Mr. Wood and friends : 
It is a matter of great pleasure for me to 

welcome you all to the Near East-South 
Asian Irrigation Practices Seminar, the fifth of
 
the series to be held in this predominantly
 
agricultural region. You are well 
aware of
 
the benefits that accrue from the pooling of
 
experience gained in different countries, the
 
sharing of advances in scientific knowledge
 
and the application of collective wisdom to the
 
solution of common problems. In a world in
 
which science and technology alone hold out
 
the promise for bringing the widening gap
 
between requirements and availabilities, 
technical cooperation and assistance is at once
the right and obligation of human beings in all societies, developed or developing. 

I have great pleasure in expressing my appreciation, at the outset, of the help
and cooperation which the United States Agency for International Development
has given in arranging ihis Seminar in India. It is with their initiative andenterprise, that it has been possible arrange assemblyto this of top ranking
scientists and technicians from 9 countries. 

A very rapid growth of population and shortage of food is a problem common 
to all countries that are participating in this Seminar. Their land and water 
resources being limited, they are finding it a matter of vital necessity to make every
effort to meet the needs of their growing population. Agriculture is the principal
activity in all the countries of the region, but it suffers from some common basichandicaps, such as subsistence level of agriculture with outmoded techniques,
fraguientation of holdings, general shortage of good seeds, chemical fertilizers,
improved implements and lack of irrigation facilities-factors which ultimately lead 
to low crop yields. Shortage of trained personnel to educate, demonstrate and
impart technical know-how to farmers under actual field conditions is also 
responsible for the slow adoption of scientific farming methods by the farmers.Frequently farmers fail to respond to new techniques due to lack of adequate 
finances. 

All the developing countries taking part in the Seminar have been engaged
rapidly building up irrigation potential to meet the challenge of continuing shortage

in 
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of agricultural commodities. Little need be said as to the importance of irrigation
to agricultural production. The supply of irrigation water makes the farmer lessdependent on the gambles of fluctuating rainfall conditions. Secure in respect
this important input factor, the farmer feels more confident in undertaking intefisive

of 

cultivation methods ; the cropping patterns change, transforming subsistencefarming into scientifically managed business enterprise. There is, however, between
the creation of irrigation facilities and their end use, i.e., agricultural production,
an important phase comprising water management and irrigation practices, which
presents considerable scope for improvement ir the NESA region. Irrigatedagriculture will produce maximum and sustained results only when modern techno
logy finds its due place in this phase of irrigation development. 

The scientists and technicians who are gathered here will, I am sure, givetheir best consideration to the problems of this important phase in the light oftheir individual experience, and try to formulate their recommendations on 
measures which best suited under the agro.economic conditions prevailing inare 
the region. Although solutions to specific problems may vary from region to
region, the exchange of information and pooling of knowledge will, I am sure, go a
long way towards stimulating thought and action in the right direction. 

The development of agriculture in India is of paramount importance, as itdirectly affects the fortunes of more than 70 per cent of its population entirely
dependent on agriculture in one way or the other. Development of agriculture isbasic to all industries. It is agricultural production which supplies raw materials to 
many of our industries. It is by raising agricultural production that we seek tosupply the increasing demand for food from persons employed in other sectors ofthe economy. Increased production of exchange earning commodities like tea,
coffee, oilseeds, etc., is also indirectly of great assistance to those sectors of develop.
ment, which require considerable foreign exchange for their maintenance andgrowth. Besides, agriculture accounts for more than half of our country's nationalincome. Therefore, judged in the over-all context, increased agricultural produc
tion can rightly be described as the pre-requisite of all development in India. 

There are basically two approaches to achieve this objective of increased agri
cultural production-one is extensive cultivation and the other intensive cultivation.In India, unfortunately, not much isscope available for increasing area under
cropped land. As a matter of fact, out of about 322 million hectares of the total
area, as much as 132 million hectares have already been brought under cultivation.

Our forests constitute only about 17 per cent of the total area which, I believe, is
low as compared to many other countries. It is not desirable to allow any further
denudation of this national wealth. Recognising this limitation, the future of Indian
agriculture would appear to lie in concentrating more and more on the lands that arealready under the plough with a view to maximising the yield without detriment
to their long-term fertility. With this end in view, India has launched upon anIntensive Agricultural District Programme or what is commonly called the 'Package
Programme' with the assistance of the Ford Foundation. Under this programme,
all possible facilities are being provided to the cultivators, such applicationas ofscientific know-how, the provision of fertilizers, pesticides, improved seeds, improved implements, liberal credit and composite scientific demonstrations in 
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selected districts all over India, having maximum irrigation facilities and minimum 
natural hazards, in order that the greatest potentialities for rapid food production 
can be realised in record time. 

Driven by climatic conditions and forced by sheer necessity, man has develop
ed the art of irrigation over the ages taking advantage of the mighty rivers that 
were otherwise flowing waste to the seas and of the groundwater storage which was 
available underneath. Thus sprang up intensive net-work of irrigation systems 
large and small and today the practice of irrigation is recognised as a sine qua non 
for agriculture under arid and semi-arid conditions. Under humid conditions also 
in many areas, irrigation plays a significant role. Starting with about 0.80 million 
hectares towards the beginning of the 19th Century, the irrigated area in India 
increased up to about 20 million hectares in 1947 when the country attained 
Independence. Since then this figure has registered a further increase of about 
8 to 10 million hectares by now. Great emphasis is being laid on further develop
ment of irrigation from large multipurpose river valley projects as well as from 
small minor irrigation works, such as wells, tubewells and tanks. We hope to 
expand irrigation facilities to about 70 million hectares in another 20 years or so. 

At the present stage of development in India when there is keen demand for 
irrigation in all parts of the country and irrigation facilities are being created at a 
fast pace, it has become imperative that the irrigation practices adopted by the 
farmers are of the highest standard practicable under the local conditions. Our 
customary and traditional methods of water distribution and application are based 
primarily on plentiful supply of irrigation water and free availability of cheap 
labour-conditions which are no more feasible in present circumstances. There is 
growing need now that modern technology and science be applied to this phase of 
irrigation development in an increasing measure. It is essential not only to attain 
economic and expeditious utilisation of the costly irrigation water made available 
but also to maintain fertility of the soil and avoid hazards such as water-logging, 
salinity and alkalinity. 

The development of the water management phase presents many problems in 
India. In the first instance, the small holdings of the individual cultivators become 
a major obstacle in proper, timely and equitable distribution of water anjung the 
cultivators. It is not altogether easy to undertake measures for preparing the land 
for the optimum use of irrigation ; frequently these measures can be taken 
effectively only by means of collective action on the part of the landholders backed 
by.technical and investment assistance from outside. They are not always able to 
combine their efforts sufficiently for timely construction and maintenance of field 
channels. Alignment of field channels frequently suffers and the construction is 
delayed because the small cultivators do not willingly part with the portion of their 
already small holdings. Local village institutions are now being increasingly 
charged with the responsibility of removing these difficulties through persuasive 
and cooperative efforts. 

Quite a sizeable percentage of irrigationwater is lost by seepage in the field 
channels. It is, therefore, desirable that field channels should be lined. On tube
wells and some of the canal systems, the first mile or more of the field channels are 
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lined at Government cost. The financial position of the cultivator does not, how
ever, permit him to line the field channels by conventional means, namely, cement 
concrete, and brick masonry. Concerted efforts are, therefore, being made to 
evolve economical methods of lining which might widely be adopted by the 
cultivators. Steps are also being taken to devise cheap water control equipment 
which may be used by the cultivators on the field channels to regulate the irrigation 
supplies with minimum loss of water. 

Preparation of individual fields is an important aspect of water management 
as considerable amount of water is wasted if fields are not levelled and prepared 
properly. The Indian cultivator in the past had mainly dependent upon manual 
labour and man-operated implements to prepare the fields for application of 
irrigation water. Although the methods of irrigation adopted and the tools used 
displayed considerable ingenuity and were suited to the conditions then prevailing, 
they present considerable scope for improvement in the light of the technical 
developments that have taken place since. Efforts are, therefore, being made in 
India to evolve cheap bullock drawn implements which may help the cultivator 
to prepare his fields more efficiently and economically. 

A major problem of water use arises in India when irrigation is introduced in 
areas where the crops were previously dependent on rainfall. Successful change 
from rain-served cultivation to irrigated farming requires orientation in the cropp
ing pattern and also in the techniques of preparing fields and other agricultural 
practices. This necessitates the dissemination of knowledge among the farmers, 
arranging demonstrations of cropping patterns and irrigation practices and provid
ing them with cheap implements for levelling and preparing of fields. A large 
number of specially trained personnel is required for handling this work. Extensive 
research becomes necessary in regard to irrigation methods, optimum depths, 
frequencies of irrigation, irrigation requirements of crops, improved implements 
and equipment for preparing fields, regulation and distribution of water. As the 
soil and climatic conditions vary widely from region to region, research is required 
to be planned on regional bases covering all the representative sections of the 
country. Steps have been initiated in the country in these directions. 

Development of improved irrigation techniques, methods and practices in a 
developing country entails spade-work in many spheres including research, training, 
education, community development, extension and demonstration. This is 
necessary to evolve new techniques on a scientific basis and educate the cultivators 
in their use. The cultivator has a basic role to play in all irrigation and agricultural 
development. It is the cultivator on the land who has finally to produce crops. 
The task is to place in his hands the technical 'know.how' and the tools to do the 
job. In addition, the cultivator has to be provided with credit and capital ; assured 
supplies of improved seeds, fertilisers, implements and adequate marketing and 
storage facilities for his products. All activities of planning, construction, research, 
training, community development and extension have to be integrated and oriented 
in a way so as to provide the requisite financial, technical, material and organisa
tional support to the farmer. 

Involvement of many agencies is required in the endeavour. Starting with 
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at the field level, the village communities (Panchayats), the
individual farmers 

State Government technicians and experts in the 
district councils (Parishads), the 

Departments of Irrigation, Agriculture and Community Development at the Blocks,
 

have to be geared andState headquarters-allthe Districts and right up to the 
single objective : giving support to the farmer in his enterprise. To 

oriented to a 
coordinate activities of the various Departments, the Government in the States have 

At the National 
set up Working Groups, Committees and Boards at various levels. 

and Commu
level, the Ministries for Food and Agriculture, Irrigation and Power 

nity Development and Cooperation and the Planning Commission are concerned 

of irrigation and water use. A high-powered Agricultural
with the problem 
Production Board which includes representatives from all concerned Ministries has 

in all matters
been set up with a view to ensuring an integrated approach and 

policies pertaining to irrigation and agricultural development. 

Gentlemen, I have dealt in brief with some of the main problems that concern 

us today in the field of irrigated agriculture. I am sure you will deal with them and 

recommend solutions based on your own experience. The collective wisdom will, 

doubt, help greatly in formulating policies and planning measures for 
I have no 

of irrigated agriculture in 
future implementation and lead to overall development 

the NESA Region as a whole. 

remarks, I have great pleasure in inaugurating this 5th Irrigation
With these 


Practices Seminar and wishing its deliberations every success.
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VOTE OF THANKS 
by 

Shri Mahavir Prasad 

Irrigation Adviser, Government of India 

Hon'ble Minister (F & A), distinguished guests and fellow delegates: 

On,behalf of this gathering, I have the rare privilege to respcctfully thank you 
Sir, for having very kindly inaugurated this Seminar. I am sure that the deep 
interest you have in agricultural production and the expansion of irrigation will be 
a source of great encouragement to us in our deliberations. We are also grateful 
to the Hon'ble Minister (I & P) to have spared the time to address us. His 
observations born out of a varied experience of Irrigation Engineering, would be 
particularly helpful to us in our deliberations. We feel, Mr. Tyler Wood, honour. 
ed by your gracing us. We are also lucky in having our Secretary, Mr. G.R. Kamat 
to guide us in the development of irrigated agriculture. 

2. The present Seminar is the 5th in the series that was started on the initia
tive of US AID some time in 1956 at Turkey. Assembled here are 35 distinguished 
delegates from 9 countries. In addition, several international associations have 
sent observers and we have here representatives from International Commission 
on Irrigation and Drainage, F.A.O., Ford Foundation, and the Rockefeller Foun
dation. Agricultural Research Service of the United States Department of 
Agriculture is also represented. Such a representative gathering affords a unique 
opportunity for discussion of problems of mutual interest and for exchange of ideas 
and experience. 

3. You have rightly mentioned, Sir, in your speech that science and techno
logy should replace traditional methods and ensure efficient water use. After a 
close stud), of local conditions and problems we, in India, are taking steps in this 
direction, particularly on the large number of surface reservoirs that we are 
completing and the extensive system of tubewell irrigation we are arranging from 
our groundwater resources. We eagerly look forward to the Seminar for a narra
tion by other countries of their experiences in this direction. We expect the 
Seminar to set out :

(a) 	 the essential requirements of successful scientific irrigation under varying 
conditions ; 

(b) 	 the opportunities and also the limitations which exist in different 
countries for the application of scientific irrigation in field ; and 

(c) 	the methods and procedures adopted in different countries for conveying 
results of research and on Extension work. 

India, as you know, Sir, has quite a high irrigated area employing many 
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methods of exploitation of water resources. We would gladly share our experience 
with the visitors. 

4. We have laid out two field trips for the participants of the Seminar. Due 
to limited time, the field trips have had to be arranged within 100 miles from 
Delhi. For this reason, it has not been possible to fix a visit to South India which 
specialises in inreresting tank irrigation. 

5. We have also tried to lay out a programme that would provide occasional 
rest and relief from the rather heavy discussions that are scheduled for the Seminar. 
We trust that the visitors would enjoy their stay in Delhi. 

6. Friends in US AID and colleagues in the Ministry of Food and Agricul
ture have worked with great zeal in organising this Seminar. The willing hard 
work of Shri J.K. Jain, Deputy Irrigation Adviser, Mrs. Chatterji, under Secretary 
and Mr. Dave deserves special mention. 

16 



OPENING REMARKS AND ORIENTATION 

by 

Dean F. Peterson 

Seminar Adviser, US AID 

Mr. Chairman, Delegates and Friends: 777',"' ZTA 

I am both grateful and happy to again , 
be with you in a NESA Irrigation Practices 
Seminar. By now many of you have become 
old friends and it is good to see you again. 
I look forward to working with you and with 
the new friends I hope to make at this time. 
May the next two weeks be profitable usall. for " t:° ' : 

PRESENT STATUS OF SEMINAR ,?* 

I would like now to sum up the present 
status of our seminar effort. Where are we 
and what are we trying to accomplish ? To do 
this, I propose to draw on two sources of 
information : (1) the report of the Fourth Seminar held in Ankara in 1962 and 
(2) observations made as a result of my visits last summer to most of the countries 
participating in the present seminar. 

I hope you have all had the opportunity to study the report of the Fourth 
Seminar. The Fifth Seminar should be particularly attentive to Chapter II. 
"Recommendations" of that report. One copy of the report has been provided to 
the head of each country delegation. There are some additional copies available 
from the secretariat of this seminar. 

The Fourth Seminar considered desirable objectives for the present one. It 
recommended that future seminars should, if I may paraphrase : 

1. Be concerned with the problems of water management on the farm as 
they relate to increased agricultural production and land conservation. 

2. Recognise that such management depends on many resources which must 
be at the disposal of the farmer and that these must be integrated into irrigated 
farm production practice at the farm level. 

3. Include planning, engineering and constructions related directly to on-the
farm production. 
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4. Give consideration to project water supply and drainage system planning, 
engineering, and construction insofar as these factors are related to the capability 
requirements for on-the-farm production. 

May I suggest that you carefully study these four points. I believe that you 
will find that they relate directly to the practical tasks which you, as leaders in 
irrigation agriculture in your respective countries, need to accomplish if increased 
production is to occur, that is, the farmer must exercise good irrigation practice, 
both in order to produce optimum crops and to conserve the soil resource. He 
must do this in conjunction with other good agricultural practices. As a corollary, 
farms and farm irrigation systems mnust be properly designed and developed to 
achieve these objectives and the basic water supply works should be capable of 
meeting the optimum production requirements of the farm units. 

The Fourth seminar also suggested desirable topics for consideration by this 
one. The list included : (1) Drainage and Salinity, (2) National Programmes to 
Improve Irrigated Agriculture, (3) Education and Training, (4) Farm Layout, 
(5) Small Projects, and (6) Research, particularly the results of application of 
research. These topics were described in considerable detail and you may wish to 
consult the Fourth Seminar report for further explanation. These topics have been 
listed for.discussion by the Fifth Seminar. 

I have tried briefly to restate our objectives. May this review be helpful to 
you during the next few days of deliberations. 

FIELD VISITS 
As many of you know, I spent approximately two months last summer visiting 

in most of the various participating countries for the purpose of reviewing progress 
and identifying topics which might profitably be discussed by this Seminar. Count
ries visited included United Arab Republic, Jordan, Lebanon, Turkey, Iran, Iraq, 
Afghanistan, Pakistan, and India. Perhaps some highlights of my general impres
sions and observations will be helpful to you. 

CONSTRUCTION VS. AGRICULTURAL PRODUCTION 
In most countries the resources allocated to construction of new water supply 

works for irrigation ; that is, the money 'invested and the manpower allocated, 
continues in my opinion, to overshadow the efforts made to improve the other 
factors directly relating to production and conservation on irrigated farms. It will 
be difficult to bring these complementary efforts into balance. Constructed works 
are tangible results of engineering effort and the techniques which translate ideas 
into reality are clear cut and well understood. This is not the case with agricul
tural production, especially under irrigation, where success involves the efforts of 
large numbers of individual farmers. 

It is encouraging, however, that most countries have increased the efforts 
devoted to improving irrigation production and conservation. Some are doing 
much more than others, but the trend is in the right direction. In spite of these 
efforts, in most countries agricultural produc:tion is not yet in a position to fully 
utilize the new water supplies being brought in and there is grave danger in many 
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places that misuse of these new waters may result in waterlogging and salinity prob
lems, or that difficult social problems may arise in connection with settlement or 
re-settlement. 

CO-ORDINATION OF PROJECT PLANNING WITH AGRICUL-
TURAL NEEDS 

I am happy to report also that in many of the countries visited, engineering 
organizat;ons responsible for the development of irrigation water supplies are 
giving increased attention to requirements for agricultural production and conserva
tion in their project investigation and planning activities. In all countries that I 
know of responsibility for agricultural production and conservation is assigned to 
authorities other than the one having responsibility for constructing and operating 
water supply works. Too frequently irrigation projects have been developed with
out adequate attention to such production and conservation factors as land capabi
lity, optimum water requirements, and drainage. These shortcomings can be 
remedied only by realistic evaluations of agricultural production factors, including 
settlement or resettlement at the planning stage. Close liaison must be maintained 
with those organizations responsible for agriculture and by providing capability for 
agricultural evaluation within the development organization itself. I note that in 
several countries, this liaison has improved and, in some instances, agricultural 
evaluation capability is being added to the planning branches of the developmental 
organizations. While these are gratifying steps, I personally feel that much more 
needs to be done. Too often dams and canals are designed to serve the water 
supply pattern of nature or for engineering convenience without much considera
tion being given to the needs of the farmers. This is fine if all that is desired is 
subsistence farming. Modern, high production irrigated agriculture cannot occur 
unless the works are made servants of the farmers. This condition can be remedied 
only by realistic consideration of agricultural production and conservation needs 
at the project planning stage. 

EXTENSION AND FARMER ASSISTANCE PROGRAMMES 
Generally more attention is being given to extension and farmer assistance 

programmes. More technical information is reaching the farmer and this is of im
proved quality. Many times, however, he does not have the resources at hand to 
take advantage of the new information. He may lack capital, or credit, or required 
improvements may be beyond his control, for example he may need new drainage 
or irrigation ditch rights-of-wa', or the schedules for distribution of water to him 
may need to be revised. Sometimes required materials are not available on the 
market. I find that, generally speaking, conditions are gradually being improved. 
With increasing population, however, I fear tlhe rate of improvement may not be 
fast enough. I have great faith in irrigation farmers. If they have profit incentive ; 
if soil conditions, water supply, and drainage are adequate ; if technical information 
and materials are available ; and if certain roadblocks beyond their control are 
removed they will go ahead. 

EDUCATION AND TRAINING 
While these findings are encouraging, some others are not quite so satisfying. 

The past two seminars have been concerned with education and manpower prob
lems. The report of the Fourth Seminar outlined the task at hand very nicely and 

19 



considered the various categories of training needed: (1) Farmers, (2) Village 
Extension Workers, (3) Sub-professional and (4) Professionals. While I find 
qualified and reasonably adequate staff at the professional levels the lack of trained 
manpower in the other categories appears to me exceedingly critical. I feel that 
adequate and realistic steps are not being taken to close this manpower gap. There 
is the professional at one end and the farmers at the other, but the communication 
is bad because of the lack of middle manpower. A great many more people pro
perly trained and willing to work in the field with the farmers are badly needed. 
Numbers must be increased and quality improved, both by training in schools and 
on-the-job. These efforts should be kept at the vocational level. They should 
stress "getting the job done" in the field, on the farms.. This cannot be done in 
the office or in the laboratory. 

ORGANIZATIONS AND INSTITUTIONS 
I find also that my friends, in the government services are well informed on 

technical matters. They know what the farmers should be doing, but they do not 
know how to get them to do it. Here again there is a gap between theory and its 
application. The organizations, or the "institutions" if I may call them this, are 
not adequate to the task. Thus only frustration results. In the United States a 
large share of responsibility has been assumed directly by farmers themselves, often 
through farmer organizations.. Many of the things which an individual farmer can
not do for himself are done by such organizations and institutions. Some of these 
institutions are entirely voluntary, others are government sponsored and some may 

have official status. These organizations and institutions are of special importance 
in irrigation and conservation ; because, in utilizing a water resource, large num

bers of people must work together, usually with governmental agencies, including 
states and communities. I think agricultural programmes are most successful when 

they involve the farmer in solving his own problems to the fullest possible extent. 
Effective Institutions are organizational devices, laws, and customs adopted in 
order to accomplish desirable objectives where action requires cooperative efforts 

of.people. They bring the farmer into the picture, place greater responsibility on 

him, and shorten the path between him and his government. I do not know how 

to cause them to develop, and probably they should take different forms in the 

various countries. 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 as effectively as possible. With these objectives in mind ; one session of the 

seminar has been allocated for discussion of this tbpic. 

The Fourth Seminar urged that the United States increase its role as a techni

cal participant in the seminar other than only as adviser. While it has not been 

possible to prepare a U.S. Country Report, two papers by U.S. authors are sche

duled. To this end, US AID employed an experienced American conservationist 
Mr. John Spencer as a special consultant to prepare on "The Institutional Base 
for Irrigated Agriculture in the United States". Fortunately it has been possible 
to make arrangements so that Mr. Spencer will be in India to present this paper in 

person. 

RESEARCH. 
Some good irrigation research programmes ire developing. This is very 
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desirable and should be encouraged. There are some programmes which seem to be 
researching material for which adequate answers have already been found. As far 
as irrigation water management is concerned, I believe irrigation practice in the 
Near East - South Asia region could advance a long ways beyond its present state 
by simply placing in practice the basic scientific principles already known. Field 
studies and pilot studies to determine w,ter and drainage requirements optimum 
cropping patterns and fertilizer practice at particular locations with the objective of 
reducing known basic principles to specific practice are badly needed and should 
receive priority over more abstract and generalized research. 

There is much interest in research on water requirements and consumptive 
use. This is oriented to the needs of crops in relation to climate. Part of the task 
of irrigation practice, including drainage, is to reclaim and conserve the soil. Some
times water requirements for this purpose are different than for immediate cropping 
objectives. This is especially true in arid, hot areas. I would like to see the 
problem of water requirements approached from the point of view of soil conserva
tion as well as from that of crop requirements. 

OPERATION OF THE SEMINAR 

COMMITTEES 
The Fourth Seminar formed six task committees. These committees made 

special studies and wrote recommendations on : (1) Education and on-the-job 
Training, (2) Agricultural Requirements for Irrigation Projects, (3) Service Prog
rams for Irrigated Agriculture, (4) Operation and Management of Irrigation 
Projects, (5) Field Irrigation Research, and (6) Waterlogging, Salinity, and 
Alkali Problems. I believe that these recommendations were excellent. The 
Seminar will need to consider whether or not it wishes to add to or amend the 
previous recommendations. it may wish to consider other new topics as well as 
urge the delegates to give early study to this matter. 

An important committee is the.Executive Committee, which consists of the 
heads of each country delegations and myself as ex-officio member. This Committee 
will meet immeciately following this address. One of the items of business will 
be to decide on committee business and membership. 

ACKNOWLEDGEMENT 
Before closing may I say something about the work that India has done in 

preparation for this seminar. Activities have been planned and arranged under 
the leadership of the Ministry of Food and Agriculture. The principal responsibi
lities have fallen upon a committee which includes also members from the Central 
Water and Power Commission and the Ministry of Community Development. 
Much affective work must be done to prepare for an International meeting like this 
one. I think you will find the arrangements and facilities superb. 

Again I extend my greetings to you with best wishes and the sincere hope 
that the Seminar will be worthwhile and helpful. 
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CHAPTER II 

RECOMMENDATIONS
 

Panel I 

EDUCATION AND TRAINING 

The Committee realises that one of the a, Land and irrigation system develop

major causes of extremely low and inferior ment;
 

crop yields in most NESA countries is the b. Crop production including water use.
 

lack of adequate training and education of In order to accelerate programs, con

personnel connected with agricultural develop- sideration might be given to training separate
 

ment at various levels. It concurs with the personnel for each task.
 
Inrecommendations of the Fourth Seminar. 


addition, it wishes to make the following re- FARMERS.
 
commendations.
 

I. 	 Making available small model demons
tration farms for training farmers onPROFESSIONALS. 

Practical aspects of farm irrigation must agricultural methods.1. 
be 	emphasized on training at this level. 2. Actual field training of farmers in their 

2. 	 Exchange of experienced post-graduate own farms. 

level personnels including those in 3. Organization of farmers field trips and 
teaching and technical supervision, demonstrations of improved agricul

3. 	 Encouragement of professionals to turai practices on progressive farmers' 
prepare manuals for use by lower-level farms. 
personnel. 

4. 	 Encouragement of professional person- IMPLEMENTATION. 
nel in participating countries to ex- 1. Allocation of a minimum of one per 
change technical information, cent of project budgets for training of 

government workers on land develop
ment and irrigation, one per cent forSUB.PROFESSIONALS. 

1. 	 Orientation in irrigation training cour- training and maintaining project exten

ses for a duration of two to twelve sion agents and one per cent for cost of 

weeks (land levelling, farm layout, water demonstrations and farmer's training. 

use, drainage, etc.) (At least 2 per cent of the project 
2. 	 Making available a government training budgets should be allocated for techni

cal 	services in designing and laying out 
farm to facilitate the practical training 	

).far rigain sesandof 	 village level sub-professionals irrigation systems).farmers.farmfarmers. 

The Committee cannot over-emphasize
3. 	 Training extension workers on irriga- 2. 

the 	 importance of the formation of a 
tion practices. 

standing committee whose function is 

VILLAGE EXTENSION WORKERS. to be the promotion of exchange of in-

Training of village extension workers in formation between participating coun
tries within periods between Seminars.two aspects 
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Panel II
 

OPERATION AND MANAGEMENT OF IRRIGATION PROJECTS
 

The panel agrees with the views expressed 
on the subject by a similar panel at the last 
Seminar. The following further suggestions 
are recommended: 

ofand management
L The operation 

irrigation and drainage products or 

portions of them should be gradually 
transferred to the beneficiaries through 
iheir own self organized associations if 
and when the state considers them 

qualified. Such organizations should 
be of a nature, size afd pattern as will 
best fit the needs of the particular 
project or project entity. Operation 
and maintenance costs and collection 
responsibilities should also be trans-
ferred gradually to the beneficiaries, 

Panel 

FIELD IRRIGATION AND 

Part I. 

It is 	recommended : 

That the importance of field irrigation 
research be given special consideration by the 
countries represented in the NESA Irrigation 
Seminar. 

That these countries realise that with-
out research their prospects of progress along 
water and land used lines are very limited, 

That, in the light of the above two re-
commendations, the Governments of the 

countries participating in the NESA Irrigation 

Seminar do their utmost to relieve irrigation 
research specialists from administrative duties 
and provide them with adequate remuneration 
so that they, in turn, may devote their full 
time and endeavour to greater productivity, 

2. 	 The state should assume the responsi
bility for major operation and repairs 
on such projects as dams, reservoirs, 
hydroelectric plants, and multi-pur
pose structures, etc. 

3. 	 Hydrology sections for water supply 
forecasting should be set up as soon as 
possible to gather necessary informa
tion for proper water distribution and 
crop planning. 

4. 	 Ground water recharge programmes 
should be initiated in countries where 
such resources may be exploited. 

5. 	 There should be close liaison between 
operation and management and the 
planning and design of projects. 

III 

DRAINAGE RESEARCH 

That in the future the NESA Seminar 
include as many participants as possible from 
among research workers for a better under

standing of common problems and improved 
methods of solving them. 

That immediate arrangements should be 
made to lay out common bases for each 

subject of research by specialists, and that 
'the pertinent instruments and apparatuses 
should be available to all research workers in 

the participating countries. This procedure 
will help in the formulation of the results 

obtained in an international form and make 

their application more practicable. 

Part II. 

It is 	further recommended: 
a. That the countries participating in 
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the NESA Irrigation Seminar be en- d. Sedimentation 
couraged to establish research stations e. Development of devices for the 
in their project areas. measurement of field irrigation 
That experimentation and research be water 
carried out also on individual farms f. Methods of irrigation, evaluation 
in these project areas as part of thc and standardisation 
project research program. 

g. 	 Standards of quality for irrigation 
b. 	 That project research programs be of a water
 

continuous nature and that simultane
ous interpretation of data and imple- 2. Drainage
 
mentation of results be carried out.
 a. 	 Evaluation of drainage water 

E 	 to of draing sper 
c. 	 That research workers publish the . 

of their work in the form of b. Methods of measlring soil perresults 
technical bulletins to be made available meability in field, improvement 
to qualified personnel, and that exten- and de 'elopment 

sion departments carry responsibility c. Effeqiveaess of covered drains 
for disseminating the information thus versus open drains 
received by means of extension bulle- d. Most Economical depth to water 
tins especially simplified and prepared table for different crops under 
for the benefit of farmers. different soil and climatic condi

d. 	 The need for the establishment of a tions 
technical cell or cells at the centre in e. Effect of irrigation water on sali. 
each of the countries be considered for nity of drainage water 
the planning and coordination of studie onirrgaton wterf. 	 of drainage qualityracice, 	 Effect on ofdies on irrigation practices, water i rg to ae
 
requirements of crops and drainage irrigation water
 
investigations, to watch the progress of
 
these studies, give technical guidance, 3. ,Soil
 
and ensure the provision of necessary a. Soil moisture measurement,
facilities and equipment. 	 development and devices 

Part III. 	 4. Crops 

It is recommended and suggested by the a. Cropping pattern 
Committee that major research work be b. Crop rotation 
carried out in the following fields 

c. 	 Fertilizers 
1. 	 Irrigation 

5. 	 Weed control. 
a. 	 Timing of irrigation 

b. 	 Water requiremehts on the basis Part IV.
of consumptive use It is also recommended that more empha

c. 	 Assessment and control of convey- sis be placed on research on irrigation and 
ance losses in field ditches drainage in future Seminars. 
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Panel IV
 

WATERLOGGING, SALINITY AND ALKALI PROBLEMS
 

The recommendations made by the 4th 
Seminar on Waterlogging, Salinity and Alkali 
problems were reviewed. Recommendation 
Nos. I and 2* were considered adequate and 
should continue to be implemented. 

Regarding recommendation 3 ; i.e. 

3. 	 "More emphasis be placed on drai-
nage, salinity and alkalinity problems 
in the curricula of engineering and 
agricultural colleges". 

The committee was of the opinion that 
this 	required clarification. 

Instead of including this subject in the 
undergraduate curricula of Engineering and 
Agriculture Colleges, consideration might be 
given to suitable study as a post-graduate 
course or on-the-job training. For reporting 
on data and research investigation a standard 
method and technique should be followed. 
The committee strongly recommends that in 
order to have effective implementation of the 
recommendations made at the Seminar each 
country should appoint a small committee to 
follow up recommendations made by them at 
the time of the Seminar. For this purpose 
one-year periodic reports on the progress of 
work should be submitted to the chairman f 

* 1. 	 It is highly stressed that adequate attention be 
given to the problems of waterlogging, salinity 
and alkali in: 

(a) Project investigation, planning, and design 

(b)Installation of facilities for successful project
operation 

(c) Operation and maintenance, including field 
scale research and extension work 

"There should be close co-ordination among 
these three phases." 

2. 	 "Drainage investigations should also include the 
root zone and the hydro-geology that is pertinent 
to a project as well as soil drainage and water-
logging." 

the committee by each member of the com
mittee who will send a condensed report to 
the Co-ordinator of the Seminar with a copy 
to the individual member of the committee. 

The 	 broad out-lines for this report 

follow :-

I. 	 Diagnosis of the problem of water
logging, salinity and alkali. 
i. 	 Surveys and collection of data. 

a. 	 Soil survey. 

b. 	 Hydrological survey. 
c. 	 Collection of meteorological 

data. 
1. 	 Planning of waterlogging, salinity and 

alkali control projects. 

III. 	 Execution of waterlogging, salinity and 
alkali control projects. 

IV. 	 Special points and problems arising 
during planning and execution. 

V. 	 Progress of projects. 

VI. 	 Achievements. 
The committee feels that there was lack of 

co-ordination between the various member 
countries and not enough exchange of notes 
and information. Each country should send 

to other countries, through their representa. 
tive, all the literature available on the subject. 

Recommended Research 

1. 	 Study of the effect of drainage water 
disposal on river water quality. 

2. 	 Salinity hazards and method of recla
mation of saline soil. 

3. 	 Crop adaptation to saline, alkali and 
waterlogged environment. 

4. 	 Economic means of improving saline 

water from wells, drainage water, or 
river water for irrigation. 
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Panel V
 

FARM IRRIGATION AND 

The majority of the countries are faced 
with difficulties of conservation of limited 
water resources. Properly planned and cons-
tructed farm irrigation and drainage systems 
play an important role in increasing produc-
tion, conserving water and utilisation of farm 
labour. It is, therefore, recommended that 
each country give serious consideration to 
management and distribution of water through 
improvement of farrh irrigation and drainage 
systems. 

The Committee recommends that 

1. 	 Farm irrigation and drainage systems 
be given priority in planning new 
projects and that such planning be 
done simultaneously with other phases 
of project development ; 

2. 	 in the future NESA Seminars, techni-
cal papers and discussions on impro-
ved methods of constructing and ope-
rating farm irrigation and drainage 
systems should be included in the 
programme; and 

3. farm irrigation and drainage systems 
should include the following items 

A. 	 Water distribution and Farm 
Drainage. 

(i) 	 Proper planning, designing, construc-
tion and maintenance of field (tertiary 

(ii) 	 Lining of field laterals for saving 

seepage losses in transit. 
(iii) Examination of the possibility of 

introducing the use of pre-cast irriga. 
tion channels for distribution of irriga-
tion water. 


(iv) 	 A rational system of schedule for dis. 
tribution of water among irrigators, 

DRAINAGE SYSTEMS 

(v) 	 Introducing improved water control 
equipment and structures including 
water measuring devices for regulation 
and diversion of supplies from the 
field laterals. 

(vi) 	 Proper planning, designing and lay
out of farm drainage channels in rela
tion to the irrigation distribution sys
tern and as an integral part of the 
main drainage system of the tract. 

(vii) 	 Choice of the proper type of drainage 

system, i.e. whether open drains or tile 
drains, after taking into account local 
conditions of soils, topography, strati
graphy drainage requirements etc., and 
the relative advantages, disadvantages 
and economics of the two systems 
under these local conditions. 

(viii) Entrusting the responsibility for con

struction and maintenance of field 
laterals and drainage channels to the 
cultivators/village institutions. 

(ix) 	 Supporting the cultivators by adequate 
finances and technical guidancc in 
alignment, lay-out, placement, spacing 

etc., of field laterals and drainage 
channels. 

(x) 	 Introducing legislation enabling inter

vention by Government in case of 
default to construct or maintain field 
laterals drainage channels by the culti
vators/village institutions. 

(xi) 	 National land consolidation pro
gramme for better farm irrigation anddrainage systems. 

B. 	 Application of Irrigation Water. 
(i) 	 Adopting sound irrigation methods 

on a scientific basis in relation to crop 

soils, climate, stream water discharge, 
etc., and proper preparation of fields 
according to the methods adopted. 
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(ii) Introducing improved implements C. Cropping Patterns. 
suited to the draft power availablelocally. (i) Introducing intensive cropping pattern 

() Asl t oand scientific crop rotations, suited 
(iii) 	 Advising cultivators on proper che- to irrigated agriculture. 

depth of irrigation appli-toirgedaiclu.duling and 	 (ii) Achieving best possible coordinationcations. 

between the irrigation demands of the
(iv) Evolving 'and popularising simple 

suppliesmethods which the cultivators may cropping pattern and the 
when 	 made available on the irrigation sysconveniently adopt for knowing 


to irrigate and how much to irrigate. tems.
 

Panel VI 

STANDARDS FOR IRRIGATION AND DRAINAGE.
 
INVESTIGATIONS
 

In the previous four Seminars the subject
"Agricultural Requirements for Irrigation 

Projects" was widely discussed and detailed 
recommendations were made. The imple-
mentation of the various recommendations 
centres on the establishment of complete 
cooperation and coordination among the diffe-
rent organisational agencies, i.e., Irrigation 
Agencies, Agricultural Experts Extentionists, 
Agronomists and Soil Scientists. 

This panel feels that this cooperation and 
coordination at top levels only, as is the case 
in most of the countries, will not be the solu-
tion ; but should exist at all levels. Hence, 
the panel recommends that positive action be 
taken by all the countries to bring about such 
cooperation and coordination among the vari-
ous organisations from the country level down 
to field officer levels. 

The 4th Seminar recommended consider
ing all the phases of development required to 
produce irrigation and drainage projects which 
will have the most benet'icial impact upon the 
economic development of the nation concern-
ed. After preliminary studies have been 
made, for projects where feasibility is indica-
ted, the following considerations should be 
taken into account during the investigations of 
irrigation and drainage systems. These are 

considered essential for design purposes. (The 
list is not necessarily all inclusive) 

(1) Topography 
(2) Hydrology 
(3) Meteorology 
(4) Soil and Land Classification 
(5) Land Use and Development 
(6) Drainage Requirement 
(7) Agricultural Production 
(8) Agricultural 	and Water Economy 

(9) Communications 
(10) Power and Industrial Needs 
(11) Domestic Water Supply 
(12) Water Planning 
(13) Geology 
(14) Groundwater Supply 
(15) Sociological Survey 
(16) Human resources 
(17) Marketing 

It is recommended that: 
1. 	 The degree and extent to which the in

vestigations are carried out should be 
such that a reasonable estimate of the 
benefit-cost ratio can be determined. 
Allocation of water use should usual
ly be made to those producing the 
greatest benefit in relation to the 
cost. 
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2. 	 Due to the existence of inadequate or 
incomplete standards in NESA count-
ries the standards to be adopted for 
these investigations should be similar 
to those developed by internationally 
known agencies to the fullest extent 
possible. 

3. 	 This panel has noted that each country 
has trained technicians in many of the 
fields and has utilized the services of 
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Shri S.V. Patil, Mysore, India, Secretar5 
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foreign consulting engineering firms 
for many years. However, they have 
not developed specific standards for 
the respective countries. The panel 
feels that the several countries should 
develop their own standards. Each 
country should submit such standards 
for any one or all of the fields of acti
vities for consideration and discussion 
at the next regional seminar. 
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CHAPTER III 

CLOSING SESSION 

CLOSING TECHNICAL SESSION 

Chairman 

Shri A. D. Pandit 

Special Secretary to the Government of India 

The recommendations of the six panels 
were read and approved. These recommen
dations are published in full in Chapter III. 

REPORT OF EXECUTIVE
 
COMMITTEE
 

The report of the Executive Committee
 
was presented by Mahavir Prasad and endors
ed by the Seminar. This report follows
 

1. 	 CONTINUATION OF SEMINARS. 
It is recommended that the NESA Semi

nars continue, since they have proved to be
 
highly beneficial.
 

2. 	 SCOPE AND OBJECTIVES OF
 
FUTURE SEMINARS.
 

The Fourth Seminar outlined the scope and objectives of the seminar adequa

tely. These are accordingly restated with minor modifications, agreed upon by 

the committee. 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 

irrigated agricultural production, drainage and land conservation, recognizing that 
which must be at the disposal of thesuch management depends on many resources 

farmer and whose integration into irrigated farm production practice should receive 

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 
related to the capability requirements forconstruction, insofar as these factors are 

on the farm production. 

The following points are recommended as continuing objectives for the 

future : 

a. 	 Drainage and salinity problems 
(1) Surveys, standards for investigation, evaluation and design 
(2) Actual preject experience 
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b. 	 National programmes for improvement of irrigated agriculture 
(1) 	 How to deal with problems 
(2) 	 How to link with the farmers' resources 
(3) 	 Development of effective institutions 

c. 	 Education and on-the job.training 
(I) 	 New training methods programmes and techniques 
(2) 	 Problems encountered and how they are solved 
(3) 	 Interchange on available schools 
(4) 	 Programmes for training farmers 
(5) 	 Demonstration farms and irrigation farming camps in newly deve

loped areas 
(6) 	 Special emphasis on training middle-level technicians 

d. 	 Farm layout for an irrigated agriculture 
(1) 	 An acceptable size and configuration 
(2) 	 An acceptable arrangement relative to topography 
(3) 	 An acceptable arrangement relative to irrigation distribution systems 

and an effective distribution system 
(4) 	 An acceptable arrangement relative to transportation and drainage 

e. 	 Small projects 

(1) 	 Organizations, evaluation, development techniques 
(2) 	 Advantages 
(3) 	 Actual examples 

f. 	 Technical factors in irrigation practice 

(1) 	 Application techniques 
(2) 	 Soil, water, crop relations 
(3) 	 Salinity control 

g. 	 Research 
(1) 	 Directly related to irrigation and drainage 
(2) Application of research 

The committee recognizes that irrigation developments are often closely rela
ted to village water supply and to health and disease control problems. While 
these are not considered matters of primary interest of the seminar, consideration 
may be given to them where appropriate. 

It is recommended that information be exchanged on standards and require. 
ments for loan applications for various lending agencies. 

3. 	 MODIFICATIONS AND IMPROVEMENTS IN THE PROGRAMME 
AND PROCEDURES. 

It is recommended that the following modifications and improvements be 
introduced in the programme and procedures of future seminars : 
A. 	 The duration of the seminar shall be approximately 2 weeks. 
B. 	 To increase the benefits of the seminar, all papers and reports should be pre

pared and circulated among the participating countries three months before
 
the seminar so that they are available to and read by the delegates before the
 
seminar. If papers are studied by the delegates in advance, more time can be
 
made available for discussions which are of great value.
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C. 	 Each/paper should have a summary of up to 500 words. 

D. 	 The "Country Progress Report" shall report progress since the previous 
seminar in the fields of irrigation and agriculture and include the problems of 
the country concerned. It should be prepared according to the outline given 
below as a guide 

a. 	 Very brief orientation and description of the country and present status 
of irrigation development. This is intended primarily to refresh the 
memories of the delegates. 

b. 	 Report accomplishments since last seminar, especially as they relate to 
past recommendations. 

c. 	 May briefly mention plans for new water supply developments in order 
to give meaning to later discussion. 

d. 	 Development of institutions and procedures for improving irrigation and 
drainage at the farm level. 

e. 	 Experience and evaluation of such institutional actions. 

E. 	 Each country may designate a representative, who with the US AID represen
tative if available and possibly in connection with a Committee shall provide 
liaison in seminar matters and in the dissemination of information between 
countries. Agencies in various countrie. should exchange information direct
ly with similar agencies in other countries. Exchange of personnel of 
appropriate agencies between countries for inspection, consultation, and 
training is recommended. Consideration should be given to involving appro
priate university personnel to the fullest practical extent. 

F. 	 Generally additional time should be provided for discussions. This may 
require further limitations on the number of papers and possibly on topics 
covered. Some specialized sessions should be held simultaneously. These 
should form the basis for reports and recommendations of future seminars. 

4. 	 GENERAL TECHNICAL SESSION. 

It is recommended that a general technical session be included in the prog
ramme to round off those matters discussed in the seminar which are inter-related 
to some extent. 

5. 	 RESPONSIBILITY FOR ORGANIZING AND CONDUCTING 

FUTURE SEMINARS. 

It is 	recommended that 

A. 	 The U.S.A. should continue to take leadership responsibility for organizing 
and conducting future seminars. 

B. 	 On the other hand, the advisory r6le of the U.S.A. in organizing, programm
ing and conducting the seminars should decrease. 

C. 	 A NESA country where a seminar has been held should help the others where 
future seminars will take place. 

D. 	 The aim of B. and C. is to make NESA countries capable of organizing, prog
ramming and conducting seminars themselves. 
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E. The Committee feels that the U.S.A. should take its place in future seminars 
as a member, as a NESA country does. 

Salahattin Kilic, Turkey, Chin. 
Mir Akbar Raza, Afghanistan 
G.M. Dissanayake, Ceylon 
Mahavir Prasad, India 
Asghar Azarnia, Iran 
Naji A. Kadir, Iraq 
Said M. Ghezawi, Jordan 
Mohamed EI-Madany, U.A.R. 
D.F. Peterson, U.S.A. 
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INVITATION FOR 1966 SEMINAR 

On behalf of the Government of Jordan Mr. Said M. Ghezawi extended an 

invitation to hold the Sixth Irrigation Practices Seminar in Jordan. 

RESOLUTION 

The following resolution was read by Asghar Azarnia, Iran, and endorsed by 
the Seminar : 

Mr. Chairman and Gentlemen: 

The real technical value, usefulness and importance of this Seminar is appa. 

rent from the wonderful progressive reports and contribution submitted by the 

respected delegates from different member.countries. 

The Seminar has contributed extensively to the improvement of irrigation and 

agricultural practices of the Near East - South Asia countries and has been helpful 
in developing their natural resources. 

Arrangement of such seminars requires advance planning and by all means 

is a very difficult task. The Indian Government has shown the greatest interest 

in this Seminar and has provided the greatest assistance and hospitality in every 
possible manner to guarantee the success of the Seminar. 

Keeping this in mind, be it resolved that hearty thanks and appreciation be 
extended to the Indian Government and other cooperating concerns for this 
wonderful service. 
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SEMINAR REPORT
 

by 

Dean F. Peterson 

Seminar Adviser, US AID 

Mr. Chairman, Your Excellencies, 
Fellow Delegates: 

My task today is to briefly summarize 
the work of the Fifth Near East-South Asia . 
Irrigation Practices Seminar. In this task I 
will begin by taking a short look backwards 
and then I will attempt to summarize what 
has been accomplished here in the Fifth 
Seminar. 

There is no need to restate, except 
briefly, the importance of irrigated agriculture 
to the arid and semiarid lands encompassed 
within the boundaries of the nations here 
represented. I think there are four important 
facts,, however, to be considered and I would like to list these here even at the risk 
of some repetition. These facts are : 

1. 	 Irrigated agriculture is either the foundation, or an exceedingly important 
part of the economy of the Near East-South Asia countries. It is 
inconceivable tobelieve that great economic gains can be achieved in any 
of these countries without very significant increases in irrigated agricul
ture production. 

2. Production gains in agriculture can only be made on the farm, by the 
farmer. Support efforts such as engineering works, governmental orga
nisations for agriculture, and the work of the private sector in furnishing 
materials and markets are all of no avail unless they contribute signifi
cantly to this end. 

3. 	 If a good and timely water supply is available ; use of good irrigatioi, 
methods, properly co-ordinated with other good farming practices, pro
vides means by which agricultural production can be multiplied, as much 
as several times in some instances. 

4. 	 Irrigation farming, besides having a responsibility for increased produc
tion, has the further responsibility of soil conservation and soil improve
ment. Fortunately techniques for increasing permanent agricultural 
production and for soil conservation are not in conflict. 
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I turi, .; to the past accomplishments of the seminars. These have been 

covered, not only by the seminar reports, but also during the opening session, so I 
will make only a brief review here. 

A decade ago national leaders in Irrigation Agriculture in the Near East-South 
Asia region, along with their friends in U.S. Agency for International Development, 

became aware that knowledge of modern scientific irrigation practice on the farm 
needed much wider dissemination and application in their countries than was then 

being achieved. Even though rapid improvement in other agricultural production 

factors such as seeds, pest control and fertilizer usage were moving apace, poor 

irrigation and drainage practice threatened to place serious ceilings on production 
levels might be achieved, and furthermore, to ruin at least semi-permanently, large 

areas of irreplaceable land. Thus, as one of several steps, a leadership seminar in 

irrigation practices was held in Izmir Turkey in 1956. Similar seminars have been 

held successively each two years since in Iran, Pakistan and Turkey. Most of the 

countries in the region participated in these seminars. Delegates exchanged ideas 

and developed recommendations for action in several specific areas of endeavour. 

Many of these recommendations have been given top-level consideration by 

the various nations and placed under some degree of implementation. The concern 

of the delegates quickly expanded to include not only dissemination of technical 
and scientific information, but the problems of implementation became matters 

of primary concern. Frequently, desirable steps were easily identified. More 

often, the means whereby these could be implemented could not easily be found. 

The delegates soon became aware that irrigation practice was somehow inter-woven 

with the whole fabric of rural social life and frequently with high level national 

policy as well. Thus exchange of experience was not restricted to technical subjects 

alone ; but information about programmes, organizations, legislation and institu

tional development became topics of great interest. All of these past seminars were, 

I believe, quite successful. Recommendations, agreed upon by all of the delegates 
from all of the countries, bore sufficient weight so that they could not be passed 

over lightly by authorities in the various countries. 

The 1962 seminar strongly recommended that the respective countries place 

increased emphasis on farm level programmes to increase agricultural production on 

irrigated lands. Further, increased attention at the project planning stage to agri

cultural production and conservation factors such as drainage, land capability, 

water distribution, and settlement was strongly urged. Increased attention to 

education and training at all levels was deemed important and special attention was 

given to drainage requirements. 

The 1964 Seminar, which we are closing in New Delhi to-day drew upon the 

cfforts of delegates from Afghanistan, Ceylon, Iran, Iraq, India, Jordan, Turkey 

and United Arab Republic, as well as US AID. The work of this seminar has been 

closely tied to the experiences and recommendations of past seminars. Some 

evaluation of the extent of implementation of these recommendations was possible 

by my personal visit to most of the countries last summer and a summary of my 

observations was laid before the delegates on the opening day of this sminar. 

During the early sessions of the seminar, progress in each country was noted 

by Country Progress Reports. In brief summary, good results are being obtained, 
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sometimes under rather difficult conditions. Subjects on which progress is lagging 
have been identified and, in some instances, suggestions which would lead to 
improvement have already been made by this seminar. 

One session of the seminar has been concerned with "Project Planning". 
Techniques used by the various countries for evaluating land capability and for 
establishing drainage and irrigation requirements enjoyed considerable discussion. 
Problems of land tenure, fragmented holdings and providing for farm drains and 

irrigation distribution systems were discussed as was the matter of repayment of 
capital and operating costs. 

Under "Operation and Management of Irrigation and Drainage Systems" 
information regarding organizational practices and rehabilitation of old systems has 
been exchanged. The delegates are concerned that the farmers themselves share 

the responsibility for this function to the fullest possible extent. A panel was 

formed on this subject and its recommendations have been endorsed by the 

seminar. 

Information which induded such diverse topics as farmers work training 
camps in Turkey and the development of agricultural colleges in Iran brought out 

new ideas in educating and training. The delegates are especially concerned about 
training of middle-level technicians for actual work in the field. Likewise this 
topic was studied by a panel which developed a report of recommendations, 
concurred in by the seminar. 

As might be expected, there was great interest in prevention of waterlogging 
and salinity. Much information was exchanged on technical details, not only with 

regard to design of drainage systems, but also regarding early appreciation and 
evaluation of the possible hazards of poor drainage, both surface and sub-surface. 
One difficult problem is the establishment of field drains in areas already heavily 
settled by farmers. A panel continued study of the general problem of water
logging and salinity; however, an additional panel was formed and given the 

special responsibility to study standards to be used for investigation of project 
drainage requirements. Both of these panels have made specific recommendations 
which have been passed by the entire seminar. 

Field distribution systems for irrigation and drainage was a topic given atten
tion. Such systems should be capable of meeting the farmers' needs more exactly 
and deliveries should be measured. Serious problems are encountered, however, 
especially where land parcels are small and access to individual fields is difficult. 
The delegates felt that much responsibility should be given to the farmer; however, 
adequate technical assistance must be available to him. Attention should be given 
to right-of-way problems and to improved field access. Some limited experiences 
in land redistribution were presented to the seminar. These have occurred both on 
a voluntary basis with assistance of a government agency and by expropriation, 
purchase and resale on new projects in settled areas. Another panel considered 
these problems, and, with concurrence of the seminar, has presented recommenda
tions. 
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Special consideration has been given to small project development. Several 
countries have turned to comprehensive programmes to develop minor water resour
ces. Usually these projects may be developed faster, require less complicated 
engineering and construction organization and provide for more balanced develop

mental programmes among the various regions of the cou ntry than do major projects. 
Nevertheless standards for engineering and construction on such projects must not 

be relaxed to the point where inadequate service is rendered to the farmer. This 
type of development has led to rather different patterns of authorization, organiza

tion and techniques in the various countries and many beneficial ideas have been 

exchanged on the subject by the delegates. 

A topic of vital importance was "Research". Eleven research papers were 

presented. The delegates felt that exchanrge of research results as rapidly as 

possible by the various countries would be conomical of manpower resources and 

accelerate progress. Comprehensive study of research in irrigation and drainage 

was made the subject of a panel study and this panel has presented recommenda

tions, agreed upon by the delegates. 

On Saturday March 7, irrigation practices were in~pected in the field under 

the Agra Canal. An additional field trip to inspect irrigation works and practices 

under the Ganga Canal in the vicinity of Roorkee will be made in the next three 

days. 

Besides exchanging ideas and discussing their work in detail with their inter

national colleagues, the delegates have found a strong bond of friendship, accentua

ted by common tasks and common problems and a determination that the efforts 
in which they are engaged shall not ,ail. 

In summary, over the past eight years, good progress has been made. As 

more well-trained and dedicated technicians are drawn into the effort, the rate of 

progress can be expected to accelerate, and indeed we hope this will be the case. 

There will continue to be a need for exchanging information and experience not 

only by written communication, but by discussions face to face, and I look forward 

to the day when international exchange of information about irrigation practices 

will be advanced even further. 
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OUR ASSESSMENT
 
by
 

Mr. Salahattin Kilic, Turkey
 

. ~ Mr. Chairman, Excellency A.M. Thomas, 
.. Fellow Delegates, Ladies and Gentlemen 

On behalf of all delegates from NESA 

countries, it is a great pleasure for me to 
extend our heartiest thanks and gratefulness 
to the Government of India for hosting us 
here. We have received a very warm wel

" come and observed a very well organized 
seminar. Every one who has spent his effort 
and her effort, to make this seminar the most 
beneficial, and our visit the most pleasant, 

WL deserves our gratitude. 

Because of the increase in population and the desire for a better life, it is 
programmes ; accordnecessary for the governments to continue large investment 

ingly the technicians must determine the most effective means and methods to 

exploit water, soil and other natural resources. This task is more difficult in our 
South Asia, due to unfavourable distribution ofpart of the world. Near East and 

and a high annualrainfall, traditional overuse of land for several thousand years 

rate of increase of population. 

We can not achieve our goals, which are to increase agricultural production, 

and at the same time to maintain the fertility of soil by simply applying water to 

land, A successful irrigation project is composed of five major components ; land 

water, seeds, fertilizers and farmers. Possibly, 'the human element plays the most 

important role in the success and/or failure of irrigation projects. You planmay 

the effect and the results of the proper application of water andand determine 
fertilizers on certain soils, however to teach every farmer is a special case requiring 

methods which will induce him to change his traditional way of farming. 

We are fortunate that modern techniques enable us to solve most of the 

technical problems. Again we are fortunate to live in a world in which the inhabi

tants, despite the difference in boundries, nationalities, and belief may come 

together to exchange knowledge and experience. Our gathering here, in India, is 

one of the best examples for that common understanding. 

I give you a comparison'to show how these seminars have been useful. The 

organization committee had difficulty due to a shortage of papers to carry out a 

one week seminar in 1956 in Turkey, while we are given limited time for presenta-
The size of a medium reporttion and discussion in this Fifth Seminar in Delhi. 
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complete report of the firstin this seminar is almost the same as the size of the 

seminar. 

on the efforts of impartial andI believe a large number of people agree 

straight minded technicians in promoting cooperation between countries and in 

increasing prosperity and happiness of human beings. 

I believe that providing water for people, their lands, plants and animals is a 

very exciting and sacred job for any one to carry out. 

To see and to learn the experience of India in irrigation and drainage will be 

as beneficial as the technical sessions in-the seminar. 

Finally, I would repeat our expression of gratitude to the Government 

of India and the Agency for International Development for making this seminar 

possible. 

Thank you. 
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U.S. A.I.D.'S OBSERVATIONS 
by 

Ray G. Johnson 

Chief Agriculturist, US AID, New Delhi 

Mr. Chairman - Excellencies - It 
pleases me greatly to be able to say a few .I 
words today. This Irrigation Practices 
Seminar has been a working meeting. The 
delegates have worked - and worked hard 
Today's schedule has been heavy. My 
remarks are to be very brief. 

This is the fifth in a series of such semi
nars or regional meetings. My first contact 
with members goes back to 1955 in Tehran. 
Although it was not my pleasure to attend 
the first meeting held in Izmir, Turkey in " i. 
1956, I am familiar with what went on. I've 
been able to maintain direct or indirect con
tacts ever since. May I make some observa. M 
tions ? 

This year's papers reflect a growth in breadth of approach by irrigationists to 
irrigation planning, development, administration and operation. This is as it should 
be. Irrigation development is not for the purpose of building of structures. It is 
for the economic and productive utilization of a water and land resource by a 
cultivator. Water development is more multiple purpose - irrigation, power, 
recreation, flood control, and human resource development are all components of 
water development and each pays its fair shire of cost in today's planning and 
financing. However, structures are not the end point - merely means to an end. 
Productive, economic, sustained human benefits must be the end point. 

Two things have impressed me at this conference. I've mentioned the growth 
of the breadth of thinking - as well as the high quality of papers and follow-up 
discussions. My second observation has been that your delegations qre made up of 
relatively younger men. You know the development going on not only in your own 
country, but what has been done and is now being done within the region. You 
have been asking good and searching questions. You have shown a desire to acquire 
and then evaluate the experience of others. 

I congratulate you - everyone of you - and your countries are to be congra
tulated for seeking out young, energetic, knowledgeable human resources for this 
field and giving them responsibility. 
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I congratulate India - both the technicians and the administrative services 
for the exceptional and outstanding manner in which this seminar has been hosted 
and operated. The definite and exhibited support of the Ministers concerned, the 
follow through by the secretaries and the closely coordinated working group efforts 
are the results of long hours by real professionals as well as diplomats. 

The US AID of India (and I know I can speak for the US AID's of the region) 
are pleased to have had a small part in this working meeting of the irrigation profe
ssionals aid associates of this part of the world. 

Thank you. 



CLOSING ADDRESS 

by 

Shri A. M. Thomas 

Minister for Food, Government of India 

I regret I was prevented because of my 
preoccupations in Parliament to be present at 
the inauguration of the 5th NEZA Irrigation 
Practices Seminar. I may assure you, how
ever, that hav.>'g regard to the vital impor
tance of the subject matter of the Seminar and 

my special responsibilities in the matter of 
utilising irrigation potential, I have kept my
self fully posted with your deliberations from 
day to day and am particularly pleased to 
have the opportunity of being with you this 

afternoon.
 

I consider it highly opportune that the 

5th NESA Irrigation Practices Seminar should 
have been held in India. The need for appli
cation of modern technology and scientific 

methods in the field of irrigated agriculture has never been greater in India than 

today when, because of food shortage and rising population, and all-out effort is 

being made to build up the irrigation potential. Irrigation, however, is only a 

means to an end and not an end in itself. What needs to be ensured is that the 

available supplies of irrigation water are put to the most efficient use in the interests 

of increasing agricultural production within the shortest possible time. Our 

experience shows that the problem of water management is much more complex 

and complicated and is fraught with many more difficulties than that of creating 

irrigation potential. The introduction of new skills and techniques in water manage

ment necessitates considerable spade work in many spheres including research, 
training, community development, extension and demonstration. As the role 

played by the cultivator in water management is of fundamental importance, it is 

vitally necessary to equip him with the requisite know-how and motivate him in the 
activities in various fields are, therefore, necessary toright direction. Integrated 

provide the requisite financial, technical, material and organisational support to the 

farmer. Concerted and coordinated efforts on the part of the various agencies, 

such as State Agriculture and Irrigation Departments, the Department of Commu

nity Development, Extension Organisations, Research and Training Institute, etc. 

are required. 
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Seminar, you, the distinguishedIt is heartening to know that during this 
representatives from nine participating countries, have pooled your experience and 

to these basic problems of irrigated agriculture. Asgiven detailed consideration 
the essential background conditions of agriculture are very similar in the NESA 

made by you will be of material assistance to us inRegion, the recommendations 
solving these problems. 

I understand that after giving full deliberations to various problems and 
the need for provi

difficulties, the Seminar has emphasised, among other things, 

ding a properly-planned institutional base to support the activities of the farmer in 

the matter of developing irrigated agriculture. As agro-economic conditions and 

other factors vary from country to country, the irrigation methods, practices and 
be equallyinstitutional set ups found effective in one country could obviously not 

another unless adapted to meet local requirements. Nonetheless they
effective in 

The other important recommencan, and undoubtedly do, provide a useful guide. 

dations of this Seminar, I am given to understand, are that more extensive training 
specialised training to different programmes should be organised for imparting 

categories of personnel as well as the farmers who are concerned with direct utilisa-
More attention and thoughttion of irrigation water for the raising of crops. 

should be given to proper lay-out of farm irrigation and drainage systems and to 

other practices which not only economise the use of irrigation water but also assist 

in preventing the hazards of water-logging, salinity and alkalinity. Provision of 

proper drainage facilities, as an integral part of irrigation projects right from the 
benefit of irrigationvery beginning is highly essential in order to obtain sustained 

econowithout deterioration of land. It is not only convenient but also far more 

mical that drainage is attended to when the project is executed. If this is over

looked initially and the tract becomes water-logged and salt infested, our experience 

shows that its subsequent reclamation is a complicated and expensive process. 

the longThe recommendations made by the Seminar are the quintessence of 

and diverse experience of a galaxy of leading experts in different fields under diffe

rent conditions and will undoubtedly go a long way in improving the status of 
no doubt that the participatingirrigated agriculture in the NESA Region. I have 

countries will take full advantage of their collective wisdom. The present session 

may be the closing session of the 5th NESA Irrigation Practices Seminar, but it 
new responsibiis also the commencement for each delegate and each country of a 

lity, viz., that of effective follow-up action, as without such follow-up action, little 

will have been gained from your present labours. 

We are deeply indebted to the US AID for conceiving the idea and for assis

ting in the organisation of this series of Irrigation Practices Seminars, and thus 
develomaking available the benefit of pooled experience and knowledge to all the 

Region. Our thanks are particularly due in this
ping countries of the NESA 

Peterson, who has very ably and competently helped in 
respect to Dr. Dean F. 

conducting, from day-to-day, the proceedings of
organising the Seminars and in 

the Technical Sessions and other activities ot the Seminar.
 

Minister for Irrigation &Our grateful thanks are also due to Dr. K.L. Rao, 

Power and the officers of the Ministry of Irrigation & Power and the Centre 
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Water *& Power Commission for their wholehearted cooperation in making the 
Seminar a success. The delegates to this Seminar have travelled long distances at 
considerable personal inconvenience, to be here. We are honoured to have them 
in our midst and trust that their stay in this country has been pleasant and fruitful. 
We have tried as best as we could to take care of their comfort and convenience, 
but if for any reason our performance has not been equal to their expectations, we 
hope that they .will remember only our intentions and not our deeds. You will 
agree that besides the gain in terms of knowledge and experience there is also a 
gain in terms of mutual goodwill at such international gatherings and I am sure 
that many a friendship cultivated during this brief period will be lasting and will 
serve to cement the bonds of friendship that already exist among the participating 
countries. 
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CHAPTER IV 

COUNTRY PROGRESS REPORTS
 

AFGHANISTAN 

Generally, throughout the country precipi-

tation was below average during 1962 and 1963 
water years, and the relative total annual run-

off of the rivers was below that of an average 
run off in the Southernyear. Comparatively, 


and Western parts of the country was lower 


than that of the Northern and Eastern regions. 


Nevertheless, some periodic floods of short 
Indicationsduration occurred in some basins. 

exist that runoff will be higher during the 1964 

water year. 
has been conti-Irrigation development 

nuous in the Helmand and Arghandab Valley
project in orer tomadbng mreandb Vder 

underproject in order to bring more landthroughcultivation, increase productivity 

supply of dependable water and make efficient 
use of the regulated river flow. During 1962
and 1963, r 0 fow.nD riga1ioth loeterir 
and 1963, 10 kilometers of main irrigation 

canal was completed (10 cms. capacity), 9 
main canals capa-was lined andkilometerskilometers ofof sublaterals (0.3 to 0.4 ems. 

city), 15 kilometers of farm ditches (0.1 to 0.2 

cms. capacity), 70 kilometers of deep outlet 
drains (3 meters deep), 86 kilometers of open 
farm drains (1.3 to 1.9 meters deep) with 44 

major irrigation structures (check drops, 
bridges, chute drops, checks, etc.), 64 smaller 

smoo-structures with some land leveling and 
thing were completed. 

In the Nangarhar irrigation project where
the area to be irrigated is 31,500 hectares, a 

on Kabul River, 
rock earthfill diversion dam 

22 meters high, with diversion tunnels, main 
canal intake of 130 cms. capacity and the two 

on the main canal,sub-dividing structures 
i.e. the intake 	 for irrigation canal of 50 ems. 

capacity and power intake of 80 cms. capacity, 

are completed. The excavation of the irriga

tion main canal, 70 kilometers long and 34 

main outlet structure on the canal, is about 

90 per cent complete. From the two tunnel 
main irrigationsections along the line of the 

canal (total length of 8.85 km.) the first section 
1.4 km. long is complete, and 70 per cent of 

the construction work of syphons on the main 

canal (17 in total) is accomplished. Work on 

the lateral and sublaterals is about 10 per cent 

complete so far. In the powerhouse at the 

diversion site three sets of turbines and gene
rators of total capacity 11,000 kw. are already 

out of the totalinstalled. It planned that of high lands31,500 hectares,is 	6,500 hectares 
by heae fromghwil0 ecared e 

will be irrigated by lifting the water from the 
main canal by electric pumps at two pumping 
stations. A part of the generated power will 

be used by the pumps and the remaining part 
will be used for domestic purposes of the
nearby towns and villages. 

Work is underway to solve the inadequacy 
of the diversion structures (brush dams) at the 

in Kataghanheadworks of the Adjmir Canal 
province. After completion, the required 
amount of water will be supplied by extending 
the tail race canal of the existing powerhouse 
(at 40 cms. capacity) by 82 meters and then 
excavating a branch canal with 15 cms. capa
city and a length of 2.5 kilometers up to the
point where it joins the existing old canal. 

Twenty shallow wells (25 to 30 meters 
deep) have been dug and installation of pumps 
is underway in 	 Katawaz area for irrigation 
purposes. 

This progress report was prepared by Mir M.A. Roa, Deputy Minister of Agriculture, Afghanistan.Note : 
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Other rehabilitation surveys and minor 
reconstruction works have been performed in 
various parts of the country. 

Dam in Ghazni,Construction of Sardeh 
28 meters high, rock-earth fill type, is coai-

tpers cnt-rck-saut centnun athe i work is about 7070 per 

The total capacity of the reservoir 
nuing and the 

complete. 

is 125 million cubic meters which will be used 


mainy fo irigatonurpoes.themainly for irrigation purposes. 

Considering the importance of collection 

and analysis of basic data, and technical re-

commendations needed for basic planning for 
resourcesdevelopment of the water and soils 

of the country, a new organization "Afghan 

Water and Soil Survey Authority" was estab-

lished in 1963. This resulted in the centra-

lization of activities in the field of soil and 
water resources investigations,- where before 
various agencies were engaged in performance 
of similar activities-with duplication of efforts 
and lack of coordination. The authority is 
responsible for the survey and evaluation of 

Land suitable for irrigation 
Total area 

Location surveyed Class II and 
(Hectares) III 

Hari Rud valley 
Ghazni Kata
waz valley 

Kabul val!ey 

Upper Adras
kand valley 

(Hectares) 

410,770 139,430 

878,290 350,130 

238,300 172,400 

155,000 


Geological and topographical investiga-
tions have been performed on thirteen dam 
sites ; one on the Farsh River (plus the three 
dam sites surveyed in 1960-61), five sites on 
the Hari Rud and its tributaries, seven sites 
on Kabul River and its tributaries. The 
topography maps on dam sites are of 1 : 2,000 

10 meter contour intervals.scale with 5 to 
Reservoir contours are made up to the maxi-
mum economic dam heights. General possi-

water and soil resources of the country inclu
ding hydrological and hydrogeological investi
gations, soil-survey and analysis ; topography 

and preliminary designs for irrigation, power 

development, and flood control purposes. In 
various technical fields of activities ofthethe Authority, assistance is received from the 

US AID, andUnited Nations Special Fund, 
te F alio verne n f Germany.

Federal Government of Germany. 

Towards the completion of the network of 

Hydrology stations, key posts are installed on 
major rivers of the country, andmost of the 

in some of the stations records have been 
Approximaobtained up to fourteen years. 


tely 90 per cent of the stations are equipped
 

with automatic recorders.
 

Reconnaissance soil survey is completed 
for a total area of 1,682,360 hectares since the 
last seminar, and soil maps, land classification 
and land use maps are prepared at the scale of 
1 : 100,000. A brief summary of soil survey 
work is given below 

29,700 


Class IV 
and V 

(Hectares) 

84,930 

89,450 

26,900 
10,650 (v) 

Land that can 
be used as 
pasture or 

developed with 
high cost 

186,410 

438,710 

28,350 

5,300 120,000
 

bilities of control and use of water with respect 
to irrigation, power supply and flood control 
are studied in the basins of Hari Rud, Kabul 
and Farah. 

Due to the great difficulty with regard to 
water shortages for irrigation use and power 
production, emphasis has bten placed on 
Hari Rud valley survey. The Government 
has had plans for the development of the 
valley for many years. With the controlled 
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flow of the Hari Rud, it is found that all of generating more electric power is continuing. 
the class II and III lands will be irrigated, and 
with efficient use of water it is possible even sice thesurae w eupotent oeto irrigate some of the class IV land. not satisfy the expansion requirements of the 

valleys, use of the ground water resources is 
In Kabul valley studies with regard to a must in many of the valleys. Ground water 

furnishing more and firm flow of water for investigation programme are at the starting 
purposes of increasing the cultivable area, and stages now. 

• . -

WAA AFGHANISTA 

/ iWATER B SOIL. SURVEY" I AUTHORITY 

INAWMST NIe.dl.l 
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INDIA
 

INTRODUCTION 
Introductory material describing physio-

graphical, soil and climatic features and crops 
was included in the report of the Fourth 
Seminar. It is repeated herein only where 
significant charges have occurred. 

LAND RESOURCES 
The geographical area of the country is 

806 million acres of which land utilisation 
statistics are available for about 739 million 
acres for 1960-61 : 

Million acres 

(i) Total geographical area ... 806.30 

(ii) Area under cultivation ... 328.00 

(iii) Cultivable land not yet 
cultivated 96.00 

(iv) Fallow lands ... ... 56.30 

(v) Forests ... ... ... 138.50 

(vi) Land put to 
ral use 

non-agricultu-
34.70 

(vii) Unculturable lands ... 8530 

Total reported area ... 738.80 

WATER RESOURCES 
No new information on surface supplies 

beyond that included in the Fourth Seminar 
Report is presented. A complete assessment 
of the country's underground water resources 
has not been possible so far but there is 
evidence that they are of considerable magni
tude. They are particularly prominent in the 
Indo-Gangetic alluvial plains. 

AGRICULTURE 
The areas of major foodgrain crops during 

the five years ending 1062-63 are given below. 

IRRIGATION DEVELOPMENT 
A brief history of irrigation development 

in India was included in the Fourth Seminar 
report. This may be brought up-to-date by 
the following statement. The generation of 
hydro-electric power and its use on large scale 

tubewellsground water pumping through 
(deep wells) is comparatively a recent develop

ment. Deep tubewells were constructed for 

the first time in the thirties of this century, 

mostly in Uttar Pradesh and since then their 

number has been increasing. 

TABLE I. AREAS 

Crop 1958-59 

Rice 81 
Jowar 43 
Bajra 28 
Ragi 6 
Maize 10 
Small millets 12 
Wheat 31 
Barley 8 
Gram 25 
Tur 6 
Other pulses 29 

Total Foodgrains 279 

OF MAJOR CROPS IN 	INDIA 

Million acres 

1959-60 1960.61 1961.62 	 1962.63 

83 83 85 	 86 
4442 42 44 
2627 28 27 

6 6 6 6 
11 11 11 11 
12 12 12 12 
33 32 33 33 
8 8 8 7 

25 23 24 23 
6 6 6 6 

29 28 29 29 

282 279 285 283 



With the country's attaining freedom in 
1947, a number of big irrigation projects on an 
hitherto unprecedented scale were taken up. 
To mention a few, Bhakra-Nangal in Punjab, 
Hirakud in Orissa, Damodar Valley system in 
Bihar and West Bengal, Tungabhadra in 
Mysore and Andhra Pradesh and some of the 
Chambal Valley works in Madhya Pradesh 
and Rajasthan are the major projects recently 
completed. A countrywide programme for 
taking up small irrigation projects was also 
launched and this programme has been rein-
forced considerably in the course of the three 
Five Year Plans. 

RELATIVE MERITS OF MAJOR-

MEDIUM AND MINOR SCHEMES 


India has extensive programmes involving
major (more than Rs. 50,000,000), medium 
(Rs. 1,000,000 to Rs. 5,000,000), and minor 
(less than Rs. 1,000,000) and, as reported
previously, has found it profitable to engage
in programmes of all sizes. In regions of low 
rainfall such as part of Rajasthan and certain 
areas in Andhra Pradesh, major irrigation 
schemes are the only satisfactory means of 
providing irrigation. On the other hand there 
are territories like Himachal Pradesh, Tripura 
Pondicherry etc., and undulating regions 
covered by the Aravali, the Satpura and the 
Vindhayan ranges, the Deccan Trap and some 
tracts in the Western and Eastern Ghats, 
where topographic and other considerations 
permit only minor irrigation works. Like. 
wise there are many areas where surface water 
irrigation is inadequate and dug-wells or 
tubewells, utilizing groundwater are the only 
available means for extending irrigation. Yet 
there is a third category of areas where major-
medium and minor irrigation schemes may 
have a complementary role to perform and 
only through integrated development of the 
resources may it be possible to obtain maxi-
mum utilisation of available resources. 

IRRIGATION IN PRE-PLAN PERIOD 

At the beginning of the Third Five-Year 

Plan, i.e., in 1950-51 gross area irrigated in 
the country was 55.76 million acres. The net 
irrigated area was 515 million acres and the 
sourceswise break-up of this figure was 

Million acres 
Government canals ... 17.9 
Private canals ... 2.8 
Tanks 8.8 

Open wells ... 14.7 
Other sources ... 7.3 

Total ... 51.5 

ACHIEVEMENTS DURING THE PLAN 
PERIOD 

Major and Medium Schemes: During 
the first two Five Year Plans more than 400 
new Major-Medium Irrigation schemes were 
taken up. About 100 schemes have been 
included in the Third Five Year Plan. As a 
result additional irrigation potential of 12.1 
million acres was created by the end of the 
Second Five Year Plan. Actual utilisation of 
the irrigation potential created was about 8.6 
million acres. It is expected that a total new 
potential of about 23.20 million acres will 
have been created by the end of the Third 
Five Year Plan, with total utilisation of about 
18.6 million acres expected. 

Minor Schemes: Achievement under the 
First and Second Five Year Plans comprised 
sinking about 300,000 new open wells (dug 
wells), boring and deepening about 50,000 
existing open wells, installation of about 
283,000 pump sets, construction of about 
20,000 tubewells of various sizes, and cons
truction and repair of about 25,000 tanks. In 
addition, a large number of small diversion, 
drainage and embankment schemes were cons
tructed. Great emphasis is being given to 
the development of minor irrigation sources 
and it is expected that comparatively much 
better progress will be recorded during the 
Third Five Year Plan. Schemes taken up 
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during the first two Plan Periods resulted in 
creating an additional irrigation potential of 
9.7 million acres. A further additional poten-
tial of about 9 million acres is expected to be 
created during the Third Five Year Plan. 

FINANCIAL OUTLAYS 

An aggregate estimated cost of major and 
medium irrigation schemes included in the 
First, Second and Third Plans is of the order 
of Rs. 17,500,000,000. By the end of the First 
Plan, an outlay of Rs. 3,800,000,000 had been 
incurred. The outlay in the Second Plan is 

Rs. 3,700,000,000. The provimade Thirdsionestimated at for irrigation during the 
sionmadirigaionfo urig te Tird 

Plan period is Rs. 6,000,000,000. The expen-
diture incurred on minor irrigation during the 
First and Second Five Year Plans was of the 

order of Rs. 600,000,000 and Rs. 1,400,000,000. 
During the Third Plan, it is expected the 
outlay would be in the neighbourhood of 
Rs. 3,500,000,000. 

IRRIGATION ORGANISATION 

Irrigation is a State responsibility. In most 
States, there is a separate Irrigation Depart-
ment to handle major-medium as well as 
minor irrigation schemes. Small schemes 
irrigating below 100 - 200 acres are dealt 
with by the State Revenue, Agriculture of the 
Community Development Departments. 
Loans advanced to the cultivators for execu-
tion of individually owned minor irrigation 
schemes, like open wells (dug wells), tubewell 
(deep wells) or pump-sets are also handled by 
these Departments. The Departments are 
equipped with engineering staff to plan and 
implement these schemes on technically 
sound lines. Coordination between the acti-
vities of the various Departments at the dis-
trict level is carried out by the various com-
mittees set up for the purpose. At the State 
level, the coordinating authority is the 
Development Commissioner or the Agricul-
tural Production Commissioner. There are 
also some committees and working groups at 
the State level for coordination. At the level 

of the Central Government, the minor irriga
tion is looked after by the Ministry of Food 
and Agriculture. The major-medium irriga
tion schemes are dealt with by the Ministry 
of Irrigation and Power. This Ministry is 
technically assisted by the Central Water and 
Power Commission. An Agricultural Pro
duction Board has been set up at the Centre 
to coordinate the activities of the various 
Central Ministries and the Planning Commis
sion concerned with Irrigation and Agricultu
ral Development. 

Assessment and realisation of revenue 
from irrigation are generally handled by the 

Revenue Department in the southern States, 
while in Northern India assessment is made 
byite irrn dartment isao 
by the Irrigation Department and realisation 
by the Revenue Department. The Irrigation 
Department consults the Agricultural Depart
ment on fixing the intensity of irrigation, duty 

rop pattern, etc. for adoption in new pro
jects. 

SURVEYS AND INVESTIGATIONS 

River Valley Projects require elaborate 
investigations. For integrated development 
of water and land resources of the country on 
a planned basis, and to ensure continuity in 
the development of water resources, adequate 
information regarding technological possibili
ties, namely, suitable project sites, hydrologi
cal data, irrigable areas etc., for all feasible 
projects in a river basin should be available in 
advance, so that projects can be selected pro. 
perly and given appropriate priority. 

States have been advised to prepare master 
plans for long term development of irrigation 
to bring out clearly the ultimate potentialities 
of various irrigation and multi-purpose 
schemes. Special investigation units have 
already been set up in almost all of the States 
and these are being further strengthened. On 
request from some of the States, investigation 
units of the Central Water and Power Com
mission also undertake surveys and investiga
tions of certain important projects. 
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Many States have set up separate units for 
surveys and investigations on minor irrigation 
schemes. These units have recently been 
strengthened. Some States have also been 
carrying out surveys for establishing ground 
water potentialities with a view to delineating 
fresh ground-water-worthy areas and to regu-
late the construction of new wells in already 
proven areas so that over-draft and the failure 
of wells is avoided, 

At the Centre, since 1955, systematic ex-
ploration and assessments for ground water 
potentialities have been undertaken on a 
nationwide scale by the "Exploratory Tube-
wells Organisation", in 13 States of the Indian 
Union. Five hundred fifty-six exploratory 
boreholes were drilled, of these 258 were suc-
cessful and converted into production wells 
opening 84 areas of future development. This 
has created a potential for about 8,000 addi-
tional tubewells with an average output of 1; 
cusecs in the proven areas. 

OPERATION AND MANAGEMENT 
OF COMPLETED WORKS 

Operation and management of all State-
owned completed works, whether major-
medium or minor, is invariably handled by 
th State Irrigation Department. Adequate
finances for the purpose are earmarked in theannual budget of the State Government. Ope-
raninal budg te theStateGovemnof rtin 
ration and maintenance of minor irrigation 
works irrigating below 100-200 acres has 
increasingly been entrusted to the local institutions knowvn as the Panchayats. Necessary
legislativewmeasre to ensure propesaie 
legislative measures to ensure proper mainte-
nance of works by these agencies have been 
taken in most of the States. The Panchayats 
are equipped with technical staff to look after 
the work properly and have also been autho-
rised in many States to levy a suitable cess or 
water rate on the beneficiaries for defraying 
maintenance cost. Individually owned minor 
irrigation works, like wells, pump-sets etc. are 
invariably maintained by the cultivators them-
selves. Proper workshop facilities including 
mobile units are being arranged by the State 
Governments for the repair and upkeep of the 

pumping sets and other water lifting applian
ces. The oficers at district level are expected 
to keep an eye on proper maintenance and 
proper utilisation of these works. 

UTILISATION OF IRRIGATION 
FACILITIES 

The States have constituted working 
groups at various levels, starting from the 
State right upto the Block to ensure the full 
use of irrigation facilities for each project 
completed or initiated during the Five-Year 
Plans and to review carefully at regular inter
vals the progress of irrigation on such projects. 
The working group at the State level is gene
rally composed of the Development Commis
sioner and officers of the Agriculture, Coop
eration, Irrigation and Community Develop
ment Departments. Working groups consis
ting of officers directly concerned with the 
implementation and the development of the 
projects have also been set up for each major 
project. The Agriculture Department is 
expected to undertake advance measures for 
the development of the commanded areas so 

that the fields are in a fit condition to receive 
irrigation water as soon as it is available. 
These.consist of (a) tractorisation and levell
ing of fields ; (b) pre-irrigation soil surveys ; 
(c)construction of field channels ; (d) setting 
up experimental farms for determining and 
evolving new cropping patterns ; (e) setting
up of demonstration farms/plots to propagate 
scientific irrigation practices particularly 

economic use of water ; (f) supply of im
proved seeds, fertilizers and development of 
local manurial resources ; and (g) credit and

(g) 
marketing facilities - establishment of ware
houses and godowns. 
WATER-LOGGING PROBLEMS AND 
DRAINAGE MEASURES 

The problem of water-logging is fairly 
acute in some irrigation tracts in India. It is 
roughly estimated that the transit losses in a 
canal system average about 45 per cent. Inade
quate drainage, particularly in the flat alluvial 
plains of Uttar Pradesh and Punjab results 
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in rain-water standing over the countryside 
for long periods and percolating into the 
ground water table. 

No 	 regular statistics have been maintained 
regarding the extent of water-logged areas and 
their rate of increase. The problem exists in 
many States in varying degrees, but it is more 
acute in the irrigated tracts of the Indo-
Gangetic plains which have flat slopes and 
poor outfalls. In the Deccan where drainage 
conditions are generally good, the problem is 
not so acute except in some intensely irriga-
ted tracts. As per figures available, the areas 
where water table is within 5 feet of the 
ground, total to 4.7 million acres in October. 
This affects winter sowings. In June, how-
ever, this area reduces to only 0.479 million 
acres. In addition to this, in an area of 3.31 
million acres, the water table is reported to 
vary between 5 to 10 feet of the ground in 
October while in June it increases to 379 
million acres. The State of Punjab is the 
worst affected. 

Although the importance of water-logging 
was realised long ago, no concerted measures 
were undertaken prior to independence. Since 
1947, however, efforts have been intensified 
to check this menace. In Punjab, six pilot 
projects are at present in progress to deter-
mine the best method of tackling the problem 
in areas where the water table is between 0' 
to 5' deep. On the basis of the results to 
date, it is proposed to launch an anti-water-
logging programme estimated to cost 
Rs. 20,000,000 for improvements to both 
surface and as sub-surface drainage. 

Some drainage schemes have been under-
taken to reclaim water-logged and salt affec-
ted areas in the St'ate of Maharashtra. Simi-
larly in West Bengal, a few drainage schemes 
have been completed while some more are 
under contemplation. Shallow tubewells have 
been installed in various parts of Delhi to 
lower the ground water table in addition to 
improvements to surface drainage, 

The problem of water-logging was again 
recently gone into by a Study Group on 

Wastelands of the Committee on Natural 
Resources of the Planning Commission. It 
has now been decided that apart from the 
reclamation of already water-logged lands the 
future programme in this field should also 
comprise 

a. 	 Prevention of flooding of the land 
from river spill; 

b. 	 Improvement of surface drainage; 

c. 	 Installation of shallow tubewells for 
depressing the water table andsuch water for irrigation 

possible 
d. 	 Lining of irrigation canals 

possible, and 

use ofwhere 

where 

e. 	 Construction of seepage drains along 
irrigation channels. 

The above measures will substantially 
reduce the rate of increase in the extent of 
water-logged areas in future. Punjab has 
already started work on these lines while 
other States are preparing plans to do so. 

' 	 SOIL CONSERVATION AND LAND 
RECLAMATION 

Soil erosion is a serious problem in India 
as in all tropical and sub-tropical countries. 
It is one of the main reasons for low crop 
yields. Deterioration of soil also occurs due to 
water-logging, salinity and destruction of soil 
structure. Already, large areas have been 
rendered unfit for cultivation and in many 
more, production has gone down considera
bly. Soil erosion is evidenced by gullies 
deepening in the agricultural land, deep 
ravines, enormous silt load brought down by 
various river systems from their catchments, 
deteriorating pastures and diminishing land 
returns, recurrent floods and marching desert. 
Besides, there are vast stretches of lands that 
have been thrown out of cultivation due to 
water-logging, soil salinity and alkali condi
tions. Factors which have largely contributed 
to the erosion and deterioration problems are: 

(i) 	 Extension of cultivation to steep hills 
at the cost of forests; 
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(ii) 	 Over-grazing of pastures ; 

(iii) 	 Poor farming practices characterised 
by lack of conservation farming, 

absence of legume in rotation, mono-
culture farming and cultivating the 

land along the slopes ; 

(iv) 	 Uncontrolled use of irrigation water ; 
and 

(v) 	 Economic and social factors such as 
subsistence farming, insecurity of 
tenancy, small fragmented holdings, 
etc. which are in fact at the root of 
many of the above causes. 

The problem area needing immediate 

attention is estimated to be about 200 million 
acres. Out 	of these, 100 million acres are 

agricultural land spread over Peninsular India 
(Deccan and Central India Plateau), the 

Himalayan and sub-Himalayan area and the 
red and laterite soils. There are about 50 
million acres comprising the hilly region and 
wastelands, etc. and another 50 million acres 
of arid Rajasthan desert where wind erosion 
is a serious problem. 

During the First Five Year Plan, about ' 

0.7 million acres were protected. In the 

Second Plan, the total area covered was about 
2.5 million acres of agricultural land and 

about 0.5 million acres of non-agricultural 
land. The important targets set for the 
Third Plan include : 
a, Anti-erosion and 

soil conservation 
measures. 

b. 	 Conservation farm-
ing (dry farming)of 

c. 	Reclamation 
ravines 

d. 	 Reclamation of 
saline, alkali and 
water-logged land 

e. 	 Afforestation and 
pasture develop-
ment in desert and 
hilly areas, water-
shed and denuded 
forests 

About 11 million acres 

,, 25 

,, 0.03 , 

,, 0.2 ,, ,, 

,, 0.8 ,, ,, 

f. 	 Soil conservation 
measures in the
 
river valley projects
 
for the protection
 
of dams and reser

,, 	 0.8voirs 

IRRIGATION RESEARCH 

The Central Board of Irrigation and Power 
is the coordinating authority for research 
work in hydraulic and hydro-electric engineer-. 
ing. In addition to specific problems, they 
have sponsored a scheme of Fundamental and 

Basic Research on 21 problems of irrigation. 

The Board has exchange relations with over 

260 Research Organisations throughout the 

world. Twenty-three research stations are 

maintained at various sites in India. 

To encourage new ideas and invigorate 
technical thinking, applied research aiming at 
improvement of design and construction 
practices in vogue on minor irrigation works 
has been recently initiated. 

Research work on water requirements and 

irrigation practices is also being conducted at 

some research stations. Among these, mention 
made of the Indian Agriculturalmay be 

Research Institute, New Delhi ; Irrigation 
Research Station. Bikramganj, Bihar and 

of 	Techassociatea centres ; Indian Institute 
nology, Kharagpur ; Irrigation Research 

Institute, Roorkee ; and selected centres under 

the scheme of model agronomic experiments. 

AGRICULTURAL RESEARCH 

See description in Fourth Seminar Report. 

EDUCATION AND TRAINING 

Facilities for training irrigation and agri
culture exist in all States. Steps have been 

taken to establish new institutions and to 
expand existing institutions in order to pro
vide sufficient trained personnel for the agri
cultural development programmes. 

For disseminating the results of research, 
the Indian Council of Agricultural Research 
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has continued to expand facilities for training 
the agricultural and veterinary personnel 
required for the production, distribution and 
use of various types of extension teaching 
aids and mass communication methods. Good 
progress has been made in distributing 
literature pertaining to improved techniques 
of agriculture, animal husbandry, etc. 
Arrangements have also been made for pro-
ducing agricultural films. 

In addition to the activities of the Agri-
cultural Departments, the Community 
Development Programme, initiated in 1952, 
aims at the individual and collective welfare 
of the rural population on an aided self-help 
basis. The entire country has been brought 
under this programme with 5,223 Blocks com-
prising 567,000 villages serving a population 
of 335 million. Agriculture receives the 
highest priority in the programme which 
includes other activities, such as communica-
tions, health and sanitation, housing, educa
tion, etc. In order to provide trained per-
sonnel for the Community Development 
Blocks, a structure of extension training 
sufficient to train nearly 50,000 'Gram Sevaks' 
and 12,000 'Gram Sevikas' (male and female 
village level workers) was initiated. One 
hundred Extension Training Centres have 
been established and are engaged in 2-year 
integrated training programmes for village 
level workers. In addition, 44 Gramsevika 
Training Centres have been established to 
provide suitable education and field training 
to women village level workers who work for 
the welfare of women in the Development 
Blocks. Having met the initial requirement 
of trained Gramsevaks and Gramsevikas these 
training centres will be continued partly for 
providing pre-service training to village 
level workers (both men and women) required 
for replacements and partly for imparting 
short-term in-service training to those workers 
who have been in the field for 3 to 4 years in 
order to bring them up-to-date in their 
subject-matter. The 'Gramsevak' has been 
accepted as a multi-purpose extension worker. 
Accordingly, he is provided adequate 

opportunities for practical training in agri
cultural engineering, irrigation methods lead

,ing to soil and water conservation, horti
culture, plant protection, animal husbandry, 
Panchayat and cooperation, extension and 
social education, public health, minor engi
neering programmes and rural industries. 

Considering the important role of agri
cultural implements, 31 Workshop Wings 
have also been set up at the campuses of 
Extension Training Centres to provide sui
table training to 'Gramsevaks' and village 
artisans. These Wings will gradually be 
extended to all the 100 Extension Training 
Centres. Trial-cum-demonstration farms 
have been set up under various irrigation pro
jects to evolve proper use of water, manure 
and fertilizers, and cropping patterns best 
suited to the area. In addition, demonstra
tions on the cultivators' own fields, are also 
organ sed by the State Agriculture and Coin
munity Development Agencies. 

Another scheme provides training on 
Minor Irrigation and Water Use to the 
district level technicians and the sub-district 
level staff engaged in the Departments of 
Irrigation, Agriculture and Community 
Development. District-level technicians are 
trained directly by the Government of India. 
The syllabus for these technicians covers 
subjects such as wells, tanks, water lifting 
appliances, surveying, operation and main
tenance of irrigation works, soil-plant-water 
relationships, irrigation methods, water 
control equipment and farm irrigation struc
tures ; drainage, etc. The sub-district level 
staff are trained by various States. In general, 
there is one training centre in each State and 
speciaists on Engineering and Agronomy are 
provided. Three sessions of about 3 months 
each are planned for each Centre every year. 
Theoretical as well as practical training is 
imparted with emphasis on the practical part. 
This programme has been initiated in 13 
States. Experts from various State Govern
ments, the Government of India and foreign 
countries are also invited from time to time to 
deliver lectures and arrange demonstrations. 
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INTENSIVE AGRICULTURAL 1962-63 and two in 1963-64. The selected 
for a cultivatedDISTRICT PROGRAMME districts together account 

' area of about 19 million acres on a little over 

The Intensive Agricultural District Pro-
gramme (popularly known as the "Package 
Programme") which is being implemented in 
one district of each State seeks to demonstrate 
the potentialities of increasing food produc-
tion through a multi-pronged, concentrated 
and coordinated approach to agricultural 
development in areas which can quickly 
respond to such production efforts. In the 
long run, it aims at a continuing, self-gnerat-
ing "break-through" in productivity and 
raising the production potential by stimulat-
ing human and physical processes of change. 
Th: programme not only involves adoption 
by cultivatorssuch as "packageimprovedofseeds,improved prac-tices" fertilizers, 
pesticides, improved implements, proper soil 
and water management etc., but also involves 
and watrk nage mensetc.,contingso invos 
a "package of services" consisting of com
petent technical staff, availability of credit 
and production supplies, land and water 

improvement, adequate research information 
for basing extension recommendations, 
storage, and marketing and price assurance, 

One of the basic considerations in formu-

lating the programme is its repeatability in 
other areas. The details of the programme 
have been worked out on the assumption that 
the experience gained in the selected districts 
would be repeatable in other areas. 

The I.A.D.P. was initially introduced in 
the year 1960-61 in 7 :stricts of 7 States, 
viz. Tanjore (Madras), W..Godavari (Andhra 
Pradesh), Shahabad (Bihar), Raipur (Madhya 
Pradesh), Aligarh (Uttar Pradesh), Ludhiana 
(Punjab) and Pali (Rajasthan). Thus, in 
these districts, the programme has already 
completed.about 3 years of operation. It was 
subsequently extended to one district in each 
of the remaining States as well, viz., Mandya 
(Mysore), Surat (Gujarat), Sambalpur 
(Orissa), Palghat and Alleppey (Kerala) 
Burdwan (West Bengal) Cachar (Assam), 
Bhandara (Maharashtra) and 6 Blocks in 
Jammu and Kashmir. Six were started in 

5 per cent of the total cultivated area of the 
country. During the short period that the 
programme has been in operation, farm 
planning has been useful, on the whole, in 
making a substantial number of cultivators 
aware of the gains to be made from the adop
tion of improved practices of a simple kind, 
such as, improved seeds, fertilizers, plant 
protection measures, etc. The number of 
farm plans actually prepared increased from 
0.055 millions in 1960-61 to 0.38 millions dur
ing 1962-63. 

Increased use of fertilizers ranged from 
about 45 per cent to 200 per cent during 
1962-63. Attention is being paid to pro16-3 teto sbigpi opo 
phylectic treatment of seeds and crops on an 
area-wide basis. Specific control measures, 
new pesticides, and new equipment are being 

popularised through demonstrations. An 
implement workshop is being established in 

each district in order to give a fillip to pro
duction, popularisation and demonstration of 

improved implements suited to the region. 

Although one of the important considera
tions for selection of I.A.D.P. districts was 
availability of adequate irrigation facilities, the 
intensity of irrigation differs greatly from 
district. In almost all the districts, there is 
considerable opportunity for intensification 
of minor irrigation programmes. With this 
in view, State Governments have been making 
funds available to these districts every year 
out of the allocations made in the State Plan. 
Steps are also being taken to ensure efficient 
and timely use of the available water in 
accordance with the soil characteristics and 
crop requirements. The districts are imple
menting a scheme designed to demonstrate 
sound and practical methods of solving farm 
irrigation and drainage problems and provide 
on-the-ground training and experience in 
water management to extension staff. The 
scheme envisages laying out a few pilot 
demonstrations on proper farm irrigation and 
drainage practices in each district. It includes 
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the appointment of a Water Use Specialist in 
each district and procurement of a few small 
earth-moving implements for land levelling, 
etc. 

Close coordination between the various 
Departments, like, Irrigation, Agriculture,
Community Development, Revenue, etc. must 

be ensured. The State Governments are 
setting up a small committee in each district, 
headed by the District Collector, and consist-
ing of the district level officers of the concern-
ed Departments. 

COOPERATIVES AND CREDIT 
FACILITIES 

In India, coorperation has been recognised 

as an instrument of national policy for inceas- 
ing prodution and improving the economic 
conditions of the rural population. A 
National Cooperative Development Corpora-
tion has been set up consisting of representa-
tive cooperation opinion and Government 
agencies concerned. The functions of this 
body are schemes of cooperative development, 
principally in the field of agriculture, 

The cooperative credit sector in India con-
sists of the primary agricultural credit 
societies (service cooperatives) at the base, 
the Central Cooperative Banks at the 
district-level and the State Cooperative Banks 
at the State level. Agricultural credit is pro-
vided to the cultivators primary Credit Socie-
ties which get the necessary resources from 
the Central Cooperative Banks which in turn 
obtain the facilities from the State Coopera-
tive Bank and the Federal Bank of India, viz. 
the Reserve Bank. At the end of the Second 
Plan, there were about 200,000 primary agri-
cultural credit societies in the country with a 
membership of 17 million. Some of these 
societies were strong enough to undertake 
the various service and supply functions 
expected of them. But roughly fifty per cent 
were weak and efforts were made to reorganise 
and strengthen them by a programme of 
revitalisation launched in the Second Plan. 
As a result, the short and medium.term 

credit advanced by the primary agricultural 
credit societies has gone up from Rs. 229 
million in 1950-51 to Rs. 2,280 million in 
1961-62 and to about Rs. 2,500 million in 
1962-63. This is expected to go upto about 
Rs. 4,000 million in 1965-66. Cooperatives 
accounted for about 3 per cent of the credit
requirements of the agriculturists in the 
country in 1950.51. Now they are covering 
about 20 to 25 per cent and this percentage is 
expected to gradually increase, All the 
villges in the country will be covered with 

primary agriculture credit societies by the 
end of the Third Plan, i.e. 1965-66. The 
membership of the Societies by then will be 
about 30 million covering about 45 to 50 per
cent of the agricultural population. 

The loaning policy of the cooperatives has 
been reoriented for production. Short-term 
loans are issued against personal sureties for 
seasonal agricultural operations. For con
struction of small channels or bunds or for 
irrigation facilities, purchase of bullocks, 
etc., medium-term loans are provided. Such 
loans up to Rs. 500 are advanced on the basis 
of personal security and from Rs. 501 to 
Rs. 1,000 on the basis of a charge created on 
land. Larger, medium-term loans are given 
only on the basis of a mortgage of land as 
security. To the extent possible loans are 
based on production plans, especially in areas 
in which the intensive agricultural district 
programme (package programme) is in opera
tion. The results of these programmes have 
thrown some light on the methods to be ad
opted for tailoring credit to production. In the 
past, the cooperatives provided credit mainly 
on the basis of land as security. Thus a large 
proportion of the members either obtained 
inadequate credit or no credit at all and there 
was considerable delay in securing loans. If 
agricultural production is to incrcase, all the 
cultivators including marginal and sub
marginal cultivators who are many in number 
in this country, should be provided sufficient 
credit. The Government have decided to 
provide out-right grants for special bad debt 
reserves of primary agricultural credit 
societies and Central Cooperative Banks in 

61 



order that such grants may cover the addi-
tional risks involved in providing credit to 
the weaker sections. 

In addition to short and medium term 
loans, long-term loans for improvement of 
land, digging of wells, installation of pump 
sets, construction of large irrigation channels, 
etc. are being provided by the Cooperative 
Land Mortage Banks. All the States in the 
country have now set up Central. Land 
Mortgage Banks. Share capital participation 
in the land mortgage banks by the Gov~rn
ment, provision of managerial subsidy and 
subsidy for appointment of land valuation 
officers, etc. have been provided in the Five 
Year Plans. It is expected, that by the end 
of the Third Plan, long-term cooperative 
credit (outstandings) from the cooperative 
land mortgage banking structure would be 
of the order of Rs. 150 millions. A decision 
has been taken to route all Government loans 
for land improvement and production pur
poses through cooperatives thereby recognis-
ing cooperatives as the sole institutional 
agency for provision of agricultural credit. 
The State Governments are taking action to 
implement this policy in a phased manner 
so that in a period of 3 to 5 years, direct 
loans by Government for production and landimprovement to the cultivators wvill cease in 
most areas. 

For providing finance to cultivators for 
production of plantation crops such as rubber, 
cocoanuts, arecanuts, etc., and for large scale 
reclamation of land in areas where major irri-
gation projects are coming into existence, 
special schemes are being prepared by the 
State Government. These will be implemented 
through the cooperative land mortgage bank-
ing structure with the assistance of an Agri-
cultural Refinance Corporation set up in the 
country in 1963. The Corporation will help 
the Land Mortgage Banks to get reimburse-
ment facilities for advancing loans to culti-
vators. To ensure effective recovery of loans 
by sale of produce, marketing cooperatives 
have been organised. There were about 
2,300 marketing societies by the end of the 

Second Plan and about 200 more expected 
under the Third Plan. These are expected 
to cover the important market centres in the 
country. Primary agricultural credit societies 
are being affiliated to these marketing societies. 
Action is being taken to see that the marketing 
societies recover the loans issued by the 
primary societies by the sale of agricultural 
produce of its members. Provision of storage 
facilities for selected agricultural credit 
societies and for marketing societies is also 
being undertaken. 

PROGRESS MADE ON THE 
RECOMMENDATION OF THE 
PREVIOUS SEMINAR. 

I. EDUCATION AND ON-THE-JOB 
TRAINING 

Professionals 

The Central Government arranged an Oi
entation Training Course on minor irrigation 
and water use in South India during 1962. 
Nineteen technicians participated. About 20 
experts from all over the country were invited 
to deliver lectures and arrange demonstra
tions. During the training period of twomonths, 10 days were exclusively spent on 
field practicals. Many of the trained handshave been appointed instructors for regular 
training of sub-professionals. Two to three 
such orientation training sessions are planned 
for every year in different parts of the coun
try. It is envisaged that in due course a 
Central Training Institute will be set up. 

A training programme for the sub.pro
fessionals on minor irrigation and water use 
has been initiated in the 13 States in the 
country as already mentioned. The pro
gramme has made considerable head-way in 
5 States where about 100 sub-professionals 
have already been trained. Preliminaries are 
also over at the other training centres and 
training sessions will start in full swing 
shortly. 
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Village Level Extension Workers 

During the 2-year integrated course at the 
100 Gramsevak Training Centres established 
in the country, village level workers were 
trained in extension methods, agronomy and 
water use. For the village level workers who 
have put in 3 to 4 years of service, in-service 
training courses of 2 mor.ths' duration are be-
ing organised at the selected Gramsevah 
Training Centres. During these courses 
training is imparted on %arious topics includ-
ing different aspects of 'rrigation and water 
use depending on the requirements. Periodi
cal visits and field trips to experimental 
stations are regularly organised for the 
village level workers both during the pre-
service and in-service training courses. The 
Farm Advisory Unit of the Ministry of F6od 
and Agriculture is regularly bringing out 
leaflets in simple languages for the use of 
village level workers and farmers. 

Farmers 

The Directorate of Extension in the 
Ministry of Food and Agriculture has for-
mulated a scheme for the training of 120,000 
progressive farmers during the Third Plan 
period in improved agricultural practices and 
allied fields. This training will be completely 
practical through demonstrations and will be 
organised at selected Gramsevak Training 
Centres, progressive farms and agricultural 
colleges. Farmers will also visit progressive 
farms, research stations and other agricultural 
institutions. A programme for the exchange 
of young Indian farmers with those of the 
U.S.A. has already been taken up on a 
restricted scale. 

II. AGRICULTURAL REQUIRE-
MENTS FOR IRRIGATION PRO-
JECTS 

When new irrigation projects are for-
mulated, the irrigation Department in the 
States invariably consults the Agriculture 
Department in regard to the agricultural 
aspects of the projects, such as the cropping 
pattern proposed intensity of irrigation, soil 

conditions and irrigation .requirements, etc. 
All proejcts costing over Rs. 50 million are 
referred by the Central Water and Power 
Commission in the Ministry of Irrigation and 
Power to the Ministry of Food and Agricul
ture for advice on agricultural aspects. Also 
a joint working group of the Ministries of 
Food and Agriculture and Irrigation and 
Power .has recently been constitited, and is 
making a study of the irrigation potential 
and water management beyond Government 
outlets and of measures for optimum utilisa
tion of water. 

The cost of drainage works in irrigated 
areas in the case of continuing and new 
schemes has to be included in the project 
cost. This procedure is now normally 
followed by States in preparing initial esti
mates.of the project. As and when necessary, 
drainage schemes are also formulated and 
executed for old projects. 

Sufficiently detailed soil surveys are now 

usually made while planning a project. If 
this is not done on a particular project, the 
Central Water and Power Commission, while 
scrutinising, advises the project authorities to 
carry out such soil surveys. 

Every effort is made to intensify agricul
tural development in areas brought under 
irrigation. In fact, the availability of irriga
tion facilities constitutes an important 
criterion for the selection of districts under 
the Intensive Agricultural District Programme 
(IADP) and the Agricultural Production Pro
grammes of individual crops, such as cotton, 
oilseeds and paddy. The measures for inten
sive agriculture include (a) fertilizer use, (b) 
adoption of plant protection measures, (c) use 
of improved seed, etc. 

The importance establishing research sta
tions in project areas to investigate and study
problems of irrigated agriculture has been 
fully appreciated. Five irrigation research 
centres have been sanctioned by the Ministry 
of Food and Agriculture, for operation in 5 
major projects, namely Bhakra-Nangal, 
Chambal, Tungabhadra, Hirakud and Gandak. 
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has been made under each centreProvision 
for setting up one main station and four sub-

stations ' The main stations are being esta-
blished by the State Governments concerned. 
A few research stations were started by the 

newState Governments earlier in some of the 
irrigation project areas. Research schemes 
for work on agricultural aspects of irrigation 
have also been sanctioned by the. Indian 
Council of Agricultural Research and by the 
Ministry of Food and Agriculture for opera-
tion at some of the old research stations under 
the State and the Central Governments. 

In addition to the normal extension service 
available in irrigated areas, centrally sponsor-
ed pilot projects and demonstrations have 
been sanctioned for operation in te,- irrigation 
project areas. Of these, pilot demonstration 
centres have already been established in four 
projects. A few more projects for irrigated 
areas are also being formulated. To ensure 
maximum economical land development, it is 
proposed to set up a few pilot projects in 
different representative regions of the country, 
with a view to collecting data on the extent 
to which agricultural production can be pro-
fitably increased if all steps required for proper 
development of land and promoting economic 
utilisation of irrigation are provided simul-
taneously. These projects are expected 

aconsequently to pave the way for setting up 
land Development Corporation in the coun-
try. 

III. 	 SERVICE PROGRAMMES FOR 
IRRIGATED AGRICULTURE 

As the majority of farmers in India have 
uneconomic holdings, a programme for con-
solidation of holdings is considered essential 
and is making headway in many States. A 
scheme of organisation of cooperative joint 
farming societies has also been taken up on a 
pilot basis. Three hundred eighteen pilot pro-
jects, each consisting of 10 such societies, are 
to be organised during the Third Plan. The 
purpose is to demonstrate to the farmers that 
by pooling lands, man-power, and other 

resources they can increase agricultural pro
duction, employment opportunities and 
standards of living. By the end of December 
1962, 296 cooperative farming societies had 

been organised. Besides these, organisation 
of cooperative farming societies in on-pilot 
areas is encouraged. In all there were about 
2,700 cooperative societies at the end of 1962. 
A National Cooperative Farming Board has 

been set up. In the States, Advisory Boards 
have been constituted for planning and pro
moting the programmie of cooperative farm
ing. All these measures are expected to pave 
the way for a cooperative form of organisa

tion for better use of machinery and irrigation 
facilities to increase agricultural production. 

Agriculture Irrigation Department in the 
States have been required to provide 
necessary technical aid and other facilities to 
the farmers for levelling and preparing their 
fields and constructing the field channels. 
Separate funds have been earmaked specifi
cally for this purpose in the Annual State 
Plans. The project authorities provide the 
alignment for the field channels. On-the-job 
training has also been provided to the farmers 
in some areas. 

In areas, where canal systems are not 
found adequate to meet irrigation require
ments, efforts are being made to provide 
storage facilities in the higher catchments so 
that all-the-year-round supplies are available. 
A number of important canal systems in the 
country have been re-modelled to carry higher 

discharges for meeting the increased require
ments of irrigation. Efforts are made to 

upsupplement the canal supplies by taking 

works for groundwater utilisation such as 
dug wells, deep wells, etc. 

Grading of agricultural commodities in 
India has been carried out since 1937 under 
the provisions of the Agricultural Produce 
(Grading and Marking) Act and Rules framed 
thereunder. Grading under this Act is volun
tary. Certain important essential commodi
ties such as ghee, vegetable oils, butter, eggs, 
rice, etc., are being graded and packed in 
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standard containers or pads for use by con-
sumers according to standard specifications 
prescribed under the above-mentioned act. 
The graded produce is sold under 
'AGMARK'. seal, a national mark that 
guarantees purity and quality. Further steps 
have been taken during the Third Plan to 
intensify the work relating to grading. For 
introducing grading at the producers' level, 
the Third Plan provides for organisation of 
grading services in various States and setting 
up 500 grading units in the regulated markets 
and marketing cooperatives. Grade standards 
have also been prescribed for all foodgrains 
and other important commercial crops. A 
special cell has also been set up in the 
Directorate of Marketing and Inspection, 
Ministry of Food :nd Agriculture to carry 
out intensive publicity for educating both the 
producers and consumers in this regard. 
Agmark emporia are also being organised in 
the important cities for popularising Agmark 
products. 

As regards standardisation of weights, 
with the introduction of metric system in the 
country diversity in the use of weights and 
measures that existed before has disappeared. 
Metric weights are now commonly used. 

Every effort is being made to provide 
adequate credit for agricultural production. 
The Government has accepted cooperatives 
as the main institutional agency for provision 
of agricultural credit. Detailed information 
on this subject has been covered in an earlier 
paragraph entitled "Cooperatives and Credit 
Facilities". The measures taken are expected 
to go a long way in providing larger and larger 
quantum of credit for increasing agricultural 
production. 

There is a planned programme for 
organisation of marketing societies to cover 
all important market centres. Adequate 
storage facilities, subsidies for managerial 
staff, state participation in share capital etc.,
is being undertaken.

isbengunerakn.JECT 

A systematic programme has been taken 
of godowns by coopera

up for construction 
tive marketing and village societies. By the 
end of June, 1962, 3,000 rural godowns with a 

capacity of about 100 tons each -and about 
1,100 godowns at Mandi (centralised market) 
level with a capacity of 250 tons each were 
constructed with Government assistance. 
Besides these, 1,500 rural godowns and 1,000 
godowns at the Mandi level were constructed 
by the cooperatives from their own resources. 
The total capacity of godowns owned by 
cooperatives is estimated at nearly one million 
tons. Cooperatives are also being encouraged 
to have a large number of godowns on hire 
for storing production requisites, agricultural 
produce, etc. There is a planned programme 
for construction of godowns both at the 
village level and at the Mandi level imple
mented in the Third Plan. 

In the processing sector also there is 
increased interest in cooperatives. There 
were 57 cooperative sugar factories in the 
country of which 34 were in production dur
ing the 1961-62 season. By the end of March, 
1963, the total number of factories in produc
tion increased to about 43. They accounted 
for a little over 20 per cent of the total 
national production of sugar. Up to June 
1962, about 251 other processing units were 
set up in the cooperative sector which in
cluded cotton, paddy, oilseeds and groundnut 
processing units. The value of agricultural 
produce processed by cooperative processing 
units including cooperative sugar factories 
during the year ending June 1962 was 
approximately Rs. 520 millions. Next to 
sugar, the main crops processed by coopera
tives were cotton and oilseeds. 

Primary agricultural credit societies and 
marketing societies are increasingly being 
recognised as the agencies for distribution of 
fertilizers, insecticides, certified seeds, ctc. 
Cooperatives have been entrusted with mono
poly distribution of nitrogenous fertilizers in 
almost all the States. 

IV. OPERATION AND MANAGE-
MENT OF IRRIGATION PRO-

INCLUDING THOSE 
USING GROUND WATER 

In most States there is a separate Irrigation 
Department for operation and maintenance 
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of irrigation systems. The Department is 
directly responsible for all the necessary 
repairs and proper regulation of supplies. 
Regulation of the canals and rostering of 
channels are carried out after carefully ascer
taining the anticipated demands for the crops 
in the area. 

For such minor works, irrigating below 
100 to 200 acres, the responsibility for opera-
tion and maintenance is being increasingly 
entrusted to the Panchayats. These bodies 
are being equipped with technical staff and 
necessary statutory powers for carrying out 
their work efficiently. Panchayats are em-
powered to levy a suitable cess or irrigation 
rate on the beneficiaries for meeting the cost 
of maintenance. In addition, financial grants 
are also made by the State Governments to 
these bodies for defraying maintenance and 
operation expend;tures. 

State Departments in charge of well 
construction are taking adequate measures to 
safeguard against over-draft of supplies and 
failure of wells. While encouraging well 
construction in a region, due attention is paid' 
to the location, spacing, etc., so that there is 
no interference and depletion of supplies in 
the existin. wells. The Departments are 
equipped with technical staff for this purpose. 
Efforts are being made to link up the cons-
truction of wells as far as possible with soil 
conservation schemes, like contour bunding, 
gully plugging, etc., so that good supplies are 
ensured in the wells. 

The first 1-2 miles of the channels on 
deep wells are invariably lined to reduce the 
seepage losses. On dug wells also, the culti-
vators frequently apply mud plaster to their 
field channels to reduce the losses. Attempts 
are being made to evolve a suitable cheep 
lining which may be widely adopted. For 
repair of pumpsets and other lifting applian-
ces, workshops are being established at the 
District and Block headquarters and mobile 
units have also been provided in many areas. 
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V. FIELD IRRIGATION RESEARCH 
Irrigation research specialists in India are 

not loaded with heavy administrative respon
sibilities. 

As already mentioned in the report, five 
irrigation research centres have been set up 
by the Ministry of Food and Agriculture in 
five project areas. Work on irrigation investi
gations is also in progress at the research 
stations attached to some of the Central 
agricultural institutes and at some of the 
State agricultural research stations. Schemes 
on water use research have also been sane
tioned by the Indian Council of Agricultural 
Research and by the Ministry of Food and 
Agriculture. Results are published in scienti
fic journals. Extension literature is also
produced but more stress is placed at present 
on demonstrations on farmers' fields, this 
being the best method of convincing the 
farmers as most of them are not literate. 

Research work on such items as timing of 
irrigation, irrigation methods, cropping pat
terns, and farm irrigation systems is under
way at selected research stations in the 
country. The programme has recently been 
strengthened by an additional scheme of 
research on minor irrigation and water use 
introduced during the Third Plan. On farm 
drainage, some work has been carried out in 
the States of Gujarat and in the Punjab. 
With the establishment of r~ge 'ich centres 
in the river valley projects, work on all these 
items will be intensified. These are also 
proposals to strengthen the research stations 
for carrying out studies on irrigation and 
drainage at the existing centres where some 
progress has been made in these fields of 
investigations. 

VI. 	WATER LOGGING, SALINITY
 
AND ALKALI PROBLEMS
 

All 	 investigations for major irrigation 
projects include pre-irrigation soil survey of 
command area bringing out clearly the 
chances of development of salinity and alkali
nity conditions in the post-irrigation period. 



Drainage is provided in the project estimates 
to ensure maintenance of water table at a 
safe level in the project areas. Provision for 
extra water is also made for reclaiming exis-
ting saline and alkaline soils coming under 
new irrigation projects. The Committee on 
Natural Resources, under the Planning Com-
mission, has prepared a comprehensive report 
on wastelands including saline, and water-
logged soils and their reclamation. Imple
mentation of the recommendations of this 
Committee is being taken in hand and when 
completed, will be helpful in bringing large 
areas of such soils back into production. 

A land reclamation organisation has been 
$et up in the State of Punjab where the prob-
lem of water-logging, salinity and alkalinity 
is most acute. A Land Reclamation Act has 

been passed by the State Legislature. Already 
much progress has been achieved and now 
crops are being raised successfully on many 
lands which were barren before. It is hoped 
that 100 thousand acres of land will be under 
reclamation at an early date. Already about 
1,000 cusecs of water is being used for recla
mation purposes and this quantity is likely to 
be doubled in the next year. 

Drainage investigations form an important 
item on the schedule of pre-irrigation soil 
surveys. So far, over 67 million acres of land 
have been thus surveyed for the country's 
major irrigation projects. The investigations 
include study of sub-soil water table fluctua
tions and profile studies to a depth of 6 to 
10 feet. 
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IRAN
 

Ministry of Agriculture, and special regionalINTRODUCTION 
authorities such as Khusetan Power and 

Iran has a total area of 1,640,000 square Water Authority, Sefid Rud Water and 
kilometers and is located between 25 and 9 Power Authority, Karaj Water and Power 
degrees latitude. It is a semi-arid region. Authority and Azarbajan Water and Power 
Overall average annual rainfall is about 300 Authority. The services available from 
millimeters with total river runoff of about foreign agencies such as the United Nations, 
J.00 billion cubic meters per year. Consider- United States Agency for International Deve
ing the average water requirements of diffe- lopment, Economic Commission for Asia and 
rent crops at different latitudes as 6,000 cubic the Far East are also utilized to the fullest 
meters per hectare there is sufficient supply possible extent. 
to irrigate 17.6 million hectares of land. How
ever, because of the lack of proper manage- PLANNING AND INVESTIGATION 
ment and river control, low irrigation efficien- Prior to 1952 water resource investigations 
cy, and small investment in irrigation system 
structures, there are only about 2.6 million were only done on a small scale as a part of 
hecares presently under irrigation. There is the design for some small irrigation schemes. 
sufficient good irrigable land to utilize all of In 1952 FAO experts began assisting and 

the total water supply that can be developed to undertake specialized investigations for 
economically. collecting basic data for hydrography, soils, 

The population of Iran is incrcasing at a agricultural statistics, topography, water eco
rate of 2.5 to 3.0 per cent per year. The nomics, and small project designs. Capability 
pressure of the population for increased food has now been developed to undertake these 
required that Iran utilize all available means types of investigations. Most of the results 
to increase its food supply, including the of this basic data collection were used by 
expansion of irrigated areas and the improve- contract groups of consulting engineering 
ment of crop yields on these areas. Over firms which worked out the project develop
half the value of crop production comes from ment plans. During the past year the task 
irrigated lands even though the irrigated area of planning for small and medium sized pro
constitutes only about 40 per cent of the jects has been taken over by the Irrigation 

annually cropped area. Recognizing the Bongah, but large project plans and designs 
importance of irrigation in producing food are still undertaken by foreign engineering 
supplies for Iran, the Government has placed firms. 
grcat import4,ice on the development of irri- Hydrology : The number of river flow 
gation ; a total budget of 28 billion rials has observation stations has increased from less 
been allocated for water development. In than 50 of questionable accuracy in 1950 to 
order to carry out such developments rapidly, about 260 stations (60 stations since 1961) 
Iran is utilizing the services of the Plan Orga- manned by an experienced staff of 200 engi
nization, the Irrigation Department, the neers and technicians specially trained by 
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US AID and FAO advisers. This staff, and 
that to the Metrological Service of Iran, have 
established about 100 metrological stations 
and 4 sediment sampling laboratories. During 
the past year, the hydrological work has been 
expanded and a special group has been estab-
lished to work on hydrology analysis as related 
to water resource )lanning requirements. 

Groundwater : Iran is rich in ground-
water resources as demonstrated by the 
development of 40 thousand ghanats (hori
zontal wells) during the past few hundred 
years. These ghanats have already developed 
most of the groundwater that can be obtained 
by that means, but hydrogeologic experts are 
aware that much more groundwater can be 
developed by using modern drillk ' wells to 
capture and regulate flows that escape cap. 
ture by the shallow ghanats. Realizing that 
the groundwater development in Iran will be 
an extremely complex undertaking by reason 
of the existing ghanats, a special groundwater

in the Irrigationdivision was established 
Bongah in 1959 to train Iranians in ground-
water investigation and development with theassistance of FAQ specialists. This division

assitaneFA o Tisspciaist. iviion 
now has a staff of about 80 professional emp-loyees in addition to lower grade assistants. 

Since 1959 the groundwater division has 
carried out investigations in 11 areas covering 
about. 7,000,000 hectares. This is shown in 
Table 1 along with the number of ghanats, 
wells, and other information. In addition to 
the area studies, special technical assistance 
has been provided to individual water users 
drilling new wells and in making reconnais-
sance planning studies. 

Soils : A soils division of the Irrigation 
Bongah was established in 1954 with the 
assistance of US AID and later FAO. Since 
that time the staff has expanded to 11 profes-
sional soil scientists and chemists. This staff 
has completed a reconnaissance soil classifica-
tion of 165 million hectares and a semi-detail-
ed classification of 2,500,000 hectares. 

Developments Plans: Feasibility studies 

have been made for nine large irrigation 
and multipurpose projects involving large 
dams. Of these, five of the dams are comple
ted and one is under construction, and the 
irrigation systems are being expanded. In 
addition to these eight other comprehensive 
planning reports have been prepared for 
medium sized projects. In addition many 
special reports have been prepared on special 
problems of various areas and projects in 
Iran. 

Water economy investigations: In 1954 
investigations of water use, agricultural deve
lopment and statistics on irrigated areas was 
commenced with the assistance of an FAO 
advisor. Since then reports have been made 
on 19 different areas in Iran in addition to 
short reconnaissance observations of numerous 
other areas, covering hundred thousands of' 
hectares. 

IRRIGATION DEVELOPMENT 

Prior to 1953 nearly all irrigation develop. 
men t in n early al ron usingment in Iran was by local groups using

ghanats for groundwater development and 
tsfor rundater develon andtemporary brush and rock diversion dams to 

supply crude earth ditches lacking adequate 
control structures. The government had 
constructed only six small diversion dams and 
small irrigation projects. 

Since 1M53 the government has completed 
I diversion and storage dams and had been 
constructing irrigation networks to serve 
475,000 hectares. In addition rehabilitation 
work ha resIn on20aoliation 
work has been progressing on 20 old irrigation 
systems. About 1955 many private groups 
and farmers began installing small river 
pumping plants to divert from the rivers onto 
the higher unirrigated adjacent lands. About 
this time farmers began installing large num
bers of small centrifugal diesel pumping plants 
in hand dug shallow wells to irrigate small 
areas of high priced crops. In about 1958 
the farmers interest in utilizing deep wells 
increased and several private well drilling 
companies have since been formed. There 
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are now about 100 well drilling machines water supplies. Only minor low levees were 
operating in Iran which are capable of occasionally constructed to give partial flood 
drilling about 1,000 deep wells per year. The protection. The large dams that have been 
Irrigation Bongah is now equipped with constructed in recent years are generally 
drilling equipment and technical staff to do multipurpose projects which are designed to 
exploratory work in groundwater to assist in provide alar ge measure of flood control on 
increasing the development and efficient uti- the major rivers. A start has been made in 
lization of Iran's groundwater resources. developing the hydrologic foundation upon 

which to base future flood control projects 
FLOOD CONTROL and flood control activity is expected to in

crease in the future as agricultural and hydro-Prior to the contruction of large govern-
ment projects, very little investment was made logic development increase. Attention is now 

in flood control projects as the local people being given to spreading flood waters for 

were more concerned with utilizing their groundwater replenishment. 
limited resources in developing irrigation 

TABLE 1. GROUND WATER INVESTIGATION PROJECTS IN IRAN TO 1963 

. ....... . . .. ... Water Balance (M3 /yr.). . . .... . .. .....N am e or To a-.. . . ..... Exploration wells 
No. Project area Total out-put Remain-

Total Ghanats 

(Km2) No. (M3/yr.) Shallow Deep Entering Leaving der 

1. Ghazvin 600 880 370 x 106 8 10 640X 106 450x 106 190X 106 

2. Varamin 3276 329 255x 106 8 2 185 205 -

3. Tabriz Apro. 
4000 405 103x10 6 4 - U.I. U.I. U.I. 

4. Rezayeh Apro. 
3500 40 U.I. - - U.I. U.I. U.I. 

5. Maraghen Apro. 
3500 U.I. - - U.I, U.I. U.I. 

6. Karaj 340) U.I. U.I. 2 - U.I. U.I. U.I. 

7. Meshed Apro. 
5000 325 U.I. - - U.I. U.I. U.I. 

S. Esfahan Apro. 
29000 U.I. U.I. - - U.I. U.I. U.I. 

0. Jahrum Apro. 
3000 U.I. U.I. - - U.I. U.I. U.I. 

10. Borazjan 2000 UI. U.I. - I U.I. U.I. U.I. 

11. Arak 5060 498 120x106 - - 320x106 190x10 G 128x106 

U.I. = under investigation 

70 



IRAQ
 

SUMMARY 
The importance of irrigation and drainage 

The mpotaneo irigaton nd raiage 
in the economic life of Iraq since the earliest 
times needs no stressing. Irrigation has 

unpassed through many stages and was 

doubtedly very extensive during various 
periods in the past. In the last four decades 
it has developed extensively and made 
considerable progress towards more scientific 
management and control. 

The land suitable for cultivation is practi-
cally valueless without water. The delta of 
the Tigris and Euphrates rivers lies in a belt 
of low rainfall which is quite insufficient for 
any cultivation, therefore, it is almost com-
pletely depend on irrigation for its develop
ment. 

Since the average yearly runoff in the twin 
rivers is in excess of that required for year-
round irrigation of the total land suitable for 
cultivation, it is clear that the greatest need of 
Iraq is for storage projects. This does not 
mean the construction of dams and reservoirs 
only, it means also the distribution of stored 
water when and where it is needed, 

An important point is flood control. Un-
less full control of the Tigris and Euphrates 
and their tributaries is secured, important 
projects costing millions of Iraqi Dinars* will 
be threatened by flood-water destruction. 
The flood of 1954 is still vividly recalled; 
it caused tremendous losses when it flooded 
farms and villages and threatened the capital. 

* 	One Iraqi Dinar - One English Pound = '8 U.S. 
Dollars. 

This tragic event has been repeated many
times, thus there is duty to pay more atten
tion to exploiting and utilizing this boon 
rather than neglecting it to become a source 
of destruction. 

The Directorate General of Irrigation 
established in 1918, has done its best for 
development of Irrigation and drainage pro
jects. When all the projects adopted by the 
Directorate are executed, irrigation purposes 

will be served along the most modern lines 
now in practice all over the World. All the 
cultivable lands in the delta of the two rivers 
can be cultivated on a permanent basis instead 
of under the present fallow system. 

INTRODUCTION 

Iraq has an area of 453,500 squares kilo
meters (112 million acres) and a population of 
about seven million. It is blessed with two 
comparatively large rivers running from the 
northest to the southest. The discharge of 
the two rivers and their tributaries is ample 
and the quality is good. 

The land is fertile in the river valley and 
there is a year-round sunny climate. These 
treasures are seldom found in such favour
able proportions as in the Mesopotamia 
Valley. Here there is the foundation for an 
agricultural economy based on inexhaustible 
resources which can support its people indefi
nitely at a high standard of living. Unfortu

nately, with these favourable conditions, Iraq 
is suffering from a low standard of living due 
to improper use of these treasures. 

Note. This report was prepared and presented by Dr. Omar R. Gardi, Irrigation Engineer, Directorate General 
of Irrigation. Ministry of Agrarain Reform, Governinent of Iraq. 
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The country is doing its utmost to utilize 
these resources prperly and irrigation has 
progressed considerably through the last three 
or four decades, but it still has a long way to 
go. In order to visualize the progress of 
irrigation in Iraq it is worth while to take a 
look at what the ancients did. 

ANCIENTIRRIGATION .. 

Iraq, the historic cradle of civilization, was 
for centuries a centre of culture and world 
power, founded upon the effective utilization 
of the abundant soil and water resources of 
the valleys of the Tigris and. Euphrates Rivers 
which provided a high standard of living for 
its inhabitants. 

Foi thousands of years civilization in the 
valleys of the twin rivers, flourished side by
side with irrigation. Assyrians in the North, 
and Summarians and Babylonians in the South 
were the pioneers of irrigation in Mesopo-
tamia. Persians, Greeks and Cassanians 
followed the Babylonians. Great works were 
undertaken during the periods extending to 
the Arab conquest in the year 637. The 
Nahrwan Canal extended for hundreds of 
kilometers east of the Tigris from above 
Sammarah to near Kut. On the west bank of 
the river, the Ishaki canal runs from 
Sammarah to Baghdad. From the Euphrates,
old canals : the Issa, the Sarsar, the Melcha, 
the Kutha and many others were provided.
These develpments, brought fertility to vast 
areas between the two rivers extending as far 
south as the tail of the present Gharraf Canal. 

The period of Arab rennaissance in art 
and science, lasting centuries, proceeded side 
by side with advanced irrigation, particularly 
on the Diyala, Gharraf, Kufa and Basra. 
Agricultural districts were raised to higher
levels of prosperity while old canals were im-
proved and maintained. The country suppor. 
ted a population of more than twenty five 
million. 

These prosperous periods were followed by
desolation to the country and destruction bf 

its irrigation system with the Mongol in
vasions in 1256. First by Hulagu, and over a 
century later, by Tamarlane in 1393. Desola
tion continued during the successive periods 
of weak rulers until the Turkish conquest in 
1534. 

Four centuries of Turkish rule slowly 

revived some of the old irrigation systems in
scattered areas of the country. It was not 
until the early years of the present century 
that the Ottoman Empire decided to expand 
irrigation in Mesopotamia with a vast pro
gramme of reconstruction and development 
prepared by Sir William Willcocks. The 
first important work, the Hindiyah Barrage, 
on the Euphrates, was completed a short time 
beforethe first world war, whereas works on
Habbaniyah flood relief scheme for the 
Euphrates, though started, had to be aban
doned on account of the war. 

The advance of the British Armies in 
1914-1918 resulted in improvement to and 
remodelling of the derelict irrigation systems 
throughout the country. New canals were 
dug and great expanses of arid lands were 
brought under cultivation. An important
factor was the extension of mechanical irriga
tion which brought fertility to wide strips of 
lands along the banks of the streams. 

PRESENT IRRIGATION 

Understanding the historical reasons for 
the deterioration of irrigation in Iraq and 
following establishment of the nationalGovernment in 1921, the Irrigation Depart
ment, created in 1918 by the occupation
authorities, was recognized. Since then, the 
Government has been trying to reclaim the 
culturable lands in the country by reconstruct
ing the old irrigation systems. While im
provement and extension to these systems 
was achieved surveying and projecting were 
also actively pursued by various agencies and 
these covered great areas for further irriga
tion development together with flood control,hydro-electric power, navigation and recrea
tion. 
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"'~.Th&btal,-culturable aiea'is about 48 

nriillionmbmsharas* .20,O00; sqj. kilometers). 
Sixtein, million "meisharas .s'ituated in the 
north~rnpart'oflth6 country isfed-by- rainfall 
suppiemente b6y p'rennial -streams arising 
in the mountains and is:called the "Rainfall 
Zone". The other: 32 million mesharas is 

situated in the middle and Southern part of 
the country' where precipitation is verylow 
and is completely dependent on irrigation for 

Of this 32 million mesharas, 
its development. 
22 millions are good cultivable land falling in 
the delta of the two rivers. Presently only 13 
million mesharas are cultivated on a so-called 
"fallow" system basis whereby the land is 

allowed to rest in alternate years. The theory 
is that during the rest period the productivity 
of the land will be restored. This theory has 
not worked in practice as is demonstrated by 
the low crop yield in comparison with other 
countries where modern improved practices 
including crop rotation, drainage and proper 
methods of applying water to the land have 
beei followed. The fallow system is one of 
the reasons why it is impossible for a family 
to retain use of a particular parcel of land 
from year 'to year so that little interest in 
improvement: of the land can be maintained, 
Another reason for the fallow system is the 
deficiency of water when it is needed. 

13 	 million mesharasAlmost half of the 
cultivated under irrigation each year are 

supplied with water by pumping from rivers 
and 	canals rather than by gravity. There are 
more than 7,000 pumps installed with about 
250,000 horsepower. These irrigate about 
5 million mesharas. It seems uneconomical 
to use pumping equipment where the lift isnlow nd aeasarelare her ervd we
low and where large areas are served wvhe n 

low diversion dams could be built that would
provdespplyraviy Seeralfacors ave 

provide gravity supply. Several factors have 
led to the present excessive use of pumping 

1. 	 The desire to limit irrigation to high 
well-drained bankland rather than to 
low back-bottom poorly drained lands. 

•One meshara = 0'0025 q.kilometers = 0'018 acres. 

2. 	 The independent action of individual 
landowners whose required capital 
investment for a pumping jnstallation 
is much less' than that required for a 

diversion dam serving a much larger. 
area,. 

3. 	 The supposition that, in-as-ippch-as 
pumping must bear the cost of fuel 
consumed, less water is used with 
pumping than with gravity irrigation. 

4. 	 The rapid rate of which many irriga
tion canals have become filled with 
silt brought in by the turbid river 
waters. 

5. 	 The extensive system of credit opera
tions arising from the dependence on 
pumps which has become a salient 
feature of the local economy. 

Where gravity irrigation is practiced, little 
actual control of the flow of the rivers and 
canals is provided. Thus full advantage can
not be taken of topographic conditions to 
obtain a maximum extent of gravity irrigation. 
Furthermore, primitive flooding is generally 
practiced so that some crops get insufficient 
water where others are overi-irrigated, thus, in 
general, much wastage of water takes place. 

WATER REQUIREMENT AND 
RESOURCES 

It was pointed out previously that there 
are 13 million mesharas irrigated on the fallow 
system due to lack of water at the time when 
it is required. In order to supply this land 
with year-round irrigation water, the flow int beth 	 eT risoand Euphates riers 
the 	 Tigris and Euphrates rivers must be 
controlled. If cuntrolled these two rivers and 

thei tr Iuta r old suppl the reman 
their tributaries would supply the remaining 
9 million mesharas not irrigated now with 
sufficient water for year-round cultivation as 

well as provide a full supply for the 13 million 
mesharas now partially irrigated. In order to 

cultivate this 22 million mesharas on a perma
nent system for maximum yields it is estima
ted that the annual water requirement will be 
26.1 milliard cubic meters for the Tigris basin 
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and 12.1 milliard cubic meters for the 
Euphrates basin, 

Nature has provided Iraq with an ample
supply of water but has not chosen to regulate 

it so as to furnish the water in the desired 

amounts when and where required. Drouths 

used to follow destructive floods that caused 

great damage to crops and.. threatened urban 

centres such as Baghdad. To accomplish the 
regulation not provided by Nature, great 
efforts and sums of money have been expand
ed in the past. Much greater expenditures 
will be required in the future to realize the 
full potential of available resources. There 
are many aspects to this complex problem. 
These include the storage and later distribu-
tion of waters, selecting crops suitable to the 
soils, settling and working the land, and the 
related social and economic questions to be 
resolved. To coordinate this great effort a 
long range plan is essential. To be successful 
this must be based on sound engineering 
investigations and designed to utilize the best 
modern practices. 

The annual water requirements of 382 
of cubic meters for the existing andmilliards 

proposed new areas represents a very large 

volume of water. Fortunately, the discharge 
chaactrisicsofuphate TirisTigrishe ancharacteristics of the Euphrates and 

rivers and their tributaries have been measur-

ed and studied for many years. Records o 
flow of the Tigris at Baghdad extend back to 

1906. Records of the Tigris at other places, 
of the Euphrates, and of the main tributaries 
of the Tigris are available for shorter period 
of time. In recent years the Iraq Government 
has expanded the programme of streamflow 
measurements. The flow of the Tigris river at 
Baghdad since 1906 has averaged 38.8 milliard 
cubic meters a year. Flow for some individual 
years, ho.vever, has been much lower ; 1930 
was the lowest with only 15.7 milliards cubc 
meters. With storage reservoirs the flow during 
a single year is not necessarily critical as it is 
possible to store water during a wet year and 
use it during a succeeding dry year ; there-
fore, the flows during a succession of dry 
years is the critical feature that affects the 

design of storage reservoirs, determines the 
amount of available water, and hence the area 
that can be irrigated. In the Tigris basin, 
such a succession of dry years occurred from
1930 to 1934. During this critical period, the 
total flow of the upper Tigris and of the 

meters oftributaries was 12 milliard cubic 
32.4 milliard cubic meters a year. As the 

cubic .requirement is only 2.1 milliard 
ea m le s u ismetersmit w ol apmeters, it would appear that ample supply is 

assured. 

On the Euphrates River, flow measure
ments at Hit since 1924 show the average flow 
to be 26.4 milliard cubic meters a year; 1930 
was the lowest with only 12.0 milliard cubic 
meters. The lowest succession of dry years 
was 1930 to 1934, as on the Tigris ; the total 
flow was 86 milliard cubic meters or an ave
rage of 17.2 milliard cubic meters a year. 
Thus it appears that ample supply is assured, 
as for the Tigris. The records showed that 
not only do the peak demands not coincide 
with the peak flows but also the monthly 
distribution of the flows varies considerably 

among the tributaries. The second factor
 

appears to conflict with the first as reservoir
 

storage space must be kept empty for flood
 
water demand. For
control and full to meet 


matter, repeated trial soluare a thesotionscomplicatednecessary to determine best 
tora e tionre ned tyr 

storage capacity for irrigationrecommended 
flo cntladseint(adtrg)
outlet and spillway capacities and the opera
tion rules for each reservoir. 

MAJOR PROJECTS EXECUTED 
Since its establishment the Directorate 

General of Irrigation has been responsible 
dircctly or indirectly for the execution of 
many storage, flood control, irrigation and 
drainage projects. These projects have cost 
more than 150 million Iraqi Dinars. Listed 
are a few of the major projects completed or 
in the completion stage 

Habbaniyah Project 
The principal purposes of this project are 

flood control, storage and recreation. If 
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consists of a Barrage on the Euphrates near 
Ramadi city to assist in the control of floods 
by raising the water level upstream of the 

Barrage and diverting the excess quantities 

through the Warrar Regulator and inlet 

channel into Habbaniyah Lake. The maxi-

mum discharge of the inlet channel is 2,500 
cumecs, and the maximum capacity of the 
lake is 3.2 milliard cubic meters. Any excess 
to the capacity of the lake can be diverted 
through Majarrah escape into the Abu Dibbis 
Depression. The stored water can be fed 
back into the Euphrates through Thibban 

Regulator and outlet channel during the low 
serve all the areas onwater season and will 

the delta of the river. The total cost of the 

project was about 7 million Iraqi Dinars. 

Tharthar Project 	 areThe principal purposes of this project 

flood control, hydroelectric power and the 

water to Ishaqi project.supply of irrigation 
regulator on theIt consists of a barrage and 

Tigris river opposite Samarra City to divert 

the flood water through an artificial channel 
The totalnetural depression.to Tharthar 

length of the channel is about 65 kilometers 
with a maximum capacity of 9000 cumecs. 
wthamaxmum of n ut 70capacitythe9depre iis aboutThe capacity of the depression 

The total cost of themilliard cubic meters. 
project was about 20 million Iraqi Dinars 

excluding the power plant which is not yet 
constructed except for its foundations. 

Dokan Project 
reser-

The project consists of a dam and 

voir located on the Lesger Zab about 65 kilo-
meters northeast of Sulaimaniyah. The 

flood irriga-principal purposes are control, 

tion, hydro.electric power and recreation. 


The dam is a hbvy concrete arch type, 

meters high, about 25 meters thick at110 meters crest Thethe base and 300 length. 
is 8.1the reservoirofcapacitymaximum 

milliard cubic meters and the stored water 

will irrigate an area of land covering about 

two million mesharas on the right and left 

banks of the river and in Adhaim area. The 

total cost of the project was about 16 millions 
Iraqi Dinars excluding the power plant which 
has not been constructed except for its foun
dation and outlets. 

Derbendi-Khan Project 

The project consists of a dam and' reser
voir located on the Diyala River about 55 
kilometers southeast of Sulaimaniyah. The 
principal purposes of the project are also 
flood control, irrigation, hydro electric power 
and recreation. 

The dam is a massive rockfill with earth 

core about 135 mfieters high above stream bed, 

maximum base thickness of 510 meters and 

crest length of 450 meters which includes 75 

meter length concrete spillway opening. The 

maximum capacity of the reservoir is about 3 
meters the storedmilliard cubic and water 

will be used to irrigate an area River basin.of about 1.6 
million mesharas in the Diyala 

area in the Diyala basin isSince most of the 
o tp re an dee i ely ndevel 

at present and depends entirely ondeveloped 
irrigation, stored water must be carried from 

special attention must be year to year and 
amountpaid to storing the maximum each 

This kind of operation is disadvantageyear. 

ous for flood control operations since the
reservoir must be emptied to take the floods. 

The total cost of the project was about 26 

million Iraqi Dinars excluding the power 
plant which has not been constructed except 

for its foundation, outlets and two small 

turbines to supply enough power for the ope

ration of the spillway gates. 

Upper Euphrates Project 

These projects are situated the west 

of Baghdad and irrigate an 	 area of about 

one million mesharas including the gardens 
of Baghdad. They consist of a number 

of small projects including 	Abu-Ghuraib,
Saklawiyah and Yusufiya. 	 \ 

These projects have been 	 completed 
last threein various stages during the 

decades and each consists of a head cross 
Aboutregulators, main and branch 	 canals. 

75 



60 per cent of the drainage system for the 

whole area is completed and the other 

40 per cent is under construction or under
design. d 

The total cost of these 15 projects is

about 10 million Iraqi Dinars. 


The Greater Mussaib Project 

The project covers an 	 area of about250,000 mesharas distributed into small 
holdings. It consists of a main regulator 
on the Euphrates River about 65 kilometers 
south of Baghdad, main and branch canals, 
cross regulators and a complete drainage
system. The total cast of the project was
about 7 million Iraqi Dinars. 

Hillah Canal Project 

Hillah canal is the original water
Hilai tec na riinl atrcanalcourse of the Euphrates River, but due to a 

change in the course of the river it was neces-
sary to build Hindiyah Barrage across it to 
divert enough water into Hillah canal (180 
cumecs) for irrigation. The canal serves an 
area of about two and a quarter million 
mesharas. It consists of a head regulator, a 
main canal (remodelled in 1958), three maindistribution systems namely Diwaniyah, Khan 
AI-Jadwal and Rumaitha, cross regulators,
branch drains, and pumping stations. About 
20 per cent of the drainage system for the 
area is completed. 

The total cost of the project when all the 
drainage system is completed will be about10 million Iraqi Dinars. 

Gharraf Project 

Gharraf Canal is the old Tigris River 

Channel and due to the change in the course

of the river it was necessary to build Kut 

Barrage in 1939 to regulate the flow into che 

Gharraf and Dujailah canals and the new 

course of the {iver 

The area covered by the project is about
4 million mesharas, half of which is under 
cultivation at present during the flood season 
by gravity and pumping. Only a small per-

p ret io 
present. 

e. About 400 branch canals completed
and will be remodelled in the near 
future. 

f. A complete drainage system about 
20 per cent 	completed. 

The project has cost about 10 million 
Iraqi Dinars to date and will require another 
20 million Iraqi Dinars to complete. 

MAJOR PROJECTS UNDER CONS-TRUCTION OR TO BE EXECUTED 
IN THE NEAR FUTURE 

The Directorate .Seneral of Irrigation
recently have asked the Planning Board of the 
Government of Iraq for the allocation of 
about 150 million Iraqi Dinars for the investi
gation, design and execution of the projects
adopted by the Directrate in the next five
year plan starting on April Ist, 1984. The 
major projects included in this plan are the 
following : 

Eski Mosul Project 
The project consists of a dam and reser

voir and will serve as a water storage scheme 

centage of the area is. cultivated during the 
low water season by pumping due to the low 
water level in the canal. 

In order to irrigate the existing- cultivated 

land all year round by gravity and to extend 
irrigation to the other parts of the area, it was 
necessary to -build cross regulators and remodel the whole system. The project consists 
mainly of the following : 

a. Head Regulator compleied in 109 and 
its included in Dalmaje Project to be 
remodelled. 

b. 	 Main Canal with a maximum discharge
of 450 cumecs. Completed. 

c. Five cross regulators to raise the water 

level in the canal. Completed in 1063. 
d. 	 Levees along both sides of the main 

are under construction at 
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for irrigation, flood control and power gene-
ration. The proposed site for the dam is on 
the Tigris River about 50 kilometers north-
west of the city of Mosul. 

Preliminary investigations of the dam site 
have been completed and in a few weeks a 

andconsultant firm will be selected to design 
prepare the tender documents for the dam. 
It will be a massive rockfill or earthfill dam 
about 100 meters high and 4,000 meters over 
all crest length with maximum reservoir capa-
city of about 13 milliard cubic meters. Thee 

dam and its appurtenant structures will cost 
about 70 million Iraqi Dinars excluding the 
po%% r plant 
millio.i, 

which will cost another 25 

Bekhem Project 

The project consists of a dam and reser-
voir. The proposed site for the dam is on 
the Greater Zab, about 40 kilometers east of 
Aqra. The principal purposes served will be 
flood control, irrigation, hydro-electric energy 
and recreation. Perhaps its most important 
function will be flood control because the 
peaks of all the highest recorded floods on the 
Tigris have been established by the peak 
flows of the Greater Zab. 

The dam site has been investigated and 
the dam designed. Tender documents are 
ready for advertisement. The dam is of 
concrete of massive buttress type more than 
200 meters high, about 125 meters in width 
at the base of the highest buttress, and 840 
meters crest length. The reservoir capacity 
is 8.3 milliard cubic meters. The total cost 
of the project is about 50 million Iraqi Dinars 
excluding the power plant. 

Upper Euphrates Project 

It appears that Habbaniyah Lake alone is 
not capable of storing enough water for the 
exploitation of lands along the Euphrates and 
for complete flood control. The flow in the 
river depends on the extent of consumptior 
by Syrian farmers. It was the possibility of 
sites for storing water downstream of the 

Iraqi border for use throughout the year was 
studied. 

Preliminary investigations have already 
been completed and show that there are two 

possible dam sites at Rawa and Haditha and 
that the required quantities of water can be 
provided either by : 

a. constructing two small dams, one at 
Rawa and one at Haditha. The total 
capacity of the two reservoirs will be 
about 4 milliard cubic meters which 

about milli me rswill irrigate about 3 million mnesharas. 
The total cost of both dams will be 

b. 	 constructing one high rockfill dam at 
Haditha which will cost about 51 
million Iraqi Dinars. The capacity 
of the reservoir will be about 10 
milliard cubic meters and water will 
be available to irrigate about 4.5 
million mesharas. 

The consulting engineers have recommen
ded one high dam at Haditha and in the very 
near future a decision will be taken to proceed 
with either one of the above alternatives. 

Kirkuk Irrigation Project 

This project is the complementary part of 
the Dokan project on the Lesser Zab. Its 
purpose is to use stored flood water for all 
year round irrigation. 

It will provide water for 1,250,000 mesha
ras of land which is today either desert or 
dependant on rain. Especially important is 
the fact that 700,000 mesharas are of high 
quality land, suitable for all kinds of crops 
and heavy irrigation. It will serve the existing 

Hawijah Irrigation Project (172,000 mesharas) 
and its extension (30,000 mesharas), the 
Adhaim Project (482,000 mesharas) and 
Kirkuk Project (764,000 mesharas). 

The 	project consists of a dam at Dibbis 
to raise the water level in the river by 15 
meters and divert the flow into the feeder 
canal which will serve for the irrigation of the 
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lands between Kirkuk and the Jabil Hamrin, 

together with the lands on either side of the 

Adhaim river. It also includes minor canali-
zation and a pumping station to supply water 
to about 100,000 mesharas of high lands 

around Kirkuk. 

of 	 the dam will beThe construction 
and the main feeder canalfinished in 1965 

very near future.will be advertized in the 
The whole project is expected to be finished 

in 1975 with a total cost of about 60 million 
Iraqi Dinars. 

Ishaqi Project 

The area of this project lies on the right 
bank of the Tigris river north of Baghdad. 
The total area of the project is about 640,000 
mesharas of which about 300,000 mesharas 
are suitable for agriculture. Part of this area 
is under cultivation at present by pumping. 

The project headworks have been included 

in the construction of the works at Sammarah 
for the Wadi Tharthar diversion. In addi-
tion the work consists mainly of two main 
drains, branch drains, main canal, branchofthecanals and canas ad pmpinstation. On of thepumping sttio. One 

main drains (65 kilometers) and the pumping 

station have already been completed and the 
other parts are planned to be executed in the 

very near future. The total cost of the pro-
ject is about 10 million Iraqi Dinars. 

This project is the completion of work 

related to the Derbendi-Khan Dam and 

Reservoir on the Diyala River in order to use 

the stored flood water for year-round irriga-

tion. The project area is situated on the 
Diyala basin and consists of two main parts : 

Middle Diyala: This will cover an 
area of about 250,000 mesharas which 
are partly under cultivation at the 
time being either by rain or by small 
canals taking off directly from the 
Diyala River without any control. 
The work consists of constructing 
three weirs on the Diyala River to 

aivert twe now into tnree miilau Uddan, 

a fourth main canal taking off with
out a weir, and the branch canals. 
The total cost will be about 4.5 
million Iraqi Dinars. 

b. 	 Lower Diyala: This will cover an 

area of about 1,150,000 mesharas which 

are partly under cultivation at present 
under six independant canals taking 

off at the upstream of Diyala weir. 

The work consists of remodelling the 
weir, constructing a combined intake 
structure for five canals which takes 

off from the left side of the river 
about 10 kilometers upstream from 
the weir, remodelling the canals and 
branches and the construction of the 
minor canalization. The total cost 
will be about 15 million Iraqi Dinars. 
The project is presently under design 

and construction will start in the very 

near future. 

There is a complete drainage system pre
sently under construction for the Lower 
Diyala part of the Diyala Project which will 

beyalmpletbe yala timectcompleted inin aa year's time and whichwhich willwillcost 	about 12 million Iraqi Dinars. 

Dalmaj Project 

The project includes that part of the 
Middle Tigris Right Bank area which can be 

irrigated either by gravity flow or low lift 

pumps from the Tigris Upstream Barrage. It 

will cover the remodelling and extension of 

the existing project which consists of two free 
a third canal served by aflow canals and 

pumping station. The three canals presently 

serve about 180,000 mesharas. 
The work consist of raising the retention 

level at Kut Barrage and Gharraf Head 

regulator by 1.2 meters, remodelling the head 
regulators for the two free flow canals and 
constructing a new pumping station for the 

third canal, remodelling the existing canals 

or constructing new canals where the existing 
ones cannot be remodelled and constructing 
a complete drainage system for the whole 
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project. The work also includes minor cana-
lization and few small pumping stations, 

mas-The project will serve about 400,000 

haras of good cultivable land which is divided 

6,500 farms. It has been dividedinto about 
small Iraqiinto 15 contracts to- enable 

to 	 the constructioncontractors to contribute 
reduce interference with existing

and not -to 
irrigation. All contract documents are ready 
for advertisement and the first contract 
(raising the retention level at Kut Barrage) 
has been advertized. The whole project is 
expected to be finished in about 1970 at a 
total cost of about 10 million Iraqi Dinars. 

EDUCATION AND TRAINING 

cent of the IraqiAlthough about 70 per 
people depend on agriculture for their liveli-

hood, farmers in many places still use primi-
tive farming methods due to their ignorance 
of existence and handling mechanical equip-
ment used for farming and due to their low 
standard of living. 

is about 48 million mesharas ofThere 
and 	 there is enoughcultivable land in Iraq 

water for irrigation which should be more 

than ample to supply the seven million inhabi-
farm products. Unfortu-tants of Iraq with 

this 	 has not been realized and thenately 
has established in theGovernment of Iraq 

several offices through the 
recent years 
Ministries of Agriculture and Agrarian Re-
form to aid farmers technically and financially 
so that they can get better use of their land. 
Some of these offices are : 

a. 	 College of Agriculture. Students 
take a four year course afer high 
school. These include agronomy,soils, plantation, irrigation and drai-

nage, surveying, etc. 	After completing 
become assistanttheir courses they 

farmer orga-
technical advisors to the 

is intended to establishItnizations. 

an Agricultural Engineering Depart-

ment at this College. 


b. 	 Agricultural Schools. There are 

about 10 of these schools in the major 

cities of Iraq where the students, after 
graduating from junior high schools,
take a three year training course in

Afterscientific farming 	 methods. 
are placed in agriculgraduating they 

thetural offices to aid ad advise 
farmers in the use of modern methods 
of farming. 

c. 	 Directorate General of land Confis
cating and Division. Since most of 
the agricultural land was owned by 
big landowners and fuedalities up to 
1958 and most of the product went to 
the owner leaving the farmer with 
very little to live on, this office was 
establish'ed to confiscate land and 

divide it between farmers according 
to the Agrarian Reform Laws. 

d. 	 Directorate General of Agricultural 
Cooperative Department. The 
responsibility of this office is to orga
nize, supervise and direct the coopera
tive organizations of farmers according 
to 	 the rules and rcgulations. After 

the rmes a pecland fr 

the Directorate of Land Confiscation 
th 	 is ationtoDireora 

(40 to 60 mesharas), this department 
sees that the farmer joins one of the 

cooprative organizations so that he 
land 	 in the best possiblewill use his 


way.
 

e. 	 Cooperative Farmers Organization. 
These organizations are formed by the 
farmers .themselves and each farmer 
shares in the stock of the organization. 

They provide needy farmers with 
seed and financial aid and technical 
advice and they meet regularly to 
study the best ways for the improvement of their land and production. 

of the orga-Another responsibility 
markets for theirnization is finding 

products. 

f. 	 Directorate General of Agricultural 
Machinery. This office takes the 
responsibility of renting modern 
agricultural machines and equipments 
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to the farmers. It is a non-profit 
office and has established several train-
ing centres to train drivers and 
mechanics for driving and maintain-
ing their and other private owned 
machines. 

g. 	 Agricultural Bank. This bank pro-
vides the farmers organizations and 
sometimes the farmers themselves 
directly with cash advances. 

CONCLUSION 
The Iraqi Government has realized that 

the future of the country lies in agriculture, 
hence through the Directorate General of 
Irrigation and other Departments it is doing 
its utmost to utilize the land and water in the 
best possible way. It is hoped that when all 

the projects are completed and the farmers 
are educated, prosperity will prevail over 
Iraq and the people will have a higher stan
dard of living. 

80 



JORDAN
 

INTRODUCTION 	 completion of the surface drains in 
Section II and Section III of the pro-

Jordan has a population of 1,70,000 ject area. Work is also underway in 
(approximately 70 per cent are farmers) with Section III to serve an additional 1,526 
an area of 100,000 square kiometers. Roughly farm units through 171 kilometers of 
1,000 square kilometers are under irrigation laterals of various sizes. Construc
and 7,000 square kilometers are dry farmed. tion of works to serve an area of 
The remaining area is desert that receives 100,000 dunums is expected to be 
less than 100 mm. of rainfall per year. Consi- completed by December 1964. When 
derable progress has been made in the past completely finished, the East Ghor 
few years in irrigation development. Several Canal Project will serve an area of 
agencies, both governmental and private, approximately 120,000 dunums of 
have shared in this development. Adequate fertile land. 
water for irrigation still remains a problem 
and development of both new and old B. The Water Distribution and Mainte
sources has been carried on through the nance Office was established in 1962, 
efforts of the East Ghor Canal Authority and and is in charge of operations and 
the Central Water Authority. In cooperation maintenance work in the project area. 
with these agencies, the Agricultural Credit This office is supplying water to all 
Corporation and the Cooperative Union make the farm units in Section I and II of 
credit available to farmers for small irrigation the project area. Such farm units are 
projects. The Ministry of Agriculture receiving water according to the 
through its Agricultural Extension Depart- system described in our technical 
ment and Research Department have made paper and are now entitled to water 
special efforts to assist farmers in becoming rights from the Yarmouk River, the 
more efficient in their management of irriga- source of water for the East Ghor 
tion. This report therefore, deals with the Project. 
progress of each department. C. The East Ghor Canal Authority now 

EAST GHOR CANAL AUTHORITY has trained and skilled personnel in 
all phases of the project viz. design, 

Since the last Seminar the East Ghor construction, administration, opera-
Canal Authority has made the following tions and maintenance such that it was 
progress : possible to phase out consulting help 

from outside. At present all the
A. 	 The completion of the Main East staff of the East Ghor Project are 

Jordanian. 
Ghor Canal, a length of 47 kilometers. 


of the distribution
The completion 
system of Section II of the project D. An important phase of the project is 
area serving 905 farm units of an the 	 land settlement programme. A 
average size of 30 dunums through total of approximately 70,000 dunums 
104 kilometers of laterals. The has been expropriated and redistribu
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ted amongst farmers according to the 
new 	ownership pattern set forth by 
the East Ghor Canal Law. At present 
the 	 redistribution of the rest of the 
lands in the project area (50,000 
dunums) is underway. 

E. 	 In December 1963 constructioi: started 
on Wadi Ziglab dam. Wadi Ziglab 
is a side perennial stream flowing into 
the area. An (earth fill) dam on this 
wadi is to be built to store runoff 
water for use duying critical periods 
of flow of the Yarmouk to supplement 
the supply for the East Ghor Project 
area. The capacity of reservoir will 
be 5,000,000 cubic meters. 

CanalIn 	August, 1963, the East Ghor 

Authority transferred the Farm Development 

Division to the Ministry of Agriculture ar.d 
it has been continued through the Agricultural 
Extension Department. Progress shown in 
this report for the Farm Development in the 
East Ghor Canal Project is the result of 
efforts under the East Ghor Canal Authority 
prior to August 1963 and of the Agricultural 
Extension Department since that date. 

MINISTRY OF AGRICULTURE--

DEPARTMENT OF AGRICULTURAL 
EXTENSION AND RESEARCH 

On completion of the irrigation distribu-
tion system in Section I in the East Ghor 
Canal Project, the Development Division in 
the East Ghor Canal Authority established a 
general programme for land development over 
this part of the Ghor area. Section I has a 

total area of 34,000 dunums which was divided 
to 956 farm units, 

The Land Development Section in the 
field supplied the technical services, land 
development machinery and materials to the 
farmers to develop class 1, 2 and 3 land only. 
According to the preliminary surveys which 
were done over all the farm units of Section 1, 
the following activities were accomplished 
to irrigate the farm units from the present 

distribution system 

A. 	 Heavy Leveling:' 
1. 	 Nonirrigable areas that needed 

less than 30 centimeters cut. 

2. 	 High irrigable land which could 
not be irrigated by the new 
system. Heavy leveling was 
completed in 145 farm units by 
using the development tractors 
and earth moving equipment. 
Other heavy leveling with more 
than 30 centimeters gut is still 
required in an area of 135 dunums 
scattered over 22 farm units. 
This will be the responsibility of 
the 	 farmers and technicians offer 
the 	technical assistance only. 

Spots which had an average of 15 
centimeters cut or fill were levelled. 
All old ditches were filled. Eversman 
Land Levelers smooth most of irregu
larities in the farm units. Spot leveling 
was done in 380 farm units. 

C. 	 Head Ditches and Structures 

1. 	 Head ditches in 553 farm units 
were staked by the development 
technicians and opened by the 
tractors and the ditchers of the 
Development Division and the 
labourers which the farmer 
supplied. 

2. 	 To avoid erosion, 1,153 drop stru
ctures were installed along the 
steep slope parts of the head 
ditches in 231 farm units. 

In July 1963, the Government modified 
the law of the Development Division in East 
Ghor Canal Authority. All the responsibili
ties of the Development Division were moved 
to the Ministry of Agriculture. According to 
this modification the Development Staff was 
transferred to the Agricultural Extension 
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Department to form the Agricultural Exten-
sion Office in the East Ghor District. East 
Ghor Canal Authority became responsible for 
leveling the nonirrigable spots and filling the 
old ditches in the farm units in Section II 
only. Agricultiral Extension Office responsi-
bility was limited to land development, soil 
and water conservation problems and exten
sion services in Sections 1, II and part of 
Section III. 

To assist the farmers in land development 
and water conservation work in the East Ghor 
area an agreement between the Government 
of the United States of America and the 
Jordan Development Board was established 
for an Incentive Payment Programme. Appro-
ximately 750 farm units in Section I and II or 
approximately 22,500 dunums will benefit 
from this programme. 

This programhme is planned to carry out 
the following activities in the farm units 

1. 	 Setting up irrigation methods for 
conservation of water. 

2. 	 Construction of farm ditches and 
water control structures. 

3. 	 Establishment of surface drainage 
systems and construction of control 
structures to protect farm units fromrsto 

4. 	 Planting berseem or alfalfa for the deve-
lopment of a livestock programme. 

Farmers applying for the above activities 
can receive 50 per cent of the total cost esti-
mates but not more than JD. 100. 

The Cooperatives and the East Ghor Agri-
cultural Extension Office coordinate with the 
farmer to do the work. The Cooperatives 
are financing this Incentive Payment Prog-
ramme which is presented in another report 
for this Seminar. 

CENTRAL WATER AUTHORITY 

For increasing the water available to 
present irrigated lands and to make sure that 

what water there actually gets to the land, the 
Central Water Authority has completed eleven 
small irrigation projects, serving a total of 
11,180 dunums of land and having a total 
effective water flow of 2,846 cubic meters per 
hour. The actual total cost expenses of these 
projects amounted to 97,790 Jordan Dinars. 

Some of these projects have been in use 
since ancient times and have largely fallen into 
disrepair. After springs are cleaned out and 
the outlets lowered to make sure no back 
pressure is exerted on the spring source, the 
spring is covered in order to-prevent contami
nation from flood flows, then the water is 
generally led through a covered canal or pipe 
to a 	location with enough head for a domestic 
fountain or faucets. After this, the water is 
led in an open channel to an animal trough 
and 	then to a night storage pool with suffi
cient head provided for efficient irrigation use. 
Small concrete-lined canals are used to assure 
that 	maximum water gets to the land. 

Table I shows information about these 
small irrigation projects. 

The actual costs include the spring deve
lopments, diversion head works, aqueducts, 

chutes, drops, etc., where and when neces
sary. 

The Central Water Authority has comple

ted a low, earth-fill dam at Qatraneh, located 
about 100 kilometers south of Amman, for 
the purpose of conservation and use of winter 

surface run-off in a desert wadi. The reser
voir area has a capacity of 4,000,000 cubic 
meters. It was filled as a result of a storm 
almost immediately after it was finished. The 
dam has a maximum height of 12.5 meters 
and is 300 meters long. The total volume is 
76,000 cubic meters and the total actual cost 
was 75,000 JD. including the expenses of 
3,000 meters of irrigation earth ditch down 
stream for the use of 500 dunums of irrigable 
land. Although the main purpose of the dam 
was to provide water for irrigating the land 
below the dam, it was thought that the reser
voir area of 2,500 dunums (1 dunum = 1000 
m' = 1/4 acre) can be used for growing 
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grasses and other crops as the water recedes. 
The Agricultural Extension Department of 
the Ministry of Agriculture conducted trial 
plantings on 40 dunums to study the possibi-
lities of cropping the land saturated with 
moisture in the reservoir area. The trials 
included field crops and vegetables. The 
results were very satisfactory especially local 
corn (maize), snake cucumbers, and water 
melons in spite of the fact that the date of 

start was at least one month later than the 

season. 

The Central Water Authority has comple-
ted the construction of a small diversion earth 
fill dam with controlled outlets for the diver-
sion of flood water flow. This was built on 
Wadi Abu Suwaneh and the project is called 

Qasr El Hallabat water spreading project and 
is located about 45 kilometers northeast of 
Amman in the desert area. The dam is 4 
meters high and 250 meters long. The total 
earth moved is about 24,000 cubic meters and 
the total actual cost is about 6,200 JD. The 
project is serving 500 dunums for grazing 
purposes. 

The Central Water Authority has made 

26 reports for the Agricultural Credit Corpo

ration for irrigation projects of surface, 
pumping, and drainage 	types in different parts 
of Jordan during the last two years. These 
projects were requested by the Agricultural 
Credit Corporation for loans purposes for 
individual and cooperative societies. 

DURING 1962-63TABLE 1. SMALL 	IRRIGATION PROJECTS COMPLETED 

BY CENTRAL WATER AUTHORITY 

Water Area se- Earth canallined with Actual 
Name of Project 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Ain Sidr 

Shammakh 

Abu Makhtoub 

El Lajjoun 

Dhanah 

Ainah 

Dhour 

Wadi Mousa 

Hadeetheh 

Wadi Fara' 

Ruseifeh 

Total 

flow in m3 ved in 
per hour dunums 

11.0 110 

3.0 50 

6.4 100 

40.0 440 

19.6 500 

85.0 3000 

2.6 200 

68.7 1560 

1530.0* 3000 

18U.0 1920 

900.0 300 

2846.3 11180 

lineth cost in 
ininm.ete JD. 

1000 4060 

750 4130 

700 3010 

350 1530 

40 3500 

3000 7050 

+ 	 170 pipes 7970 
3000 

11500 35120 

+ 	 600pipes 17660 
4000 

6000 	 11840 

100 1920 

30440 97790 

* Wadi flow - The others are springs. 
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This Authority made the necessary field 
trips, surveys, plans and designs for each 
project and forwarded technical reports and 
recommendations for same. These projects 
are serving a total of 23,600 dunums of land 
with a total estimated cost of 134,000 JD. 

The Ministry of Agriculture through the 
Research Department together with the 
Central Water Authority initiated an experi
mental farming project in the Jafer area. The 
project was called Jafer Pilot Farm and is 
located in the desert area, some 230 kilometers 
southeast of Amman. The plot is 45 dunums 
and will be irrigated by pump from one o the 
producing wells which were drilled by the 
Central Water Authority in that area. The 
total depth of the well is 51 meters and stp.tic 
water level is about 12 meters with a yield 
of about 150 cubic meters per hour while 
the draw-down is only around 1 meter. The 
T.D.S. was 563 ppm. and pH8. as analysed 

during September 1961. The total actual 
cost of the well amounted to 893 JD. 

The soil is high in salinity and possibilities 
of natural drainage are poor. If the experi
ments prove to be good and successful on this 
small project, there is a possibility at least of 
several thousands dunums being put under 
irrigation in that desert area. 

AGRICULTURAL CREDIT 
CORPORATION 

The agricultural Credit Corporation was 
established as a legal entity with an indepen
dent financial status. The main object of the 
Corporation is to provide supervised credit 
for farmers in Jordan. Approximately 
131,500 JD. has been loaned directly to far
mers for irrigation improvement. The Central 
Cooperative Union has received 11,840 JD. 
for the development of cooperative irrigation 
projects. 

0 A-48 

Potl*, .
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TURKEY
 

INTRODUCTION 

This report follows the recommendations 
of the Fourth NESA Irrigation Practices 
Seminar, and includes progress in irrigation 
in Turkey since April 1962. 

The first Five Year Development Plan, 
covering the period of 1963-1967, which 
emphasized the agricultural sector may be 
considered the most important single fact in 
the progress. A well balanced development 
plan is recognised as almost a magic device 
in exploiting natural resources of countries 
and there are good examples in Near East and 
South Asia. 

The conception of development in a 
PLAN was accepted by many countries after 
Word War II. It became a main topic to be 
talked about, and between people. Today in 
Turkey, the Development Plan statement is 
trusted, respected common property. 

The PLAN has the following characteris-
tics : 

a. It is an overall plan determining targets 
'and amount of investment for each 
sector of economy. 

b. The first plan is derived from a per-
spective plan for next fifteen years, at 
its part. 

c. The plan is a law approved by the 
Parliament. 

d. Annual plans may be revised and 
adjusted by the Goveinment, provided 
the targets of the five years are not 
changed. 

e. 	 The plan gives the necessary measures 
to be taken and changes in. procedures
and in regulations. 

DEVELOPMENT PLAN 

The total investment over the five year 
period, 1963-1967, will be 59.6 billion T.L. 
which is composed 36.7 billion T.L. of 
Government and 23.9 billion T.L. of private 
investments. This amount accounts for 18.3 
per cent of the national income which consists 
of 14.8 per cent national savings and 3.5 per 
cent foreign aid. 

With 7 per cent annual increase, the natio
nal income of 52.7 billion T.L. in 1962 will 
go up to 145 billion T.L. at the end of fifteen 
years, an increase of 175 per cent. 

Considering 3 per cent increase in popula
tion, the actual increase of per capita income 
will be 78 per cent. 

Per capita income (Table 1), distribution 

of active population among sectors (Table 2), 
employment and unemployment levels (Table 
3), and estimates of GNP and agricultural 
product (Table 4) are given in the following 
tables. 

AGRICULTURAL SECTOR 

Objectives of Agricultural Policy 

The plan for agriculture gives due impor
tance to the place occupied by this sector in 
the general economy. In conformity with the 
general objectives of the plan, the following 

Note :This report was prepared by. Salahattin Kilic, Chief of Investigation and'Planning Division, General
Directorate of State Hydraulic Works and Nurhan Gurel, Agricultural Engineer, Directorate of Soil Con
servation and Farm Irrigation. 
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Table 1. Per Capita Income 

Year 1962 1967 1977
 

Income T.L. 1790 2190 3200 

Table 2. Distribution of active population among the 
sectors (per cent) 

Sectors 1962 1967 1977 

Agriculture 77.4 71.1 58.1 

Industry 9.8 11.9 15.6 

Services 12.8 17.0 26.3 

Table 3. Employment and unemployment levels 
(million population) 

1962 1963 1964 1965 1966 1967 1972 1977 

15.64 age group 15.7 16.1 16.5 16.9 17.5 18.0 20.9 24.2 

Lab'our supply 14.2 14.4 14.7 15.0 15.3 15.7 17.6 19.9 

Total volume of 
employment to be 
created 12.7 13.1 13.9 13.9 14.4 14.8 16.8 19.2 

Unemployment 1.5 1.3 1.2 1.1 0.9 0.9 0.8 0.7 

Table 4. Estimates of GNP and Agricultural Product 

Agricultural Agricultural pro-

GNP Agricultural Agricultural Agricultural product per duct per capita 
Years (Billion product product product per capita of rural of active rural 

T.L.) (Billion T.L.) (as % of capita (T.L.) population population 
GNP) (T.L.) (T.L.) 

1962 52.7 23"1 23.8 785 1,000 2,400 

1967 73.9 28.3 38.3 838 1,300 2,700 

1977 145.3 42.7 39"4 941 1,900 3,800 
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down for agricul-objectives have been laid 
ture 

1. 	 To maintain a 7 per cent rate of growth 
in gross national product without 
resorting to inflation ; at the same 
time, to raise agricultural production 
with a view to expanding exports and 

meeting the growing industrial needs 
for raw materials, thus fostering indus-
trialization ; 

2. 	 To improve nutritional levels, by 
increasing the intake of protein and 
in particular of animal protein foods ; 

3. 	 To further the social aims of the plan 
by : promoting the increase of con-
sumption with the object of reducing 
income disparties ; contributing to 
reduced unemployment ; hindering 
unplanned urbanization due to the 

of 	 workers from villagesexcess flow 
to cities over and beyond the employ-
ment-creating capacity of non-
agricultural sectors ; and, in general 
by encouraging agricultural and com-
munity development. 

4. 	 To achieve the long-term objectives of 
the plan by promoting the balanced 
utilization of land in the long-run, 

and in this way help to conserve 
resources as well as ensure their most 
efficient use. 

Education and Training 

The general policy of education and train

ing as regards agriculture, consists of : 

1. 	 Preparing curricula related directly to 
specific problems in the agricultural 
sector. 

2. 	 Attaching importance to agricultural 
education and extension as well as to 
training in agricultural trades and 

handicrafts. 
3. 	 Organizing the training of skilled 

workers and of technica' personnel at 

4. 	 Providing courses on non-agricultural 
to leavesubjects for those who wish 

agriculture. 
Production Targets 

Table 5 shows the change in the compo
sition of agricultural production. The changes 
which have occurred in the relative importance 
of different products in total agricultural 
production are marginal. A radical change 

Table 5. Composition of Agricultural Production (Percentage share
 

in 'value of major groups of products within gross total
 

production and production indices)
 

Groups of Products 

Cereals 
Pulses 
Animal feed 
Fruit and vegetables 
Industrial crops 
Livestock products 
Forestry products 
Fishery products 

Total 

1962 1967 

23.1 21.3 
2.0 2.8 

15.1 13.7 
19.7 19.5 
10.6 1l .6 

26.5 27.7 
2.4 2.6 
0.6 1-3 

100.0 100.0 

Production Index 
(1962 = 100) 

115 
175 
114 
125 
132 
131 
138 
280 

125.6 
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in the structure of agriculture, moreover, can-
not be expected to take place within the fairly 
short period of five years. The factors slow-
ing down such a conversion include old-
established production and consumption 
patterns, the rapid growth of population and 
the resulting high demand for basic foodstuffs 
organization deficiencies and the short cons-
truction period for key investments. With 
the limited supply of arable lands now avail-
able, development in the coming years can 
be achieved only by the rational use of the 
limited investible resources and by higher 
productivity. Due to this, the rate of agri
cultural growth in the Five Year Plan period 
is estimated to be only somewhat higher than 
that in recent years. However, it should be 
remembered that this is a period of prepara-
tion in which the foundation will be laid forsustained development in the future. 

As seen from Table 5 a more intensive 
farming system will be gradually introduced 
in the plan period as a consequence of better 
land utilization and a more balanced pattern 
of production. 

Institutional Reforms 

1. 	 Administrative Organization : The 
statistics which serve as a basis for 
framing agricultural policy will be 
improved, 

In order to ensure that the in-
formation needed for planning is 
available, the collection and classifica-
tion of agricultural statistics will be 
reorganized. In addition to the data 
furnished by agricultural censuses, 
information will be sought with regard 
to the following items: agricultural 
output, quantities marketed, stock 
estimates, prices received and prices 
paid by agricultural producers, farm 
incomes (including those of landlords 
sharecroppers, tenant farmers and 
livestock breeders), and outstanding 
debts of farmers. In obtaining this 
information, besides the usual statisti-

cal data, use will be made of question
naires based on sample methods, 
cadastral surveys and studies of the 
budgets of farming families, and on 
agricultural credits. Considering that 
adjustments will have to be made in 
the plan, administrative measures will 
be taken to make it possible to obtain 
in a short time the statistical data 
required. Research on agricultural 
economics will be organized by the 
Ministry of Agriculture in liason with 
the Institute of Statistics. 

2. 	 Administrative Reform After the 
services to be performed by the State 
in the Agricultural sector have been 
deerminedrthe oraition resni
ble for carrying out these services vilebe 	 set up. This organization will be 
responsible for promoting the deve
lopment of soil and water resources, 
of vegetable and animal production 
and for ensuring more efficient cont
rol of plant and animal diseases. 

Besides administrative reform, 
measures will be taken to ensure that 
the technical personnel is effectively 
engaged in productive work, and that 
advisory workers are not employed in 
administrative capacities. 

For the agricultural services per
formed by agencies which are not 

attached to the Ministry of Agricul
ture, care will be taken to ensure the 
conformity of these services with the 
objectives of agricultural policy. 

Improvement of Agricultural Services 

1. 	 Agricultural Extension : In order to 
attain the agricultural objectives of the 
plan, extension services must be 
enlarged and made more efficient. In 
planning investments, provision has 
been made for meeting the estimated 
increase in vehicle requirements 
arising from the enlargement of 
services. It is estimated that extension 
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activities will require a staff of 7,700 
trained workers (1) as against the 
existing number of about 4,400. (2) 
However, the effective number is in 
reality lower than 4,400 as these 
agents, particularly those who work 
in the field of crop production, are 
also engaged in activities outside ex-
tension. Extension services will 
contribute to a large extent to the 
attainment of the plan objectives and 
must therefore be intensified and 
improved. 

2. 	 Agricultural Training : Intensifying 
extension services and other agricul-
tural services will not be possible 
merely by making better use of existing 
personnel. The training programme 
of the Ministry of Agriculture will 
have to be revised to include training 
courses for technical staff at high and 
medium levels. Provision has been 

made in the investment programme forthe opening of new training schools. 

3. 	 Agricultural Research : Research will 
be carried out on the technical fac-
tors determining the relationship 
between inputs and yields, and practi-
cal conclusions will be drawn from 
these studies. The studies under-
taken in order to determine the 
situation of land use in Turkey : 
namely the acreage of agricultural, 
pasture and forest land, will be 
accelerated and efforts will be made 
to ensure that land is used according 
to its classification, 

Agricultural Credit 

In order to attain the agricultural targets 
set in the plan, the activities of agricultural 
producers must be directed toward these tar-
gets. Agricultural credit will be an effective 
means of orienting agricultural activities and 
encouraging investments in structural and 
farm improvements. At the same time, 
agricultural credits will serve to encourage 

the wider use of inputs which help to raise 
productivity. 

It is intended to start supervising credits to 
ensure that they are used for the purpose for 
which they were granted. Measures will be 
taken to ensure that fertilizers and quality 
seeds, in particular, are granted in kind. 

A distinction will be made in practice 
between credits of an operational nature and 
those that are for investments. In conformity 
with the targets, medium-term credits for 
investment are to be raised ; in granting these 

credits, care will be taken to see that they are 
directed towards the fields of investment 
stressed in the plan. Operational credits will 
be given in the season in which they are 
required by procedures and repaid in the 
period of sale of the produce. The matter of 
security will be reviewed with a view tc 
obtaining the best possible returns from 
credits. 

The Agricultural Bank will determine, in
I

cooperation with the Miristry of Agriculture, 

the fields in which credits will be assigned, 
the extent of credit requirements, the areas 
to which credits will be granted, and it will 
also supervise the use of these credits. The 
allocation, in ,.onformity with the provisions 
of Law No. 2836 of 1 per cent of the budget 
to the Agricultural Bank for addition to its 
capital, will be continued in the plan period. 

The Agricultural Credit Cooperative set 
up under Law No. 2836 to give credit to far
mers will be authorized to accept deposits in 
order to channel agricultural savings to agri
cultural fields. 

Marketing 

1. 	 The development of cooperatives, set 
up as joint marketing and credit orga
nizations, will be encouraged. 

2. 	 Measures will be taken to encourage 
the private sector to set up marketing 
facilities in appropriate places chosen 
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with regard to their distance from 
production centres and markets. If 
need be, these facilities will be set up 
by the State. 

3. 	 Roads and transportation between 
centres of production and markets 
should be developed. To this end,account will be taken of the studies to 
accuntwilbertaken o f stus tthether 
be undertaken on the marketing situa-
tion of the different products in connec-
tion with the preparation of village 
and provincial road programmes. 

4. 	 Starting with export products, stan-
dards will be prepared by the Turkish 
Standards Institute. The Ministries 
of Commerce and Agriculture will 
inspect deliveries to see that they 
comply with the agreed standards, 
The cost of standardization, however, 
must not be such as to exceed the 
benefit which will accrue from its 
application. 

Farmers' Organisation 

Setting-up of cooperatives is recognized to 
be generally beneficial for agriculture. Studies 
will be made to determine whether there exist 
reasons which prevent farmers from setting-
up cooperatives. Small and medium farmers, 
in particular, will be encouraged to form 
cooperatives so that they may benefit from the 
advantages enjoyed by large holdings with 
regard to production and marketing. 

Agricultural producers will be encouraged 
to form associations. Chambers of agricul-
ture will be set up, at first gradually and in 
certain districts, if it is not thought feasible 
to establish them in all parts of the country
at once. 

It is considered that organizing farmers 
within the framework of community develop-
ment will also help to promote higher produc-
tion. This subject is considered in more 
detail in the section on Community Develop-
ment. 

Measures to Stimulate Production 

LAND REFORM 
1. 	 Distribution of Ownership 

a. 	 Size of Holdings In determining 
the size of minimum holdings andceilings for maximum holdings, 

following consideration willbe kept in mind: the reduction 
of excessive income disparties 
the minimum level of income 

necessary for the subsistence of 

a family; the degree to which 
land consolidation can be carried 
out ; the possibilities for increas
ing the productivity of large and 
small holdings and the taxation 
of large incomes. 

b. 	 Land Consolidation : .7hough the 
fact that plots are scattered and 
fragmented helps to alleviate 
disguised unemployment, it is 

essential in principle that farming 
units should be contiguous to the 
extent permitted by physical 
conditions. Consolidation is one 
of the features of the agrarian 
reform to be carried out. In 
addition, importance is attached 
to the consolidation of holdings 
in areas where irrigation and soil 
improvement projects will be 
implemented and measures to 
this end will be taken. 

c. 	 Rationalizationof holdings Mea
sures will be taken to ensure that 
both existing holdings and those 
created as a result of land redis
tribution will be managed on 
economic lines and in compliance 
with modern exploitation techni
ques. Measures complementary 
to land reform must therefore be 
taken in the sphere of training 
and extension to ensure the sup
ply of means of production, to 
promote cooperative movements, 
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and in relation to taxation and 
public works programmes. 

d. 	 Landfor Redistribution : Redistri-
bution of land will concern, beside 
the lands owned or administered 
by 	 the State, that part' of private
land which is in excess of the 
maximum limits to be set and 
Which will be expropriated 

2. 	 Regulating Share-Cropping and 
Tenancy Conditions 

a. 	 Share-cropping and tenancy rights 
will be based on precise contracts. 
Standard types of contracts will 
be prepared in which the rights 
of sharecroppers and tenants are 
protected. 

b. 	 The amount of the lease, the share 
of croppers and the conditions of 
payment will be determined with 
reference to specific conditions. 

c. 	 Production and investment out-
lays will be shared according to 
certain regulations. 

PRICE POLICY 

1. 	 The price policy to be followed will 
aim at stimulating productivity in cer
tain fields and will be used as a means 
of influencing the redistribution 
of income. The main principle will be 
to support input prices and to ensure 
that farmers pay low prices for feed-
stuffs, fertilizers and improved seeds, 

2. 	 In view of the inflationary effect of a 
general upward tendency in prices, it 
was considered essential that no price 
increases should be initiated in pro
ducts whose prices are officially fixed. 

In determining the prices of agricultural 
products, the relative prices of these products 
will also be carefully examined, 

3. 	 Price stability depends on credit and 
marketing facilities and on general 

conditions. The fact that agricultural 
producers contract debts with mer

chants or middlemen, or do not dis
meanspose of sufficient storage space, 

that a large part of the crop will be 
sold at the time when it is most abun
dant, thereby creating marked price 
differences. The effect of credit and 
marketing facilities on prices is an 
added reason for improving these 

systems. 
The stabilizing effect on prices of the exis

tence of national foodstuff stocks has also been 
considered. The difficulty in this respect is 
to build up sufficient stocks in the initial 
period. The possibilities of making use in 
this connection with U.S. agricultural surplus 
goods will be fully explored. 

As a means of preventing price fluctua
tions, consideration will also be given to sett
ing up warehouses (from which purchases 
may be made) in small centres rather than 
large stores in the main consumption centres. 
This function can also be assigned to coopera
tives. Encouragement will be given in parti
cular to farmers' organizations in the field of 
such perishable products as fresh fruit and 
vegetables, and milk, with the object of 
stabilizing producer prices. 

EXISTING IRRIGATION IN TURKEY 

Turkey has been working on 47 large irri
gation projects, since 1962, which are partly 
executed and presently supply irrigation 
water for 76,300 Ha. *Upon completion these 
will ultimately cover 147,950 Ha. At the 
beginning of the 1964 irrigation season, 
265,300 Ha. land was under irrigation in 
government built projects. 

Crop distribution in the existing projects 
during 1963 was as follows : 

49-5% industrial crops (cotton, 
beets, tabacco, sun flower, 
hemp etc.) 

sugar 
anise, 

31.0 % cereals (wheat, barley, 
and millet) 

oat, corn 
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9.0 	 % orchard and truck crops ACCOMPLISHMENT ON
 
IRfRIGATION
2.8 	 % forage crops 

7.7 % others 	 Education and Training 

Irrigation Projects under Construction a. Training of Professionals and Sub-

According to the 1964 execution program-	 professionals : During 1962-63, 278 
professionals (agricultural engineers)

me, the total number of irrigation projects 
and 37 sub-professionals (topogra

underway, including recently started projects 
phers, operators and mechanics) were

will 	amount to 58 projects which cover an 
trained in Tarsus and Bornova Train

area of 315,000 Ha. An area of 105,150 Ha. 
Topraksu. The pro

out of that 315,000 will be put under irriga- ing Centres of 
fessionals were trained in engineering,

tion at the beginning of the 1965 irrigation 
soil surveying and farm planning for 
long term credit. 

IRRIGATION ORGANIZATION 	 Seminars were organized in order 
to train ditch riders by Eskisehir and 

The functions and organizations of two Adana Regional Directorates of State 

DSI and Topraksu; are given Hydraulic Works co-ordinated withmain agencies, 

in the previous report. :local organizations of Topraksu.
 

The institutional development since last b. Training of Farmers : Topraksu 

seminar is the subject matter of a separate Farmer Training Camps are organi
paper, but may be summarized as some-im- zed to modernize the agricultural 
provement and establishment of supplemental practices presently in application in 

units of DSI and I upraksu, as follows : order to increase agricultural produc

tion, to train farmers in the fields of 
a. 	 Nine "planning Field Offices" cover-

ing large river basins and important irrigation drainage land and water 

project areas were established by DSI. conservation and to use man-power in 

These units have similar responsibi- agriculture effectively. 

lity to that of Central Investigation During 1962-1963, 92 farmer 

and Planning Division in preparing work camps were operated and 10,900 

soil and water resources development farmers were trained. 
plans. One of these offices in Diyar
bakir, in south eastern Turkey to 
study Euphrates River Basin, is equip- Topraksu credits, being parallel to the 

ped with a soil and water laboratory. investments and extensively by the Govern

b. 	 Two regional offices, with some work ment to develop the water resources, helped 

units, three soil laboratories, two farmers in receiving the optimum benefit 
from the Government investments.irrigation experiment stations, one soil 

conservation experiment station and The controlled credit system on which the 
four inventory groups were established agricultural credit policy is based, has been 
and added to Topraksu. established in agriculture through the appli

c. 	 The Agricultural Bank recently has cation of Topraksu credit.
 
established a central office and two
 

The total amount of credit extended wasregional districts to evaluate the' eco-
nomy and repayment of farm irrriga- 7,775,000 Turkish Liras, which were loaned 

tion projects as a tool of controlled to 426 farmers to provide water for 6,550 
hectares of land, in 1962-1963.credit. 
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Drainage, Land Classification and Soil 

Survey for Irrigation Projects 

During the period 1962-03 the following 
investigations were completed: 

a. 	 Land classification 
1. 	 Semidetailed land classification 

on 1,330,800 hectares. 
2. 	 Detailed land classification on 

80,838 hectares. 

b. 	 Basic soil survey on 409,670 hectares. 

c. 	 Survey for soil conservation on 157,000 
hectares. 

d. 	 Durng 1962-63, 922,000 hectares of 
land were covered by drainage investi
gations. 

Inventories of Land and Water Resources 
of Turkey 

The General Directorate of Soil Conser-

vation and Farm Irrigation (Topraksu) is pre-

paring inventories of land and water resources 

of Turkey. At the present, four inventory 
groups are working in Izmir, Mersin, Istanbul 
and Ankara Regional Directorates. 

There are four professionals in each group, 
consisting of a chief engineer, a soil surveyor, 
a soil and water engineer, and an economist, 
assisted by eight sub-professionals. Each 
group has three vehicles. The group work 
under a programme covering primary and 
secondary watersheds in a region. 

Inventory groups file data on the following 
aspects by filling out 42 different kinds of field 
record papers : 

a. 	 Natural factors 
b. 	 Land use capability classification 
c. 	 Geological feature 
d. 	 Present land use 

e. 	 Economic and social conditions 
f. 	 Engineering aspects 
g. 	 Industrial aspects 

Inventories for 2,215,000 hectares of land 
have been made since 1962. 

Small Water Development Projects 

Since 1962, 472 small water development 

projects covering 50,260 hectares of land were 
constructed and improved. These were 

mainly built and operated by farmers. 
Government activities consist of technical 
help, financial assistance, and some construc
tion works. 
Farm Irrigation Systems 

Since 1962, farm irrigation and drainage 
canals serving several units have been carried 
out on 16,330 hectares of land. 

Drainage and Land Reclamation 

Drainage and land reclamation measures 
have been taken on 18,580 hectares of land 
during the last two years. 

PROGRESS MADE ON RECOMMEN-
DATIONS OF THE PREVIOUS 
SEMINAR 

The recommendations of the last seminar 
are being carried out to the fullest possible 
extent. 

The progress made, is summarized as 
follows 

1. 	 Training 

a. 	 As mentioned above, farmer train
ing programmes were extended 
during the last two years.

b. 	 Technical handbooks and other 
publications were published for 
the benefit of the technicians and 

farmers (a list is attached) 
c. 	 A commission was established to 

prepare technical standards and 
specifications at the Topraksu 
Central Office 

2. 	 Research and Experiment 

a. 	 Two new experiment stations have 
been established during the last 
two years 

94 



b. 	 Other recommendations on 
research are taken into considera-
tion for preparation of the 
research programmes. 

3. 	 Operations 

On the various aspects of operation, 
maintenance and rehabilitation, activities are 
being carried out successfully. 

Publications of General Directorate of 
State Hydraulic Works 

!. Manual for Preconstruction Works on 
Small Irrigation Systems. 

2. 	 Operation Guide for Ditch Riders. 

3. 	 Determination of Water Losses from 
Canals. 

4. 	 Manual for Maintenance of DSI Irriga-
tion Systems. 

5. 	 Fish Vocabulary for Inland Waters of 
Turkey. 

6. 	 Maintenance of Biological Resources of 
Natural and Artificial Lakes in Turkey.7.Decipiosand Measurement Formulas 

10. 	 Instruction for Leveling and Field Irriga
tion Demonstrations in Irrigation 
Systems. 

11. 	 Burrowing Rodents and Their Control 
by Emin Hasipek, Agricultural Engineer. 

12. 	 Description and Structures of Agricul
tural Control Implements Used in Irri
gation Practices by Yilmaz Taflioglu, 
Ag. Engineer. 

13. 	 Principles and Applications of Weed 

Control by Aromatic Solvent Naphta by 
Yilmaz Taflioglu, Ag. Engineer. 

14. 	 Vegetative Lining of Canals and Levees 
and Applications of Selective Herbicides. 

15. 	 Seed Growing Guide for Lining and 
Erosion Control by Riza Tintas, Agri

cultural Engineer. 
16. 	 Weed Control Guide for Laboratory 

Studies. 
17. 	 Physical and Chemical Analysis of Soils. 
18. 	 Statistical Methods on Hydrology. 
19. 	 Corroaive Effects of Water on Construc

tion Materials. 
20. 	 General Principles on Watershed 

7. 	 Descriptions an esrmn omlsImprovement.
for 	Irrigated Areas. 

8. 	 Field Demonstrations with Sprinkler 
Systems by Riza Tintas, Agricultural 
Engineer. 

9. 	 Proper and Perfect Irrigation by Sait 
Ozok, Ag. Engineer. 

21. 	 Slope Improvement in Watershed. 
22. 	 Hydraulics of Stream Gaging Statioi s. 
23. 	 Determination of the Quality of Irriga

tion Water. 
24. 	 Reclamation of Organic Soils. 
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UNITED ARAB REPUBLIC
 

Agriculture in U.A.R. engages about two 
thirds of the national capital invested in the 
various economic sectors and also about two 
thirds of the whole population. The gross 
area of the cultivated land is about 6 million 
feddan* representing 3 per cent of the total 
area of the country, but the increase in the 
cultivated area is far behind the rate of in-
crease in the population which jumped from 
about 10 to 21 million during the first fifty 
years of this century. 

The first concrete approach meeting this 
situation was taken by the Revolutionary 
Government in 1952 by formulating short and 
long term programmes for land reclamation, 
beside an integrated plan for improving the 
productivity of the cultivated area a consider-
able part of which was affected by salinity and 
alkalinity due to inadequacy of irrigation and 
drainage facilities. 

The general agricultural development plan 
depends mainly on (I) Development of water 
resources, (II) better use of water resources, 
(Ill) drainage improvement, (IV) reclamation 
of new land, and (V) improvement of the 
cultivated area. 

DEVELOPMENT OF WATER 
RESOURCES 


As the country is practically rainless, agri-
culture depends on artificial irrigation with 
Nile water. Two irrigation systems are in 
use, perennial irrigation covering about 3.5 
* A feddan = 4,200 square metres approximately. 

and 1.5 million feddans in Lower and Upper 
Egypt, respectively, and basin irrigation 
serving about 700,000 feddan in Upper Egypt. 

To meet the requirements of agricultural
 
expansion programmes, a series of projects 
were undertaken with the object of providing 
water supplies through better control of the 
Nile waters and utilization of drainage and 
underground water. 

The High Dam 

When comp!eted, the High Dam will be 
a rockfill dam 111 metres high; with a total 
width of 1,000 metres and 32 metres at the 
base and at the road respectively, and a length 
of 3,500 metres. The dam is situated five 
miles upstream of the present Aswan Dam, 
and will cr:ate an artificial lake of 130 billion 
cubic metres capacity, the largest of its kind 
in the world, being 4,000 square kilometres 
in area. 

On the east bank of the river, the flow 
of the Nile will be delivered by means of a 
diversion canal 1,200 metres long and , 60 
metres wide at bed level. It will be equipped 
with iron gates for the daily regulation of 
water discharge. On the west bank, an 
underground power plant will be constructed 
to generate an enormous amount of hydro
electric power, estimated at 10 billion kilowatt
hours yearly. The dam itself will consist of 
three main structures, the upstream cofferdam, 
the downstream cofferdam and the main dam. 

The question of silting was given due 
consideration. Out of the total storage 

Note: This report was prepared by Dr. A.I. El Shabassy, Head of Soil Research Department, Ministry of Agricul
ture ; Dr. A.. Mitkees, Director of Saline and Alkali Soil Research Section, Ministry of Agriculture, and 
Dr. A.!. Gohar, Director of Soil Chemistry and Physics Research Section, Ministry of Agriculture. 
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capacity, thirty billion cubic metres have been 
assigned for silt, and investigations carried 
out have revealed that it will take 500 yearsfor silting this volume. 

Besides insuring full and rapid utilization 
of the Nile water, protecting the country 
against the danger of high floods and the 
production of hydro-electric power, the High 
Dam will have the following agricultural ad
vantages : 

1. 	 Beside guaranteeing the necessary 
water requirements of the present 
agricultural lands, the high dam will 
make available additional waters for 
the cultivation of 1.2 million feddan 
of new lands, the conversion of 
700,000 feddan from basin to peren-
nial irrigation, and the planting of 
700,000 feddan of rice annually. 

2. 	 It will improve drainage conditions in 
the cultivated areas and will conse-
quently increase their output. 

Utilization of drainage water for irrigation 
purposes 

The 	natural limitations on the available 
land and water resources in Egypt have made 
it imperative to rationalize their use with a 
view to increasing productivity to the highest 
degrca possible. Given the limited supplies 
of water available, the need for more water 
for land reclamation and irrigation has become 
so pressing that the use of drainage water for 
these purposes has been explored and imple-
mented. 

The total drainage water supply exceeds 
at present 1.5 billion cubic metres annually. 
The suitability of waters from the main drains 
for irrigation purposes was studied. As a 
result of studies, waters of high, medium or 
low salinity are being utilized, saving equal 
amounts of fresh Nile water. Highly saline 
water is being recommended for leaching 
saline soils under reclamation while waters 
of medium or low salinity are used for irriga-
tion purposes after taking into consideration 
certain precautions. 

Conservation and Development of under
ground water Resources. 

Special attention was directed towards theSeilatninwsdrce oad hdevelopment of underground water resources 
especially in the following desert and semi
desert areas : 

1. 	 The Nile Delta fringe areas in the 
Western and Eastern Deserts. 

2. 	 The North western coastal zone. 
3. 	 The coastal areas from EI-Arish to 

Rafah. 
4. 	 Selected oases in the Western Desert. 

An oases survey was conducted and an 
attempt was made to provide the additional 
hydraulic and geological knowledge required 
to guide the maximum feasible development 
of new agricultural lands. A trial was also 
made to solve the casing corrosion problem 
in Dakhla and Kharga Oases. The survey 
conducted in some selected sections of the 
Western Desert coastal area aims at developing 
small-scale irrigation projects and public 
water supply facilities as the limited water 
tables of the Miocene limestone, the perched 
water supplies and other known or discover
able 	acquifers may permit. 

In the year 1962-1963, about 140 wells 
were drilled in the Southern Sector of Tahrir 
Province, the New Valley and other localities. 
Also, 166 wels will be dug in the year 1963
64. 	 Well discharges range between 4,000 and 
8,000 cubic metres daily, an amount sufficient
 
to irrigate an average of about 250 feddan.
 

Underground water studies in the Delta 
aim at investigating the underground water 
available for successful development and the 
utilization of well-water irrigation systems in 
areas not proje,-ted for irrigation, through 
using the water which will be available after 
the construction of the High Dam. 

The programme set 'for investigating the 
ground water resources in the Delta aims at 
determining by geological survey the depths 
of the aquifer and the characteristics of the 
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water-bearing strata. It includes estimating 
the capacity and potentiality of the under-
ground water reservoir through determining 

and saltythe separation zones between fresh 
water, the quantities of fresh water which 

could be utilized within the safe limits of 
andsalt-water influx, the pumping periods 

the proper location of the'pumping plants. 

About 160 observation wells covering the 

Nile Delta were drilled to depths ranging 
from 30 to 60 metres. Soil samples were 
taken and analyzed in order to determine the 

of each well. Watersoil profile at the site 
samples taken every one metre depth was also 

analyzed before and after digging the wells. 
The effect of pumping oin the soil salt be-
haviour was studied periodically, 

Preliminary results of the investigation of 

the underground water resources in the Nile 

Delta can be summarized as follows 

1. 	 The river Nile was proved to be the 
source which feeds the underground 
water ieservoir in the Delta. 

2. 	 The underground water moves from 
south to north along the Delta all the 

year round, 

3. 	 The Damietta branch may be consi-
dered as the main source of the deep 
or confined ground water in the dry 
season. 

4. 	 The Ismailia Canal has a direct influ-
ence on the underground water 
movement, 

5. 	 The rate of depression in the dround 
water pressure is slower than the rate 
of 	 fall of the water-levels in the river. 

The 	minimum pressures are ultimate-
ly 	reached in June and July. 

6. 	 The slope of the deep underground 
water varies from one place to another 
and from time to time, according to 
soil type, distance from the Nile and 
the water level in the river. The 
variation in the hydraulic gradient 
ranges from 5 to 40 cms./km. 

BETTER USE OF WATER 
RESOURCES 

Field crop water requirements were stu

died in Menufia Province which suffers from 

high water table. The study was confined to 
and 	 covers the followingcotton and maize 

two points : 

.	 The cyclic and seasonal gains and 
losses of soil moisture. 

effect of minimum, maximum and 

real amounts of irrigation water on 
crop yield. 

aThe 

The study of water table movement 
showed that the water table level in irrigated 
plots is not affected by irrigation in the adjacent 

moves only within a veryareas and that it 
small range. It was shown also that the water 

table rises and falls in a rhythmic movement 
with every watering. The amplitudes of this 
movement differ owing to saturation rate and 
compactness of the subsoil. The average 
amplitudes of the cyclic waves of the water 

totaltable are positively correlated with the 
amounts of irrigation water regardless of the 

depth of the water table. 

The study of crop yield showed that from 

different quantities of watei applied at the 

normal irrigation rotation of 18 days, the 

maximum cotton yield is obtained by utilizing 
an 	amount of water less by 16 per cent than 
the 	 conventional amount now in use. This 
means availability of additional water that 
will meet the shortages already experienced 

in bringing more lands under the plough. 

A three-year study on water requirements
Atreya td nwtrrqieet 

was made on cotton, wheat, clover and maize 
in 	 fine textured soils. It revealed that the 
root concentration of cotton, wheat and clover 

is mainly in the surface foot of soil. Tempe
rature and daytime hours can be used as an 
index to irrigation needs because they were 
found to have the greatest effect on the con
sumptive use. In order to attain maximum 
yields, 0-10 per cent and 10-20 per cent of the 
soil field capacity in the root zone should be 
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added to each watering in Lower and Upper 
Egypt, respectively. *The consumptive use 
coefficients when determined for cotton, wheat 
and clover were found to be 0.70, 0.44 and 
0.64, respectively, while that of maize is still 
under investigation. Proper timing of irriga-
tion was proved to be necessary for high 
yields. The amounts of water required to 
attain maximum yield (in cu. metres per 
feddan) which varied from one locality 
to another were 2,850.3,600 for cotton, 
1,300-1,600 for wheat, 2,500-3,250 for clover 
and 2,150.2,900 for maize. 

Studies made by the Ministry of Agricul-
ture on the effect of high water table on cotton 
yield revealed that excessive use of water as 
well as seepage from canals saturate the soil 
and result in considerable loss in yield. 
Lining canals with concrete was recommended 
as a means of control. It was also suggested 
that lowering the water level in the canals and 
the adoption of lift irrigation will reduce 
seepage and overwatering. 

Sprinkler irrigation was tested in sandy 

soils at Anshas Land Reform Farm and El-

Tahrir Province in an area of 1,000 feddan in 
the first and 5,000 feddan in the second. 
These tests proved that this method saves in 
the amount of water needed for irrigation. In 
Tahrir Province only 6,000 cu. metres per 
feddan are needed annually under this system 
as against 20,000 cu. meters under surface 
irrigation. Sprinkler irrigation also reduces 
land leveling expenses and save manual labour 
in land reclamation work. 

DRAINAGE IMPROVEMENT 

An extensive network of principal and 
subsidiary drains was erected to prevent the 
deleterious effect of the rise in the under-
ground water level. Many pumping stations 
were also constructed to lift water from drains 
in the Northern Delta which are deprived offree 	flow discharge throughout the year. 

Many studies were carried out, at different 

localities, on open and tile drains. Trials 

were made on the effect of drain depth, spac
ing of drains, diameter of pipes in tile drain
age and level of water in open drains as 
compared to the ground water level, on the 
efficiency of drainage. They also included 
comparison of open and tile drainage. 

The study carried out in 1942 in Menufieh 
Province showed that the use of open drains 
would cause a loss of not less than 12 per cent 
of the cultivated land. Because of the general 
smallness of holdings, conne.ction of open 
field drains with public drains presents special 
difficulties. Their clearance and maintenance 

needs continuous care. Tile drainage was 
therefore recommended, and it was further 
found that it would save about 0'25 million 
feddan of cultivable land. 

The new policy of drainage which would 
cost L.E. 218 million pounds was based on the 
following : 

1. 	 The difference between the maximum 
water level in the public drain and 
the surface of the land to be drained 

will be 2.5 meters instead of the pre

2. 	 The length of public drains will aot 
exceed 30 kms. 

3. 	 Providing the cultivated areas with 
efficient private and field drains, 
mostly tile drains. 

RECLAMATION OF NEW LANDS 

The short term programme which started 
in 1953, was based on the utilization of water 

that could be saved from the present water 

resources and the use of drainage and under
ground waters which prove to be chemically 
suitable for irrigation or leaching purposes. 
It aims at bringing under cultivation about 
723,000 feddan, of which about 203,000 
feddan were in desert lands during the years 
ending 1965. 

The long term programme visualizes the 
reclamation of 1.2 million feddan depending 
on the waters that will be made available after 

the construction of the High Dam. 
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Reconnaissance soil surveys are under-
taken in all new projects at the planning stage. 
Detailed periodical studies are made t- follow 
up the progress of reclamation proce',ses. 

tn planning dfesigntiong afnwtroot, 
the course of execution of new projects, 
complete cooperationsmong engineers, agri-
cultural experts, soil scientists is ensured. 

All research works needed for the investi-
gation of reclamation and cultivation prob
lems of the project areas are carried out. 

The newv reclaimed lands are distributed 
among small farmers, each of whom is entitled 
to have a small holding of not less than two 
feddan but not exceeding fiye feddan. Coope
ratives are formed after the distribution of 
the land to help and provide farmers withproductio)n requisites. 

OF THE CULTI-IMPROVEMENT 
VATED AREA 

A five year programme of agricultural deve-

lopment was planned in 1958. The over-all 
agricultural developmeit programme of 
increasing productivity of present cultivated 
lands will cost about L.E. 55 million. The pro
gramme involves soil and crop improvement, 
crop diversification, crop protection, livestock 
production and protection, fisheries develop
ment, farm mechanization, food industries, 
agriculture extension, consolidation of agricul

tural holding and economic studies. 

The implementation of this programme 
is expected to yield an increase of 22 per cent 
in agricultural prodaiction, 58 per pent in milk 
production, 26 per ccnt in meat production, 
and 33 per cent in fish production. 

The value of agricultural production on 

account of this increase is expected to rise 
from L.E. 574 millioh to L.E. 730 million, 

whereas agricultural income will rise from 

L.E. 400 million to L.E. 562 million. This pro
gramme will also provide extra empolyment 
for about half a million agricultural labourers. 
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CHAPTER V 

PROJECT PLANNING
 

GHAZVIN DEVELOPMENT PROJECT 

Mohamad 

SUMMARY 

In September 1962 an earthquake destroyed 
or severely damaged about 50 per cent of the 
houses in 121 villages lying south of the town 
of Ghazvin about 120 kilometers west of 
Tehran. About 10,000 persons were killed 
along with large numbers of livestock. Because 
of the magnitude of the disaster and the 
urgent requirements for reconstructing the 
area and providing for the welfare of the 
destitute village people, emergency relief help 
was received from many Iranian and foreign 
agencies and the Iranian Government estab-
lished the Ghazvin Development Authority 
to promote orderly modern redevelopment, 

A team of foreign technicians was emplo-
yed to assist in developing a modern integra-
ted plan and programme for redeveloping this 
area. The objective is to integrate the physi-
cal and social development in such a way 
that the welfare of the village people can be 
improved in a manner that will set an 
example for development of other rural areas 
of Iran. 

by 

Ali Rejali* 

The water supply of the area has been 
very limited for the available of irrigable land. 
This supply is mostly from ghanats, many of 
which were damaged by the earthquake. 
Therefore, investigation of the groundwater 
resources of the area was given high priority 
during the reconnaissance planning studies. 
In these studies the need for improvement in 
agricultural practices was considered along 
with the potential for agriculture-based indus
try and the sociological problems of imple
menting modern improvements. 

The reconnaissance studies indicate a 
capital investment need of 1600 dollars per 
family to increase the per capita annual gross 
income from 220 dollars to 6" lollars while 
at the same time providing ea. juake resis
tant modern housing. 

GENERAL DESCRIPTION 

The Ghazvin investigational area consists 
of a 378,000 hectare saucer shaped, flat plain 
at about elevation 1,200 meters bordered by 
mountains ranging up to 2,700 meters high. 

* Chief of Planning Branch, Planinng Division, Irrigation Corporation (Bongah), Iran. 
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The streams are short and intermittent except 
for the Khar-Rud which generally flows from 
November to June. Drainage from the inter-
mittent rivers and groundwater collects in a 
central swamp 300 square kilometers in size 
and 	 any,-excess flows from the swamp by 
means of the Shur river which cuts through a 
ridge of hills and flows to the salt desert of 
central Iran. 

The rainfall is only 200 to 250 millimeters 
annual average in the Plain. Therefore, the 
agricultural of the villages is dependent mostly 
upon irrigation- which is dependent upon 
groundwater supplies for about 75 per ccnt 
of the supply. 

About 250,000 people live on Ghazvin Plain 

of which about 93,000 live in the towns of 

Ghazvin and Takestan and the remaining 
157,000 live in 300 villages having 25,000 farm 
families. About 10,000 village houses were 
destroyed by the earthquake of September 19062 
which killed 10,000 and injhred many more. 

The area is about 120 kilometers west of 

Tehran and is served by national railroads and 
highways through the west and north portions 
of the plain. At the time of the earthquake 
the feeder roads to the villages were only 

meandering dirt roads, 

The Ghazvin development area has been 
chosen as a pilot area for developing integra-
ted rural development procedures and techni-
ques, since : 

(1) 	 It was in great need of outside assis-
tance at a time when the rapidly 
moving land reform programme of 
Iran was creating desires for modern-
izing. 

(2) 	 It was close enough to Tehran to 
serve as a good demonstration and 
training area for Tehran based 
government officials and technicians. 

(3) 	 Because of government efforts in 
aiding the villages they could be 
expected to be more cooperative than 
the average in trying new techniques. 

PLANNING STUDIES 

General. The plan for developing the 

Ghazvin Plain was divided into several diffe
rent steps and sections. The first step was to 
provide emergency housing, food, and medi
cal attention to maintain the earthquake stri
cken people. The second stage was to plan 
for recoustruction of the destroyed villages 
and to assist the villagers to obtain permanent 
type earthquake resistant housing and to 
repair the ghanats which provided the water 
supplies for village and irrigation use. Many 
different Iranian and foreign organizations 
participated in this housing reconstruction 

.phase with the efforts being initially coordi
nated by the Iranian Red Cross organization. 
Later the Ghazvin Development Authority 

was established by decree of the Council of 
foreign team of techniciansMinisters and a 

was 	employed to assist the Authority and the 
cooperating agencies such as the Irrigation 
Bongah in undertaking to develop the area 
in a well planned coordinated manner. 

The third stage which occurred concurren
tly with the second stage was to make a 

general reconnaissance investigation and 
develop plans for the orderly comprehensive 
development of the Ghazvin Plain. This 
investigation was started in February 1963 

and was completed in October 1963. The 
reconnaissance covered the subjects of geologi
cal survey, climatological data, soil survey, 
water resources survey, sociological survey, 
agricultural survey, industrial survey, and 
village planning and reconstruction survey. 
Simultaneously with the reconnaissance plan
ning, village and housing plans were deve
loped and reconstruction of permanent 
housing carried out in so far as financing 
permitted. Between October 1962 and 
October 1963 a total of 1964 houses were 
constructed about 200 kilometers of gravelled 
secondary roads were constructed, an agricul
tural experimental and demonstration farm 
was started, and 20 deep wells were drilled 
for village and irrigation supplies. 

The fourth stage of development was star
ted in January 1964. This phase includes. 

(1) 	 Carrying out of feasibility studies for 
estimating the ultimate development 
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of the water resources of the area and 
at the same time constructing about 
370 deep wells considered to be safely 
within the framework of ultimate 
development potentials. 

(2) 	 Vigorously pushing the improvement 
of agricultural practices to more 
efficiently utilize the short existing 
water supply and to introduce the 
farmers to new crops and better agri-cultural practices.

3)Cultu cticsan adof 

rid arktfonlfactoy tons a sgar
factory to provide a market for ircrea-
sed sugar beet production. 

(4) 	 Continuation of housing construc-
tion. 

The final phases of the project are still not 
defined completely, but Iran is vigorously 
moving ahead to develop this pilot project in 
order to learn better methods of doing similar 
work in other areas and to train the Iranian 
technicians required. 

Since this project is a rather unique exam
ple of trying to quickly integrate planning and 
construction under emergency conditions 
over a wide area it is providing Iran with 
some valuable lessons in how to coordinate 
long range plans with short range urgency 

over the total range of rural development 
requirements from geology to sociology. The 
following chapters of this paper provides a 
more complete summary of some of the inter-
related problems and how they are being 
attacked. 

WATER RESOURCE PLANNING
ST IESR(solonchak);
STUDIES 

Because of the urgency of the situation 
and the scarcity of easily developed dependa-
ble surface water resources, the water resource 
studies during the reconnaissance investiga-
tions were largely concentrated on making

of the groundwaterpreliminary evaluation 
sui-potential and delineation of the resource 


table lands on which to use it. .
 

Geology. The geologic studies of the 

area covered the general geology, lithology, 
stratigraphy, and tectonics of the area. The 
plain of Ghazvin is an intermountain basin 
filled with young alluvial material composed 
of very permeable gravel strata interspersed 

with lenses and strata of less permeable mate
rials and relatively impermeable clay strata, 
with the general permeability decreasing 
from the foothills toward the center of the 
plain. The surrounding mountains are mainly
volcanic and sedimentary rocks, small portions

the foothills contain high amounts of salt. 

Two sets of fault lines were distinguished
in the area, one running northeast and the 
other running northwest. 

The general geologic structure of the 

plain was roughly outlined from about 30 
existing semi-deep wells of from 110 to 150 
meters in depth supplemented by some gene
ral geophysical work, observation of excava
tion from ghanats, and chemical analysis of 
water from ghanats and wells. From this 
information typical geologic cross-sections 
were constructed. 

Soils. The soils of the plain were classi
fled both according to their nature and their 
agricultural use. The principal characteristics 
of the soils analyzed were: colour, texture, 
structure, startification, organic material, 

gypsum, lime, salt, and other concretions in 
the profile. The following thirteen soil 
groups were identified : lithsols ; very shallow 
alluvial, colluvial soils ; medium textured 
gravelly alluvial, colluvial soils ; medium 
textured alluvial soils ; fine textured alluvial 
soils ; brown soils ; calcisols ; periodically 

soils; saline soilsflooded saline meadow 
alkali soils ; salt marsh soils 

colian sand ; gypsiferous soils. 

The 379,000 hectares of soils were divided 
into the five following groups according to 
their suitability for agriculture : 

a. 	 Soil suitable for irrigated agriculture 
without special limitations 231,000h utar e.
 
hectares.
 

b. Soil suitable for irrigated agriculture
subject to certain limitations 35,000 

hectares. 
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c. 

d. 

Soils suitable for grazing and dry far-
ming 67,000 hectares. 

Saline and alkali soils suitable for 
grazing. 39,000 hectares. 

e. Area suitable for sparse grazing only,
7,000 hectares. 

Hydrology. By making field surveys of 
the present use of irrigation water and its 
source, the total use of water was determined 
to be 480 million cubic meters annually divi-
ded as to source as follows 

million cubic meters 

Ghanats 280 

Wells 72 
Intermittent Streams 48 

Khar-Rud River 47 
Abhar Rud River 33 

Total 480 

Of the total 37 million cubic meters was 
used in the towns of Ghazvin and Takestan 
and the rest was used in the villages for 
domestic and irrigation uses. The total 
seepage losses from ghanat discharges was 
estimated from field measurements to be 25 
per cent. The annual rate of out flow from 
beneath the agricultural lands and into the 
central salt basin of the plain was estimated 
to be 90 million cubic meters per year. This 
was estimated from measurement of existing 
water uses, and from estimates of ground-
water transmissibility obtained from pump 
tests and geologic studies along with deter-
minations of the outflow gradients of the 
groundwater. 

Water samples were collected from wells 
and ghanats and tested for chlorine content 
and other distinguishable chemical properties. 
The chlorine content in different locations 
was charted on the area map. The chlorine 
content increased rather'uniformily from the 
hills to the central basin. In general the 
results of the tests indicated that in the peri-

phery of the agricultural lands the chlorine 
content varies between 25 and 75 ppm. It 
rises to more than 1,000 ppm. near the central 
salt marsh and reaches 15,000 ppm. in the 
salt marsh. 

Prior to 1963 no measurements had been 
made of river flows entering the plain and 

therefore, major consideration of the possibi
lities of storing or spreading the intermittent 
river flows was deferred for the feasibility 
studies which began in January 1964. How
ever, the surface runoff wasting to the central 
swamp is estimated from local interviews to 
be 200 million cubic meters. Measures to 
conserve the wasted surface runoff will be 
considered in the feasibility studies. In 1963 
four river gaging stations were established 
to developed the surface water hydrologic 

information needed for the best ultimate 
development of the area. 

Irrigation development. The plan of 
development proposes to increase the irriga
ted. area from the present area of 57,640 
hectares to 77,000 hectares. This is to be 
done by intercepting about 80 million cubic 
meters additional groundwater now wasting 
to the central swamp and improving the 
efficiency of use of the present water supply. 
The additional 80 million cubic meters of 
groundwater is to be obtained by investing 
474 million rials (86,400,000) for development 
of 370 new wells. About 66 million rials 
(0 880,000) is to be invested in improving 
small canals to reduce seepage losses and for 
miscellaneous water system improvements 
distributing the water from the new wells. 
The cost of developing the water supply from 
wells varies by zones from about 0.51 to 1.06 
rials (S 0.00367 to $ 0.014) per cubic meter. 
At present the cost of constructing and main
taining new ghanats varies from about 0.07 
to 0.26 rials per cubic meter. However, 
most of the groundwater now going to waste 
can not be so easily captured from ghanats 
because of its depth and the flat ground 
slopes in the lower portions of the plain. 
Also the uncontrolled flow of ghanats has a 
large waste. 
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AGRICULTURAL PLAN 2. 	 Water, cu. m./ha. 
Average quantity perTo plan the types of farms best suited to irrigated, ha. 6,390 5,810

the conditions in the different investigational 3. Production 
zones analysis was made of cost of production Average production, Rials 
composition of the produce, marketing per ha. 1 5,590 14,250methods, and farmer's income. A detailed Crop production, Rials per
survey was made of agrotechnical and agricul- irrigated ha. 7,110 15,020
tural practices in 42 villages in the byfield Crop production, Rials per
questionaries, in addition to questioning non-irrigated ha. 3,060 4,500
informed officials. The production and profit Fruit production, Rials per
factors evaluated il these studies are summa- irrigated ha. 23,000 64,000

rized in the cost figures shown in the appen- Production per 1,000 cm.
 
dix. 
 of water for the whole 

The present farm income by types of crops cultivated area, Rials. 1,280 4,850 
is : Average production per 

Field crops 435 million rials 16% family, Rials 23,300 85,970 

Industrial crops 291 11% In addition to the investment required for 
water supply, an investment of 1,140 millionVegetable 245 	 rials9% ($ 15,200,000) plus working capital of

Fruit 1,250 ,, ,, 47% 310 million rials ($ 4,130,000) was estimated 
Livestock 454 ,, ,, 17% 	 to be required for agricultural development 

and production, exclusive 	 of marketing.Total 2,240 100% 	 Loans to farmers for planting orchard would 
be repayable over 15 to 20 years ; loans forThe comparison of present and planned tractors repayable over 5 to 7 years ; and loans

agriculture is indicated by the following for working capital equal to 50% of total
statistics: annual cash impute. The main changes pro

posed in the agriculture would be ; increasingIndicator 	 Present Planned value of production 	300 per cent by broaden

1. Area (in ha.) 	 ing the variety of produce, expanding areasof sugar 	beets and fruit, extending the use of
Area cultivated annually, mechanical equipment, increasing the number
ha. 92,060 81,520 of working days. Investments per farm unit 
Area irrigated annually, ha. 57,640 77,000 would be : 

Investment in 1,000 Rls. Additional labour returnNumber of Ineteti ,0 ~.in 1,000 rialsZone 	 farming i , rials 
Families Per Farm Total for Per Farm Total for 

Unit Zone Unit Zone 
1 3,590 40.0 143,470 43.9 157,600
2 1,330 45.0 60,280 46.1 61,310
3 1,650 50.0 77.983,950 128,530
4 1,600 38.2 61,090 47.3 75,680
5 4,560 46.0 210,110 55.5 253,100
6 4,150 41.6 172,760 45.1 187,160
7 4,220 40.2 169,870 42'3 178,500
8 4,390 53.8 236,100 44.4 194,900 
Total 25,490 1,137,630 1,236,780
Average per family 44.5 48.5 	 105 



INDUSTRIAL SURVEY 	 VILLAGE PLANNING 

A survey was made to examine the extent For the villages destroyed by the earth
and character of the industrial potential of the quake, villages have been laid out and planned 
area in order to recommend what industrial to provide for good layout of streets and corn
plants would fit the agricultural production munity buildings and service facilities wellas 
planned for the area. The survey indicates as provide designs for earthquake resistant 
that the best agricultural industry which housing with advances in design over those 
should be erected in the area is a sugar factory previously existing. Because of the great 
with a minimum annual intake of 100,000 mixture of aid for housing reconstruction 
tons. Also nut and fruit drying and packing coming from numerous local and foreign 
plants for pistachio, almonds, raisins, and sources, the cost of housing has not been 
apples were considered to warrent special included as project cost in the development 
studies. Also the possibility of constructing programme, but the normal cost of housing 
an edible seed processing plant was studied in has been around $ 1,300 per family for the 
a preliminary way which indicated enough 1964 earthquake resistant houses already con
potential to warrent additional investigation. structed by outside agencies. 

PROJECT DEVELOPMENT COSTSOCIOLOGICAL SURVEY 

The sociological survey of the Ghazvin The investments necessary for the realiza
area was undertaken for the purpose of ascer- tion of this project amounts to about 3 
taining the likely interplay between the exis- billion rials (8 40,000,000) or about $ 1,570 per 
ting demographic and social structure of the farming family, exclusive of housing. The 
farming population and the proposed plans breakdown of this by items is as follows 
for economic and agricultural development of 
the area. To come to the right conclusions 
and introduce a workable plan for area deve- Million per cent 
lopment, a complete set of sociological data Rials of total 
were collected which disclosed the following : 

540 18.0There New source of water1. 	 The families are limited in size. 
is a high infant mortality rate. Woman Industrial processing 730 24.3 

marry young. There are great diffe
rences in age between spouses. Agricultural and orchard 

890 29.7expansion2. 	 It can be assumed that the child 

mortality rate will decrease through Mechanical equipment and 
improvement of sanitary conditions, farm buildings 200 6.7 
health services, and family income. 

(0 2.0
the 	 villagers have divided Livestock3. 	 Presently 

themselves among working groups Working capital 280 9.3 
called Boneh. These Boneh have 
appeared largely for the better distri- Unforeseen and contingencies 300 10.0 
bution of water which is rather scarce 
in parts of the areas. It is anticipated 
that the development programmes in Total 3,000 100.0 
the area could be accomplished 
effectively by working through these 
Bonehs.
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Appendix 

ZONE 5 

1. 	 General data e. 	 Water quality 

a. 	 Population: Conductivity 750-2250 micromhos. 
Crops irrigated with saline water withNumber of villages 5conductivity of 1250 micromhos and 

Number of farms 6 above should be alloted 10-15 per cent 
above the regular amounts of water. 

51 
-- f. Cost of water

Total families 5030 
Farming families 4560 From ghanats Rls. 0.07 per m3 

From wells Rls. 0.53 per m3 

b. 	 Land: Average price for 
Total area 35,100 ha. the zone Rls. 0.16 per m3 

Built-up area, ditches, 
roads, etc. 3000
 
Land suitable for 2. Planning data for a typical farm unit:
 
grazing only 7500 10,500 ha.
 a, Land : 
Suitable for cultivation 45,600 ha. 

Annual cultivation 2.8 ha. c. Types of soil : 	 Fallow 4.2 
About 80 per cent of the soil are Orchards 	 0.8 
medium to heavy alluvial soils, and Natural pasture 1.7 
the remainder are saline and alkaline Buildings and yards 0.5 ,,
soils suitable for natural grazing lands. 

Total 	 10.0 ha.
d. 	 Water resources (annual amounts).
 

Available from ghanats 74.6 MCM b. 
 Quantity of water (annual amounts): 
Available from floods 1.6 MCM 
Available from streams 9.2 MCM Available from ghanats, 
Available from existing floods, streams 18750 m3 

wells 8.9 MCM Required additional water 
Planned yield of new wells 13.0 MCM from wells 4810 m3 

Total planned quantity 107.3 MCM 	 3Total water per farm unit 23560 m
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TABLE 3. ANNUAL PRODUCTION PLANNED FOR A FARM UNIT IN ZONE 5. 

General Data 	 Expenses in Rls Receipts in RIs. 

Water 	 iedDistribution 
Requirements Labour YieldDistribution of Expenses
CropiorBranchper ha of Receipts 

Crop or Branch 

Farm 
Aa n Main Straw 	 Insecti- Home Earn-

Ara (dy)Co c and oa ileMt-WtrMate- cides Con- Farm ing for 
(ha) ha (days) (days) (hours) (to hay rials and Cash sump- Use Labour 

PrTtlpower Man- Animal Tractor Total Tillage Water cds-Total ahsm-U ELarn-r 

(tons) (tons) 	 misc. tion and 
Land 

Wheat 	 1.5 4,500 6,750 51 .. 15.0 2.0 3 4,460 1,290 1,880 1,080 210 17,250 9,950 6,000 1,300 12,790 

Barley 	 0.2 3,600 720 7 .. 2.0 2.0 2 520 310 so 110 20 1,600 .. .. 1,600 1,080 

Cotton 	 0.3 10,300 3,090 34 1.6 2-2 2.0 .. 2,010 350 1,080 490 90 7,800 7,800 .. .. 5,790 

Sugar beet 0.7 10,000 7,000 59 7.0 5.2 25.0 .. 4,310 1,060 1,930 1,120 200 18,200 17,500 .. 700 13,890 

Alfalfa 	 0.1 12,000 1,200 11 .. 0.3 10.0 .. 360 40 110 190 20 2,000 2,000 .. .. 1,640 

Total Field Crops 2.8 .. 18,760 162 8.6 24.7 .. 11,660 3,050 5,080 2,990 540 46,850 37,250 6,000 3,600 35,190 

Pistachio 0.2 6,000 1,200 20 .. .. 1-2 .. 2,260 .. 710 190 1,360* 14,400 14,400 .. .. 12,140 

Vineyard 0.6 6,000 3,600 78 .. .. 24.0 .. 5,520 .. 2,430 580 2,510t 28,8001 28,800 .. .. 23,280 

Total Plantation 0.8 .. 4,800 104 .- .. 	 7,780 .. 3,140 770 3,870 43,200 43,200 .. .. 35,420 

Sheep and goats 10 head .. .. .. 20 .. ..	 8, 8,600 .. .. 18,600 16,600 2,000 .. 10,000 

Total per Farm Unit 3.6 .. 23,560 286 8.6 24.7 	 28,040 3.050 16,820 3,760 4,410 1,08,650 97,050 8,000 3,600 80,610 

General Expenses and taxes 1,950 
Annual payment for acquisition of land 5,630 
Income for labour 73,030 

Notes 	 * Out of this 1,320 Rls. depreciation and interest
 
t Out of this 2,360 Rls. depreciation and interest
 
t 750 RIs. taxes to village authorities, 1,200 Rls. for maintenance of a donkey. 



c. 	 Annual crop cultivation: (3) Manpower (working days 
per ha.)1.5 ha.Wheat 

0.2 ,, 	 Seeding with hand tool 4 
Barley 

Seeding potatoes - after0.7Sugar beet 	 16" 	 ploughing 
Cotton 0.3 Seeding by hand 0.8 

Alfalfa 0.1 ,, Spreading fertilizers 0.4 
Fertilizer top dressing 1 

Total 2.8 hia. Thinning sugar beet or cotton 4 
Thinning and weeding 6

d. Orchard composition: Weeding anu hoeing 6 

0.2 ha. 	 Picking potatoes (2 tonsPistachio 
Vineyards 0.6 ,, per ha.) 30 

Picking onions 24 

Total 0.8 ha Preparation of basins for 
irrigation 2 

e. Livestock and poultry: 	 Furrow irrigation 1 

Sheep 10 B. Production costs
 
Donkey 1
Donke 1 1) Tractor :
 
Laying hens 20 C)Tatr


Rls per working hour 
(including machine and

opertor)103

operator)- PRODUC-1. PLANNING DATA 

TION 	COSTS AND PRICES. (2) Draught animal'(mule): 
Rls per working day 75 

for plots
requirementsA. Work 

(3) Fertilizers:smaller than 05 ha. 
46% Superphosphate 

(1) Wheeled tractor : (working 	 per ton Rls 9000 
hours per ha.) 	 21% Ammonium sul

5 	 phate per ton Rls 6500Ploughing 20-25 cms. 
2 	 40% Urea per ton Rls 12000

Disking (2.4 m) 
Organic fertilizer per2.5Cultivating 	 ton Rls 500 

rows
Cultivating between 

1.5 

(4) Seeds :Furrowing (60 cm. between 
Rls per kg. (Self supply)furrows) 3 
Wheat 5 

(2) Animals - mules (working Barley 	 3.5 
days per ha.) Chick-peas (large) 10 

62.5 	 CottonPloughing between rows 
5Cultivating between rows 1 	 Potatoes 

Harrowing b n rOnions 	 - miscellaneous 
Harrowing 	 0.7 vegetables 400 

Levelling 0.8 Alfalfa 	 300 

Preparation for irrigation 1 	 Watermelons 15 
2.5 	 Sugarmelons 20Furrowing 
1 Remark: Working day = 10 working hours.Levelling the furrows 
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C. Income from farm produce 2. WORKING HOUR COST FOR 
(at farm) WHEELED TRACTOR - 60 HP 

(1) Field crops: 	 A. Items calculated 
Ris per ton
 

Wheat a. Depreciation
 
Barley 3500 
 (1) Price of tractor 250,000 RIs 
Chick-peas 10000 (2) No. of years 8 years 

(3) Working hours
(2) Industrial crops: 	 per year 1250 hrs 

Rls per ton (4) Salvage value 10%" 
Raw cotton 13000 (5) Insurance 0.3% per year 
Sugar beets 1000 

b. Maintenance 
(3) Vegetables : 	 (8 years) 

Ris per ton (1) Two overhauls 24,000 RIs 
Potatoes 3000 (2) Six tyres 40,000 RIs 
Onions 2000 (3) Various repairs 30,000 Ris 
Watermelons 1500 
Sugarmelons 2000 c. Operating expenses
Miscellaneous vegetables 2500 (1) Manpower 12 Rs per hr 

(4) 	 Fruit : (2) Fuel (Diesel 
Rls per ton oil) 6 litres per hr 

at 2.5 Rls per litre
Apples and pears 8000 (3) Lubricating 0.1 kg per hr 
Almonds 20000 oil at 30 Ris per kg
Pistachio nuts 60000 
Fresh grapes 3000 d. Implements 
Raisins 6000 
Average for fresh grapes- (1) Total cost of a set 
and raisins on the assump- of implements 130,000 Rls 
tion that 30 per cent of (2) No. of years 8 years
the crop is sold fresh 2000 (3) Working hours 

per year 1250 hrs 
(5) 	 Herbage and straw: (4) Repairs and 

Rls per ton maintenance through 
Cereal straw 500 lifetime 130,000 Rls 
Pulse straw 1000 
Cereal hay 1500 B. Working hour cost 
Alfalfa hay 2000 a. Depreciation 31 Rls 
Sugar-beet-top fodder 625 b. Maintenance 12 RIs 

I c. Operating expenses 30 RlsRls per kg. 	 d. Implements 30 Rls 

(6) Milk 	 10 
Meat 70 Total 103 RIs 
Wool (average) 70 
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3. INPUT - OUT-PUT PER SHEEP (2) Upkeep expenses for a lamb 
OR GOAT till maturity : 

120 F.U. at 3.8 Rls 
A. Items calculated per Feed Unit 456 Rls 

(1) Total number of feed units* 

For maintenance : 

A year's grazing 
expenses 40 Rls 

0.65 F.U. per day=230 F.U. p.a. Total maintenance 496 Rls 
For gestation and Lambing percentage : 80 per 
milk :80 litres of cent of these 25 per cent 
milkx 0.6 F.U. = 70 F.U. p.a. (female lambs) replace the 

older ewes. The remaining 
Total 30W F.U. p.a. 15 per cent of female lambs 

By direct feeding 90 F.U. p.a. are sold as yearlings after a 
By grazing 210 F.U. p.a. period of fattening. 

(2) Composition of the total F.U. (4) The average weight of a fattened 
lamb is 45 kg. liveweight or 22.5 

a. Direct feed in the winter 
months : (5) 

kg. dressed meat. 
The weight of a 4-5 year old 

30 Feed Units-- ewe, after a short fattening period, 
30 kg. barley 105 Rls averages 50 kg. liveweight or 25 

40 Feed Units- kg. dressed meat. 
200 kg. straw 

20 Feed Units-
100 Rls 

B. Production input and output per 

70 kg. hay 140 Rls ewe or goat. 
(1) Input 

Total (10 Feed Units 345 RIs (1) Direct feed 90 feed 
Average price per Feed Unit 3.8 Rls days @ 3.8 Rls 342 Rls 

b. Fattening ration during (2) Grazing expenses 40 Rls 

80-90 days (3) Cost of replacement 

65 Feed Units- stock 496 Rls 4 years 124 Rls 

05 kg. barley 230 Rls (4) Risk and unforeseen 
20 Feed Units- expenses 10 per cent 

100 kg. straw 50 Rls of total cost of main
15 Feed Units- tenance 50 Rls 

50 kg. hay 100 RIs (5) Fattening expenses : 

Total 100 Feed Units 380 Rls 
a. Lambs (male and 

female) 0.55 
Average price per Feed Unit 3.8 Rls marketable year

(3) Flock management lings x 100 
units X 3.8 

feed 
209 Rls 

(1) Rams were not accounted b. Ewes 0.25 marke
for, assuming the price of table sheepX100 
meat would cover upkeep feed unitsX3.8 
costs Rls 95 Rls 

SScandinavian Feed Units; I kg. of barley = 1 Feed 
Unit or 1 F.U. 860 Rls 
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TABLE 4. DETAIL OF CASH EXPENSES PER HA OF DIFFERENT IRRIGATION FIELD CROPS
 

Wheat Barley Chick-Peas Sugar Beet Cotton Water 
Melons Melons Potatoes 

Onion 
and misc. 

Alfalfa Pensilaria 
for Hay 

a >,.2~- a 2-g Vja .-g >Za .2"- C 2-g a .2- cc .- .- ,> - a 2- ~C .-

Agr. implements (hours) 

Ploughing 

Disking 

Cultivating and Levelling 

Drought animals(days) 

Harrowing 

Sowing 

5 

2 

3 

.. 

.. 

515 

206 

309 

.. 

. 

5 

2 

3 

.. 

. 

515 

206 

309 

.. 

. 

5 

2 

3 

.. 

. 

515 

206 

309 

.. 

. 

5 

.. 

2.5 

1.5 
8 

515 

.. 

257 

112 

.. 

5 

.. 

2.5 

.. 

. . 

515 

.. 

257 

.. 

.. 

5 

.. 

2.5 

.. 

.. 

515 

.. 

257 

.. 

.. 

5 

.. 

2.5 

.. 

.. 

515 

.. 

257 

.. 

.5 

.. 

2.5 

0.7 
4 

515 

.. 

257 

52 

300 

5 

.. 

2.5 

1.5 

.. 

515 

.. 

257 

112 

.. 

3 

.. 

.. 

0.3 

.. 

309 

.. 

.. 

22 

. 

5 

2 

3 

. 

515 

206 

309 

. 

Row crop cultivation 

Furrowing 

Levelling 

Harvesting and Picking 

Fert.& Seeds (kgs) 

Phosphatic fert. (P1O) 

Nitrogenour fert. (N) 

Seeds 

Threshing (cost in Rls) 

.. 

.. 

.. 

.. 

.. 

25 

120 

.. 

.. 

.. 

.. 

.. 

.. 

650 

600 

500 

.. 

.. 

.. 

.. 

.. 

.. 

120 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

420 

500 

.. 

.. 

.. 

.. 

.. 

.. 

50 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

500 

250 

3 

2.5 

1 

2 

60 

60 

20 

.. 

225 

187 

75 

150 

1,200 

1,560 

.. 

.. 

2 

2.5 

1 

.. 

90 

60 

50 

.. 

150 

1S7 

75 

.. 

1,800 

1,560 

250 

.. 

1 

.... 

.. 

.. 

.. 

35 

.. 

75 

.. 

.. 

.. 

52 

.. 

1 

.. 

.. 

.. 

25 

.. 

75 

.. 

.. 

.. 

.. 

50 

.. 

3 

2.5 

.. 

4 

90 

60 

2,500 

.. 

225 

187 

.. 

300 

1,800 

1,560 

1,250 

.. 

.. 

2.5 

1 

.. 

60 

45 

8 

.. 

.. 

187 

75 

.. 

1,200 

1,170 

3,200 

.. 

.. 

.. 

.. 

.. 

57 

.. 

10 

.. 

.. 

1,140 

... 

10 

.. 

25 

30 

.. 

650 

300 

ci 

Note :-I. 5°'%should be added to the expenses per ha for insecticides and miscellaneous 
2. Input for water varies in the zones, depending on quantity and price 
3. At this stage threshing machines are not suggested the price -)f threshing is calculated as 5% of the output 
4. The calculation for alfalfa is based on the assumption that it will produce for 3 years orly and the whole input is divided into 3 years 



(3) 	 0.55 lambs @ 22.5(2) 	 Output 
()02 ws2 g 866 Rls(1) 50 kg. milk for 	 kg. meat @ 70 Rls 
(4) 	 0.25 ewes 25 kg.

marketing or self- @ 70 Rls 438 Rlsmarketin ormeat 

16 iconsumption 
@ 10 Rls per kg. 560 Rls 1860 Rls 

(2) 	 2.8 kg. wool Gross profit per 

@ 70 Rls per kg 56 Rls sheep- 1000 Rls 

TABLE 5. DETAILS OF INVESTMENTS PER HECTARE OF 

ORCHARD 

VineyrdAlonds pears PistachioVineyard Almonds Apples and 

Details .... 
Total Quant. Total Quant. Total

Quant. Total Quan 	 RlsRls t' Ris Rls 

(1) First year 

Ploughing with 
10 1030 10 1030 10 1030tractor (hrs.) 10 	 1030 

770 7.5 770 7.5 770Cultivation (hrs.) 7.5 770 7.5 


Organic fcrti
5 2500 5 2500

lizer (tons) 10 	 5000 5 2500 

4800 400 8000 550 11000 200 6000Saplings (nos.) 1600 

- 250
Insecticides - 500 - 250 - 250 

4800 4800Labour (days) 80 6400 60 4800 60 60 

- 4000 - 2000 -
Water (cu. m.) 	 3000 - 3000 

Unforeseen, 10% 

(2) 	 Maintenance up to first crop
 

- - 15 1540 
 - - 30 3080Cultivation 


Organic ferti
2500 15 7500lizer (tons) 5 2500 5 2500 5 


Nitrogenous ferti
20 2600 40 5200 100 13000lizer (kgs. N) 40 5200 

- 1000 - 1000 - 15002000 

4800 60 4800 180 14000 
Insecticides 	 -

Labour (days) 80 64000 60 

- 21000 - 20000 -
Watcr (cu.m.) 9000 	 - 13000 

Unforeseen, 10% 

Note : In Table 6 "Summary of Investments" the input for water is cal

culated for each zone on the basis of the regional water prices. 
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TABLE 6. SUMMARY OF ANNUAL INVESTMENTS AND DEPRECIATION PER HECTARE OF ORCHARD
 
INCLUDING INPUT FOR WATER BY ZONES (in Rls)
 

Zone 1 2 2 4 6 7 8 

U) -8 -8 I- -8 oM)U)U ou0 0 a) 0 

Fruit .2 0 0 U) U0 CU a)0 U 
0. 0. U 

First year
investments 23,400 12,840 19,780 41,040 23,660 20,040 17,390 17,240 20.880 20,880 23,090 25,020 21,060 17,760 

Additional 
investments 
to date of 
first crop 20,160 16,670 15,170 19,790 21,550 17,830 48,490 46,950 19,290 19,290 18,550 28,700 22,260 52,230 

Total 
investments 
inclusive of 
interest 
during 
investment
period 52,320 44,700 42,530 46,610 54,080 47,020 86,210 84,240 45,860 45,860 49,960 63,870 51,940 CO,640 

Total yearly
depreciation 5,400 8,880 3,700 4,800 5,560 4,090 6,745 6,590 4,720 4,720 5,150 6,580 4,520 7,090 

Note 
Year offirst crop Depreciation period (years) 

Apples Fifth 15 

Almonds Fifth 20 

Vineyard Fourth 15 

Pistachio Eighth 25 



7. DETAILS OF YEARLY EXPENDITURES PER 
HECTARE OF FRUIT-YIELDING ORCHARD 

Apples or PistachioVineyard Almonds pears 

Item 
Quant. Total Quant. Total Quant. Total Quant. 	Total 

RlsRls Rls Rls 

Phosphatic ferti
- - 40 800 100 2000 - 

lizer 	(kgs P20) 

Nitrogenous 2600 50 1300fertilizvr (kgs.N.) 50 1300 40 1040 100 

Organic ferti
lizer or compost 
(tons) 2.5 1250 2.5 1250 5 2500 2.5 1250 

1000 - 1000
Insecticides - 1500 - 1000 --

Water (in) 6000 - 5-6000 - 10000 - 6000 -

Notes : 
1. The input for water is based on regional water prices. 
2. During the first stage the cultivation of the newly planted 

be by hand because of locally accepted plantingorchards will 

methods.
 

3. Due to organic fertilizer shortages it has been assumed that 
the 	first stage there will be only limited use of organicduring 

fertilizer. Quantities of fertilizer will thus be smaller than the 
quantities considered optimal from the purely horticultural 
stand-point. 

15 kg. feed mixture until
RECEIPTS AND EXPENDITURE8. 	

start of egg-laying period @
PER LAYING HEN 

10 Rls per kg. 	 150 Rls 

(1) 	 Expenses for raising a crossbred 60 kg. feed mixture during 
egg-laying period @ 8 Rls young hen on the farm : 

480 Rls 
Price of day-old chick 28 Rls 	 per kg. 

10% mortality and miscel
4.5 kg. feed mixture @10 Rls 

45 Rls laneous expenses 	 70 Rls 
per kg. 12 RlsLabour 	 800 RIsLbu 12RsTotal

10 Rls 
Selection and mortality 


5 Rls
Transportation 
(3) 	 Production and income from a hen 

during 18 months of egg-laying:Total 	 100 Rls 
270 eggs @ 3 Rls per egg 810 RIs 

2 kg. meat @60 Rs per kg. 120 Rls 
(2) 	 Maintenance expenses of a hen 

during 18 months of egg-laying: Total production 930 Rls 

Price of young chicken 100 RIs 	 Gross profit per hen 130 Rls 
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IRRIGATION CONDITIONS AND PROBLEMS IN IRAQ
 

by 

Dr. Jamil Malaika* 

ABSTRACT 

In the land of the two rivers, where a 
highly developed system of irrigated agricul-
ture flourished and declined in the ancient 
past, irrigation development of modern Iraq 
is relatively recent. Land and water resources 
are briefly reviewed, and the major water 
control schemes and irrigation works are out-
lined. Despite the immense potentialities in 
land and water, Iraq suffers heavily from 
shortage and inferiority of its farm produce. 
Problems that are associated with irrigation 
practice are denoted and discussed. It is 
concluded that the development of human 
resources is as basic to a successful irrigation 
system as land and water ; and that serious 
investigations into the possible methods for 
raising the living standards of the Iraqi culti-
vator are of the utmost urgency. 

INTRODUCTION 

Fertility of the Tigris-Euphrates valley 
made the first settlers of the country initiate 
one of the greatest civilizations of early history. 
Excellent water control and canalization 
schemes existed in old Babylonia ; the nume-
rous antiquated towns and scattered traces of 
old channels, dikes and bridges stand witness 
to an intricate system of irrigated agriculture 
of those ancient times. Irrigation reached its 
climax during the Abbasside period when the 
valley was said to have accomodated a popu-
lation four times that of the present. Subse-
quent weakening of the ruling dynasties and 

their neglect to maintain the irrigation works, 
together with the repeated floods and the 
destructive acts of the Mongol invaders of the 
thirteenth century completely demolished 
those excellent schemes. 

Irrigation in modern Iraq is relatively new 
and about three fourths of its existing irriga
tion projects were constructed after the First 
World War. 

The country is bestowed with great re
sources in land, water and minerals. The 
alluvial soils deposited by the two rivers and 
their tributaries in its delta land render it the 
most productive country in the Middle East. 
It also ranks among the most important oil
producing countries in the world. Despite 
quick progress and great prospects in the 
industrial sector however, Iraq remains princi
pally an agricultural country. This is based 
on the realization of the fact that whereas the 
mineral reserves are exhaustible, the land and 
water, if properly utilized, are perpetual and 
self-preserving. Presently three fourths of 
the 6.9 millions population secure their income 
directly from agriculture, with about one 
fourth actually engaged on the farm. 

In contrast with these riches, the standard 
of living for the majority of the people is 
overwhelmingly low. The average yearly 
agricultural per capita income is in the neigh
bourhood of 40 English pounds, barely enough 
for subsistence. Such adverse conditions 
merit full attention and investigation. 

* Professor of civil engineering, College of Engineering, University of Baghdad, Baghdad, Iraq. 
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THE LAND 

Of Iraq's area of 453,000 square kilometers 
(175,000 square miles) nearly one half is desert 
land lying mainly in southwestern portion 
(see map). The. arable lands presently used 
for cultivation comprise about one third of 
the remainder, or 7.5 millions hectares 
(18.5 millions acres). Although this area may 
be increased by two thirds if proper irrigation
works and reclamation methods were available 
the area is only partially cultivated under the 
fallow system of irrigation, 

Climatically the country may be divided 
into a rainfall zone and an irrigation zone. 
About one half of the cultivated area lies in 
the northeastern rainfed zone where the mean 
annual rainfall is about 400 rrllimeters (16
inches). The other half lies in the central 
and southern alluvial flat lands of the Tigris
and Euphrates delta extending to the south of 
the line joining the towns of Beled on the 
Tigris and Hit on the Euphrates rivers. With 
a mean annual rainfall not exceeding 150 
millimeters (6 inches) this area depends main-
ly on irrigation and is designated the irriga
ted zone. Within this area, pump irrigation
is typical of the middle Tigris region where 
the lands are generally higher than the river 
water levels, while flow irrigation prevails in 
the lower Tigris and Euphrates regions where 
the topography and river water levels permit
such practice. 

THE RIVERS 

Waters from the Tigris and Euphrates and 
their tributaries are more than ample for any
ultimate agricultural development however 
ambitions. Records show that during a period 
of thirty years the Tigris brings a good annual 
mean flow of 42 billion cubic meters (34 
millions acre-feet). The Euphrates gives a 
yearly average of 26 billions cubic meters 
(21 millions acre-feet). These figures may 
decrease to a minimum of two fifths or increase 
by a maximum of one half during an excep
tionally dry or a very wet year respectively. 

Major floods come on an average of once 

every two to three years. They carry with 
them an enormous load of silt which is esti
mated to be about five times that of the Nile. 
Normally there are two flood seasons, the 
first occurring due to major winter rainfall 
(December-March) and the second due to 
thawing of snow in the mountains late in 
spring (March-June). The latter is too early 
for the summer crop season. 

Both rivers have their upper reaches in 
Turkey. A good portion of the Euphrates 
extends through Syria before entering Iraq. 
Due to its steep slopes the Tigris brings
destructive unpredictable flash floods. Five 
tributaries, all within Iraq (the Khabur, Grea
ter Zab, Lesser Zab, Adhaim and Diala 
rivers), contribute about half of the Tigris 
flood waters. In contrast, the Euphrates with 
its longer stretch and flatter slopes has milder 
longer-lasting floods. The two rivers join
together in the south to form Shatt-el-Arab 
river. Here, due to the tides from the Per. 
sian gulf, the water levels fluctuate daily up 
to a maximum of 1.70 meters (5.6 feet) in the 
summer. 

PRINCIPAL CROPS 
Barley and wheat are major winter crops 

(November-April), and are cultivated in all 
regions, Barley is predominant because it 
can thrive in severe weather conditions and 
saline soils and its produce per hectare is 
twice that of wheat which only prevails in 

the northern rainfall zone. Summer crops

(April-October) come next in importance.

They include rice and cotton which are main
ly grown in the irrigated zone, with rice 
particularly prevailing in the marshlands of 
the lower Tigris-Euphrates valley. 

Iraq is the most important producer of 
dates in the world. Nearly half of its thirty
millions date trees grow in the Shatt-el-Arab 
region which is the most fertile spot for this 
produce. 

Northern forests occupy less than 17000 
square kilometers (6500 square miles) or about 
4 per cent of the total area. They suffer from 
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indiscriminate cutting for fuel, overgrazing 
and fires. 

LIVESTOCK 

Sheep and goats thrive despite poor pas-
ture and are abundant in all regions. Cattle 
prevail in the northern regions where grass 
is left to grow for grazing, and in the central 
region. Waterlandbuffaloofthesouternregonadominates the marsh
lands of the southern region. 

IRRIGATION WORKS 

The Euphrates. Major water diversion 
schemes include the Hindiyah barrage (1913) 
which diverts water from the Euphrates ipito 
its old course in the Hillah branch - which 
formerly irrigated Babylon -- and into other 
smaller canals for reclaiming vast areas of 
fertile lands in the middle Euphrates valley, 

The Habbaniyah flood control and irriga-
tion scheme (1956) diverts Euphrates flood 
waters near the town of Ramadi into the 
Habbaniyah lake with a storage capacity of 2.8 
billions cubic meters (2.3 millions acre-feet), 
and the Abu Dibbis depression. Stored water 
is later returned to the river through a lower 
channel for summer irrigation purposes. Six 
canals draw their waters directly from the 
river to irrigate, mainly by gravity, large
areas to the west of the city of Baghdad. 

Further downsteam from Hindiyah barrage 
the river diffuses to flood a large expense of 
marshlands used for rice cultivation. It 
emerges again to reform itself near the town 
of Shinafiyah. 

The Tigris. The Kut Barrage (1939) near 
theut ownofivets wterfro th Tiristhe town of Kut diverts water from the Tigris 

onto its old course in the Gharraf branch and 
the artificial Dujailah canal (1949), irrigating 

large areas by lift and by gravity. 
The Diala weir (1928) raises the DialaTver iatea wire (192d ies thehDia

river waters which are diverted through six 
canashe oto rchrds Dalacanals onto the vstvast orchards off tethe Diala 

valley. 

In the Tharthar flood protection scheme 
(1956) the Tigris flood waters are checked near 

the town of Samarrah and diverted through 
65 kilometers (40 miles) into the Tharthar 
depression which has an enormous capacity 
of 70 billions cubic meters (57 millions acre
feet). Irrigation and power development will 
also be provided from this scheme. 

Other flood protection structures include 
the Dokan dam (1959) on the Lesser Zab with 

reservoir capacity of 6.8 billions cubic 
meters (5.5 millions acre-feet), and the Der

bendi Khan dam (1962) on the Diala river 
with a capacity of storing 3.7 billions cubic
meters 3 (millions acre-feet). These dams also 
have provision for future power development 
and will reclaim a great wealth of arable 
lands. 

The Hawijah canal (1951) draws water 
from the Lesser Zab to irrigate a fertile ex

panse of land to the left of the river. 

Six natural streams branching from the 
Tigris in the Amarah province irrigate by 
pumping and by gravity large areas where 
winter and summer cultivations are practiced. 

PROBLEMS 
I 

Water C ntrol-International Agreement. 
In addition to the water control schemes
already mentioned, control works on the upper
reaches of the Tigris and Euphrates rivers 

within Iraq will ultimately be required for 
complete flood control and irrigation expan
sion. The upper Tigris has power develop
ment possibilities in Turkish territory, and 
both Turkish and Syrian authorities contem
plate irrigation and flood control developments 
onnationalthe agreementsEuphrates. necesupper Immediate interwill be absolutely 

g y 
sary from the optimum operation of the exis

ing and proposed multipurpose reservoirs.
 
Drainage and Salinity. A major problem
of planning stems from the widespread neglect

ofdangwhcnertlssm tgoad
of drainage which nevertheless must go handinhdwthrigio.DigteFrt 
in hand with irrigation. During the Firzt 
World War, when Iraq was an important
supplier of food to the Allied Forces in the 
Middle East, several old irrigation schemes 
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were hastily reconstructed without having 
been furnished with adequate drainage. The 
practice continued for over a quarter of a 
century thereafter, resulting in the salinization 
and waterlogging of nearly two thirds of the 
flowirrigated lands. Almost one third of 
these areas were abandoned ; and the crop 
yield in some of the remaining areas was 
reduced by as much as a half. Since the delta 
land is of marine origin, there is a good deal 
of salts in its subsoil. As the ground-water 
table comes sufficiently close to the surface, 
salt is brought with it. As the water evapo-
rates under the hot sun it leaves the *harmful 
salt on the surface. Lavish use of irrigation 
water for washing the plant roots, as is com-
monly practiced, could eventually only raisethe water table and hence increase the damage. 
Another disadvantage of the high water table 
is the prevention of growth of deep-rooted 
plants, 

Expert studies indicated that drainage 
may rid the soil of the harmful salts (predomi-
nantly soluble chlorides) if it lowers the water 
table no less than 1.5 to 2.0 meters (say 5 to 
6.5 feet) from the surface. Since drainage is 
a problem of immediate planning, and may 
be carried out much faster than the slow pro-
cess of persuading the farmer to change his 
antiquated farming methods, it is consideredsep icreaingandthe osturgetfrthe most urgent step for increasing and 
improving the farm produce. During the 

past fifteen years a number of drainage con-
tracts have been awarded, and several comple-
ted, but a large part of the work is yet to 
come. Priority is given to the drainage of 
existing irrigation projects over the building 
of new ones. It is estimated that the cost of 
completely draining the flow-irrigated areas 
will pay for itself, through the great improve-
ment of the agricultural productivity, within 
a few years, provided that the farmer buildshisexrownthfarmds.drains.ol 
his own farm drains. 

Silt. Another problem encountered in 
project planning is the huge silt load brought 
by the rivers. The Iraqi rivers carry with 
their flood enormous amounts of sediment 
which greatly benefit the land but are very 

detrimental to reservoirs and irrigation canals. 
The Tigris flood, for example, carries with it 
a silt load which may reach 20,000 parts per 
million by weight, nearly five times that 
brought by the Nile flood. Annual silt clea
rance processes for most canals in the delta 
area cost enormous sums of money. A num
ber of canals have already been abandoned 
because of silting. The two main irrigation 
systems of Hillah on the Euphrates and Ghar
raf on the Tigris are gravely affected by silt 
deposits. The proposed desilting works near 
the Hindiyah barrage for the former and the 
Kut barrage for the latter may eventually be 
found the only effective solution to this annoy
ing problem. 

Afforestation and Soil Conservation. 
Until recently the inextensive forest areas in 
the mountainous north suffered heavily from 
fires, clearance for cultivation nd indiscrimi
nate cutting for fuel and coal. All this leads 

to land erosion which eventually increases the 
stream sediments and threatens water control 
reservoirs with silting. Better attempts how
ever have been made toward forest protection 
and afforestation since a general directorate 
of forestry was formed in 1952. 

Farm Problems. In Iraq, the uitimate 
and most important step to be taken toward 
better irrigation development rests within the
fre isl.Ulk erycutis
fre isl.Ulk erycutis
Iraq has enormous environmental potentiali
ties per farm inhabitant. The problem is 
How to help the farmer so that he makes the 
best use of thee resources ? 

a. 	 Implements and Draft Animals Farm 
implements are generaly antiquated 
and the age-old stick plow is still in 
common use. Tilling methods barely 
scratch the surface and mostly fail 
to extract the weeds. A plow sole 

often forms under the shallow tilling 
depth. Furrows and borders are dug 
by a primitive hand-operated board 
hoe. Threshing is done by flaying and 
tramping of animals. Wheeled instru
ments are seldom seen on the farm 
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and almost everything is carried about 
the farm by man or animal. Cost of 
buying or renting a machine is very 
high as compared with the cheap cost 
of labour. Immediate steps toward 
improvement require the provision of 
simple farm tools and draft animals. 

b. 	 Soil Building Crops and Fertilizers: 
The Iraqi farmer is almost ignorant 
of the soil building crops and fertili-
zers. Many cultivators deplete the 

soil by failing to revive it with suchcropofawater 
crops and by allowing the growth of 
weeds for animal grazing. Rotation 
with deep-rooted forage crops is often 
prevented by a high water table resul-
ting from excessive ,water use rand 
p-ior drainage. Fertii~zers are seldom 
applied to the land because the poor 
cultivator can not afford them. The 
common use of dung for fuel deprives 
the soil of its great fertilizing value. 

c. 	 Fallowv Practice ; Extensive Cultiva-
tiont Fallow cultivation, where the 
winter crop lands are left idle in 
alternate years, has been practiced for 
thousands of years. Due to water
shortage, and on the assumption that 

resting the land would revive its soil 
of hectares (normally up to

millions 
one half of the total cultivable lands) 
are left untilled every year. The 
practice should not be devoid of its 
fertility retrieval benefits if it were to 
be properly applied. The crop yield 
nevertheless is greatly reduced and 
the weed growth, encouraged for 
animal grazing, makes for an inferior 
farm product. Furthermore, fallow 
practice makes it easy for the peasant 
cultivator to shift from one land to 
another, and hence leaves him with 
little incentive to retain one tract and 
improve it. Crop rotations are hardly 
observed and land use is very wasteful 
Double cropping is rare and the culti-
vator needs yet to learn about the 
advantages of intensive cultivation, 

d. 	 Water Use : Scientific irrigation proce
dures are not generally observed ; and 
with the primitive flooding methods 
used-rather than borders, checks or 
furrows some crops get excessive 
amounts of water while others do not 
get it sufficiently. With the exception 
of date cultivation, the poor yield of 
barley, wheat, cotton and even rice
which suffers greatly from overflood
ing in the southern marshlands-indi

a 

of 	 water management. Control ofmanagement.eControl of 
water for flow irrigation is not as it 
should be and, as earlier stated, there 
is tendency of the farmer to use water 
excessively for the purpose of washing 
the salt from land surface and plant 
roots. All this leads to a great wastage 
of irriga',on water which, nevertheless, 
is very , acious especially in summer. 

Althqugh pump lift does not 

exceed 2 to 3 meters (say 6.5 to 10 
feet), pump irrigation is practiced on 
nearly half the irrigated area. Eviden
tly the building of low diversion weirs 
for gravity irrigation at a much larger 
scale is far more economical than such 
unduly high investments by indepen
dent action of individual proprietors. 

PROSPECTS 

Iraq's agricultural need is not to increase 
its culivated area but to improve cultivation 
on the land already in use. Helping the culti
vator is among the most important factors in 
attaining this goal. In accordance with the 
present Five-Year Economic Plan, Iraq spends 
annually nearly 120 millions English pounds 
on development. A great portion of this 
money goes directly into the welfare of the 
individual. In the agricultural sector the plan 
includes strengthening of the irrigation depart
ments for better performance of their duties 
in carrying out irrigation projects (with parti
cular attention to drainage works) ; working 
towards mechanized agriculture through the 
formation of units and stations for rental of 
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tractors, combines and farm machinery to 
farmers and cooperatives with easy terms ; 
training cooperative foremen, encouraging 
formation of cooperatives and assisting them 
in improving agricultural methods and marke-
ting the farm products; developing rural life; 
expanding the agricultural bank financial abi. 
lities ; encouraging scientific research ; aug-
menting agricultural extension ; distribution 
of seeds at reasonable costs to cultivators ; 
extending help in pest control and, last but 
not least, the development of livestock 
breeding. 

CONCLUSION 

To the ordinary engineer's mind a wealth 
of resources in land and water is ill that is 
needed for good and successful irrigacion pro-
ject. Iraq can never fall short of these means. 
For example, it has about 1.8 hectares (4.5 
acres) of fertile and potentially irrigable land 
per inhabitant (nearly 15 times the value in 
Egypt). Nor has it lacked adequate technical 

advice. A number of excellent development 
studies have been made, formal reports sub
mitted, and some captivating and excellent 
water control plans have already been comp
leted. Nevertheless even the best engineering 
firms sometimes do not give proper heed to 
the great significance of considering the 
human resources. A thorough survey of 
human resources is of no lesser importance to 
sound irrigation planning than land and water. 
Unfortunately, until recently very little sys
tematic investigation has been made into the 
possible methods of raising the standards of 
living of the Iraqi cultivator. The useful data 
about the society are negligible in comparison 
with those of the environment; and very
little was spent in the past two decades on 
social welfare in comparison with expendi
tures on dams and reservoirs. As a result 
of this regrettable oversight, coupled with a 
number of short-comings in planning proce
dures, the far-extending fertile lands of the 
two rivers continue to suffer heavily from 
scantiness and inferiority of farm produce. 



THE PROBLEM OF REPAYMENT 

by 

Mr. Korkut Ozal* 

SUMMARY 

Proper repayment policies are essential to 
the success of irrigation development. A 
well planned and executed repayment pro-
gramme can contribute to the success of 
phases of the project such as the fair distribu-
tion of financial burdens, the best possible 
utilization of project water and the creation 
of an important source of capital, 

The main problems encountered in the 
development of a repayment policy are : (1)Policy formulation ; () Cost determination; 
(3)Assessment (4) Collection. 

1. 	 Repayment Policy. Since irrigation 
development may be launched for a 
number of different objectives, the 
formulation of policy varies from 
country to country. The following 
principles, however, need to be in-
cluded in designing any repayment 
policy: 

a. 	 The cost of development should 
be rapid by direct and indirect 
beneficiaries ; 

b. 	 The repayment should be con-
sideredinasattainingone of the tools toused 	 bethe objectives 
of irrigation development 

c. 	 The repayment obligation of any
beneficiary should not, at any 
time, be greater than the benefits 
derived from the development ; 

d. 	 The repayment proce4ure should
be as simplified as possible.p 

2. 	 Cost Determination. In the deter
mination, distribution and assignment 
of capital, as well as operation and 
maintenance costs, a number of pro
blems are associated. Those pro
blems, which include such items as 
a long construction period, allocation 

principles, conjecture, differentiation 
among different services, and costclassification cannot, as it is observed 
in well-advanced countries in the field
of irrigation ; be brought to accurate 

various solutions. So it may be 
advisable for emerging countries to 
adopt, at an early stage of their 
development, an approximate method 
to provide a fast, simple and 
reasonably accurate determination 
and assignment of the cost. 

3. 	 Assessment. It is observed that in 

the majority of existing irrigation 
works the total cost of development 
cannot be borne by direct beneficiaries, 

so indirect beneficiaries assume a part 
of the repayment by their direct orindirect contributions. The direct 
beneficiaries in this case are assessed 
in accordance with the value of 

service to them. The amount of 
water, the area to be irrigated, the 
property to benefit or mixture of these 
items have been used as the basis of 

1. Assistant Professor, Middle East University, Ankara, Turkey. 
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assessment. Each of them have their 
advantages and disadvantages under 
special conditions. In selecting a pro-
per basis factors such as fairness, past 
traditions, consistency and minimum 
possible overhead cost should be 
evaluated. 

The rates may take various 
forms: Fixed, variable or flat. Pro-
portional or two-part rates have been 
extensively used. An analysis shows 
that there are two distinct parts in the 
cost, (a) That component which has 
no apparent relation to the number 
(or area) of farms that demand water 
in a given year ; (b) That part which 
varies with the number of farms (or 
the area) which takes water in a given 
year. From this consideration (as 
well as from others) a two-part rate 
seems the best choice. In fixing the 
rates a number of factors again 
require consideration. Among these 
reasonableness, sclf-liquidatin, fair-
ness, and stimulation and redistribu-
tion of income are important. Margi-
nal cost pricing is the best economic 
tool in meeting the objectives of 
development. 

4. 	 Collection. Collection of the assess-
ments can be made in installments. 
Advance payments may be preferred 
in some cases. Delinquent payments 
may present a major problem. An 
effective treatment of this problem 
should include the refusal of any 
further water delivery. Heavy 
penalties for deferred payments are 
generally very effective. 

CONCLUSION 

Although they are rather elementary, the 
discussions presented in the paper may be 
helpful to those evolving a repayment system. 
It is the authors' opinion that the following 
principles can be applied to irrigation repay-
ments in Turkey: 

E 	 The cost of irrigation should be fully 
repaid by the direct and indirect 
beneficiaries ; 

b. 	 The repayment policy should be 
formulated in order to achieve the 
best attainment of the objectives of 
the irrigation development ; 

c. 	 The repayment procedure should be 
as simplified as possible in order to 
minimize the overhead cost and the 
confusion. Determination, classifica
tion, and allocation of capital and 
operation and maintenance costs 
should be made in such a way that a 
reasonably accurate and simultaneous 
repayment, starting from the 
earliest possible date, becomes possi
ble ; 

d. 	 Irrigation assessments should be made 
as a two-part rate. The first as a 
constant amount per each water deli
very and the second as a flat rate per 
the irrigated area of the land ; 

e. 	 Collection of the constant and vari
able charges should be made 
separately. The first one should be 
collected in advance. Delinquents 
should be refused water delivery until 
they pay the original assessment with 

extra expenses and penalties 
f. 	 In cases of partial or complete crop 

failure due to acts of God, collection 
of payment should be partly or fully 
postponed. 

FOREWORD 
Repayment policy is an important factor 

contributing to the success and continuation 
of the accelerated development of irrigation. 

It is logical that the repayment of the cost 
of irrigation be borne by the beneficiaries of 
the development. Under such a concept a 
properly planned and executed repayment 
programme for irrigation work can attain one 
or more of the following objectives : 

a. 	 The fair distribution of financial 
burdens of the investment ; 
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b. 	 The establishment of strong measures 
for the best possible utilization of 
project water ; 

c. 	 The creation of an important source 
of capital to perpetuate development. 

Beside those objectives, the presence of 
repayment may to a certain extent increase 
competition with other types of development 
from public funds, and the provision of repay-
ment may stimulate the loans for those pro-
jects. 

From the standpoint of the main princi-
pies involved, it appears at first that the deve
lopment of policies and procedure to recover 
cost connected with the establishment, opera-
tion and maintenance of irrigation projects is 
a relatively simple matter. However, the 
solutions to numerous and varied problems 
must be reached if the repayment process is 
to work properly and attain the desired objec- 
tives. 

Some countries have already faced these 
problems and solved them. In some developing 
countries, however, the relatively small scale 
of the existing development partly curtails the 
manifestation of the importance of these prob-
lems. It is certain that repayment will be one 
of the important subjects to deal with when an 
accelerated irrigation development takes place 
in a rather short period. 

of 	the repayment programmesA review 
instituted in the past by some of the countries 
more highly advanced in irrigation develop-
ment reveals that insufficient consideration 
was given to the problems existing in 

a. 	 Policy formulation ; 
b. 	 Cost determination; 
c. 	 Procedure for assessment and collec-

tion of charges. 

This paper is intended to cover those 
problems in general and then provide a more 
detailed discussion on the problems of repay-
ment relating to recovering the cost share 
from direct beneficiaries-the farmers and 
landowners. It does not consider methods of 

repayment to recover cosi from the sectors 
indirectly benefitted. 

REPAYMENT POLICY 

Generally speaking the formulation of 

repayment policy in a developing country is 
governed by the particular problems proposed 
to be solved through irrigation development. 
Depending upon the special conditions pre
vailing in one region of a country the develop
ment may aim to attain one or more of the 
following economic, social or political objec
tives 

a. 	 Increase in stability and level of living 
of farmers 

b. 	 Increase of agricultu-al production to 
meet domestic food and fibre require
ments ; 
Increase in exportable agricultural 
production to maintain foreign ex
change; 

d. 	 Stabilization of certain industries 
(such as sugar, textiles, canning or 
livestock raising) ; 

e. 	 Satisfaction peasants' demand for 
land 

f. 	 Sedenterization of nomedic grazing 
population ; 

g. 	 The stabilization of population living
along the national borders. 

Those objectives which are fully economic 
in their character may permit a complete 
repayment by the direct beneficiaries. For 
other objectives having social or political im
plications the repayment cannot and should 

not normally be undertaken by the water 
users. In these cases indirect beneficiaries 
must cover a part of the repayment by direct 
and indirect contributions. Consequently, 
the repayment policy, which is built upon the 
main principles to be mentioned below, 
should be formulated in a manner which 
would provide the flexibility necessary to suit 
any type of development problem which may 
be encountered in any region of a country. 
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The main jrinciples of a sound repayment 
policy should include the following : 

. Twith 
a. 	The direct (water users) and/or in-direct (regional or national) bene-

ficiaries of irrigation development 
should repay the incurred cost of 
development proportionally with their
desve ents
respective benefits; 

b. 	 The repayment should be designed so 
that the objectives of irrigation 
development can best be attained, 
These objectives can be expressed in 
terms of criteria such as the maxi-
mization of total product, maximiza-
tion of net social returns, minimiza-
tion of possible social cost in dry 
years, or maximization or minimiza-
tion of the rate of social change ; 

c. 	 The repayment obligation of any 
beneficiary should not at any titne be 
greater than the net benefits derived 
from the development, 

d. 	 The repayment procedure should be 
a simplified system which provides 
adherence to other principles of 
repayment and minimizes overhead 
cost. 

REVIEW OF COST COMPONENTS 

The costs which will be subjected to repay, 

ment includes capital and operating costs. 

Capital cost. This includes those ex-

penses which exist and remain constant 
whether or not an irrigation system is in 
operation. This cost generally includes such 
items as interest on borrowed money and 
bonds, depriciation expenses (in part), pro-
perty taxes, rentals and insurance, etc. 

Operating cost. This includes those 
expenses incurred to maintain and operate 
the system at the highest possible efficiency. 
It may be generally divided into two parts : 

a. 	 Fixed operating cost is that com-
ponent of the operating expense 

which generally remains constant each 
year regardless of the area served 

irrigation water, and in this 
respect resembles capital cost. It ineue h oto ai aneac 
cludes the cost of basic maintenance 
of the irrigation system, wages 
of administrative and supervisory 
personnel, general office expenses,etc. It differs from capital cost in 

that it can be eliminated in the event 
the irrigation system is discontinued 
for an indefinite period; 

b. 	 Variable operating cost represents 
those costs which may be eliminated 
when the system is temporarily out of 
operation and which vary more or less 
directly with the size of the irrigated 
area. It may be worth mentioning 
that such a relation is only approxi
mate. It is sufficiently close, however, 
to separate them from the previoustwo cost classes. Mvain components

o t vaae o ain costoart 
of 	 te variable operating cost are 
wages of temporary personnel and 
miscellaneous costs incurred when 
the system is in operation (operating 
expenses of vehicles, billing and 
collecting expenses, etc.). 

Demand cost. This represents the cost 
for which each potential water user is respon
sible regardless of whether he used water or 
not (capital and fixed operating and maintenarnce costs. 

Service cost.when the water isThisdelivered.is the costIt is incurredpropor
tional to the magnitude of water delivery (the 
amount of water or the size of the irrigated 
areao. 
area). 

Customer cost. This is constant per 
customer and varies with the number of 
them. 

A review of the above cost classification 
reveals that regardless of how it is classified 
the cost includes two distinct parts : 

a. 	 The capital cost and fixed operation 
and maintenance costs which have no 
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apparent relation to the number (or 
area) of farms which demand water 
in any given year ; 

b. 	 The variable operating cost which is 
either proportional to the magnitude 
of delivery to each farm or is constant 
per irrigated farm and varies with 
their number. 

DETERMINATION OF CAPITAL 
COST 

The total capital cost of an irrigation 

system generally includes the following items: 

Pre-construction cost. This includes 
those expenses which are incurred during the 
preliminary surveys, data collection, feasibi-
lity studies and other preparatory works for 
the contract bidding. 

This includes thoseConstruction cost. 
for the realization ofexpenditures required 

works (land and water rights,the engineering
physical works, etc.) 

Miscellaneous and supervisory cost dur
ing construction. During the construction 

of the systems certain expenditures are actu-

ally incurred. The usual items of expense of 

this period includes : organization expense, 

legal expense, engineering and supervision 

expense, interest during construction, opera-

tion and maintenance during construction 

and taxes and duties during the construction. 

Of these three costs, the first is the most 
difficult to determine It often includes the 
cost of items which are generally performed 
on an overall programme basis by a single 

agency and consequently the separation and 
assignment of cost to individual projects be

comes complicated. Furthermore, in many 

countries some of the development items in 

this category are performed as a public sevice 

and their cost is not considered for repay-

ment. 

It is less difficult to separate and assign 
costs for the second and third items in the 
capital cost. However, some of the following 

problems are encountered and must be consi
dered in determining total cost. 

Long construction period. The con

struction of an irrigation system, especially 
of large ones, may take many years. There
fore a part of the area may be put into opera
tion while construction goes on in other areas. 
Consequently it becomes a difficult question 
to determine the annual capital cost of the 
area which is partially irrigated. 

Distribution of common cost and over

head among a number of projects. In 

many cases in order to take advantage of mini
mizing the cost and overhead, a number of 
projects of the same (or different) character 
having common structures can be included in 
one contract and built as a single unit of 
work. In such a case the distribution of 
common cost and overhead expenses presents 

solua rather complicated problem. All the 

tions applied or proposed for application 

until the present depend upon some assump
tions which are more or less arbitrary in their 
principles. 

Changes in the purchasing power of 

money. In a developing country the pur

chasing power of money may rather quickly 

decline as a result of inflation in prices. 

Therefore the book value of a construction 

may appear too small in terms of the actual 

cost that would be incurred if a similar 

project were undertaken at the present time. 
Thus, a determination of the actual cost 
may be desirable. Such an attempt, on the 
other hand, will meet with the difficulty of 
determining the present cost of a hypothetical 
system built under the latest state of techno

logy and will involve conjecture and dispute. 

High cost due to inefficient manage

ment or too high design standards. Experi

ence has shown that in some government 

projects the cost may be significantly greater 

than the cost which would occur if the work 
were carried on by the beneficiaries them
selves. This may be because of either too 

high overhead costs or too high design stan
dards. Although it may be difficult to prove 
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job 	 for operation and maintenance cost.Paticlarprobemsaredesirableonlyoneyea.only one year. Particular problems are: 

that the construction costs could have been 
less, there may be certain cases, however, in 
which this fact may be less, there may be 
certain cases, however, in which this fact may 
be quite obvious. Under such conditions 
certain provisions may be necessary. 

An accurate determination capital cost is 
quite difficult, if not impossible. So the 
adoption of an approximate method is appar-
ently inevitable. Various of this sort, each of 
which is favourable under the special condi-
tions of a specific country, have been applied, 

Countries which have not gone far in the 

repayment of a capital cost may, at early 

stages of their development, adopt a certain 
so as to provide a fast,approximate method 

simple and reasonably accurate determina-
tion. The legal basis for such methods can 
be provided through the amendments to 
existing codes or enactment of a new one. 

Determination of Operation and mainten
ance cost. 

Although similar problems are encountered 

operation and maintenancedetermination of 
usua-cost is less complicated because there is 

lly a permanent organization to take care of 

this and the duration of accounting is 

curred during the operation and maintenance 
period may, in general, be classified under 
three groups 

a. 	 Operation and routine maintenance 
expenses. These should be included 
among annual cost ; 

b. 	 Replacements or major renewals. 
Expenses of this category should be 
made from the depreciation funds 
since their purpose is to extend the 
service life of certain works ; 

c. 	 Extensions or betterments. These 
expenses should be added to the 
capital cost since they increase the 
assets of the system. 

Carrying out an operation and mainten
ance cost accounting in an irrigation system is 
extremely difficult and may require an expert 
to differentiate among the various categories 
and their treatment. 

As' 	pointed out in the case of capital cost, 
it 	 may be too co!;tly to establish a very accu
raestmofctdtrininadcas

catiot of teeration and aitnc 
etho ctcot.on s eu et a n a i m 

t one qmento n ap itali otm ay be 

the one mentioned for capital cost may be 

Distribution of common cost. In case 
several project of the same or differing cha-
racter are operated by the same organization 
the distribution of common operation andmaintenance cost may be important. 

Differentiation among different services, 
In an irrigation project certain areas may 
receive water by gravity while some others 
may require pumping. Similarly, some areas 
may be very close to the diversion and their 
systems can be operated with relatively little 
expense, while some areas may be remote and 
need high operation and maintenance cost. If 
the repayment policy provides for differentia-
ting among those situations, the cost account-
ing may be rather complicated, 

Classification of cost. Expenses in-

Principles of assessing the beneficiaries 
The principles of assessment or pricing 
pr nieent r pon 

present different feature depending upon 
the type of enterprise which realizes thedevelopment. If the enterprise is a private 
one repayment has generally been made by 
the direct beneficiaries (water users) of the 
project. There is, however, a growing trend 
in many countries to subsidize private irriga
tion development through direct contribution 
or through indirect contributions such as 
exemptions and incentives. 

Irrigation enterprise, in most cases, may 
be undertaken by one or more agencies of the 

government. In such cases distribution of 

the cost among beneficiaries can be more 
effectively controlled in order to suit the 
particular case. 

131 



Generally speaking the beneficiaries of an 
irrigation development are : (a) farmers, (b) 
the people or industries within the direct in
fluence areas, such as a town in the irrigation 
area, or a factory which uses project products 
as raw material, (c) the nation through the 
achievement of national objectives. 

The assessment to farmers is generally 
made in proportion to the cost, or value, of 
service provided to them. In the following 
paragraph a detailed discussion on this subject 
will be presented. 

It is common practice not to directly 
assess the people living within the region. 
In some countries where the irrigation assessmens remae heprpetywithiny axig 
ments are made by taxing the property ith 
an area which is larger than the irrigation the 
contribution is made in the form of taxation 
since property which does not receive a direct 
benefit from irrigation is also taxed. 

The contribution of the state to the 
development may be in various forms. 
Among these are : exemptions from interest 
or low interest rate ; deduction of that part 
of the cost which is deemed as serving the 
public interest, and longer development and 
repayment periods. In some multi-purpose 
projects the benefits of electric power may 
be used as to compensate for a part of irriga-
tion expenses. Finally the allocation of cost 
may be used as a tool for providing a hidden 
subsidy to the irrigation project in general. 

Basis of assessment 

The basis of assessment (or the units forforirrgatonepamen ma beone 
pricing)folow in 

The area. The area which benefits from 
the irrigation may be taken as the basis, 
Certain rates may be applied in order to cover 
that part of the total cost to be repaid by 
farmers. Rates may either be determined at 
a flat rate per potentially irrigable hectare, or 
a flat rate per irrigated hectare, or at a 
diversified rate depending upon the type of 
crop and irrigated area. 

Principal problems arising in using area as 
a basis are 

a. 	 Determination of the potentially 
irrigable area boundaries may be 
extremely difficult and controversial 
(e.g. in case of inadequate water 
supply in comparison with the arable 
land), or lack of explicit criteria to 
determine the suitability of land for 
irrigation 

b. 	 In case of lack of cadastral maps the 
exact measurement of land tracts may 
consume too long a time and may be 
controversial; 

c. 	 if the property is held by the deeds 
of deceased people and no transfer to 
the 	 heirs has been made determining 
the individuals subject to the assess
ments may present a difficult pro
blem. 

The water. Repayment may be based 
upon the amount, or the maximum intensity, 
of water demand. Although this may appear 
more fair than the area basis, it also involves 
problems: 

even 
at moderate accuracy ranges may 
create a high extra cost, especially for 
small holdings ; 

a. 	 Installment of measuring devices 

b. 	 The measurement of water and the 

need to keep records thereof may be 
a major and costly item ; 

c. 	 In case of rotation type of water 
delivery because of lack of storage, 
water is generally delivered on pre
arranged schedules and any refusal of 
water may cause waste. Therefore 
measurement of water may not be of 
major importance. 

The property. The value of the property 
within a certain area may be used as a basis 
for assessment. The problems in this case are 
in a way similar to that of the area basis. 
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Mixed systems. The above bases may be 
used in combinations. (For example water 
at !ateral levels might be distributed and 
charged on a volume basis and sub-distrlbu-
tion to individual forms may be based upon 
the area and duration of water flow. Capital 
cost may be assessed as a property tax, while 
operation and maintenance cost may be 
covered by rates which are based upon water 
or area). 

In selecting a proper basis for assessment 
the following points need to be evaluated 

a. The basis which have good correlation 
with cost, for example the capital 
cost has the closest relation to the 
potentially irrigable land while 
variable operating cost may best be 
based upon water ; 

b. The past traditions and prevailing 
limitations of the country in relation 
to land tenure and irrigation prac-
tices; 

C. 	 Maximum possible consistency in 
assessments and in rates ; 

d. 	 Minimum overhead cost for assess-
ment and collection. 

Rates 

Determination of rates involved a number 
of factors. In order to establish a proper 
method of rate, (price), determination, various 
economic and social factors should be care
fully considered. Among these the following 
are especially important 

a. 	 Self liquidation 
b. 	 Reasonability 

c. 	 Fairness 

d. 	 Stimulation for productive investment 

e. 	 Redistribution of income 

In the majority of cases irrigation enter-
prises cannot be self-liquidating and should 
not be considered so. There are number of 
reasons why self-liquidation of irrigation pro-

jects through their revenues is impossible or 
impractical. Among these are : 

a. 	 Although the benefits of an irrigation 
project exceed the cost, it is quite 
obvious that the revenues due the 
public, or indirect benefits, require a 
form of collection other than assessing 
farmers ; 

b. 	 Even the direct benefits to water 

users should not be considered a 
measure for revenue potential be
cause: First, it is impossible to 
charge a price which will leave water 
users without any change in their in
come. Since the government of a 
developing country, like other 
countries, is also concerned with in
come distribution, rate structure may
be effectively used to that end. 
Second, such a high charge may 
discourage farmers to make further 
productive investments. 

A reasonable rate could be described as 
one that would put the irrigation service with
in the economic grasp of the mass of potential 

users. According to this definition, one can 
conclude that a reasonable rate should be 
limited by the value of service rather than the 
cost of service, so far as the value is less than 
the cost. A weakness of this approach is that
the value of service may be different for
 
various areas and crops within a single irriga
tion area.
 

Rates should be determined in such forms 
as to provide the best attainable fair distribu
tion of financial burdens of the project. For 
example, the fixed operation and maintenance 
expenses aim to provide water service to all 
farms withinthe system. It will therefore, be 
fair to distribute that cost among all the farmsregardless of whether they use water or not. 

Similarly, some part of the operation cost is 
constant for a farm regardless of its size. So a 
fair distribution of this cost may necessitate a 
constant charge for each farm. 

One of the basic purposes of irrigation 
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development is to optimize the benefit from 
water, or to maximize the aggregate value in 
use which may be thought of as the sum of 
the successive marginal values in use. In 
order to attain that objective marginal cost 
pricing can be used as the best economic tool. 
In marginal pricing two cases may be encoun-
tered 

a. 	 In projects of increasing cost, such as 
those irrigation projects which have 
already reached the capacity of their 
present supply and any further 
increase in supply necessitates the 
construction of costly storage or 
transmission works, the marginal 
cost price is greater than the average 
cost at the same point. Besides 
maximizing the aggregate value in use 
a net gain is also obtained ; 

of decreasin g cost, suchprojects roje'sb. 	 In as tose hichhavenotrepayment 
as those projecs which have not
reached the full capacity of their pre-

sent supply, and marginal cost of sup-

ply is less than the average cost at the 

same point, consequently the use of 

marginal cost pricing results in net 
loss. Under such a condition the 
aggregate value of use may or may not 
exceed the aggregate cost. If it 
exceeds, such an excess becomes 
highest at the marginal cost solution. 
Therefore, such a solution might still 
be preferred, even though it may cost 
to make up the deficit. The deficit 
may be overcome by some form of 
subsidy. 

Form of rates 
Rates may be determined in different 

forms. There might be separate rates for 
capital and for operation and maintenance, or 
these may be combined in a single rate. In 
practice, however, separate rates have been 
favoured because of reasons previously men-
tioned. 

Rates to cover the capital cost. Costs 

originating from the capital investment are 

generally distributed on a "potentially irriga-


ble area" basis. in determining the total 
annual obligations of capital cost one must 
consider : (a) development period ; (b) repay
ment period; (c) depreciation; and (d) in
terest rate 

a. 	 Development period. Since the 
benefits of the project cannot be 
realized the early years of project 
operation, it is generally deemed 
reasonable to allow a certain develop
ment period (usually 5 to 10 years) 
between initiation of project opera
tion and the beginning of repayment; 

b. 	 Repayment period. The period 
during which the capital is to be 
repaid is governed by the economic 
features of the individual projects. 
Projects having a high rate of increase
in farm revenues may have a shorter 

re 	 en eiod, v epr o t a 
period, while projects hav

ing a low return may use the maxi
mum limit. Periods between 20 and 
50 years even longer periods are 
u s emp lo e; r 

usually employed 

c. 	 Depreciation. Depreciation has 
generally two purposes 

To provide for the recovery of 
capital over the life of the pro
perty, 

ii o deeiation o f the 
cost of depreciation over a unit of
time or per unit of production of 
the project, so that it may be 

included as an expense of project 
production. 

For the depreciation of capital cost two 
methods are widely used (1) Straight line 
and (2) Sinking fund. Although they are 
equivalent from the economic stand point, 
straight line depreciation imposes heavier 
obligations at the earlier periods of project 
development and accumulates more funds 
during that period. Consequently, straight 
line may be favoured when project returns are 
high. Otherwise, and especially for capital 
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advantage of drawing a maximumintensive projects, the sinking fund is 	 the 
amount from the "consumers'best choice : 	 sur
plus" through the "utility discrimi

d. Interest. Since irrigation works nate"; 

capital intensivegenerally involve 
projects, the effect of interest rate is c. Diversification by crops. Rates can 

strongly pronounced. Because of that be diversified for different crops to be 
Such a basis has the potentialreason interest rates can be and in grown. 


fact have been effectively used as a of adjusting the prices in such a way
 
encourage or discourage theSome 	 assubsidy measures. countries 	 to 

or bringdo not charge interest at all, and in planting of certain crops to 
the repayment proportional with theothers very low rates have been 

Some opinions indicate direct irrigation benefits. From the
applied. 
that an interest rate at least measuring economical standpoint, however. "the 

the risk should be employed. equimarginal value in use" is a sound 
principle to that end. The employ

of such a principle in fixing theThe repayment of arnual capital cost. ment 
The total annual obligation due to the capital 	 rate enables the allocation of water in 

such a way that all water users willcost is generally distributed on the basis of 
plain or weighted (which takes care of land derive equal "value in use" from the 

marginal unit of water consumed.classification) area of the potentially irrigable 
Consequently maximizationland. As an alternative method the repay- the of 

ment of capital cost can also be made through the aggregate value in use can be 

the taxation of the property within the area attained : 
which will receive benefits from the develop- d. Tvo-part rates. Rates can be for

ment. mulated in two parts. 
Rates to cover operation and mainten

ance. The cost due to operation and main- i. A lump sum amount for each 
ance oThcostue ad regardless itopraton min-farm 	 of whether is 

tenance may be distributed in a number of irrigated or not. Such a rate may 
ways each of which has its merits under coveratedir operate ay 
certain conditions. In selecting a proper maintenancee expenses a 

form for this expense the following aspects 
should be considered : ii. A flat (or variable) rate per unit 

Rates may of benefits (water or area to be 
a. Fixed vis variable rates. 

irrigated).be either fixed as a constant value for 

each farm or may be varied propor- Besides being fair two-part rates have the 
tionately with the areas of utilization, advantage of being an effective tool to draw 

The first form"ustmercan cst, a maximumbe advantageously a m amount from the "consumers'empoye fo whle 
the second is suitable to cover the 	 surplus," which may be a remedy for the net 

loss that occurs in "decreasing cost projects".tservice cost" ; 

Collectionb. Flat vis promotional (or discourag-	 anding) rates. The variable ratemay Collection of capital and operation 

have either a flat value for each unit maintenances charges can be made either 

of basis or it may have a promotional separately or jointly. Each method may have 
certain advantage under special conditions.(or discouraging) scale. While the 

first is advantageous from the simpli- Collection can be made in one or two install
has the ments. Operation and maintenance expenses'city standpoint, the second 
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(or a part of them) may be collected as 
-advance payments. This method is advanta-
geous if two-part rates are employed. 

Formation of irrigation district organiza-
tions with statutory power 3f assessing lands 

to enforce collection dispenses with the 

necessity for individual collection. In this 
case that part of the capital cost allocated to d. 
be repaid by users is taken as a general repay-
ment obligation of the organization. 

Delinquent payments may present a major 

one irrigation project in
problem. In of 

of the assessmentper centTurkey, only 81 

could be collected after 3 years from the date 
of a'ssessment. In the same project the 
collection of delinquent payments after the 
5th year is generally found to be uneconomi-
cal. In another project the collection cost has 
reached one-fourth of the total assessment. A 
remedy can be refusal of water delivery until 
the dues, including additional .collection ex-
penses and penalties, are fully paid. Another 
method would be to impose heavy penalties 
and provide for collection following the 
provisions of the law for collection of taxes. 

CONCLUSION 
aThis paper has intended to present 

general discussion on various problems in the 
field of repayment for irrigation development, 
Although it may seem rather elementary, 
perhaps it serves the purpose of reaching 
certain conclusions which may be helpful in 
designing a repayment system. It is the 
author's opinion that the following principles 
can be applied to irrigation repayments in 
Turkey: 

a. The cost of irrigation developmentshoudreaidbefully diect ndshould be fully repaid by direct andofshameod 
theirindirect beneficiaries within 


economic capability ; e. 

should be desi-

b ed repamtent l ic tof
gned so as to best attain the main 

objectives of irrigation development 

*c. The repayment system shouli be as 

simple as possible. The determina-


tion, clas. .ition and allocation 
of capital and operation and main
tenance costs should be designed in 
such a way that a reasonably accurate 
and simultaneous repayment, startingfrom the earliest possible date, be
ome possible 

comes possible; 

Irrigation assessments should be made 
in two parts. The first as a fixed rate 
for each farm within the area and 
the second as a flat (or promotional)to berate for the unit of the area 
irrigated. 

The first item may, to a certain 
extent also stimulate the consolidation 
of extremely small holdings. If. such 
a system is applied considerable 
changes in individual assessments may 
be expected. For example, in one 
of the projects in Turkey the constant 
rate per farm is found to be 15 T.L. 
for operation and maintenance only. 
If such a constant charge was applied 
the total assessment of a 20 hectares 
farm would be 682 T.L. instead of 
1240 T.L. while the charge on 0.1 
hectares farm would be 18.4 T.L. 
instead of 6.2 T.L. 

The constant rate per farm can 
be assessed after a survey of potential 
water delivery demands without 
measuring the area of the land while 
the second item may be based upon a 
declaration of farmers which should 
be submitted to the organization in 
advance of water delivery. The pro
visions of heavy penalty in case of
false statement may be an adequate 
fase fort he succe a pplicat 
neasure for the successful application 

of such a method. 

The fixed and variable charges should 
be collected separately. The collection 

the constant rate from those who 

apply for water delivery can be made 
at the time of application as an 
advance payment, while the other may 
be collected after the harvest of the 
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crop. The collection of a constant 
charge from those who wont irrigate 

f. In case 
failures 

of partial or complete crop 
due to Acts of God, the 

during the year may be subjected to 
the general principles mentioned 
above. Water delivery should be 
refused to delinquents ; 

collection of charges should be partly 
or fully postponed. In such cases, 
however, ample provisions of reserve 
operation and maintenance funds 
will be needed. 
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CHAPTER VI
 

EDUCATION AND TRAINING
 

TOPRAKSU FARMERS TRAINING CAMPS 

by 

Hulusi Ozguven* 

SUMMARY 

TOPRAKSU Farmer Training Camps 
(hereafter called TFTC) are organized to : 

]. Modernize the agricultural practices 
presently in application. 

2. 	 Increase agricultural production. 
3. 	 Train farmers in the fields of irrigation 

drainage, land (soil) and water conser-
vation. 

4. 	 Use man-power in agriculture effec-
tively. 

The first TFTC was opened in 1961 with 
the technical and financial assistance of AID. 
This camp was composed of four units. Each 
unit included 100 farm youth. Duration of 
camp was 6.10 months as determined by 
employment and climatic conditions of the 
area. 

The expenditures of one unit, a 6-month 
duration camp, is TL. 300,000. 

Thc TFTC organizations cooperating in 

selecting a camp project site are 

a. 	 Technical Agriculture Directorates 
b. 	 Local Forestry Directorates 

c. 	 Local D.S.I. (State Hydraulic Works) 
Directorates. 

In 	 the selection of camp members, the 

village leader (Muhtar) and the teacher coope
rate. The following qualifications are consi
dered in selecting the camp members. The 
member should be 

a. 	 A farmer 
b. 	 Twenty to thirty years of age 

c. 	 Literate 
d. 	 Have completed the military service 
e. Be willing to participate 
f. Be of good health. 

Only 5 farm youths are accepted from the 
same village and in one camp unit there are 
farm youths from 15-20 villages. 

At TFTC's "learn by doing" is essential. 
The camp members have to see, learn and 
participate in the various projects. There
fore, various work groups are given considera
tion when camp training programmes are 
designed. TFTC's are administered under 
directives of TOPRAKSU General Directo-rt.TeTPAS raiain hc 
orate The ca resU 

operate the camps are : 

a. 	 Regional Directorates 
b. 	 TOPRAKSU Work Unit Chief Engi

neers 

c. 	 TOPRAKSU Research Station Direc
torates. 

* Agriculture Engineer, General Directorate of Soil Conservation and Farm Irrigation, Ankara, Turkey. 
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For each camp; one camp director, one 
assistant camp director and two instructors 
are assigned. The technicians of other orga-
nizations are also utilized as instructors in 
carrying out the training programmes. 

The camp administrators and members 
live in tents, camp equipment must be cheap 
and portable. 

Three meals are served daily. Cost does 

not exceed TL. 3.00 which is deducted from 
the wages of camp members. 

The camp is provided with a medical 
doctor and a technician. The medical techni-
cian lives in the camp. The doctor visits the 
camp once or twice each week. 

Members who graduate successfully are 
awarded a certificate. Technicians of TOP-
RAKSU and Technical Agriculture Organiza-
tion "follow up" with successful graduates 
who are given technical assistance and credit 
projects are designed for them. Their appli-
cations for agricultural credits are given prio-
rity and opportunities are given them to apply 
what they have learned at camps in their 
particular fields. 

TFTC activities for three years are as 
follows: 

Camps of 1.26 units have been opera-
ted ; 

A total of 12,553 farm youths have 
been trained ;an 	wtrnse 

Soil and water conservation measures 
have been realized in an area of 
282,423 decares ;The 

TL. 45,519,797 have been spent. 

THE OBJECTIVES OF TFTC's 

Development of Land and Water use 
in Turkey 

Seventy-two per cent of Turkey's popula-
tion works in the field of agriculture and 
makes a living from agricultural products. 
Forty-two per cent of the national income is 
obtained from the agriculture sector and is 

distributed to the farmers. This indicates 
that in Turkey the living standards of farmers 
are lower than for workers in other sectors. 

The population is growing fast in Turkey 
and it is impossible to expand the agricultural 
land. Since the objective of TOPRAKSU is 
improvement of the living standards of far
mers, two measures have to be taken. These 
are 

1. Reduce the number of farmers, 
2. 	 Facilitate the maximum use of farm 

land. 

In the next 15 years a reduction of the 
farmer population to 58 per cent is a goal of 
the Five-Year Development Plan. For maxi
mum use of per cent land, it is also planned
that 17.7 present of total investments called 
for by the Five-Year Plan should go to agri
culture. Turkey's present land use is as 
follows: 

Hectares Percentage 
Farm Land 24,972,000 32 
Pasture Land 29,000,000 38 
Forest 10,600,000 14 
Other 12,428,000 lb 

-
Total 77,000,000 100 

A total of 9,000,000 hectares of out of 

29,000,000 hectares of pasture land is subject to 
a considerable amount of erosion, and requires 
extensive erosion control measures. The re
maining 20 million hectares of pasture landbadly needs development. Seventy per cent of 
forest lands also need some application of soil 
conservation measures to control soil erosion. 

overall area of irrigable land, according 
to the general soil map, is five million hectares. 

Only one million hectares of this can be irri
gated at the present time. The area of plain, 
with 0-3 per cent slope is 8,683,500 hectares ; 
3,333,300 hectares of this area need drainage. 
Two million hectares of this same land is not 
in use because of salinity. There are 16.4 mil
lion hectares of normal agriculture land. This 
figure can be increased to 24.9 million hec
tares by opening new lands for agriculture 
totalling 8.5 million additional hectares. 
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TL. 24.8 million is needed for soil and 
water conservation measures in agricultural 
lands. This figure amounts to 23.7 million 
for pasture land. A total investment of TL. 
48.5 billion is required for erosion control in 
Turkey. In the Five-Year Plan, a target 
investment of TL. 317,629,000 is allotted for 
erosion control. 

The elements of success for erosion 
control practices are : 

a. 	 State capital investment ; 

b. 	 Establishment of land and water 
conservation districts; 

c. 	 Long-term credits to farmers; 

d. 	 State participation in private investe m..~ents; ofamr.Service 
e. 	 Training of farmers.ments ;Training 

TOPRAKSU Problems of Turkey and 
Training of Farmers as a Solution to 
these problems 

TOPRAKSU (Soil and Water Conserva-
tion) problems should be .nderstood by all 
of the farmers in Turkey. This is possible 
only by training them in these subjects. It is 
obvious that development efforts will be suc
cessful only when State and farmers cooperate. 
The number of villages in Turkey exceeds 
44,000. A direct reach to all the villages 
separately, and individual training of villagers 
is very difficult. TOPRAKSU Training 
Camps provide training to the villagers of 
15-20 villages at the same time. 

One hundred farm youth, five each from 
20 villages receive training in one camp. These 
are agricultural leaders of the future. They 
assist TOPRAKSU ; the organization for the 
conservation of soil, water and forest resour. 
ces. The camp trainees and those who work 
with them can take leadership in the following 
subjects : 

1. 	 Adoption of agricultural concepts : 

2. 	 Development of land and water 
resources; 

3. 	 Prevention of over-grazing of pasture 
land ; 

4. 	 Control of forest fires; 

5. 	 Forest management. 

The TFTC's are established on lands 
owned by the Government, or by a group of 
villagers. Primarily, those areas which need 
improvement are chosen. Camps help 
serve in : 

I. 	 Teaching the farmer methods of soil 
conservation, irrigation, and land 
improvement ; 

2. 	 Increasing agricultural production; 

3. 	 Utilizing idle agricultural man-power; 
4. 	 Helping overall development and 

training of people. 

to 	 Social Development and 
Tann fPolof People 
The objectives of the camps are raising 

the living standards of farmers and social 
development along with providing training in 
agriculture. The camps achieve these objec

tives in the following ways : 
a. 	 100 farm youth coming from 15-20 

diffcrent villages live and work toge
ther 

b. 	 They acquire the -habit of observing 
regular hours and programmes ; 

c. 	 They find opportunities of meeting 
and learning from local and foreign 
camp visitors; 

d. 	 They acquire theoretical knowledge as 
well as new skills ; 

e. 	 The camp members and villagers in 
the vicinity improve their cultural and 

general knowledge through motion 
pictures shown at camps 

f. Medical services are extended to the 
villages in the vicinity. 

ESTABLISHMENT 

Selection of TOPRAKSU Camp Sites 

The camp sites are selected among the 
following project areas : 

1. 	 Watershed improvement (soil and 
water conservation flood control) 
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2. 	 Irrigation development 
3. 	 Drainage and land improvement. 

The project sites cover one or more 
villages, therefore cooperation between 
villages is required. Organizations coopera-
ting in the selection of the camp sites are 
Technical Agriculture directorates, Local 
Forestry directorates, and Local Hydraulics 
Works directorates. 

Information Concerning the Camp
Members 

The village leader (Muhtar) and the senior 
teacher select the camp members of their 
village together. The following points are 
taken into consideration in selecting the 
members : 

i.Only 5 members are selected from one 
village 

2. 	 Members selected should be farmers 
and own land 

3. 	 Members should be willing to parti-
cipate in camp programmes 

4. 	 Members should be between 20 and 
30 years of age 

5. 	 Members should be graduated in pri-
mary school 

6. 	 Members should have completed their 
military service 

7. 	 Members should be strong enough for 
heavy work. 

The members accepted for the camp 
should provide the following papers 

I. 	 Birth Certificate 
2. 	 Reference letter from Mukhtar 
3. 	 Health certificate. 

On the first day of the camp, each member 
is given boots and overalls, The cost does 
not exceed TL. 100.00. The members wear 
these outfits during the camp period, 

Duration of the Camps 

The camps are programmed for a period 
of 6-10 months according to the climatic and 
employment conditions, 

ORGANIZATION OF CAMPS 
The camps are administered by the local 

TOPRAKSU organizations under the direc
tives of TOPRAKSU General Directorate. 
These TOPRAKSU organizations include 
Regional Directorates, TOPFPAKSU Work 
Unit Chief Engineers, TOPRAKSU Research 
Station Directorates. 

Administrators assigned to each camp 
include one camp director, one assistant camp
director, two camp instructors, one supply
agent and clerk, one purchasing agent. 

Camp directors are agricultural engineers.
If more than one camp is established in a 
vilayet (province), one camp director is assig
ned in both. Assistant camp directors are 
selected from assistant personnel of the orga
nization. These administrators should haveability to meet the requirements of this posi
tion or should receive training prior to the 
assignment. Camp instructors are technicians 
of the organization. There are two guards, 
one for night and one for day-time, at the 
camps. Two janitors take care of daily work 
of the camps. Guards and janitors are selec. 
ted from among camp members who take 
their turns for the job. 

Housing 
The following requirements are necssary 

in selecting the camp site 

1. It should be in a central position of
project area ; 

2. 	 It should have water facilities 
3. 	 It should have road facilities ; 
4. 	 It should be suitable for demonstra

tions. 

Camp administrators and members arehoused in tents. Mattresses and blankets are 
provided. Offices and storage depots are all 
in tents. Kitchen, restrooms, baths and 
other facilities are all erected using materials 

available at the site, usually masonry. Thirty
three tents suffice for a one-unit camp, Powerfor lighting is obtained by a generator. In 
cases of emergencies, portable Kerosene type 
lamps are also available. 
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Food 

The camp administration hires a cook for 
one camp. Camp members take turns as 

cook helpers. Meals are served at portable 

tables. These tables and chairs are used for 
several camp periods. The food administra-
tion is based on calory intake with respect to 

the 	physical work that the members do. A 

four men kitchen party takes care of all feed-
ing 	and menu preparations. The daily cost 
of meals per person does not exceed TL. 3.00 

and is deducted from the wages. 

Wages 

Wages are determined according to stan-
dards obtained from the local municipal 
government. They vary between TL. 10.00 
to 15.00 per day. The wages of skilled mem-
bers can be as high as TL. 25.00. Wages 
are paid at the end of each month. 

Medical Services 

A Medical doctor is assigned to each 

camp. He visits the camp once or twice a 
week. In emergencies he is called in. A 
medical aid is also hired for each camp. He 
lives in the camp. He carries out the medical 
services for the camp and keeps records. He 
is responsible for the cleanliness of the camp 
and is also a member of the kitchen party. 

There is a medical tent in each camp. 
This tent is used as a field hospital. First aid 
kits and other medical supplies and equipment 
ordered by the doctor are kept in a cabinet in 
this tent. All members receive a medical 
check-up when the camp opens. Their health 
conditions are recorded. Those who are 
found unhealthy are refused. Health subjects 
of the camp training programme are taught by 
the doctor. The doctor also examines the 

villagers coming from nearby villages, and the 
camps also serve as medical centres for their 
areas. 

TRAINING AT CAMPS 

The main objective of the camps is agri-
cultural training. A two-hour class-room 
training on four days a week is given to the 

members in groups of 25. Technicians from 

other organizations are also utilized as instruc
tors. Such audio-visuals aids as teaching 
films, slides and photographs are used during 

class-room sessions. The publications of the 

Ministry of Agriculture and TOPRAKSU are 

given to members. These publications reach 
villages by way of the members. Many 

competitions, demonstrations, and diversions 
are organized. A six month class-room train
ing programme generally contains the follow

ing subjects. These are simple but provide 
basic information at village level. 

A. 	 Information Concerning Government 

and Citizenship 

1. 	 The mission and organization of 
the Ministry of Agriculture. The 
mission, organization and method 
of operations of TOPRAKSU. 
a. 	 Investment policy
b. 	 Credit Policy 

c. 	 Technical assistance policy 

2. 	 The scope, organization, and 
operation principles of TS camps 
and camp procedures relating to 
these subjects. 

3. 	 Citizenship 

a. 	 General knowledge concerning elections and government 

formation and administration, 
tax collection and usage. 

4. History (national days, etc.) 

a. Declaration of Republic 
b. Undsandngoes 

B. 	 General Education 

1. 	 Geography 

a. Turkey's topography 
b. Turkey's population 
c. Turkey's neighbours 

2. 	 Commerce 

a. 	 Export commodities of Turkey 
b. 	 Turkey's main industries and 

factories 
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C. 	 Information Relating to Village Life 
1. 	 Districts and Cooperatives 
2. 	 Laws protecting farmer's proper-

ties 
3. 	 How firewood and lumber needs 

of villages are met 
4. 	 Climate knowledge 
5. 	 Village handicrafts ; importance 

and development. 

D. 	 Health 

1. 	 Cleanliness and food for human 
health 
a. 	 Diseases relayed through food 

and germs 
2. 	 First aid 

a. 	 Poisoning 
3. 	 Stomach and intestinal diseases 
4. 	 Winter diseases. 

E. 	 Soil 

1. 	 Soil surveys 
a. 	 Why they are done 
b. 	 What is studiedc. 	 Land use capabilities 
c. 	 Laind ua. 

2. 	 Erosion 
a. 	 Types 
b. 	 Causes 
c. 	 Stages 
d. 	 Control measures 

measures3. 	 Conservation 
a. 	 Improvement of pastures for 

better usage
4b. 

4. 	 Soil-Water and vegetation rela-
tionship 
a. 	 Factors affecting plant growth. 

F. 	 Water 
1. 	 Use of water in irrigation 

a. 	 Providing irrigation water and 
resevoirs 

2. 	 Diversion channels, prevention 
and improvement of gullies 

3. 	 Drainage 
a. 	 Types 
b. 	 Advantages and maintenance 

of drainage systems, 

G. 	 General Farming Practices 

I. 	 Fertilizers 
a. Types and uses. 

2. 	 Seeds. 

a. 	 Selection of good seeds 
b. 	 Preparation of seeds beds 
c. 	 Insecticiding of seeds 

3. 	 Orchard and vineyard growing on 
arid land 

a. 	 Pruning and related practices 
for orchard growing 

4. 	 Poultry and how to start poultry 
farming 

5. 	 Fighting weeds; Uses of discar
ded plants 
a. 	 Plant insects; how and why 

to fight them 

6. 	 Beekeeping 
a. 	 Life system of bees 

b. 	 How to start beekeeping 
7. 	 Construction of terraces and grass 

waewys 
Agricultural 	 practices to be 
applied to terraced lands 

8. 	 Contour Farming 

a. 	 Contour strip farming (crop
ping)b. 	 Terraces and types 

9. 	 Animals 
a. 	 Diseases

Barn and pasture livestock 
ran 

raising 
10. 	 Pasture land 

a. 	 Feed plants (Alfalfa, sanfoin, 
vetch and grass). 

After all classes there is a summary of 
previous classes and a question and answer 
period. There are also discussions withmembers concerning the camps, and an ana
lysis of the impression one camp period has 
made on members. There are various work 
groups in the application projects of TFTC. 
The camp members take their turns to work 
in these workgroups. Simple work-shops 
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such as blacksmith, carpentry, and general are 
also available for members to learn new skills 
on off-duty times. 

ACTIVITY REPORT OF CAMPS 
Camps are opened with a ceremony on 

scheduled days. Many farmers are invited 
for the occasion. Local government officials 
and camp administrators also attend the 
ceremonies. Speeches cover objectives of 
camps, Turkey's problems and their solutions, 
and farmers parts in these solutions. 

Activities and the accomplishments of 
camps are reported monthly to the TOPRAK-
SU General Directorate. The following in-
formation is contained in these reports 

Activities of camp administrators 
Activities of camp members 
Practices 
Training activities 
Medical services 
Relations with vicinity 
Visitors 
Monthly expenditures, 

There is a ceremony at the end of each 
camp-period. Camp training certificates are 
awarded to graduates. At the end of each 
camp the camp director presents a report toTOPRAKSU General Directorate on camp 
activities. The contents of this report are: 

Activities of camp for one period 
Expenditures for one period 
Influence of the camp on the members and 
nearby villages 
Failures observed 
Suggestions for future camps. 

COOPERATION WITH GRADUATES 
The farmers working in the camps return 

t the f a es at the nd retrnto their villages at the end of training. A 
follow-up programme is effected by technicians 
of TOPRAKSU and technical agriculture 
organizations. The outstanding trainees may
be assigned as foremen in future camps. They
become leaders in their village organizations. 
Demonstration projects are carried out on the 
land of these trainees, and priorities are given 
to them for their technical assistance and or 

ROCK FACED TERRACING COMPLETED BY
 

TOPRAKSU FARMERS TRAINING CAMPS
 

145 



TABLE 1. ACTIVITY OF TOPRAKSU TRAINING CAMPS 1961-63 
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credit project applications. Opportunities are 
provided for them to apply their new know-
ledge on their lands. 

ACTIVITIES OF TOPRAKSU CAMPS 

Activities of 1961-1963 

The first TSC with four units was opened 
in 1961 with technical and financial assistance 
of US AID in the same year, camps totalling 
19 units were added by TOPRAKSU. During 
the three-year period 126 camp units were 

and water conservationoperated. Land 
measures were taken in an area of 282,423 
decares. The cost of the programmes was TL. 
45,419,797. 

Projected Activities 1964-1967 
The programme for the next four years is 

as follows: 

Number of Number of 
Years Camp Units Trainees 

1964 45 4,500 

1965 48 4,800 
1966 50 5,000 
1967 50 5,000 

Total 193 19,300 

Priority will be given to farm irrigation, 
drainage and land improvement project 
sites. 

147 



SURVEY AND EVALUATION OF TRAINING NEEDS 
AND METHODS
 

by
 
Shri Mohan*
 

SYNOPSIS and Water Use. During the in-service period, 

In the present fast-developing phase in Village Level Workers are also imparted a 
India, when new irrigation facilities are being specialised training on water use. There is 
created on an unprecedented scale, and farm- also a programme of imparting practical train
ing conditions are changing due to modi- ing in water use to the progressive farmers in 
fled conditions of labour, water, population areas where irrigated farming is predominant. 
growth and modern technological develop- During these training sessions the farmers 
ment ; need for training programmes in are instructed by lecture and demonstration, 
modern approaches to irrigated agriculture the remedies for their specific problems, the 
cannot be over-emphasized. A large number methods for controlled and efficient use of 
of training hands are necessary for assisting irrigation water and applied results of modern 
in implementation of the programmes on scientific investigations as suited to their areas 
sound technical lines and also to'guide the for maximum production. 
farmers in irrigation practices and applied Efforts are made to make full use of the 
phases of irrigation, training imparted at various levels by an 

This paper presents an assessment of the actual follow-up programme. Farmers im
training needs in India in the field of water prove their irrigation practices as a result of 
use and irrigation and gives a detailed training obtained. The Village Level Workers 
account of the different training programmes help the farmers in surveys, levelling, farm 
that are being organized in the country to layout and methods of water control. The 
fulfil these needs. In the various Depart- sub-professionals and the professionals help 
ments/Agencies, that are concerned with the Village Level Workers in carrying out 
irrigation development there are four catego- their duties efficiently at the field level. 
ries of personnel: (a) The professionals (dis- INTRODUCTION 
trict level technicians), (b) The sub-profes
sionals (sub-district level staff), (c) The Vill- The importance of irrigation to the pre
age Level Workers, and (d)The Farmers. dominantly agricultural economy of the 
Training needs have been indicated for each country needs no emphasis. The rainfall is 
category of these personnel. In addition to capracious and erratic in agriculturally pre
the pre-service training that the professional dominant areas of the country. For success
and the sub-professional receive on the sub- ful and reliable farming, irrigation is neces
ject in their Degree and Diploma courses ; sary in those parts of the country where rain
specialized in-service training, on a regular fall is less than 30 inches. Supplemental 
basis, has also been organized for both these irrigation is desirable in the 30' to 60' rain
categories. Similarly, there are pre-service fall zone. With irrigation, land and labour 
and in-service training courses for the Village can be put to profitable use, crop yields are 
Level Workers. These courses among other enhanced and money return increased to 
items cover the subject of Minor Irrigation bring about prosperity and self-sufficiency. 

* Assistant Irrigation Adviser (Research and Training), Ministry of Food and Agriculture, New Delhi. 
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Irrigated farming is not new to the Indian 
cultivator. Centuries old irrigation works 
are found in the country. Surface wells and 
ponds for impounding rain water were con-
structed in ancient times for irrigation pur-
poses. Mughal rulers constructed a few 
canals as well. Since the middle of 19th 
century, irrigation development was started 
by the Britishers. Increasing number of multi-
purpose river valley projects have been planned 
and constructed, since 1951. Extensive areas 
have been brought under irrigation. To change 
from dry-farming to irrigated farming requries 
new cropping patterns, field preparaton 
and suitable implements, beside credit facili-
ties to initiate the job. It is very difficult for 
the farmer to switch over to irrigated farming, 
unless he is guided with the proper know-

how. Efficient utilization of water is necessary 

in projects nearing complete development, 

Thus the dissemination of appropriate and 
up-to.date "know-how" is essential in all 
irrigated areas. Technical aspects deserve 
increasing attention to ensure proper utili-

zation and maximum yields of the vast accele-

rating programme. There is urgent need for 
a large number of technical hands who may 

assist in implementing the programme on 

sound technical lines and also guide the far-

mer in construction, maintenance and opera-

tion of irrigation works. Major irrigation 

works in the country have been designed and 
to the latest and mostconstructed according 

appropriate technical "know-how". The 

utilization of irrigation water has not been 

satisfactory as the previous background of the 
has not been adapted toentire community 

efficient irrigation farming. Latest techniques 
in irrigation practices, developed through 

systematic and scientific research need to be 

brought to creative application at a rapid 

Extension is always lagging scientificrate. 

research ; however, the gap between the two 


has to be kept to a minimum, 

meansTraining is defined as the to 

bring about continuous improvements in the 

quality of work performed by the staff and 

individuals. Training brings about an 

organised approach to achieve the objects of 
the scheme with uniform action and efficiency. 
It is very difficult to reduce training to an 
exact formula or sign, rather it must be 
made to fit the scheme, the organization 
and the individual. Without proper and. 
correct training, many wrong habits, wrong 
techniques, and inefficient methods are 
liable to be intensified. The latest and the 
best methods should be made a part of the 
technicians operations. It has been found 
that good and effective training comes in 
active engagement rather than passive accep
tance of what is heard or read. Practical 
training must, therefore, be given a very 
prominent place in a training course. 

It is most desirable that the training is 

imparted at various stages. Personnel at 
be trained accordingdifferent levels should 

to the needs and intellectual ability. 

TRAINING NEEDS 

Different government departments are 

concerned with various phases, i.e. convey

ance, maintenances, regulation, realization of 
revenues, and utilization of irrigation water. 

Engineering aspects are the responsibility of 

the Irrigation Department ; agricultural 
aspects, that of the Agricultural Department. 
Extension and education is the concern of the 

Department of Community Development and 

Extension. All the three departments have 

their staff at three different levels i.e. district 
level, the sub-district level and the village 

level. The district level staff are designated 

as Engineers (Executive or Assistant), Dis

trict Agricultural Officers, and Block Deve

lopment Officers respectively. In the same 

order, the staff at sub-district level are Over

seers, Agricultural Inspectors or Agricultural 
Officers. TheDemonstrators and Extension 

field level staff are the revenue staff engaged 

and Amins), Assistantin irrigation (Patrols 
Agricultural Inspectors or Farm Mukaddams 
and Village Level Workers (V.L.Ws.). In 

addition to the three categories mentioned 
above, farmers and cultivators also need to 

applied and practicalbe educated in various 

149 



phases of Minor Irrigation and Water Use. 
The ultimaLe purpose of the irrigation pro-
gramme would remain incomplete unless the 
farmers are enlightened. 

Training to all these four levels is essen-
tial, besides follow-up and guidance to the 
farmer. The training for the r'our different 
categories has to be designed on the basis of 
need and intellectual capacity. The entire 
country has 320 districts and about 5,000 
development blocks. Irrigation facilities are 
accessible to about 250 districts and 4,000 
blocks. Accounting only for the irrigated 
districts and blocks, about 1,500 men are 
required to be trained at district level, 6,000 
at 	 sub-district level and 60,000 at village 
level. The success of the entire training pro
gramme lies in the expeditious implementa-
tion of the follow-up. The staff at the village 
level is required to make use of the informa-
tion received during by dissemination at the 
field level. The field level worker is guided 
and helped by his superior officers. 

It is also important to impart training to 
the farmers. In view of the large number, 
it may not be possible to extend the training 
to each and every farmer ; however, training 
should be given to a few selected progressive
farmers in a community. 

TRAINING PROGRAMME 

As indicated, three levels of technical 
staff are engaged in the irrigation programme. 

They are required to execute, maintain 
and operate irrigation works. Assistance 
and advice to farmers in irrigation methods 
and practices is also provided by them. In 
general the technicians working at the dis-
trict level hold degrees in Engineering or 
Agriculture. The staff of the sub-district
level possess engineering diplomas or agri-

cultural certificates. The village level workers 
do not possess any technical qualifications as 
they are educated upto high school stage. 
During the service period, these workers 
should undergo specialized training or 
refresher courses, from time to time. 

The various in-service and pre-service 
training programmes on irrigation, in vogue, 
are described as under: 

1. 	 TRAINING OF DISTRICT LEVEL 
TECHNICIANS 

In order that these technicians become 
thoroughly conversant with the applied 
phases of irrigation including engineering as 
well as agricultural aspects, it is necessary 
that they may undergo a brief orientation 
course on irrigation. 
(a) 	 In-service Training 

(i) 	 Orientation Training in Minor 
Irrigation and Water Use 

The main objective of this course covers 
the 	 applied and practical aspects of scientific 
and technical knowledge on irrigation works 
and water use. The two months' training 
includes theory classes as well as practical 
field work. Short field trips with descriptive 
handouts are also arranged. Specialists work
ing on irrigation in various departments of 
State Governments, the Government of India, 
the Universities and Colleges, and foreign 
experts in the country, deliver lectures and 
arrange practical demonstrations. 

The first session tinder this scheme was 

arranged during May 14-June 15, 1962 at 
Bellary (South India). Nineteen trainees 
participated from different States. During 
the two-month training period, 60 lectures of 

about 1 hours each, where delivered and 
about 120 hours was spent in field practicalsand demonstration. Twenty top ranking
te insfro aoe tou re 
ted to lvert endnar den 

invited to deliver lectures and arrange demon
stration in their specific field of specialisa
tion. Field trips were planned to major,
Medium and minor irrigation projects. The 

trainees showed interest and enthusiasm in 
ime nsevalue. 

About two of such Orientation training 
programmes are planned this year. During 
the previous session there was great difficulty 
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* in getting the experts at the required time. 
A few more such courses will pave a way for 
setting up a central institution where techni-
cians can be trained in larger numbers by 
various experts. 

(ii) 	 Orientation Training of Block 
Development Officers 

The Block Development Officers (B.D.Os.) 
are trained to get an insight into the nature 
of difficulties they are likely to face and their 
possible solutions. The Government have 
established ten such centres in various parts 
of the country. The annual capacity of the 
centres is 1,800 and a total of 4,906 B.D.Os. 
have been trained so far. During the train
ing period of 45 days, trainees are briefed in 
a number of subjects like land reforms, ten-
ancy laws, agriculture, animal husbandry, co-
operation, and village and small scale indus-
tries. Irrigation is one of the important 
items. 

The syllabus followed for irrigation is as 
follows 

Theory 

pbli prriationieetin s o 
public participation in execution and 
maintenance 

Financial assistance available to indivi-
duals and communities. 

Under utilization-problems and solu-
tions, village and field channels-their 
importance. 

Different types of water lifts and their 
suitability. 

Wise use of water. 

Water logging. 

Salinity and drainage. 

Practicals 

Observe and study economics of differ-
ent methods and types of minor 
irrigation. 

Study working of an irrigation co-opera- 
tive society. 

(iii) 	 Training in soil and water conser
vation. 

In 	1955 Central Government established 
one training centre at Dehra Dun where Soil 
Conservation Officers, REvenue Officers, 

Forest Officers, District Agricultural Officers 
and Engineers receive theoretical and practi
cal training. The training course is of six 

months duration. So far 260 technicians 
have received the training in 10 batches. 
Trainees learn surveying, levelling, design 
of cahnnels, irrigation systems and methods 
of crop rotations, manures and fertilisers and 
soil-plant-water relationships, etc. They are 
also taken round on an extensive field trip. 

(b) 	 Pre-service training 
Technicians working at the district level 

hold degrees in their specific fields, i.e. engi
neering or agriculture. Degree courses in 
Civil Engineering, Agricultural Engineering 
and Agriculture are offered at a number of 
institutions in the country. The duration of 
the courses ranges from 3 to 5 years. The 
syallabus for civil engineering includes hydrau
lics, irrigation investigations, planning, design 
and construction. Lately water use has also 
been included. Agricultural Engineers learn 
more about irrigation practices and water use. 
They are taught surveying, levelling, hydrau
lics, irrigation systems and methods, their 

design and soil-water-plant relationships. 
Agricuiture students cover soil-water-plant 

relationships, salinity and alkalinity, and 
agricultural phases of irrigation. 

TRAINING OF SUB-DISTRICT 

Engineering Overseers, Agricultural Ins
pectors or Agricultural Demonstrators, SoilConservation Assistants and Extension 
Officers are engaged in irrigation at the sub

district level. 

(a) 	 In.service Training 

(i) 	 Training on Minor Irrigation and 
Water Use 

Under a scheme initiated by the Govern
ment of India practical training is previded 
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to Agricultural Inspectors, Engineering 
Overseers and other staff of equivalent status 
engaged in community development blocks 
and other departments connected with minor 
irrigation and agricultural developments. It 

is also proposed instructors for village level 

workers who train the V.L.Ws. in pre.service 

and in-service periods. This scheme has 

been organized on a regional basis, and in 

general, one training centre in each State has 
been planned. Training centres are located 
at existing Agriculture Colleges or Research 

most suitable by theInstitutes considered 
concerned State. 

Two specialists one in Engineering and 

one in Agronomy, and other affiliatcd staff is 
provided. The Engineer must have a good 

background of irrigation engineering related 

to minor irrigation works and water use. The 
Agronomist should be experienced in soils 

and irrigated land management practices. 

Specialists working in other departments of 

the States, the Government of India or other 

foreign experts deliver lectures on special 
topics. 

Each individual course has a duration ofEachindiidulcorsehas duatio ofneed 
three months. Three such courses per year 

Eachare. arranged at each training centre. 

course may have about 30 trainees thus each 

training should handle 270 trainees every 

year or 1,350 during five years of a Plan 

period. 

'Vhe curiculm cass-oomforicluds 
onlectures and field practicals with emphasis 


A trainee is trained in such a way
practicals. 

sthtleis able to practically do the job


otht e
himself and thus gains confidence and ex-
perience. The course includes about 150 

210 hours on
hours of theoretical lectures and 

field practicals. 

The syllabus broadly includes the follow-


ing subjects: 


1. 	 Minor irrigation schemes ; scope, 

objective and salient technical features 

of different types. 

2. 	 Open wells ; design, construction, 
boring and deepening. 

3. 	 Water-lift appliances ; different types 
of man-powered, animal powered and 

mechanical powered appliances ; their 

design, construction, comparative per

formance and output ; further im
provements. 

4. 	 Design criteria and standards for 
construction and restoration of tanks, 

storage works and diversions. 

5. Surveys and investigations for minor 
irrigation works and preparation of 
fields. 

6. Operation and maintenance of irriga
tion works ; regulation of supplies 

restoring channels ; concept of duty, 
depth, water allowance, outlet factor 
etc. ; crop planning for maximum 
production with available irrigation 
supplies. 

7 	 Plant-soils-water relation, physical 
and chemical properties of soils, suit

ability of soils for irrigated far'ing,.and advantages of scientific crop 

patterns ; suitable crop rotations 

water requirements of different crops 

under varying conditions of soils and 

climate ; crop evaluation in the field. 

8. 	 Irrigation methods and field prepara
tion : selection of irrigation methods 

cultivation of different crops under 
for c odition of terrps und
 

varying conditions of terrain and 

soils ; levelling and preparation of 
ield wsithficmroved ;implmtianied
ia enfic mannver ixaetion d 
size and slope according to in-take 

rate 	and discharge of the water course. 

9. 	 Irrigation farm structures, water 

distribution, regulation and measure
ment ; alignment, construction and 
lining of field channels ; cheap designs 
for and construction of field channels, 
crossings, falls, use of parshal flumes, 

wooden regulating boxes, canvas dams 
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and 	 syphon tubes, gated pipes and 
other devices for measuring water-
supply to fields. 

i). 	 Soil and water conservation practices ; 
contour bunding, terracing, gully 
plugging etc. 

11. 	 Drainage-water-logging; quality of' 
water, salinity, alkalinity and, their 

cure. Taking soil samples for salinity 
and alkalinity examinations. Taking 
water samples, taking leaf samples 
recdgnition in field of saline soil, alka-
line soil and deficiency symptom§ to 
accompany leaf samples. 

areDuring the field practicals, trainees 

required to survey the areas, prepare maps 
and plans and execute them in the field using 
improved and appropriate implements, the 
land is prepared for irrigation by the 
most suitable method. Various implements 
are used for proper seed-bed preparation for 
irrigated crops of the area. Trainees also learn 
construction of water channels and installa-
tion of necessary water control devices. 
Finally the trainees learn by observing and 
irrigating the plots themselves. Thus the 
course meets all of the recommendations, for 
education and on-the-job training of the 
Fourth Irrigation Practices Seminar. 

Training has been initiated so far in 13 

different States. At 5i centres the scheme has 
made good head-way and about 100 techni-
cians have been trained. At other centres the 
preliminaries are over and training courses 
are expected to be in full swing this year. 

(ii) 	 Training of instructors to village 
level wvorkers 

The instructors responsible for training of 
village level workers at the Extension Training 
Centres are trained by the experts at the 
Extension Education Institutes. The first 
extension education institution was established 
at Nilokheri in Punjab during 1959. Two 
additional institutes have since been establish-
ed at Hyderabad (Andhra Pradesh), Anand 
(Gujarat). These institutions are located at 
agricultural colleges. Training is of six weeks 

duration. So far 368 principals and instructors 
have received training. The subject-matter 
under irrigation includes : 

Wise 	use of water for irrigation-need for 
proper manuring and good cultivation. 
Cropping schemes to utilize the irrigation 

water fully, distribution and rotation of 
water, sowing in compact blocks for-better 

water utilization, methods of irrigation, 
size of beds and frequency of irrigation. 
Role 	of community in maintaining irriga
tion works and water distribution channels, 
minor irrigation works, wells, tanks, bunds 
and 	 tubewells. Capacities of different 

water lifts. 

Special training in irrigation and water 
use : Special water-use workshops have been 
arranged at two Extension Education Institu
tes. These sessions of two weeks duration 
were mostly practical work and demonstration 
with theory on agronomy, soils and engineer
ing, relevant to irrigation. They were held 
at Nilokheri in north India and in central 
India, at Hyderabad, and trained 87 personnel. 
Two more in-service training programmes, 
one in western, and one in eastern India, are 
planned for the near future. 

(iii) 	 Training in soil and water conserva
tion 

The Government has a programme of in
service training for affiliate field staff of the 
soil conservation works. Soil conservation 
assistants, forest range officers and agri
cultural demonstrators are deputed for this 

training, which is of six months' duration and 
includes theoretical and practical work. 
Trainees are also given an extensive field tour. 

Subjects relating to irrigation are taught under 
engineering, soils, and agronomy. The 
engineering syllabus includes surveying and 
levelling, methods of irrigation, irrigation 
implements, and soil-water relationships. 
Under Agronomy is included water require
ments of crops and irrigated agriculture. 
Salinity, alkalinity, remedial measures and 

reclamation, water holding capacities of soils, 
quality of irrigation water are also included. 
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Four centres trained 1,404 technicians 
during 18 batches, since 1954. 

(b) Pre-service training 
Sub-district level technicians are either 
Su-ditrict eveleerstechn ric a e , 

engineering overseers or agricultural men, 
with different designations. 

Overseers have successfully completed 

course work for the Civil Engineering 

Diploma. There is a net-work of institutions 
offering this course. These courses last from 
2 to :3 years and instruction includes surveying 
,ind levelling, engineering drawing, building 
and structural design and irrigation, etc. 

Under irrigation is included execution and 

maintenance of irrigation works and regulation 

and distribution of available supplies. 

Agricultural and water use aspects of irriga-
tion are included as background. 

Agricultural technicians hold degrees in 
agriculture. Their pre-service training is the 
same as for district level technicians. The 

sub-district staff are promoted to district staff 
after adequate experience. 

Sub-district level staff are given refresher 
training in irrigation from time to time during 
their service period. 

3. TRAINING OF VILLAGE LEVEL 
WORKERS 

Community Development staff members 
at field level are designated Village Level 
Workers. About 10 V.L.Ws. are posted in 
one Extension Block. The staff members of 
the agricultural department at this level are 
assistants to Agriculture Demonstrators. 

(a) In-service training of V.L.Ws. 

The V.L.Ws. cannot efficiently discharge 
their responsibilities unless they are up.to-
date in their knowledge of technical develop-
ments. Thus arrangements have been made 
for in-service training at 24 special training 
institutions. The duration is of two months, 
V.L.Ws. are expected to undergo this training 
after 4 to 5 years field experience. To 

date 6,300 V.L.Ws. have received training 
and by 1965-66 (end of Third Plan), it is 

expected that 30,000 will have been served. 

Irrigation as well as other subjects like 
economics, social science, land development, 
plant protection, animal husbandry, soil 
conservation, etc. is covered. 

The talks on irrigation include 

Wise use of water for irrigation, need for 
proper manuring and good-cultivation. 
Cropping schemes to utilize the irrigation 
water fully, distribution and rotation of 
water, sowing in compact blocks for better 

water utiizain m eth o s o i g tion 

size of beds and frequency of irrigation. 
Role of community in maintaining irriga

tion works and water distribution channels, 
minor irrigation works, wells, tanks, bunds 

and tubewells. Capacities of different 
water lifts, drainage, reclamation of waste, 
alkaline and acid lands. Role of irrigation 
and better fertility in reducing the fluctua
tions in yield of crops. Irrigation planning 
for full utilizatioi, wastage, seepage and 
leakage. Water rates, maintenance of 
minor irrigation works. 

(b) Pre-service training of V.L.Ws. 

Newly employed V.L.Ws. are high school 
graduates. Additional professional training is 

provided before assignment to the field in 
order to obtain the desired results of the 
agricultural phase of the community develop
ment programme. The training is designed 
to make the V.L.Ws. competent to communi
cate the results of research to cultivators and 
thereby induce them to adopt improved 
practices for higher production of crops. 

This training programme was initiated in 
19J52 when five training centres were establish
ed. By the end of the First Five Year Plan 
i.e. 1955-56, 1,200 V.L.Ws. had been trained 
at these Basic Agricultural Schools. There 
are now 100t Baisc Agricultural Schools where 
training of two years is provided prior to 
assignment to field operation. 
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So far 53,969 V.L.Ws. have completed this 
training and 9,155 are enrolled. By the end 
of the Third Five Year Plan i.e. 1965-66, 
75,000 V.L.Ws. will have received training, 
The 	 syllabus includes training in soils, tillage 
and tillage implements, manures and manur-
ing crops, husbandry, and agricultural 
engineering, etc. The following syllabus in 
irrigation is followed : 

Methods and practices for conservation of 
soil moisture. 

Water lifts and pumps, cost, output and 
source of availability, comparative cost of 
irrigation, 

Water charges of Government canalst u be -w e lls.	 and 

Rational use of water and avoidance of 
water losses, adverse effect of improper 
irrigation. 

Drainage and its importance. General 
idea regarding major, medium and minor 
irrigation works. 

(c) 	 Specialized training in irrigation of 
V.L.Ws. 

It is felt that in certain areas the V.L.W. 
needs specialized training in one field. 
General refreshernot anwertotraining, though useful,robemsiscoplee any 
not a complete answer to many problems 
faced in the field. A new training programme 
during the Fourth Plan will, therefore, be 
started for experienced and selected V.L.Ws. 
This will cover water use and soil conserva-
tion. Five centres will be started at Govern-
ment Farms and other Agricultural Institutes. 
Twenty-five such centres are planned. At 
each 20 to 25 V.L.Ws. will be trained for a 
period of six weeks. It is planned that 750such courses will train 15,000 V.L.Ws. during
the Fourth Five Year Plan. 

4. 	 TRAINING OF PROGRESSIVE 
FARMERS 

Progressive farmers need to be trained by 
effective demonstration and simple explana-
tion of practical and applied irrigated farming 
in specific areas. In old projects, irrigation 

methods have developed as a result of ex
perience. Farming conditions are changing 
due 	 to modified conditions of labour, water, 
population growth, and modern technological 
developments. Some areas face severe 
problems of salinity and alkalinity after years 
of irrigation. 

Within the last few years a bcginning has 
been made. Practical water-use workshops 

of 10-day duration have been arranged. During 
19 such workshops, 400 farmers were exposed 
to the training. The daily programme in. 
cluded about one-hour talks on applied phases 
of irrigation enginering, agronomy and soils.The 	 rest of the time was devoted to field 
practicals and demonstrations. Short educar c i a s a d d m n t a i n . S o t e u a 
tional tours were also arranged. Improved 
bullock drawn implements, methods of irriga
tion, water controlling devices and suitable 
cultural practices were demonstrated. Many 

farmers were able to adopt new irrigation 
practices as a result of this training. 

A programme for the exchange of farmers 

with those of the U.S.A. has already been 
taken up on a restricted scale. 

(d) 	 Follow-up programme 

accountt of hevu the i in programmesgiv es at atall training 
different levels ; i.e. the district level, the sub
district level, the village level and the farmers 
level. The final objective of the entire train
le. The i oecte thntie and 
ingmprogra ei to ee tehniian aan 
farmers in ordcr to ketp them uptodate 
technical know-how according to their require
ments and intellectual capacity. Training of 
the technicians would enhance the imple
mentation and efficiency of irrigation schemes.Efficiency in the use of irrigation water would 
be increased as a result of proper training tothe farmers ; and guidance and technical 

advice from the technicians. The final objec
tive will be achieved only- when a higher 
production is obtained. In order to achieve 
the objective it is most essential that technical 
men trained in the field of irrigation and 
water use guide farmers to enable them to 
achieve greater returns. The progressive 
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farmers trained in irrigated farming would 
themselves adopt improved irrigation practices 
suited to their conditions and circumstances. 
The village level workers would help these 
farmers in survey, lay-out, and improved 
irrigation practices. The technicians working 
at sub-district and district level would assist 
in solving the difficulties of the village level 
workers. The Training at different levels 
would be utilized in field application of the 
knowledge. 

Starting in 1962 such an intensive follow-up 

programme has been arranged in South 
India. Twenty-four trained hands were 
deputed for a period of two months during 
which each pe rson was required to survey, 
lay-out, level, crop and irrigate one farm of 
about 10 acres area. Demonstration and 
technical guidance led to preparation of 88 
farms instead of 50 as targetted. At present 
about 1,500 farms are in the process of lay-out 
and preparation. Response from farmers has 
been' immense and a great number of them 
have come forward to obtain the necessary 
technical assistance. 
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DEVELOPMENT OF AGRICULTURAL SCHOOLS
 
IN IRAN
 

by
 

Eng. Abdollah Jenab* 

INTRODUCTION 

Eighty per cent of Iran's 23 million people 
are directly dependent on agriculture. Iran's 
economy is heavily based on its agricultural 

production. Dried fruits, pistachio, sheep 
skins, and carpets form the main agricultural 
exports of the Country. 

This being true, much emphasis should be 

given to educating the farmers who are pro-
ducing these products. They should be taught 
how to irrigate the lands, how to control 
pests, and how to solve numerous other prob-
lems. For a number of years, the Government 
of Iran has made some attempts to educate 
the farmers in improved methods of agricul
ture. 

In this paper a brief history of the agri-
cultural schools and their programme will be 
presented, but the main purpose will be to 

discuss the Karaj Agricultural College. The 
curriculum and the programme of some other
colleges are based on the curriculum at Karajcolleges atrained 
College. 

AGRICULTURAL SCHOOLS BELOW 
COLLEGE LEVEL 

Brief History 

In 1901, one Agricultural School was estab
lished in Tehran. This school was named 
Kazaffari School, after Mazaffaredin-Shah. 
The head of this school was a Mr. Disher 
from Belgium. A village named Beheshty 
was engaged for the practical training of 
students. 

* Assistant Professor, Karaj College, Karaj, Iran. 

The purpose of this school was to train 
young farmers in the best methods of irriga
tion and cultivation. After finishing school 
these young fellows went to their villages and
showed the other what they had learned about 
agriculture. 

The school had a three-year curriculum. 
In addition to agricultural courses, other 
courses such as Persian, French, Arabic, Geo
graphy, and Arithmetic were taken. In the 
summer, the students went to the farm and 
participated in field work. This practical 
training was a required part of the total 
course. In 1907 this school was closed 
down. 

In 1918 the Government of Iran decided 

to set up an Agricultural High School at 
Karaj. This school was headed by a Mr.
Mans Schriker. Courses in Botany, Agronomy, 

Fruit Trees, Animal Husbandry, Land Recla
mation, Agricultural Miachinery and Dairy
Production were offered. The students weremainly to manage a good agricultural
unit and to work in the Ministry of Agricul

ture. 
In 1942, this high school was closed down. 

Up to 1951, several other agricultural schools 
were set up and had begun to function. 

In 1951, the compulsory agricultural train
ing law was passed by the Congress. This 
law specified that one agricultural training 
centre should be established under which 
different levels of agricultural education could 
be given. In 1958 schools under this centre 
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numbered 284 and a total of 8,544 students 
had been graduated. 

Agricultural Training Centre 

The graduates of the above mentioned 
schools did not satisfy all of the needs of Iran. 
More specialized students with different 
levels of education were needed for various 
sections of the Ministry of Agriculture. So 
the Ministry of Educezion decided to set up 
a different system of agi cultural schools with 
various levels of education. These schools 
were organized and functioned under a com
mon constitution which was regulated by the 
Agricultural Training Centre. 

The schools and their purposes are as 
follows 

1. Teacher Training Centre. The 
purpose of this organization is to train 
teachers for the agricultural schools which are 
located in the villages. Up to 1962, 3,941 
students have been graduated fiom this type 
of school. Most of them are now teaching, 
but a few of them are working in different 
branches of the government such as in the 
Extension Service, Community Development, 
Banks, and the Ministry of Agriculture. There 
are now 14 schools of this kind scattered over 
Iran, with 1,448 students enrolled. 

2. Secondary Cycle Agricultural High 
School. T'ie purpose of this kind of high 
school is to teach some agricultural courses to 
young people who wish to work in agricultu. 
ral organizations or in private companies. 
Due to lack of the budget, the Ministry of 
Education decided to locate these schools in 
the same places with teacher training centres, 
These are three-year schools. In the first 
two years, the students take some general 
agricultural courses. In the third year they 
take specialized courses in either Horticulture, 
Agricultural Machinery, Rural Industry or 
Extension. Thirteen such schools have been 
established and have graduated 117 up to 1961. 
Total enrollment in 1962 was 773. 

3. Extension Agent Training Centre. 
To educate farmers in new agricultural 

methods, the Ministry of Education decided 
to establish an Extension Agent Training 
Centre. To date 1,300 students have gradua
ted from this kind of school. Most of these 

graduates are now working in the extension 
service or in the land reform organization. 

4. Practical Agriculture High School. 
In 1959, a practical agricultural high school 
was established at Shahryar. The main pur
pose of this school was to train agricultural 
technicians. A similar school has recently 
been established in Ali Abad (Fars). 

5. Girls Teacher Training School. 
This school was established in 1955 near 
Ghaleh (Varamin) to provide Home Econo
mics Training. Graduates from this kind of 
school go to the villages, live there, and pro

vide rural training and handicrafts. They 
also teach in night schools for wumen. 

Karaj Vocational Agricultural Centre 

This centre was established in 1962 at a 
location 12 kms. south west of Karaj and occu
pies 40 hectors of land donated by the Bureau 
of Agricultural Engineering. 

The budget of this organization is pro'i
ded by the Ministry of Education and the 
U.S. Agency for International Dcvelopment. 
This centre is the best equipped agricultural 

high school in the country. 
The students should be from secondary 

towns or villages with a background of three 
years of high school. The main purpose is 
to train those who have some agricultural 
background and who will subsequently work 
in agriculture. They must be between 16 and 
25 years of ag . Students eat in a restaurant 
which is based on the cooperative system and 
operated by the students themselves. Each 
student pays 1,000 Rials as the membership 
fee and 1,500 Rials each month for board. 

Freshmen are given one month of practi
cal training on the farm. This training is 
very hard and is mainly to determine if thestudents can stand it or not. During this 
period, those who cannot do such hard work 
quit the school. After approximately one 
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month, classes start and the curriculum 
includes both theory and practical work. In 
the mornings students have theory, and in the 
afternoon they do practical work in different 
laboratories and in the field. This is a three-
year school. The first two years are general 
course, and the third year provides specializa-
tion in one of the branches of agriculture, 

During the year, the students have a one 
and a half months vacation period. This 
vacation is staggered so that the school is 
never closed as the students go on vacation 
one group at the time. 

KARAJ AGRICULTURAL COLLEGE 

History 

In 1927 a three-year agricultural college 
was established by the Ministry of Agricul-
ture in Karaj. Students attending this school 
received free tuition, board and room and 
were trained for Government positions 
especially for the Ministry of Agriculture. 
When they completed the theoretical and 
practical programme they were given a diplo-
ma considered equivalent to B.S. degree. 

In 1945, the college was transferred from 
the Ministry of Agriculture to the University 
of Tehran. The curriculum was revised and 
the college came under the constitution of the 
University. Members of the Tehran Univer-
sity professional academic staff must pass a 
special examination before they are employed. 
The students also take entrance examinations 

admitted if their grades are satisfac-and are 
tory. "i'he present entrance examination 
system is under study and will be modified. 

Scholarships and Fellowships 
In 1927, when the college was started, only 

a few students enrolled. To encourage stu-
dents, the college made some scholarships 
available. Students were provided free board 
and room and there was no tuition, 

In 1953, the college reduced the free board 
system to provide scholarships and free board 
to 35 students who had the best averages. No 
tuition was charged. 

In 1962, the scholarships were reduced 
and only the'room with no charge was provi
ded. According to the new regulation, each 
student pays a tuition equal to 10,500 Rials 
($ 136) per year. Students of poor financial 
status who have a good average may use loans 
provided by the university to be repaid after 
graduation. Students can work 2 or 3 hours a 
day in the college for money. Each year, the 
government of Iran makes some scholarships 
available for a few foreign students. 

Curriculum 

From 1927 to 1945, emphasis was given to 
the practical siibjects rather than the theory. 
The curriculum included 2,442 hours of course 
work and 1,033 hours laboratory work for 27 
months plus they had 9 months of practical 
work on the farm. The programme was weak in 
mathematics and en-ineering. In 1945, when 
the college was transferred to the University 
of Tehran its curriculum was revised. 

This programme did not satisfy the needs 
of the country, however, since more specia
lized graduates were needed, in 1955, the 
three-year programme was changed to a four

year one principally to add more mathematics 
and engineering. According to this curricu
lum, Freshmen and sophomors take common 
basic courses and Juniors and Seniors, specia
lized courses along with a few general courses. 
In 1955 majors were offered in Irrigation and 
Reclamation, Pest Control, Forestry, Agro
nomy, General Agriculture, Horticulture, and 
Mechanics. 

In 1 62, the regulations of Tehran Univer
sity were changed and the "Full Time" law 
passed by the Congress. In the iew consti
tution the following regulations were set up : 
(1) All the professors, associate professors 
and assistant professors should work full time 
in the university, none can have job outside 
the university. (2) Each subject should 
be taught in its own department. Formerly 
each college taught basic subjects, i.e , Engi
neering taught its own physics course. 

Along with this educational revolution, the 
Agricultural College changed its curriculum. 
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The Freshmen will choose their majors and 
continue the schedule in the particular depart-
ment. There arp 10 departments as follows : 

1. 	 Department of Irrigation Engineering 
and Land Development 

2. 	 Department of Forestry 

3. 	 Department of Agricultural Industry 

4. 	 Department of Agronomy 

5. 	 Department of Soil Chemistry 

6. 	 Department of Mechanics and Machi-
nery 

7. 	 Department of Horticulture 

8. 	 Department of Animal Husbandry 

9. 	 Department of the Basic Science 

10. 	 Department of Biology 

Research and Investigations 

Increased attention is being given to re
search in different branches of agriculture. 
According to the full-time law each person 
must allocate part of his time to research and 
each school reports the results of his studies 
to a committee set up especially for this 
purpose. Each department is entitled to 
write some detailed research projects with 
required budget and send it to the Plan Orga
nization. The Plan Organization studies the 
proposal and if, it is approved by the research 
committee, provides the funds. The head 
of the department which has proposed the 
project is responsible to carry on the research 
and report the result to the Plan Organiza-
tion. 

At present the Irrigation Department is 
studying the following subjects : 

1. 	 Determination of the consumptive use 

of different crops in Karaj area. 

2. 	 Lining canals with different materials 
and studying its cost and durability
with Iran's condition. 

3. 	 Soil moisture determination with neu
tron meter. 

4. 	 Comparing the efficiencies of sprinkler 
irrigation and furrow irrigation and 
studying the crop production under 
the two methods. 

5. 	 Raising tea trees with sprinkler irriga
tion in hilly areas of north Iran where
the precipitation is not adequate. 

6. 	 When and how to irrigate orchards. 

Also, research programmes are carried on 

by the other departments of the college. 

Students are involved in carrying out the 
research.
 

OTHER AGRICULTURAL COLLEGES 

In 1955, the Ministry of Education estab. 
lished other agricultural colleges in Shiraz, 
Ahwaz and Tabriz. The main purpose was : 

1. 	 To increase the number of the college 
level graduates, and 

-. 	 to take account of variations in region
al 	 agriculture due to geographical 
and climatic differences. 

These were originally three-year colleges. 
However, in 1960, they were changed to four 
years, and have accepted the curriculum of 
Karaj College. 
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CHAPTER VII. 

INSTITUTIONAL DEVELOPMENT
 

DEVELOPMENT OF INSTITUTIONS FOR IRRIGATION
 
IN JORDAN
 

SUMMARY 

Irrigation in Jordan is an important factor 

in the development of the country. Since 

1959 several agencies have been established, 

and others reorganized, in which part or all of 

their efforts have been devoted to the im-
provement of irrigation. 

The East Ghor Canal Authority was 
organized under Law No. 51 in 1959 and con-
struction of the project began soon after. The 
Authority instigated a reform programme for 
land ownership and water rights making it 
possible to establish new farm boundaries in 
a distribution system where water from the 
aarmouk River was diverted to lands lying 
Earmouk verda ivertd 
East of the Jordan River. 

The Central Water Authority became 
operative in 1960. The Authority was esta-
blished as "The Law for thc Organization of 
Water Affairs". With the exception of the 
area under the East Ghor Canal Project, 

which was established for the development of 

one irrigation scheme, the Central Water 

Authority has jurisdiction over all of Jordan 

in the development of water resources for 

Domestic, Municipal, Industrial and Agri-
cultural purposes. 

The Agricultural Extension Department 

under the Ministry of Agriculture has been 

successfully operating in Jordan for more 
a divisionthan 10 years. During 1963 new 

was established known as the Land Develop-
ment and Water Conservation Division. The 
division was organized for the purpose of 
covering the needs of farmers in the develop. 

ment of irrigated land. This division has 

made available to farmers ; Farm planners, 
Irrigation engineers, Agronomists and others 

who will work with them in the development 
of irrigated farms. 

The Research Department under the 
Ministry of Agriculture has carried on irriga

tion research on their experiment station and 
in cooperation with East Ghor Canal 
Authority, Central Water Authority and 
Agricultural Extension. 

The Agricultural Credit Corporation 
was established as a legal entity with eleven 
districts in order that it might better serve the 
credit needs for farmers. The Agricultural 
Credit Corporation lends money to farmers 

for irrigation development and employs an 
engineer to assist farmers in the construction 
of irrigation projects. 

The Ministry of Social Affairs has an 

active department of Cooperatives and has 

encouraged and assisted in the organization of 

more than 275 Agricultural Cooperatives in 

Jordan. Cooperatives have been established 
as irrigation districts or associations. The 

Jordan Central Cooperative Union, which is 

not a government agency, borrows money 

from the Agricultural Credit Corporation and 

reloans it to farmer cooperatives for irrigation 
develcpment. 

The combined efforts of the agencies 
named above to improve irrigation in Jordan 
have been an important factor in the achieve
ment of food production goals. 

Note : This paper was prepared jointly by representatives of the institutions in Jordan concerned with irrigation 
development. It was presented by Usama Yacub Kakish, East Ghor Canal Authority. 
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The Central Water Authority upon who are working with cooperatives and other 
request will furnish engineering services to 
the Agricultural Extension Department, the 
Research Department, the Cooperatives and 
the Agricultural Credit Corporation. The 
East Ghor Canal irrigation project has 
received assistance from the Ministry of 
Agriculture in farm development. There 
has been mutual benefit derived from the 
joint efforts of the Cooperatives, Ministry of 
Agriculture and the Agricultural Credit 
Corporation in the improvement of projectsdeveloped by the Central Water Authority.


Tveoored sytheCetrvicWte inuen ring,

The coordinated services in engineering,


agriculture and credit have made available to

farmers, the specialized skills of personnel in 

those agencies concerned with the develop-
ment of irrigated agriculture in Jordan. 

INTRODUCTION 
Jordan is one of the Arab agricultural 

countries, traversed by small rivers and 
streams, whose waters are the life-blood of 
the people. The development of these waters 
for irrigation offers one of the best oppor-
tunities for Jordan to feed its own people as 
well as provide much needed exports to 
neighbouring countries. 

The successful achievement of these goals 
requires development of all available water 
sources, conservation of water and soil, im-
provement in irrigation methods and farming 
practices and the education of the people in 
the proper use of land and water. The 
Government of Jordan has established 
agencies staffed with specialists in the field of 
Agriculture, engineering and agricultural credit 

USAID/J EGCA Chairman & 
Director Member 

private enterprise to achieve these goals. 
The Chief Government Agencies interest

ed in some phase of irrigation are : The East 
Ghor Canal Authority, The Central Water 
Authority, The Ministry of Agriculture 
through The Agricultural Extension Service 
and The Research Department, The Agri
cultural Credit Corporation and the Ministry 
of Social Affairs through the Cooperatives. 

This paper will show the organization of 
these agencies, their function and theirteeaeceterfnto n hi 
cooperative efforts in supplying farmers and 
groups of farmers with the services that are 
needed to insure successful irrigation farming.This cooperation between agencies has 
meant conservation of personnel resources 
and has made talent available for all phases of 

irrigation development. 

In order to see clearly the manner in 
which these agencies are cooperating, it is first 
necessary to present the internal organization 
of each agency and then describe the proce
dures established in their cooperative efforts. 

EAST GHOR CANAL AUTHORITY 
The law that created the East Ghor Canal 

Authority was passed in 1959 and construc
tion of the project began soon after. The law 
was very broad in scope allowing for design 
and construction of the main canal and distri
bution system, as well as a land reform pro
gramme which made it possible to design and 
construct a system without regard to old land 
ownership patterns. The organization of the 
Authority is as follows. 

Gen, Director Jordan Development 
Member Board 

Project Advisor 
Irrigation Advisor 
Si 

Development Technical 
Division Division 

Director Director 
I I

Transferred Sections 
as a whole in Engineer.

February 1103 Construction 
to Ministry of Farm Develop-
Agriculture. ment Field Layout. 

Deputy Director &
 
Project Supervisor
 

Personnel & Settlement 

l ~ I 
Administ. Lands 
Division Division 

Director Director 
I

Sections 
I

Sections 
Official Survey Acquisition 

Procurement Tax 

Transport. Assistant.
 

j I 
Finance Water Dist. 
Division & Mainten. 

DivisionDirector Director 
I I

Sections Sections 
Fiscal Account. Watermaster
 

Property (Ops.)

Management. Maintenance.
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The East Ghor Canal Authority was esta-
blished solely for the development of one 
irrigation project. A summary of duties and 
method of operation will be described as 
follows : 
Design and Construction 

A detailed description of the project 
design has been presented in former seminars, 
and this will not be discussed in this paper. 
At this time this distribution system has been 
completed in the first two sections and it is 
anticipated that by the end of 1964 the first 
three sections 
distribution sys
dunums. 

will be 
tem to approximately 

completed with 
100,000 

a 

Land Reform 

Land reform with East Ghor Canal 
Authority has meant the expropriation of landand water rights, the reparcellation of land, 

with a new pattern ofand redistribution 
ownership. 

Evaluation and Expropriation of Land 
a latrin ants. Spriat o fsLand 

and Water Rights. Special committees have
been established by law in which the farmers 

of the area are represented. They evaluate all 
lands within the project area with all perma-
nent crops, structures and water rights. Prices 

of water will be discussed later in more detail.
Evalatinsnnoncedandlan owers

Evaluations are 
re 

announced and land owners 
have the right to appeal if they are dissatisfied 
with prices. An Appeals' Committee in 
which the farmers of the area are also repre-
sented considers the appeals and may raise 
or lower the prices or refuse the appeal. 

Reparcellation and Pricing of Land. 
The old parcellation of lands was abandoned 
and a parcellation adopted that will fit 
the new distribution system. The average 
farm unit is 30 dunums of class 1 or 2 land, 
or 50 dunums of class 3 land. Deviations 
from fhis are permissible for technical 
reasons. After the new parcellation is final 
and the distribution system is actually con-
structed the new farm unit boundaries are 
located in the field and mapped by the Lands 
and Survey Department ; the official govern-

ment agency responsible for mapping all lands 
in the country. The new cadastral maps of 
units or parcels are superimposed on the old 
cadastrals of the abandoned parcellation and 
each new farm unit or parcel is planimetered 
for area in terms of the old parcellation i,e. 
each portion of an old parcel entering the new 
unit is measured for area. By referring to 
the evaluation sheets the price of the new 
unit or parcel is obtained by adding up the 
values of all the pieces of old parcels form
ing it. An additional amount of JD. 20 per 
dunum is added for water rights, regardless 
of the value of the water rights that belonged 
to the old parcels. Areas and prices of new 
parcels or units are calculated and the 

redistribution of land is the next step. 

Distribution of Land. Special com
mittees, called farmers' selection committees, 
distribute the new farm units to farmersaccording to the East Ghor Canal Law. 

A maximum of 200 dunums is allowed for 
a land owner and a minimum of 30, thus large
ownerships are broken ; and small land 
owners, whose ownership in many cases didnot exceed a few dunums wvill get a minimum 
of 30 dunums. A balance is made between 

the capital worth of each farmer as obtainedfrom evaluation sheets and the price of the 
ne aluo shes to rceve The 
new parcel or parcels he is to receive. The 
difference, debit or credit, is paid in annual 
installments. Thus the East Ghor Canal 
Authority is, theoretically, not taking any loss 
or making gains in prices of land. The 
Authority will pay for all rights of way for 
the distribution and drainage systems and 

roads, that are now government property. 
Water Management 

Operations and Maintenance Office. 
This office is the agency responsible for 
operating the project after construction is 
completed and farm units are handed over 
according to the new settlement plan. Hence 
the major responsibilities of this office are: 

1. Operation, i.e. water distribution. 
2. Maintenance of distribution system. 
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After a farmer receives a title for the new 
land he signs an agreement with the Water 
Office which agrees to furnish water for irriga-
tion and in which the farmer agrees to abide 
by the general regulations of the office con-
cerning measurement of water, erosion con-
trol, efficient use of water and maintenance 
precautions. 

Organization. The Operations and 
Maintenance Office is headed by an Irrigation 
Specialist (M.Sc. in Irrigation). He has an 
aid a civil enginee.r for maintenance work and 
a general assistirnt and a water distribution 
master for each section of the project area, 
usually a B.Sc. in agriculture. The Water 
Distribution Master is helped by water 
masters who supervise and inspect the work ofthe ditch riders. Ditch riders control the 
wtathe d rieres oDtheers contrl the 
water at the deliveries of the farm units. The 
water 	 distribution master plans thle waterdistributionin the lateral depending on the 
aicbtion fr weateral dcubic 
applications for water. 

Method of Water Distribution. A com-
bined rotational demand system is followed 
in water delivery. A farmer is allowed to 
receive water once a week for a 6-hour period, 
a 12-hour period, and 18 or 24-hour period 
depending on his requirements. He is free to 
skip his turn for any period of time. The 
farmer applies, through the ditch rider, for 
the amount of water he requires twenty-four 
hours before it is delivered to him, and states 
the length of time he needs it, i.e. 6, 12, 18 or 
2.1 hours. The water distribution master cal-
culates the gate gauge opening needed to 
supply the farmer with the amount of water 
required during the time interval stated in the 
application. 

The ditch rider is instructed accordingly 
and water is delivered at the time requested. 
A farmer who is putting in new seedlings or is 
in need of water for newly seeded areas has 
the right to get water out of his weekly turn. 
This pattern differs from a strict rotation in 
the fact that the amount of water is at the 
request of the farmer and he can change his 
turn according to his demands. 

Prices for Water. A basic charge of JD. 
20 per dunum of irrigable land (classes 1, 2 
and 3) was added to the price of each unit 
as a water right charge. Previously water 
right charges varied due to the fact that 
irrigated lands received water as water shares 
on a strict rotation system from perennial 
streams that varied in discharge among them 
and from year to year. Water shares, when 
priced by the evaluation committees, varied 
from JD. 7 to JD. 34 per share. 

All lands are entitled to full intensive 
irrigation, the price is equalized throughout 
the project. 

An operation and maintenance charge of 

S eins per cubic meter (1,000 lls = 1 JD. 1Sterling pound) is paid for the water used by 
farmers at the end of each month. The charge
is raised to 2 fils per cubic meter when the 

water 	 used by each dunum exceeds 1,500 
meters per year. This is done to 

encourage farmers to use water efficiently and 
reduce losses to a minimum. Most crops do 
not use more than 1,500 cubic meters per 
dunum per year except high water use crops 
such as bananas. 

Problems 
Two major problems face the Operations 

and Maintenance Office at present 

1. 	 The difficulty of having the farmers 
accept the new semi-demand system. 
These farmers were accustomed to 
the rotation system where they never 
worried about time, quantities, pay
ments, or anything of the sort. They 
did not have to apply for water 24 
hours beforehand or pay a bill at the 
end of the month. With time they 
are learning and accepting the new 
system. They did not have any idea 
about quantities of water consumed ; 
all they knew was that their turn had 
come and when it was over, they 
never worried about how much water 
they received, whether it was adequate 

cr r.ot. Now they are learning and 
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can predict with a certain degree of gating, planning, promoting, implementing, 
accuracy how much water is needed constructing ; and to the extent necessary, 
per dunum for different crops. managing and operating a comprehnsive pro

2. 	 The rotation once-a-week rotation is gramme for development and control of the 

not the most ideal for farmers. It water resources of the Kingdom of Jordan ; 

would be much more ideal if a farmer to determine maximum feasibility for 
domestic, municipal, livestock, industrial,

cul ge ovter an te h d t.o irrigation, hydro-electric and othernes power 
Bustl ndhevery hdifficut wo be to beneficial purposes. The area of the East
costly and very difficult to have a (Thor Canal Authority is excluded. 

strict demand system, because it in

volves more ditch riders jumping 
from one place to the other. In addi- The Central Water Authority is an auto
tion it will be very difficult for the nomous Authority headed by a Director 
water distribution master to determine General responsible to a Board of Directors. 
each day how much water to divert The Board of Directors is composed of the 
from the main canal into each lateral, Prime Minister, who is the President of the 

consequently it would be very difficult Board, the Minister of Health, the Minister 

to control the level of water in the of Agriculture, the Minister of Interior, the 

main canal along a 70 kms. stretch Vice-President of the development Board and 

with a number of check structures and the Director General. As an autonomous 

gates and spillways. Authority it has its own basic procurement, 
contracting, financial and personnel regula-

CENTRAL WATER AUTHORITY tions patterned after the usual government 
regulations, although somewhat streamlined 

The Central Water Authority was esta- for efficient application. Its basic financing 
blished in 1960, as "The Law for the comes from the Government budget and 
Organization of Water Affairs". The Autho- works within the requirements of government 
rity was established for the purpose of investi- budget procedure. 

ORGANIZATION OF CENTRAL WATER AUTHORITY 

BOARD OF DIRECTORSI 
Director General 
Deputy Director 

I I I I I I I 
Construction 

Division 
Drilling
Division 

Design
Division 

Planning & 
Investigation

Division 

Ground 
Water 

Division 

Hydrology
Division 

Administration 
Division 

The scope of ,work for each division is Cooperative Societies, Desert Command as 
covered by an organization within the divi- well as CWA wor!.
 
sion. The summary of the duties relative to Design Division
 
irrigation development are as follows :
 
Planning and Investigation To produce designs, drawings and speci

fications for the various water resource 

To make preliminary investigations and engineering works. These works vary in size 
prepare plans and submit preliminary reports and kinds and are constructed by the different 
with estimates on projects submitted by agencies. Designs are carried out for irriga
agencies such as Ministries, Agricultural tion schemes, spring development, storage 
Loan Agency, Agricultural Extension Service, projects, small domestic schemes and desert 
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projects to be accomplished by the Authority 
itself. 

Construction Division 

The division is responsible for all the con-

struction activities that are carried out by the 

This division has also constructedAuthority. 

Autrigatn projecs fo th aooat Union 

irrigation projects for the Cooperative ion 

and pilot projects in cooperation wvith the 

M\4inistry of Agriculture. 


Drilling Division 


The division drills wells, and installs 
pumps that are the responsibility of CWA. 
It also operates a service rig that services 
wells and pumps for other government 
agencies and quasi-government agencies. 

Ground Water Division 

The purpose of the Ground Water Divi-
sion is to conduct geological studies, mapping 
and investigations to the end that the 
maximum ground water of the Kingdom will 
become available for use. 
Hydrology Dvision 

Knowledge of surface water, its intensity, 
and frequency of flow, its availability and 
quantity is necessary in order to fully develop 
irrigation in Jordan. This division gathers 
hydrological information and by proper 
analysis can closely estimate river, stream, 
dry wadi and spring flow for the purpose of 
planning and designing irrigation systems. 

Services of the Central Water Authority 

The Central Water Authority renders a 

variety of engineering services in the develop-
ment of wadter fur agricultural, domestic, indus-

trial and municipal purposes. The develop-
ment of water fur agricultural purposes is of 
major importance, and, for the purposes of 
this paper, unly those services rendered in the 
development of irrigation will be discussed. 

A large number of small irrigation projects 
have been developed in which the Authority 
did all planning, investigation, design and 
construction of the water distribution system. 

Those projects completed within the past two 
years have been listed in the country report. 

One of the chief functions of the authority 

has been to cooperate with other agencies in 

the development of irrigation. The Ministry 

of Agriculture, the Cooperative Union and 

the Agricultural Credit Corporation have 
had interests in the development of irrigated
agriculture, but have not had the technical 
staff available for the engineering services 

necessary in proper development of irrigation. 
Agreements have been entered into between 
these agencies and Central Water Authority 
in which Central Water Authority agrees to 
make preliminary investigations, provide cost 
estimates, furnish preliminary design of the 
system and in some cases construct the 

distribution system. 

The Cooperative Union provides money 
for organized cooperatives and the Agricultural 
Credit Corporation for individual farmers. 

Application for irrigation loans are 
received by the lending organization and 
referred to the Central Water Authority 

planning division. The planning division 
then sends an Irrigation Engineer to the pro
posed project who makes the necessary 
surveys to determine feasibility (engineering) 
and prepared a cost estimate for the project. 
The plans and estimates are then returned to 
the lending agency. The lending agency 
makes determinations as to the economic 
feasibility of the project. If the loan is made, 
the Central Water Authority may again be 

called into the picture to assist in the prepara
tion of plans, or in some cases they may be 
called upon to completely construct the irriga

tion system. 

Cooperation with the Ministry of Agri
culture through the Extension Department
and the Research Department is of another 

type. In this case Central Water Authority 
asks for the cooperation of the Ministry in the 
development of the agricultural aspects of a 
project. The construction of flood control 
systems in the Desert has been carried on for 
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several years. Several dams and water spread-
ing systems have been constructed in the 
desert; Qatrana and Sultana Dams, the 
Halibat spreader system in which the Agri-
cultural Extension Service has established 
trial plots for utilization of the flood water 
for irrigation. The Research Department 
under the Ministry of Agriculture is conduct-
ing research projects in the desert and utiliz-
ing water from wells that have been drilled 
by Central Water Authority. The complicated 
problems of saline soils and drainage are 
receiving attention in a cooperative effort 
between the Central Water Authority and 
Department of Research at Jafer on a 45 
dunum experimental plot where water is fur-
nished from a well drilled by Central Water 
Authority. 

MINISTRY OF AGRICULTURE 
THROUGH AGRICULTURAL 
EXTENSION DEPARTMENT AND 
DEPARTMENT OF RESEARCH 

The Agricultural Extension Department 
has been organized in Jordaa for more than 
10 years. The entire country of Jordan is 
organized under the Extension Department 
by districts and supplies many services to 
farmers. Within the past year a special divi
sion has been established within the Depart
ment known as "Land Development and 
Irrigation". This division functions in all of 
Jordan and some of its activities have been 
described in its cooperation with Central 
Water Authority. The major activity of the 
division has been in the East Ghor District 
where the East Ghor Canal Authority has 
turned the land development responsibility to 
the Extension Department. 

AGRICULTURAL EXTENSION DEPARTMENT 

DIRECTOR 
Asst. Director 

Administrative Section Technical Section 

Information Specialists 
Budget & Accounting

Division 
Reports, training,
publications 

Plant protection, Agronomist,
Horticulture, Livestock,
Land Development & Irrigation 

Districts 

Ajloun Southern Balqa Jerusalem/Hebron Nablus East Ghor 

Most districts have, in addition to Exten-
sion Agents, specialists in Plant Protection, 
Agronomy, Horticulture, Livestock, (Land 
Development and Irrigation in East Ghor). 

Agricultural Extension in the East Ghor 

Irrigation Project 

The East Ghor Irrigation Project has been 
established as an Agricultural Extension 
District in order to facilities extension work in 
an area of similar agricultural problems. The 
services to farmers in the irrigated area cover 
those required in any irrigated farming area. 
In addition to the regular services, special 

emphasis has been placed on Land Develop
ment and improvement of irrigation methods 
and practices. Any farmer may make applica
tion to the Extension Department for the
services of Technicians who will help himsrie fTcncaswowl ephr
plan and construct an irrigation system on 
his farm. This service agricultural specialists, 

engineers, surveyors and farm planners who 
will go to the farm with the farmer and make 
topography maps, land use maps and design 
an irrigation system that is best suited to his 
needs. 

The farmer must pay his own costs in the 
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construction of a system but the services of 
the extension technicians are furnished by the 
Government with no charges to the farmer, 

An important factor in the operation of 
the Land Development and Irrigation Divi-
sion has been its cooperation with other 
agencies interested in irrigation development. 
Farm credit is essential to farmers who are 
developing new farm units. Credit may be 
obtained from the Agricultural Credit 
Corporation or through the Cooperatives. In 
order to assist and encourage the farmers in 
the 	 development of their new farms, an 
Incentive Payment Plan was established 
where by a farmer can receive from the 
Cooperative Union 50 per cent, but not more 
than JD. 100 ($280) for the following opera-
tions in the development of his farm. 

1. 	 Land levelling and construction of an 
irrigation system. 

2. 	 Farm ditch construction, 

3. 	 Drainage ditches and structures, 

4. 	 Forage crop seedlings, 

Money for this Incentive Payment Plan 
has been provided jointly through U.S.A.I.D. 
and the Jordanian Government and is ad-
ministered by the Cooperative Union. 
Approximately 750 farm units (22,500 dunums) 
will benefit from this plan. 

The following description of the Incentive 
Payment Plan will provide information on tle 
Cooperative efforts of the agencies interested 
in improved irrigation practices, 

The Incentive Payment Plan 

To rcive the incentive payment, a farmermust be a member of a cooperative. Thle 

farmer makes application through his coopera
tive. The cooperative certifies to the eligi-
bility of the applicant and forwards the 
application to the Agricultural Extension 
Department. The extension staff then visit 
the farm with the farmer and develop plans 
for the farm unit, and submit to the coopera-
tives an estimated cost of the development, 
The farmer then deposits with the coopera-

tives one half the estimated costs of develop. 
ment (up to JD. 100) which is matched with 
an equal fund from the Incentive Payment 
Plan (up to JD. 100). 

The Agricultural Extension Staff in the 
Incentive Payment Plan consists of the follow
ing technicians 

1. 	 The Agricultural Extension Super
visor : Head of the office and works 
as a Land Development Specialist; 

2. 	 The Surveyors : There are three 
crews of surveyors. They prepare the 
preliminary survey, stake the land for 
levelling, head ditches, irrigation and 
drainage structures. They check also 
the completed work and train the 
extension agents to handle simple 
survey instruments and read maps; 

3. 	 The Draftsman : Prepares all the 
needed plans ; 

4. 	 Land Levelling Supervisors: Supervise 
the earth moving equipment and 
labourers. They submit reports to the 
Agricultural Extension Supervisor on 
hours worked by equipment and 
labourers and the quantityof materials 
used in the work. 

The Extension Department has some 
equipment for land development which will 

be rented to the farmers for a nominal fee. 
This equipment is not adequate to meet the 
demand. Some farmers will employ con
tractors to do the work. The cooperatives 
expect to rent some equipment to the farmers
and to take care of it in their workshop in 
Wadi Yabes. The Agricultural Extension
Department supplies the technical supervisionfor operating this equipment: 

Incentive Payment Administration 

I. 	 Responsibilities of the Cooperatives. 

a. Inform the farmers of procedures to 
be followed and the benefits to be 
obtained from this plan. 

b. Accept applications from the farmers. 
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c. 	 Forward the applications to the Agri-
cultural Extension Office. 

d. 	 Accept the final records from the 
Agricultural Extension Supervisor. 
These records show the total cost of 
the work completed, and the coopera
tives make payment to the farmers. 

2. 	 Responsibilities of the Agricultural 
Extension Office. 

a. 	 Receive the applications from the 
cooperatives. 

b. 	 Plan and estimate the cost of all the 
development and water conservation 
work. 

c. 	 Meet with the farmer and the 
U.S.A.I.D. technician in the farm unit 
to discuss all the work. 

d. 	 Inspect, supervise and approve of all 
work. 

e. 	 Prepare the final records for the work 
completed, and forward them to the 
cooperatives. 

3. 	 Responsibilities of the U.S.A I.D./J. 
Technician. 

a. Review plans, specifications, and costestimates with the Agricultural Exten-
sion Supervisor, 

b. Meet with the Agricultural Extension 
Supervisor and the farmer in the farm 
unit to discuss all the work, 

c. 	 Supervise and approve the completed 
work. 

4. 	 Responsibilities of the farmer. 

a. 	 The farmer must be a member of the 
cooperatives. 

b. He must agree upon all the 
which will be done in his farm. 

work 

c. He must pay his share from t
estimates to the cooperatives 
the work starts. 

he cost 
before 

AGRICULTURAL CREDIT COR-
PORATION 

The Agricultural Credit Corporation was 
established as a legal entity with an indepen
dent financial status in 1959. It is headed by 
a General Director responsible to a board of 

directors consisting of representatives of 
Ministries of Agriculture and Finance, the 
Jordan Development Board and five non

government members appointed on a rotating 
basis. 

ORGANIZATION OF AGRICULTU-
RAL CREDIT CORPORATION 

General Director
 
Deputy General Director
 

I
I 	 I. 
Administrativc Eleven Districts 

Staff in Jordan 

The main objective of the Corporation is 
to provide credit to farmers. The farmersgiven advice andare 	 personal service by
members of the technical staff. Loans issued 
by the ACC are strictly supervised to insure 
most efficient use of loan funds. Medium and 
Long Term Loans are made available to 
farmers for land reclamation, planting trees, 

livestock, machinery, farm buildings and 
irrigation. Loans for irrigated farming opera
tions include pumps, motors, pipes, canal lin
ing and land development. 
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AN ANALYSIS OF FUNCTIONAL SERVICES IN WATER
 

RESOURCE DEVELOPMENT FOR IRRIGATION
 

A. W. 

SUMMARY 

Water and soil development programmes 
are constantly changing both as to 
maunitude and character. Each nation is 

faced with the problems of maintaining or 
acquiring the technical services required to 

implement its development programmes to 

good technical and economic standards on 
schedule. 

This paper outlines the types of speciali-
zed functions required for soil and water 
resource development along with others 
required for total rural development. It 
points out that technicians must be speciali-
zed in order to keep up with the fast rate of 
technical discovery, but the degree to which 
an organizition can afford to specialize depen-
ds upon the size and kind of work load it has. 

The writer concludes that for a country 
to tohelwits ownw technical capabilitiesaaiiisrp- rapi-develop it ehia 

dly, it must have specialized technicians, but 
so it must also develop the orga

when doing 
nizational structures and managerial abilities 
to keep the work flowing smoothly between 
the various specialists involved. Without 
developing good managers, administration, 
and organization, the degree of specialization 
will have, to be limited and more required 
specialists will have to be imported from fore-
ign countries. Since each developing country 
is interested in developing better jobs and 
living conditions for its people, it is time for 
each country to develop its technical manage-
rial ability to more fully utilize the latent 
potential of its own people in developing their 
own country. The engineers of each country 

by 

Plummer* 

must rise to the challenge of providing 
modernized technical management or bow to 
the orders of non-technical managers or fore
ign technical managers. 

INTRODUCTION 

One of the major problems of developing 

countries today is how to best make the tran

sition from the individualized one-at-a-time 
handicraft approach, to the more efficient 
energized mass production approach neces
sary to meet the expanding needs and aspira
tions of the common people. Most of us 
have no problem visualizing these two diffe
rent approaches as they apply to making 
wagons one at a time in a rural town or mak
ing 1000 automobiles per day in a modern 
factory. However, we have very much diffi
culty in visualizing the way in which to mass 

produce the technical services and the scienti
development move water resourcefic control requiredat the tospeed needed to meet the 

epn a t of a na to 

The production control engineer at the 
Chevrolet car assembly plant states that the 
quality of the cars coming off the assembly 
line is higher when producing 610 cars per 
hour than when producing fewer. This is 
because each man is required to do fewer 
different jobs when the assembly line is run
ning at full capacity. Also each man can be 
more quickly trained to do his job. By orga
nizing the car assembly line into many simple 
jobs, inexperienced workers with proper 
apptitudes can be trained to do these simple 
jobs in only a few days right on the job under 
experienced supervision. Converting to 

* Water Resource Branch, Agricultural Division, U.S. A.I.D./Iran. 
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assembly line, mass production methods re-
duces the range of skills required by the corn-
mon factory worker, but increases the need 
for rigid timely discipline of the worker so 
that he performs his simple task dependably 
and repetitiously on time all day long to the 
prescribed standard. Creating the required 
conscientious personal discipline is likely to 
be more difficult than mastering the job 
techniques. It requires clear definition of job 
requirements and rigid supervision with 
authority and power to enforce proper work 
performance. Whereas the mass.production 
system reduces the range of skills required of 
the common worker, it greatly increases and 
complicates the job of organizing, coordina-
ting managing and trouble shooting to keep 
the jobs moving ahead efficiently. 

In this paper the author outlines ideas of 
the processes by w'iich countries might evolve 
from the inefficiet one-at-a.time, do-it-all 
yourself approach into the organized mass 
production approach for efficient water re-
source development with special reference to 
irrigation development. Each country is in 
a different stage of development and has diffe-
rent requirements as to the type and quantity 
of water resource development it can finance 
or implement. We can best deal with the 
problem by first briefly identifying and group-
ing the most prominent functions involved in 
rural development and then more specifically 
consider the functions involved in water re-
source and irrigation development, 

RURAL FUNCTIONS 

The development of a rtiral area involves 
many functions which are all interrelated to 
some extent. The extent to which the multi-
tude to functions can be grouped together in 
order to deLentralize the administration is 
dependent on the types of professional perso-
nncl involved, the magnitude of the activities, 
the degree to which one group may be given 
a job to perform with the minimum need to 
receive service from another group, and the 
geographical distribution of the work. Consi-
dering these factors the principal groups of 

functions shown in Table No. 1 in more detail 
are : 

1. Rural public works 
2. Agriculural Production 
3. Forestry 
4. Commercial activities 
5. Financial activities 
6. Community activities 
7. Civil administration 
S. Courts and justice
 
1). Cross-functional planning
 

10. Special organizations 
The job of water resource development is 

primarily within the function of rural public
works, but is closely related to the other rural 
functions especially agriculture. 

SOIL AND WATER DEVELOPMENT 
ORGANIZATIONS 

Need for specialization. The develop
ment of the soil and water resources of a 
country is the primary concern of this semi
nar. Today the concepts of comprehensive 
planning for the most economical develop
ment and coordination of integrated develop
ment are generally accepted, whereas t0 to 
20 years ago the single purpose project was 
receiving most of the attentin. In recent 
years engineers are turning away from build
ing only conventional type irrigation systems 
depending entirely on natural river flow, 
masonry structures, and ancient farm irriga
tion methods without adequate drainage sys

tems or attention to adequate transportation 
and marketing facilities. Today engineers are 
involved in multipurpose storage projects,
economically sized and staged irrigation pro
jects with adequate drainage. They are look
ing forward to properly integrating modern 
farm irrigation system into comprehensive 
regional development projects aimed at rais
ing the living standards of people rather than 
just growing crops. 

The change is like going from the wagon 
to the automobile. It is occurring in the 
countries in this part of the world at a time 
when they are trying to catch up in 10 years 
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TABLE 1. PARTIAL GROUPIN 

FINANCIAL
rWAL PUBLIC WDR'L FOWEIPRODUIcTIoN. I ACTIVITIES ACIITE 

PLANNING FIELD CROPS HANAGEMET PRODUCTION C(W.ODITIES FARMERCREDIT 
Hydrology
Economics 
Roils 
"over 

Wheat & barley
Sugar beets 
Cotton 
Malone 

Surveys 
Plans 

ENINEERING 
Roads 

tools 
Machinery
Fertiliser 
Seed 

LAND REFORM 
COMMERCIALLOANS 

Commodity productio 
Markti.g 

Geology 
Topography
Drafting 
Planning 

DESIGN 

Vegetables 
Oil crops 

FORAGE CROPS 
Alfalfa 
Clover 

Logging 
REF.RESFATION 
RANGEMANAGE4EN 
EXPLOITATION & USE 

Lumber 

Insecticides 
Packing materials 
Nisc. 

COTTAGEINDUITRIES 
TRANPIRTATION 

Processing 
Cottage Industry 

NATIONAL 
LEMF2L 

Doe 
Irrigation system 
Mechanical, Electric 

Grasses 
ORCHARD & VINES 

Cit ras 

Plywood 
Pulpwood
FIber board 

MARKETING 

PROCESING 

General civil Dates Containers Cotton 
CON3TNUCTION Olives PROTECTION Sugar 

Contract Adm. 
Speciflcations 
Costs estimates 

(Apples & pears, 
Pommegrenade) 
Stone fruit 

Fire 
Insects 
Discases 

Rice 
Wheat 
Pates 

Inspection 
NGINFERING LABS. 

Grapes 
LIVESTOCK 

RESEARCH 
FINANCE 

Canneries 
Dried fruits 

Concrete 
Soil mechanics 

Veterinary 
Sheep & goats 

A[)INISTRATION 
PROGRAM 

Materials Beef cattle 
Hydraulic Dairy ca',tle 

MACHINERT (Horse donkeys, 
Well drilling camele) 
Portable FARMMACHINERY 
Repair shops 

OPERATIONS & MAINT. 
Evaluation 
Oeration 

Operations Repair 
Maintenance PEST CONTROL 
Proj. Evalution 
'ater user lieaon 

Virus 
Insects 

WATEP.RIGHTS Migratory insects 
Investigation 
New rights 

PLANNING 
Statistics 

Water masters Economics 
SOIL & WATER tiE 

Farm development 
Irrigation pract. 
Conservation 

Reports 
PREEARCH & TRAINING 

Soil fertility 
Agronomy 

AtVINISTRATION Livestock 
Personnel Horticulture 
Records & Comm. Machinery 
Training 
Travel 
O & Methods 

Pest control 
Training 
Farm operation 

FINANCE FINANCE 
Statistics AI4INISTRATION 
Accounting PROGRAM 
Budget 

PROGRAM 

OTAN 
LEVEL 

I PEGIONAL DIRECOR s 
PIANNING 
CESIGN & CONSTR. 

PROVINCIAL DIRECTORS' 
FIELD & FORAGE CROPS 
ORCHARD & VINES 

I RjrIONAL DIRECTORSFIPOVINCIL DIRE ORS 
FORESTM.-NAG T PRODUCTION COMMODITD&S 
COMERCIAL OPERATIONS MARK7IT NG 

.5*55 DesI n LIVESTOCK PROTECTION PROCESSING 
Construction PARMMACHINERT Law enforcement 
Labs. PEST CONTROL Fire 
Machinery 

WATER USE 
PLANNING 
RESEARCH& TRAINING 

Disease & peasta 
REFORESTATION 

0 & Malntnance ADMINISTRATION RANGEVANAGFME1T 
Soil & water use AIINISTRATION 
Water rights 

ADAIWI SRATION 
Personnel 
Records 
Finance 

DISTIERICTE~IHDS FTSSIT RtIIIrnC' FOR'TR. 
T&L OFFICE ENGINE.ING CROPS MANIAGHFJFT 

FIELD 1GINEEFING LIVESTOCK PROTECTION 
MFCHANICAL AGR. ENGINE ?RING REFORESTATION 
ADI[qNISTRATIVE AtD4INIS.TRATION 

LOCL PEOPLE 
District Local I DISTRICTS TECHNICIANS P TECHNICIANS SICTTCHNICIANSI 

PRODUCTION CO4ODITIE-
ISTRICT 

Technician LEVEL & DIST. TECH. ANIMALS 
) CONCLETE & MASONARY FIE-LDCORPS l"RERTIN3(Technical 


PROCESSING(supervision) CARPDNTE ORCHARDs 
EARTHW(ORK MFCHANIC 
WATER USE FERTILIZER
 

Area Local Technician A F-1
OOT'CHI 

PEST CONTROL 

-AI AREl AR 

(Consolidation 
(of nroblems ) 

LOCALLOCAL TECHNICIANS LOCALTECIAN 

(& Programing 

Volunteer Village L'ILLAGE AI-INTS I VILLAGE SSIZTIVL SA 

Asistants 
(PROBL.M) 



)F RURAL FUNCTIONS
 

COMMUNI 
AciITE ~ TAr ETRAiom 

EIUCATION ELECTIONS 
PUBTIC HEALTH LAW; & RFriULATIONS 
HONE EC,4WOKY 
TOUTHACTIVITIES IGAI. RF.CORDS 
SOCIAL AFFAIRS Of people 

Contracts 
Landownerahip 

TAX ''LLECTION 
LAW"REn RCEMENT 
IEMPI SERVICELOY*4T 

PROVINCIAL DIPECTOR75| PROVINCIAL GlVEANOIS 
EICATION 	 RUlAL AFFAIRS
 
HEALTH 	 (URBANAFFAIRS) 
SOCIAL,AFFAIRS 	 LAWS&.hMiULATIONS
 

LEGALRFCORDS
 
TAX COLLECTION
 
LAWFNFORC2EN
 
FPLOYME NT
 

DIIT47IT t1TRECTS nISTRICT CA1A
 
!JUCATION
 

HEALTH 
:,JCIAL AFFAIRS 

,ANITA IANS 
MFnIIICALTECH.
 
.SOCIAL WORKER1S
110ME T%.H,EO). 

(CDARS) COfcUNC'LI 

(Schq1 Teacher,) VILLAE CO I 

I PROON PLAN-NI.J SPECIAL OIA ITIOMS 

CROSS FUNCTIONAl.PLANNIIN C)PMATIVFS 
PROGRAM BUSINFSS SOCIETIESFOP.IULATION 
PROGRAMPROGRESS LABORUNIONS 
COVERW12JT FINAICE PROFES5IOAL SOaETI E 

USER AS)CI ATIONS 
RELIEF ORGANIZATIONS 
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with what the western countries learned in 
50 years and at a time when the world is 
doubling its scientific knowledge every 15 
years. The pace of discovery of new know-
ledge and techniques is exploding into the 
computer age. Each country is in a dynamic 
race with the rising level of expectation of its 
people and their rapidly expanding wants. 
Whether we like it or not we are being forced 
to handle more complicated problems at the 
same time as we are being forced to turn out 
more and better quality of soil and water 
development work. As the wagon gave way 
to the automobile, the generalist one-at-a-
time craftsman is giving way to the specia-
list. The only way the countries in this part 
of the world can hope to catch up quickly 
with the technical competence of the more 
developed countries is to develope specialized 
engineers and coordinate their knowledge and 
efforts with good management and adminis-

Degree of specialization. Just as the 
degree of specialization in the automobile 
factory depends on the rate of production, so 
does the degree of specialization in the techni-
cal offices working on water resource develop-
ment. Therefore, each organization and 
each office in that organization must be desig-
ned for the job to be done in much the same 
way that each factory must be designed for 
its peculiar set of conditions and require-
meats. There is no simple formula for this. 
It is a job for managerial judgement guided 
by certain scientific management principles, 

As a help in thinking of the degree of spe-
cialization and types of offices best suited to 
car-ing out development work, Table No. 2 
has been constructed to illustrate a likely 
growth in work load, staff and types of offices 
from the single job situation to the large 
complicated highly specialized national orga. 
nization. Although this chart, naturally, does 
not fit any country exactly, I invite you to see 
how closely your own country situation com-
pares with some column of it. The per cent 
cost of engineering and administration is 
shown as rising from 10 per cent to 25 per 

cent instead of going down with increasing 
work load. However, this in actual practice 
will be compensated for by better quality of 
planning, design, construction, and operation. 
Generally a greater degree of public service 
and understanding will be rendered and as the 
national development expends the develop
ment projects will likely require more study 
and be more complicated. Another major 
reason for increasing the per cent for enginee
ring is that for a single job the planning and 
construction do not occur at the same time 
whereas in a large organization the planning, 
design, construction, and operation and main
tenance of different projects in different 
stages of development occur simultaneously. 

The main purpose of Table 2 is to illus
trate the problem of balancing the staff with 
the number and kinds of jobs and the high 

volume of work required to support the form
ation of strong regional and district offices 

in addition to a specialized central headquar
ters staff. Roughly speaking the annual 
development budget needs to be around 10 
million dollars per year to support a highly 
specia!ized staff and still be able to staff the 
field offices as required for data collection 
and construction. In order to justify regiona
lization, the development budget would 
likely have to be around 20 million dollars 
per year, and to support weak district offices 
between the regional and job offices, the deve
lopment budget would likely have to be over 
40 million dollars per year spread over many 
small widely scattered projects having poor 
transport and message communications availa
bility. Technical literature is very devoid 
of the kind of figures presented in Table 2 
and the figures will vary greatly according to 
each country's situation. However, there is 
a need for greater exchange of information 
between countries concerning the management 
and administrative problems inherent in 
managing a large water resource development 
programme. For this reason the writer believes 
that it would be helpful if each country rep
resented here could prepare and present to 
the secretariat of this seminar an organization 
chart of the organization in their country 
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TABLE 2. APPROXIMATE STAFF AND TYPE OF OFFICES FOR DIFFE. 
RENT MAGNITUDE OF NATIONAL WATER RESOURCE 

DEVELOPMENT PROGRAMMES 

Situation Number 

Type of 
Office 

1 2 3 4 5 6 7 8 0 

Number of jobs, large 1 - - 1 2 4 8 16 24 

Number of jobs, medium - - 3 5 10 20 40 80 120 

Number of jobs, small - 10 20 30 60 120 240 480 720 

Number of dollars in million/ 
year 3 2 5 11 22 44 88 200 300
 

National Head- Number of technicians, local 5 20 90 210 600 800 1000 1500 1800 
quarters Number of technicians, foreign 3 6 10 12 15 15 5 5 

Regional Number of technicians, local 200 400 1200 3000 400(0 

(Number of offices) (4) (6) (6) (8) (8) 

District Number of technicians, local 500 1300 2500 3500 

(Number of offices) (25) (40) '(50) (50) 

Job Number of technicians, local 25 30 70 150 500 1050 3500 6000 7000 

Number of technicians, foreign 10 0 8 12 IS 25 40 15 

Total Number of technicians, local 30 50 160 360 1300 2750 7000 1:3000 16300 

Number of technicians, foreign 10 3 6 18 24 33 40 45 20 

Per cent engineering and administration 10 15 15 15 20 20 25 25 25 

along with the numbers of foreign technici- by yourself. In the beginning of water deve

ans, and the number of national professional, lopment this was the case and the farmer 

technical aids, and others ; along with a sum- within his own resources and concepts had the 

mary of each country's budget and programme job to do. The other extreme is to specialize 
and the portions developed and supervised somewhat more than our largest United 

by local or foreign consulting firms. States organizations have. To go from the 
simplest of organizations to the highly speci-

Evolution of organization alized is a problem of national evolution and 

The theme of this paper is analysis of the concepts obtained in jumps rather thin in a 

functional services required in water resource perfectly smooth rising line. The problem 
development. Enumeration of the functions is is one of how much to subdivide the functions 

a matter of degree. One could say to you as an according to the size of programme, capabili

individual that your job was to "develop the ties of personal, and location of the work. To 

water resources" and tell you to get busy all help visualize this evolution, Table No. 3 has 

175
 



TABLE 3. ORGANIZATION OPERATION 
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been prepared to illustrate the possible stages. 
In the first stage there is only the all purpose 
farmer relying only on himself for his subsis-
tence. At the other extreme is the highly 
specialized large organization with its central 
staff of top specialists and its line of regional, 
district, and job offices with generally less 
specialization, but each designed to meet the 
special development conditions which are 
constantly changing. The rate of change in 
required offices and staffing changes so 
rapidly that good management of a large 
engineering and development organization is 
one of the most difficult jobs in the world and 
really a job for the expert manager well versed 
in this special kind of work. 

The stages of the organizational evolution 
could be considered as follows : Stages I thru 

3.Local self sufficiency ; Stages 4 thru 7-
Technical team operation; Stages S and 9-
Functional operation ; and Stage 10-Organiza-
tional operation. The need to move from 
one to the other is primarily dictated by the 
management requirements of limiting the span 
of direct control of directors and supervisors 
to between 6 and 15 employees and to divide 
the work in such a way that responsibility for 
a specific major finished product can be defi-
nitely placed on one man. With this in mind 
along with the fact that one man is only able 
to keep up with modern practices in a limited 
specialty, the water resource functions are 
listed on Table No. 3 by function and special-
ties. The size and type of development pro-
gramme and the competence of the staff will 
dictate which column of the chart is most 
adaptable to the needs of each country. There 
is no simple formula for the design of an 
engineering organization any more than there 
is for the design of a water project. Each 
organization must meet the special conditions 
encountered, but the listing ot possible func
tional units of an organization may prove 

helpful. The problems of water resource 

management are just as real and important 

as the technical formulas, 

Staff flexibility.-
As the work loads shift the manager should 

attempt to maintain the functional stability of 
his top specialists in each subject while permit
ting mobility and flexibility in shifting the less 
specialized personnel from unit to unit as req
uired to keep the production of the organiza
tion moving briskly in accordance with progra
mined priorities and deadlines. Therefore, no 
attempt has been made herein to state the 
number of staff required for each organiza
tional unit. A director should recognize that 
he can never have a top rate specialist in any 
one specialty if he keeps moving him out of 
that specialty for prolonged periods of time 
or permits the top specialist to lose out salary 
wise to the administrative generalist, or doesn't 
require the specialist to keep up with the 
fast evolving foreign and local literature within 
his field of specialty. 

Within the terminology of the functions 
listed there is room for much difference of 
interpretation of organizational responsibility 
and the director and his assistants must con
ceive clearly the lines of division of responsi
bilities and authority and enforce them. There 
will be special cases primarily caused by 

logistical problems which will call for special 
short term doubling up of responsibilities, 
but all concerned should recognize these as 
exceptions and they should be held to an 
absolute minimum or the lines of responsibi
lity will become so mixed that the responsible 
employees will lose interest in exerting their 
initiative to properly handle their stated res
ponsibilities. 

The writer-wishes to make it clear that the 
job of the government agencies is to provide 
service to the producing farmers and other 
people. All the organization we have been 
discussing is useless if it does not add to the 
productive capacity of the nation. 

In following the evolution of a water res

ource organization we started with the self 

sufficient farmer, and then followed with 

teams of technical generalists. We should 
understand that as the technical organizations 
develop, they are added on to the existing base 
of society and constitute an added overhead 
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that must be sustained by increased produc-
tion. The millions of individual farmers still 
remain the real basic producers and the general 
technicians still have large roles to play in the 
scheme of society. Since the farmer is the real 
producer of basic commodities, let us now go 
back and see what his functions are in modern 
irrigated agriculture and how the government 
technical organizations can assist him suffi-
ciently to justify the existence of governmentorganizations.Tiefloigtbatolstthdfern 

THE FARMER-THE WORKING 
PRODUCTION MANAGER 

In considering the structure of a nation as 
related to irrigated farming, we have consider-
ed the need for a few specialists in each sub-
ject to develop or bring to the nation speciali-
zed modern knowledge. We have recognized 

FARMER OPERATIONS 

Development operations 

Acquiring land 

Protecting landownership 

Acquiring capital 

Acquiring labour 

Acquiring construction materials 

Acquiring water supply 

Clearing land 

Designingffarm irrigation system 

Topography 

Soils data 

Cropping plan 

Water requirements 

Field ditch layout 

.Hydraulic elevations 

Drainage requirements 

the need for many more generalists as we 
difuse organizationally toward serving the 
farmer. Now let us look at the farmer and 
his problems and needs. The farmer has to 
integrate and apply the available knowledge 
and abilities as best he can toward raising 
his productivity. If the farmer does not apply 
modern agricultural knowledge, it brings no 
useful result. 

The following tabulation lists the different 
operations or functions that a farmer is 
confronted with and which outside segments 
of society are likely to be concerned with 
assisting the farmer. It should be noted that 
many of the farmers needs can be met by
private Lgntractors and commercial com
panics. The growth of such private enter
prises should be fostered by the government 
just as much as governmental technical 
organizations. 

OUTSIDE ASSISTANCE FROM 

Bank. private realestate agent or layer ; land 

reform office 
Title insurance Co., Abstract office, gov't 

Legal records, Law enforcement. 

Banks and other credit sources 

Employment office 

Private commercial dealers, cooperatives 

Public works agency 

Private contractors 

AgricAltural engineers 

- do--

Soil science 

Agricultural engineers and extension services 

-do

-do

-do

-do

17b 



Constructing irrigation system 

Clearing 
Land shaping 
Ditching for field canals drains 
Water control structures 


Constructing house and barn 

Obtaining drinking water supply 


Agricultural Production Operations 

Power for working soil 

Implements for working soil 

Seed and seeders 

Fertilizer and applicators 

Insecticide and applicators 

Harvesting containers 

Knowledge of correct practices 

Plowing and preparing land 

Planting 

Fertilizing 

Watering 

Cultivating 

Spraying 
Thinning 
Harvesting 
Transporting from field to packing plant 

Marketing Operations 

Selling to jobber
 
Grading and packaging 

Storing 

Transporting to market 

Selling to wholesaler 

Selling to retailer 

Selling to consumer 


Human Welfare Operation 

Family health 

Child education 

Family consumption 

Social activities 


Agricultural engineers ior demonstration and 
government projects ; private contractors for 
individuals farms. 

-do
-do-
-do
-do

-do-
Public works agency, private contractors and 
Public Health Department. 

Private dealers and contractors 
Private dealers ; coops 

-do
-do
-do
-do-

Extension service, Commercial Co. 
Private contractors 

-do
-do
-do

-do-
Private contractors, and government 

-do-
Private contractors 
Private contractors, coops 

Private Co., coops 
-do-
-do
-do
-do
-do-

Private doctors, public health dept. home 
economy agents 
Education dept., extension service 
Private merchants 
Local government and societies 

180 



Regional Services 

Road system 
Irrigation water supply 
Electricity 
Truck transportation 
Bus transportation 
Mechanical equipment repair 
Fuel supplies 

After looking over the long list of different 
operations that the farmer is confronted with, 
one can easily see that the successful farmer 
that uses the best of modern practices must 
become a good working manager in order to 
properly obtain and utilize all the resources 
available to him. In the past the farmers, 
because of their ignorance of modern agri-
cultural methods, have restricted their 
production to a very few basic crops for 
which they had learned the traditional 
methods of agricultural operations. They 
have kept their operations simple and within 
their ability to perform even though the 
operations were not necessarily the best. 
Most farmers can not read or write and be-
lieve only part of what they hear and under-
stand even less. There are millions of farmers 
that must be taught modern farming practices 
in order to have a substantial effect on the 
national income. To adopt some of the 
modern methods of agriculture requires 
money for operations and development, 
Obviously the government can not immediate- 
ly provide all the added capitql investment 
needed. Also it is obvious that the farmers 
cannot immediately learn all of the best 
practices, nor can the government acquire or 
afford sufficient technical service to meet the 
needs of each individual farmer. Obviously 
there are going to be large gaps in organiza-
tion, capability, and facilitating services to 
the farmer for many years to come. There-
fore, each country and each farmer must 
develop its own strategy of operation includ. 
ing selecting the best priority of development, 

There are numerous strategies employing 
different schemes of priorities. For example, 

Public works agency, local government 
-do
-do-

Private truck companies, coops 
Private bts companies 
Private rep.iir shops and equipment dealers 
Oil companies and private dealers 

one group may believe that the first priority 
is to educate all rural children. The second 
group may believe that the first priority is to 
teach the existing farmer better production 
methods, then he can afford to pay for educat
ing his children. A third group may believe 
that first priority should go to making a 
healthy farmer so that he will have the vigour 
necessary to learn and produce. Some groups 
believe that more of the outside assistance to 
the farmer should come from governmental 
services. Others believe that private con
tractors and companies with a personal profit 
motive can best provide the service. Some 
think priority of development should be given 
to certain geographic regions. Some think it 
should be given to certain crops or practices. 

The point I am making is that because 
there are many different ways of improving 
irrigated agriculture, there is a great need for 
improved management both on the individual 
farm and within the government service and 
private companies. Since there are millions 
of farmers in many of your countries, there is 
a need for mass producing the introduction of 
modern methods to your farmers. You as 
leaders within your respective countries have 
the responsibility to work out practical ways 
of mass producing the modern techniques and 
practices for the uneducated farmer in order 
to increase rapidly the national income and 
raise the standard of living of the farmers 
that constitute the majority of your fellow 
countrymen. To do this you must not be 
just good technicians, you must be good 
planners and managers with an intimate 
knowledge of the factors of irrigated farm 
production and how they are related to the 
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farmer, the government, and the private sec-
tors of your national economies. 

In closing the writer would like to empha-
size that management is the art of getting the 
job done through people, including yourself. 
Supervisory personnel should identify the 
problems and functions involved. They 
should plan for the solution and clearly define 
each person's responsibility for carrying out 

well defined jobs in accordance with a time
table that will keep the total job moving at the 
programmed rate to produce a quality pro
duct at a low price through organized, well 
managed mass production. The incomplete 
listing of factors presented in this paper may 
assist in developing more understanding of 
the problems ,.hich you and your nations 
farmers must manage. 
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AN ANALYSIS OF INSTITUTIONAL DEVELOPMENT RELATED
 
TO IRRIGATED AGRICULTURE IN TURKEY
 

by 

M. Dursun Kesimoglu* 

INTRODUCTION 

It has 	 now become apparent that the 
subject 	 of water and irrigation has not been 
given the required amount of emphasis in 
agriculture. Most underdeveloped areas 
of the world are presently either engaged in 
speeding-up their irrigation operations or in
establishing the needed facilities. 

To our opinion, all of the countries re-
presented at this Seminar, i.e. Near East and 
South Asian countries, as well as Turkey are 
presently at this stage of development. This 
is the reason for these seminars which are 
being held every 2 years. 

During these seminars it is possible to 
exchange ideas on prevailing irrigation techni-
ques and management problems, and to have 
an idea regarding other countries' efforts in 
this field. I shall therefore try here to present 
a picture of Turkey's existing institutions in 
the field of irrigation development and 
provide information on needed new 
organizations. 

ORGANIZATIONS DEALING WITH 
IRRIGATION IN TURKEY 

Since we have mentioned Turkey's existing 
organizations during an earlier seminar, we 
shall only mention the organizations interest-
ed in irrigation practices :development 

A. 	 DSI, (Directorate of State Hydraulics 
Works) 

B. 	 TOPRAKSU (Directorate of Soil 
Conservation and Farm Irrigation) 

* Deputy Director-General of TOPRAKSU. 

C. 	 Agricultural Bank of Turkey 

D. 	 Universities 

Since ample mention of the first two has 
been made in previous papers, I shall briefly 
mention the other two organizations 

Agricultural Bank 
The 	sources for 	 the credit operations of

the bank are 

I. 	 The Bank's own resources. 

2. 	 Credits under A.I.D. assistance. In
formation in this will be given later in 
this paper. 

3. 	 I.D.A. World Bank Credits. Under 
an agreement reached with the World 
Bank in 1963, Development of the 
Seyhan/Cukurova River Basin has been 
programmed. With the $ 20,000,000 
received under the Development Loan 
Fund, irrigation of a total of 170,000 
hectares shall be assured as follows : 

53,000 	 hectares during 1st phase ofdevelopment 

34,000 	 hectares during 2nd phase of 
development 

83,000 	 hectares during 3rd phase of 

Bank provides two types of credits 

a. 	 Agricultural credits 
b. 	 TOPRAKSU credits 
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TOPRAKSU credits are those credits 
directly related to irrigation development, 
Present distribution of TOPRAKSU credits is 
carried according to the following procedure. 

The 	order of priority for TOPRAKSU
1. 

credits is (1) Irrigation, (2) land 
reclamation, (3) soil conservation and 
the order of priority for utilizing this 
credit 	is as follows: 

and local1. 	 Irrigation districts 
irrigation organizations
iFrerigatoor atios 

2. 	 Farmcr's cooperatives 
3. 	 Groups of farmers 

4. 	 Individual farmers 

2. 	 Branch offices of the Agricultural 
Bank are henceforth authorised to 
extend loans directly for projects cost-
ing up to 50,000 TL. and agencies for 
projects up to 25,000 TL. 

3. 	 Loans exceeding 200,000 TL. shall not 
be made to any individual. Maximum 
credits extendable to Districts Co-
operatives for irrigation, conservation, 
or reclamation projects shall be in the 
amount of the project survey costs, 
and the securities shown. 

4. 	 Interest at the rate of 5 per cent shall 
be charged on TOPRAKSU credits. 
This rate shall be increased to 7 per 
cent delinquent payments in excess of 
3 months. After 3 months, the rate 
of interest shall be 10 per cent. 

Ten per cent interest shall 	also be charged 
to those who use the extended credit for 
purposes other than the 	indicated one, such 

purposes otherolthanntheyindicatedaonetsuch 
interest will be charged starting from the date 

of the loan. 

The Interest of Universities 

The Technical University of Istanbul is 
greatly interested in irrigation development, 
and is training irrigation engineers with a view 
to fill the gap in water-soil-plant relations. 

Graduates of the Agricultural College are 
not deemed adequately trained in engineering 

operations. Accordingly, under an agreement 
between the Faculty of Agriculture of Ataturk 
University and TOPRAKSU, future agri
cultural engineering curriculae shall be re
inforced as follows: 

Subjects to be Taught 

. H ig 
2. 	 Surveying3. 	 Technical draftsmanship 
. T ech ans
 

4 ttc ehnc
 
5. 	 Timber and reinforced concrete 

construction 

6. 	 Soil mechanics 
7. 	 Hydraulics 

8. 	 Hydrology 
9. 	 Materials and construction techniques 

10. Irrigation practices 
11. Irrigation facilities 
12. Drainage facilities ; land reclamation 

13. Soil conservation and river basin 
developments. 

New Irrigation Units Needed and Creation 
of Local Sense of Responsibility 

During the previous seminar, we reviewed 
operations related to supply of water for 
irrigation purposes. It has been noted that 
the individual farmer who will benefit from 
irrigation facilities is not fully assuming his 
part of the responsibility, but is expecting the 
government to assume the whole responsibi
lity. Efforts should be made to ensure the 

farmers' participation in maintenance, group 
observation and repair of the facilities to be
provided. With this end in view, incorpora

is 
tion of the following type of organizations is 

now sponsored and encouraged by the Govern
ment of Turkey. 
Districts for Development of Agricultural 

Resources 
It has been observed that American irriga

tion, drainage and soil conservation districts 
have played an effective role in the develop

ment of U.S.A.'s natural resources. In 
Turkey, income per capita in the agricultural 
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sector is only one-third of the revenue realized 
in other sectors. This means that optimum 
output is not being obtained from the available 
farming units and existing man-power. To 
remedy this situation a Draft Bill on the 
establishment of "Districts for Development 
of Agricultural Resources" has been prepared. 
Local Districts as sponsored under this law, 
shall try to jointly solve all existing problems 
handicapping the desired stepped-up develop-
ment in Turkey's agricultural programme. 

Advantages expected from establishment 
of Districts 

a. Eliminating waste of available man-
power by putting it to use in the 
development of existing resources. 

b. Making it possible for the smaller
sized farming units to benefit from the 
services and facilities to be set-up. 

c. Ensuring the government's leadership 
in stepping-up local and individual 
productivity. 

d. Assuring cheaper services and more 
rational use of facilities. 

e. Together with the needed invest-
ments, providing the needed assis-
tance, advice, and recommendations 
to farmers. 

f. Adapting the services and installation 
to be provided to the actual needs and 
local requirements. 

g. Reducing costs through establishment 
of cooperation between small farming 
units and stepping-up their producti- 
vity. 

h. Increasing savings of individual 
farmers and helping them in better 
investments. 

i. Preventing disputes among farmers, 
and eliminating causes of low productivity. 

j. Integrating public utilities services 
under specific projects. 

k. Ensuring proper maintenance of 
Government owned installations, 

1. 	 Invigorating the sense of self-help on 
the part of farmers by training. 

m. 	 Creating side-lines for needy farmers 
to enable them to make surplus 
money in fields of activity other than 
farming. 

The recent Draft Bill is especially designed 
to provide assistance to farmers associations 
and districts in connection with Government 
aid in the form of loans, equipment, 
machinery and technical personnel. It is 
expected that application of this law will help 
to create the desired basis of cooperation 
between farmers and the Government. 

Soil Conservation, Irrigation and Land 
Reclamation Cooperatives 
I. 	 Objectives 

1. 	 The Cooperatives shall review farmers' 
requests and evaluate them according 
to a standard procedure. 

2. 	 Since lack of title deeds is handicapp
ing small farmers in receiving 
TOPRAKSU credits, the Cooperatives 
will provide guaranties for individual 
farmers. 

3. 	 The Cooperatives shall extend techni
cal assistance to farmers in the construc
tion and maintenance of TOPRAKSU 
-sponsored installations and projects. 

4. 	 Cooperatives shall ensure participa
tion, within their capacities, of in
dividual farmers in Community 
Development projects sponsored and 
supported by TOPRAKSU conse
quently : 
a. 	 Public investments shall be en

couraged and increased. 
b. 	 Idle man-power shall be put to 

good use. 
c. 	 Farmers shall have a hand in the 

building of the necessary construe
tions. 

6. 	 Cooperatives will provide at least 
partial assistance until the "Agri
cultural Resources Development 
Associations Law" is passed. 
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6. 	 Cooperatives shall prepare the neces-
sary groundwork and atmosphere by 
motivating farmers to form "Agri-
cultural Resources Development 
Associations". 

Characteristics of Statutes on Cooperatives 

1. 	 Legal Basis. The proposed Coopera-
tives shall be established under general 
provisions of law 6762 on Cooperative 
Associations. A basic statute drawn-
up for this purpose will serve as a 
guide-line to farmers who wish to 
establish Cooperatives. Although 
Cooperatives designed to undertake 
TOPRAKSU services may be in-
corporated outside of the provisions 
of this statute, loans and other assis-
tance shall be extended on priority 
basis to Cooperatives established incompliance with the Statute. 

2. 	 Right of Control. Although ad-
ministrative and financial control over 
the proposed Cooperatives has been 
authorized to the Agricultural BANK, 
the same right shall be exercised by
TOPRAKSU which will serve as a 
bridge between the Bank and the 
farmers, and also provide technical 
assistance to the Cooperatives. 

3. 	 Technical Fundamentals Underly-
ing the Basic Statute. The above 
mentioned statute was prepaied after 
a detailed study of farmers' associa-
tions in the U.S.A. in France and the 
Cooperatives previously established in 
Turkey. 

SUPERVISED CREDITS 

Background information on SupervisedCredits 

Initial studies were started in the year 1960 
by the Agricultural BANK to adapt the 
credit extension policies to present-day 
requirements. Under A.I.D.'s help, Mr. Ralph 
Battles came from the United States to prepare 
a report on the workings of this system. Mr. 

Darrel A. Dunn has also assisted with the 
new credit project. Time was devoted from 
1961 to tile middle of 1963 to complete 
necessary preparations for implementation of 
the supervised credit system. 

Objectives 

Normal and long-term credit extension is 
within the scope of the supervised credits 
system, with the following objectives : 

1. 	 A reasonably satisfactory standard of 
living for the Turkish farmer. 

2. 	 The farmer shall be enabled to repay
the extended credits. 

3. 	 The farmers shall also be able to meet 
current expenses, and save something 
for the future. 

Implementation 

1. 	 Funding. In addition to the Agricultural BANK's own resources, 
A.I.D. shall also provide financial 
assistance in the implementation of 
the Supervised Credits Plan. The 
amount allocated for the first year is 
25 million TL each, to be increased 
to 100 million TL during subsequent 
years. The agreement reached with 
A.I.D. in this connection shall expire 
in 1968 after which it is expected that 
the Agricultural BANK shall finance 
the supervised credits plan with its 
own 	resources. 

2. 	 Procedure. Denizli and Erzincan 
provinces have been selected as pilot 
areas for implementation of this 
project, since funds as well as trained 
personnel are too limited for its 
application all over Turkey. Denizli 
operations will start soon. In Erzincanprovince operations are scheduled 

to begin during the second half of 
1964. 

3. 	 Administrations involved 
(a) 	 At the Centre. The "Pilot 

Region Supervised Credits Ser
vice" attached to the Agricultural 
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Credits Directorate of the Agri. 
cultural BANK in Ankara. 

(b) 	 At the Provinces. Agricultural 
BANK Branch Directorates and 
Agencies, organized with special 
staff and technical personnel.

4. 	 Mode of Application for Credits. 
Applications' requests shall first be 
studied by the Bank's technician. The 
latter shall forward requests that he 
deems eligible to a selection com
mittee, comprising the local Agri-
cultural BANK director ; the Coopera-
tive Director ; the senior local teacher,
the country agent and the Muhtar. 

If the request is approved by the Selection 

Committee, a Credit Project is drawn-up.

Applicants may file an appeal against 
 the 

decision of the Bank's technician to the 

Selection Committee. Credit projects shall be 

drawn-up by the technical staff of the BANK 
with the technical assistance of the Ministry
of Agriculture. Projects for which esti-the 

mated costs amount to 50,000 TL or 
 more 

shall be approved by Agricultural BANK

branch-offices ; projects exceeding this sum 
shall be approved by the TOPRAKSU. 

Government Subsidy on Farmers' Invest-
ments 

Designed to create local responsibility, the 
plan to subsidize farmers' investments, 
although showing some progress, has not been 
completed as yet. However, the following
provisions have already been decided on :collected 

1. 	 Government participation in the cost 
of land to be purchased from private 
individuals for land and water deve-
lopment projects shall be ensured 
under the terms of the S-year Plan. 

2. The Turkish Government shall subsi-

4. 	 The Agricultural BANK shall estab
lish a special Fund to be owned by 
the Ministry of Agriculture for the 
implementation of the above-mentio
ned operations. 

The "Land and Water Development
Assistance Law" shall be forwarded to Parlia
ment when preliminary studies are completed.
Institutional Operations 

The 5-year Plan. The Country Report
includes appropriate information. 

Land Reform. The draft of Land Re
form Act being prepared by the Ministry ofAgriculture provides for the following: 

1. 	 Ratinnal management measures shall 
be introduced into farming units the 
sizes of which are presently under 
study considering regional climatic 
and soil conditions. 

2. 	 Large enterprises shall be converted 
into more productive economical 
units. 

: . Applications of the Land Reform Act 
shall be given preference in irrigated 

farming areas. 
4. 	 Land consolidation measures shall be 

introduced. 
5. 	 Fragmentation of lands through sales 

and inheritance shall not be allowed. 
Tax Reform. Henceforth taxes shall be 

from well-to-do farmers who prac
tice large-scale farming. A draft Bill drawn 
up in this connection has been delivered to 
the parliament. 

Water Rights 
A Draft Bill on water rights is beingdize 	construction of irrigation systems drawn-up and will provide for the following 

over and above the investment capa
city of farmers. 1. 	 Rational methods of benefiting from

3. 	 Subsidies shall be approved for opera- available sources of water shall be
tions of a permanent character rather introduced.
 
than temporary or mobile installa-
 2. 	 The Draft Bill comprises proper utilitions. zation measures for both surface and 
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ground waters. Drainage and water-
conduit systems, shall fall within the 
scope of the provisions of this projec-
ted Bill. 

3. 	 The Bill places all water resources 

under government control. 

4. 	 Acquired rights and expropriation 
principles for waters under private 
ownership ; government assistance 
rates ; penal clauses, technical assis-
tance to be provided, etc., are consi-
dered under this law under priority 
order. 

Services
Extension 

Although extension services arc. being ren-
dered independently by each organization 
dealing with irrigation, these :iervices are 
becoming more efficient through a close 
cooperation between the General Directorates 
of the State Hydraulic Works (DS.I.), the 
Soil Conservation and Farm Irrigation 
(TOPRAKSU) and the Extension Service. 

The role of the Extension Service is of 
great importance due to the fact that the 

Service has countrywide access to all villages. 
Thus, the establishment of both farmers 
cooperatives and irrigation districts will be 
encouraged through necessary contacts with 

farmers and audio-visual aids. 

Farmers are encouraged to organise by 

establishing cooperatives and irrigation 
districts and they are informed about the 
important role of proper irrigation in getting 
increased yields. These organizations are 
designed to attain the following aims 

a. Prevent waste of labour and money 
individual farmers; 

by 

b. Assure maintenance of structures 
through a common sense of responsi
bility aroused among farmers 

c. Increase agricultural development 
through credit extensions secured 
under joint liability; 

d. Increase the repayment capacity of the 
farmers who are acquiring the "spirit 

of close cooperation and team work" 
leading to increased productivity. 
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INSTITUTIONAL BASE OF IRRIGATED AGRICULTURE
 
IN THE UNITED STATES
 

by
 

John N. Spencer, Consultant*
 

INTRODUCTION 
Durig 161n oficil fom aothr cun-

try visited a rather new irrigation project in 
Western United States. Over and over lie 
exclaimed, "I have never before seen such 
prosperous neat looking farms". He noted 
the clean orderly tree-caressed farm buildings, 
the weed free fields, the quality of farm equip-
ment and the busy confident farm people. 
His question were, "how did it happen ? 
Where is the touchstone that created this 
man-made garden in an otherwise bleak ex-
panse of arid county ?" The answer is that 
many fortunate circumstances combined to 
make this possible. The availability of good 
irrigable lands, a large water supply, credit to 
finance machinery, livestock and buildings 
were all favourable elements to success. Also 
involved was the culmination of years of trial 
and error, of some success and some failures. 
Certainly, the results represent accumulated 
knowledge in the agricultural and engineer
ing sciences. They represent sound economic 
understanding of the factors implicit in an 
irrigated agriculture and they encompass the 
application of sound organizational knowhow. 
While conditions may differ in different 
countries, perhaps something can be learned 
from the experience in the United States. 

The purpose of this paper is to highlight 
the institutional and organizational factors 
that have played a primary roll in the growth 
of irrigation agriculture in the United States 
-laws, customs, practices and systems which 
through usage, trial, and error have proven 

their worth. Without this base a large part
of 30 million acres under irrigation in WesternUnited States would not have been developed. 

Engineering design, hydrology, soil science 
and economic theory, fundamental though 
they be, must include this mortar of institu
tional laws, usages, rules and procedures to 
create a successful irrigation enterprise. 

I 
In summary, the basic institutions to a 

successful irrigation agriculture have been 
1. 	 Settlement of the Western United 

States under the provisions of the 
Federal Homestead Laws. A vast 
country rich in agricultural resources 
lay empty and unused. This farsigh
ted programme initiated in the 1860's 
resulted in the establishment of hund
reds of thousands of family size farm 
units in the hands of owner operators. 
The Homestead Laws provided that 

acresany adultof citizen could file on 10public land and by living on 
the land and placing it under cultiva
tion could become the owner of a farm. 
The Homestead Laws acted as the 
Tte foresie of u tearm s 

under the Reclamation Laws. Further 
the ectead Lawsnd therthe Homestead Laws and the Recla

mation Law made firm thu policy 
that projects financed by the people 
of the United States should not be 
used for speculation or for the mas
sing of personal wealth by a few 
people. 

* Formerly Chief of Operation and Maintenance and later, Director, Region Seven, U.S. Bureau of Reclamation. 
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2. 	 The assurance to irrigators of a firm 
water supply resulting from state 
codes and laws that established and 
defined the rights to water use. The 
first citizen who could put the water 
to productive use received the first 
right. The innovation of these laws 
was the basic provision for appropria-
tion of water supplies in accordance 
with need and priority of use. This 
became a fundamental principle of all 
state water right laws. It assumed an 
effective and prompt administration of 
these, laws. It paved the way for 
efficient use of natural stream flow 
because it recognized beneficial use 
as the basis, the measure and the 
limit of a water right. 

3. 	 The creation of irrigation or reclama-
tion districts under a body of state 
laws that provided for their organiza-
tion and administration. The districts 
made the local people responsible
for successful operation and mainte-
nance of the projects and for their 
financial security. They gave initiative 
and control to the water users them-
selves. 

4. A great institution for irrigation deve-
lopment was creation of the Land-
Grant Colleges and universities by 
Congressional Act in 1862 (a measure 
supported by President Abraham 
Lincoln). Resulting education and 
research in the sciences of engineering 
hydrology and agriculture nurtured 
water development in the western 
states. These colleges produced large 
numbers of well trained and highly
disciplined graduates who assumed 
responsibility for planning, construc-
tion and operation of projects and for 
vastly improved agricultural produc. 
tion on the farms, Much of the credit 
for 	increase in farm production is due 
to 	 the creation of an Agricultural 
Extension Service under an Act 
known as the Smith-Lever Act. This 

Law brought agricultural education to. 
every farm and demonstrated to the 
farmers the scientific knowledge gained
by research by the Experiment Sta
tions of the Land-Grant Colleges. 

Financial for 
development through taxation of the 
people of the United States. This 
programme, commencing in 102 with 

d. assistance irrigtion 

• passage of the First Reclamation Act 
has grown steadily until it now pro
vides over $ 30),000,000 annually for 
planning, construction and operation 
of multi-purpose irrigation, hydro
power, and flood control projects. 

6. 	 Compacts between the states for regu
lating the flow and use of interstate 

rivers and streams. Such compact 
agreements are now in effect on the 
Colorado, Columbia, Rio Grande, and 
Arkansas Rivers and many lesser 
streams. These compacts provide
for irrigation, navigation, and pollu
tion control. They permit efficient 
utilization of the water without des
troying the multiple values of the 
river. They recognize the rights of 
the individual to use the water in 
promotion of the public welfare. 

7. 	 Then in the 1930's occurred a great 
awakening in America. The missio. 
nary voice of Dr. H.H. Bennett rever
berated throughout the nation warning 
the people that misuse of the soil had 
taken a terrible toll in loss of fertile 
land and that action must be taken at 
once to conserve soil and moisture. 
The Congress did act fast. Soil 
Conservation laws were enacted and 
each state enacted enabling legislation
permitting the formation of soil 
conservation districts. Perhaps no 
agricultural programme in the history 
of the United States had a more dyna
mic effect on the nation's farms-both 
irrigated and non-irrigated. Almost the 
entire agricultural area of the nation 
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I 

is now covered by Soil Conserva- tion Service of the Department of Agri
tion Districts and hundreds of culture. Also, some states provide funds and 
thousands of farms are operating organizations for planning irrigation projects. 
under cooperative agreements for soil 

Reclamation makes aconservation. This programme has The Bureau of 
permitted the United States to prevent reconnaissance examination of the proposed 

many of the problems of soil destruc- project to determine if the land is irrigable ; 

tion troubling some other countries, if the water supply is adeqate in quantity; and 
quality ; and the feasibility of storage and 

8. 	 Above all, the basic philosophies and distribution systems. If the reconnaissance 
laws of the United States ; a Country survey is favourable, the sponsoring groups' 
that emphasizes the rights and next step will be the circulation of petitions 
opportunities of the individual ; a among all prospective water users asking them 
Country that thus creates a great to indicate their willingness to approve the 
medium for personal initiative ; a formation of a legally constituted irrigation 
Country that offered settlement district. While this step is in progress the 
opportunity for masses of land hungry planning agency, federal or state, will com
people from Europe and from Asia mence the preparation of a definite plan. 
and from throughout the nation. 

The 	statutes governing formation of irriga-
Not all of these basic institutions can be tion districts are state laws. They vary some

afforded detailed discussion in a paper design- what in detail but are very similar in basic 

ed for presentation in forty minutes. These context. They require that a majority of the 
closely allied to the immediate problems of land owners and usually more than 50 
irrigation development will be expanded. per cent of the irrigable lands must vote in 

favor of the proposed district. These laws 
also specify the nature of the district organiza-Institutional Phases in Planning an Irriga-

tion Project tion. They place responsibility for manage-

How does a new irrigation project start ? ment and for success of the project on the 

The answer is that the local community must people benefiting by the project not as in

dividuals separately responsible to the govern
want a project and organize themselves to 

a group with the welfare of all a
the 	 steps leading to project realization. ment but as 

aretake 
years 	 primary consideration. The districts

Experience dictates that a period of 25 
may elapse between the time a large project empowered to levy taxes and toll charges 

ownersis conceived and the first lands are irrigated, 	 against the land and the land for the 

purpose of meeting the annual cost of opera-
The easy projects have been constructed. 

irrigation enterprise in- tion and maintenance and annual repayment
Most present day 
volves a heavy outlay of funds for storage and 	 of construction costs. They place responsi

bility for financing, operation and mainten
distribution systems. They are usually beyond 

ance of the project in the hands of a district
the financial ability of the local community. 

board of directors. This elected board varies 

The landowners are a party to the project from 3 to 7 or more directors though the laws 

from the very beginning. Those desiring the of the states differ considerably in the com

new irrigation project form an association position of the district organization. 

which acts as a sponsoring body. This 
If the irrigation project is constructed withorganization contacts a state or federal agency 

toand requests that the project be investigated, 	 public funds the board's first duty will be 
orThat agency is usually the Bureau of Reclama-	 negotiate a contract with the United States 

tion of the United States Department of the other loan agency for repayment of construc-
Conserva- tion costs. These contracts have becomeInterior, though it may be the Soil 
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voluminous documents because they not only 
bind the district to repay the costs of the 
projects but they make provisions covering 
operation and maintenance of the irrigation 
system, land reclassification, proper account-
ing, protection of project lands against im-
proper use of water and the making of rules 
and regulations acceptable to the loaning 
agency. 

Two classes of irrigation districts are com-
mon in the western United States. Class one, 
the traditional irrigation district as set forth 
in the statutes of each of the 17 western 
states, includes within its boundaries lands 
which will receive an irrigation water supply 
from specifically identified storage and distri-
bution works. Only the farms on lands to 
receive water from the project are obligated 
to pay water costs and these farms and 
farmers must be responsible through the 
district for payment of all such costs, 

Obviously an irrigation project produces 
benefits, both direct monetary returns and 
indirect benefits, to many people other than 
the irrigation farmers. For this reason some 
of the states in the west have enacted laws 
permitting the formation of districts which 
encompass within their boundaries the cities, 
towns and industries expected to benefit 
directly from the irrigation project. 

as waterThese districts are usually known 
conservancy or reclamation districts. In such 
districts all property is assessed to help pay 
the cost of the irrigation project. Notable 
examples of this class of irrigation district are 
found in Colorado, Wyoming, Nebraska and 
North Dakota. The states which have enacted 
conservancy district laws have in every case 
placed a ceiling on the amount of the tax 
assessment which can be levied against all 
property. This ceiling usually does not 
exceed two-tenths per cent of the property 
assessed valuation. (Twenty cents on each 
$100 of assessed valuation), 

It is interesting to note that both kinds of 
irrigation districts ; the traditional district, 
and the conservancy district, may be formed 

to administer a single irrigation project. In 
these instances the traditional district usually 
assumes responsibility for meeting the opera
tion and construction costs of a defined distri
bution system and the conservancy district 
meets the costs of operation and maintenance 
and the allocated construction costs of the 
storage system or what is defined as the water 
supply system. 

Irrigation district organizations through
out western United States abide by the 
highest standards of democratic belief. They 
are governed by laws which emphasize 
equitable treatment to every farmer or land 
owner in the district. The landowner irri
gators elect the governing board and can 
remove the entire board or individual 
members. The board functions under closely 
defined authority. For example, the board is 
limited in its authority to create indebtedness 
against the water users. Any indebtedness 
must have approval by general election. 
Lands cannot be added to the district without 
approval of the majority of the electors. It is 
noted, however, that irrigable lands can be, in 
some instances, deleted from the district by 
the board. This act usually requires the 
approval of a court of competent jurisdiction. 

Planning an Irrigation Project-The Old 
and the New 

The planning of a modern irrigation pro
ject in the United States is becoming in itself 
an institution. Gone from the American 
scene is the western irrigation project of sixty 
or seventy years ago. Then, all too often 
four or five farmers working with a man. they 
called a "surveyor" staked out a stream 
diversion and distribution system called the 
ditch. They dug the ditch using teams of 
horses and scrapers. When the job was corn
pleted each farmer built his own farm turnout 
and there were no water measuring devices 
worthy of that name. Almost immediately 
after water was turned into the ditch, quarrels 
started over the distribution of the water. 
Sometimes these were violent fights involving 
shovels and guns because no one was really 
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certain of the share of water to which each so 
called mutual ditch company owner was 
entitled. The value of each irrigated farm 
was determined by its proximity to the head 
of the ditch. A farm on the tail-end of the 
ditch sometimes could not be sold at any 
price. Crop production was simply too 
uncertain. It must not be assumed, however, 
that all early projects were as haphazard as 
this. Many projects were well planned and 
well constructed. True, they were simple 
stream diversion type but they have operated 
for 100 years and the crop production on 
some of them is higher now than when they 
were first conceived, 

The process, the objective, and the results, 
have changed. Multiple use of the water 
resource is a primary consideration. Hydro-
power, flood control, soil conservation, fish 
and wildlife are all made a part of the plan in 
addition to irrigation, 

Today, planning an irrigation project is a 
well organized and scientific process. It 
involves the best in the disciplines of engi-
neering ; civil, mechanical and electrical. It 
utilizes the most modern developments in 
hydrology. Planning a project includes the 
sciences of soils, agronomy, horticulture 
and livestock management. The planning 
process utilizes modern economic principles 
involving allocation, benefit, and costs 
analysis, water user repayment ability all 
derived from accurate estimates of crop 
yields and market outlook, 

Planning technicians are selected with 
outstanding education and experience in the 
field of irrigation and multi-purpose water 
development, 

Few single purpose irrigation projects are 
under investigation in the United States. 
Practically all projects of material scope 
(excluding some pump irrigation projects) 
require large storage facilities to capture
"surplus and off season" stream flows. In 
recent years many of the plans have included 
watershed management and improvements 
and soil erosion control bot,, on the upstream 

water producing area and on the downstream 
irrigated lands. A notabl Federally financed 
project employing all of these elements is the 
52,000 acre Farwell Project in Nebraska. The 
plans authorization, and the appropriations 
for this project are a package deal including 
the irrigation of project lands and the protec
tion of related watersheds. Agricultural 
aspects of an irrigation plan are given full 
consideration. Water requirements for crop 
production, rate of water application for 
maximum yields, crop adaptation, crop rota
tion, are all considered and made part of the 
plan. The plan fixes the time when project 
repayment will commence and suggests a 
development period during which no repay
ment is required. The amount of repayment 
is also set forth based on the ability to pay 
such costs. 

A typical project planning organization as 
used by the United States Bureau of Reclama
tion and the United States Soil Conservation 
Service on a medium ize multiple-purpose 
water development project might be as 
follows : Bureau of Reclamation : One plann
ing engineer in charge ; one office engineer : 
one field engineer ; two engineers ; three 
draftsmen ; four engineer aides ; one Chief of 
S,::veys ; two survey crews of four men each ; 
three hydrologists ; one agriculturist ; two soil 
scientists ; two labourers ; one economist ; one 
report writer ;one drill crew of four men ; 
and necessary stenographic and clerical help. 
Laboratory testing of drill cores and soil 
samples will be conducted in a central 

laboratory. Geologic assistance will be pro
vided as needed. Preliminary designs and cc-,t 
estimates of major structures will b-- made 
by the Chief Engineer's organization in his 
centrol office. 

Soil Conservation Service: One con
servationist in charge ; two irrigation engi
neers ; four farm engineer layout specialists ; 
one hydrologist ; one sedimentationist ; one 
agriculturist; one soil scientist ; necessary 
clerical help ; and laboratory facilities for soil 
testing and testing of construction materials 
as needed. 
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Most of the western United States has 

now been organized into soil conservation or 

watershed management districts. Therefore, 

those districts and the Soil Conservation 

Service have available technical personnel 
qualified to assist the Bureau of Reclamation 

and the irrigation districts in providing 

erosion control and watershed management 

data to the irrigators at the time the water 
development plan for the irrigation project is 
initiated. 

The first step in investigation of an irriga-

tion and water development project is deter-

mination of quantity and quality of available 

water supplies. This is an extremely 
important beginning of the project because 
not only must hydrology of the surface and 
ground water be determined but the legal 
matters involving water rights must also be 
cleared. Simultaneous with the water supply 
studies is the mapping of arable lands into 
two 	 or three classes. This is followed later 

by 	 the selection of irrigable lands from the 

arable land area. That determination is, of 
course, based on location of project distribu-
tion 	system and farm ditch layout. 

While these activities are in progress, 

engineers are selecting storage sites and loca-
tions for canals and laterals. Anticipated cost 
of construction, operation and maintenance, 
timing of water deliveries, seepage losses are 
all factors in selecting the route of a distribu-tiontisystem.y

tion system.2. 


Cropping plans including crop distribution 

and 	 water requirements for each crop are 
determined. Economists will make studies of 
benefits and costs, the amount that the irri-

gators can afford to pay for water and 

allocations of costs to each of the projects 
multi-purposes ; such as, irrigation, power, 
flood control, wild life recreation, pollution 
and sediment control. 

The procedure outlined may seem corn-
plicated but when properly organized and 

executed, the resulting project can be 
depended upon to produce calculated benefits 
at calculated costs. The costs of the investiga-

tion itself will range from four to ten per cent 

of total project costs depending on the size 

and scope of the undertaking. On most 

multi-purpose projects, investigation costs 

will not exceed five per cent of total costs. 
This figure does not include construction 

designs or inspections which are deemed a 

part of construction costs. 

When the plan is completed, it is publish
ed in volumes identified by subject matter 
such as, hydrology and water supply, enpineer

ing design, land classification, economics 
and agriculture. The plan is used for many 
purposes : 

1. 	 It is the standard for project construc

tion and operation and maintenance. 

It is the criteria for formation of the 
irrigation districts.
 

iitio distris.
 
3. 	 It is the basis for financing the project 

and for repayment contracts. 
4. 	 It is used in securing congressional 

authorizations. 

5. 	 It is a guide for farmers in developing 
cropping plans.
These are a few of its uses. 

The basic criteria for an acceptable irriga

tion project under regulations of the United 
States Bureau of Reclamation are as follows : 

1. 	 The land to be irrigated must be 
determined irrigable by a land classi
fication survey. 

The water supply must be adequate 
within the range of tolerable shortages 

based upon years of historic drought. 
(Usually 75 per cent or more of an 
optimum water supply). 

3. 	 The benefits of the project must 

exceed the cost. 
4. 	 Annual water charges must be within 

the calculated ability of the water user 

to pay such charges. 

5. 	 No project will be constructed if the 
water users, as a minimum, can not 
meet the annual cost of operation, 
maintenance, and replacement of 
facilities allocated to irrigation use. 
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The problem of knowing when to call a 
plan complete has never been solved satis. 
factorily. It continues to be the source for 
high level conferences. It is for this reason 
that a planning engineer must be the most 
experienced, the most artful and the most able 
of decisive judgment of anyone in the busi-
ness of developing irrigation projects, and he 
mustjudgement.not be timid in the exercise of that 

Institutional Developments in Relation to 
Operation and Maintenance of Irrigation 
Projects 

Years of experience in operating irrigation 
projects have proven conclusively that regard-
less of who may construct the project the 
sooner it is turned over to the farmers through 
their district for operation and maintenance, 
the better for all concerned. The agency 
financing or constructing the project is usually 
the Federal Government, the State, or a pri-
vate entrepreneur. Regardless, such entity 
should stay on the job only long enough to 
ensure the complete operability of the irriga-
tion system. The irrigation district board 
will usually try to defer acceptance of res-
ponsibility for operation and maintenance on 
grounds that some element of the construction 
may prove faulty. The United States Bureau 
of Reclamation had a long and trying ex-
perience in this regard until it became con-
vinced that successful maintenance means 

maintenance by the water users. Frequently, 
the irrigation works-notably minor facilities 
like laterals and diversions-deterlirated 
rapidly because the water users were opposed 
to paying the full cost of the maintenance 
programme. When a canal broke or a syphon 
leaked, the water users instead of making 
repairs, would call the government office; 
saying, "come and fix your ditch". However, 
once the human tendency to delay the take-
over is overcome, the water users-through 
their hired organizations-usually do a good 
job and they seldom express any desire to 
return operation andmaintenance responsibi-
lity to a government agency. 

The board of directors of an irrigation or 

reclamation project is authorized by law to 
employ a staff needed to operate and maintain 
the system from its headworks to the farm 
turnouts. A typical operation and main
tenance organization for a 50,000 acre project 
in Colorado, Wyoming and Nebraska is as 
follows : 

NumberRequired Position 
1 

Manager 
2 Watermasters 
I Clerk (Water records and cost 

accounting) 

1 Clerk-Stenographer 
12 Ditchriders through irrigation 

season 
I Maintenance Foreman 

drivers, concrete, etc.) 

3 Equipment Operators (dragline, 
tractors, road patrol, etc.) 

One watermaster district usually consists 
of 25,000 to 30,000 acres 

One ditchrider can serve an average of 
4,000 acres 

can deliver 40 to 50)heads of water 
and drive 50 to 60 miles per day. 

In figuring personnel requirements on a 
project, generally one man year is required
for each 1,e00 acres. 
f itchriders areem 

Ditchriders are employed on maintenance 

The district board of directors must act as 
a group never as an individual member of the 
board. The board must agree on the policies 
for eration and maintenance, must then 
turn them over to the manager, and must see 
that he puts them into practice. The surest 
way to destroy the effectiveness of an operat
ing organization, and this has happened many 
times, is for one board member to give orders 
to the manager. It is, of cours , even worse 
when a board member gives instructions to 
men in the field working under the manager. 
It has taken years of dismal failure to fix 

once and for all this simple basic truth. 

195 



Thus the irrigators in the United States 
finally learned how to organize irrigation 
enterprises and they learned how to carry on 
the relationships between the policy-making 
group (the board of directors) and the manage-
ment of the project. The next big problem, 
and one that has taken years to resolve, is 
how to make certain that the job of mainte-
nance is actually performed. Deferral of 
necessary maintenance has caused endless 
trouble on irrigation projects throughout the 
world. Operation of the project cannot get 
far in arrear because the irrigators will object 
strenuously when their crops dry up. Mainte-
nance, on the other hand, can be an insidious 
perplexing proposition. Inadeqtiately main-
tained irrigation projects can bring about 
economic disaster. One poorly maintained 
project in southwest United States finally, 
and after many years, paid all of its construc-
tion obligation ; however, the cost of deferred 
maintenance was so great that the water users 
had to bond themselves in an amount greater 
than the original indebtedness in order to 
make the system operable. 

In recent years, the problem has been 
resolved by the establishment of written 
standards of maintenance enforced by the 
annual inspection of all irrigation facilities, 
The inspectors are competent irrigation
engineers. When they look at a lateral, a 
canal, a diversion or a dam, they do so with 
the skill acquired by training and experience, 

A good example of maintenance standards 

for an irrigation project were adopted in 1962 

by the Frenchmen Valley and H. & R.W. 

irrigation districts in Nebraska. These 

are new reclamation projects recently 

completed by the United States Bureau of 

Reclamation. The introductory statement in 
the document setting forth the standards of 
maintenance reads like this : "Keeping 
maintenance work current on all irrigation 
facilities is the keystone to a sucessful enter-
prise. No poorer form of economy exists than 
slighting annual maintenance needs. The 
history of irrigation is replete with examples 
of failures caused by inadequate maintenance, 

Improper repairs and negiected maintenance 
costs far more than keeping the system in top 
operating efficiency at all times". 

The first requirement in a set of standards 
provides for an annual inspection, a detail 
report of that inspection, and the recom
mendations for maintenance work that must 
be performed within one year and before the 
next inspection. 

The document describes operation of the 
system including water supply, water 
measurements and records. It indicates order 
for reservoir releases and the procedure that 
must be followed by each water user in 
requesting an irrigation supply. Incidentally, 
most districts require the users to order water 
by mail or telephone at least 48 hours ahead 
of delivery. 

The standards include the design criteria 
for each canal, lateral, diversion and storage 
facility. Each measuring device is identified 
by size and flow regulation. Waste-ways are 
described as are all drainage inlets. Tolerance 
for sediment accumulation in the canals and 
laterals is given and cross-sections for 
measurement of sediment accumulation are 
located. 

On all projects constructed by the Bureau 
of Reclamation, an inspection of minor 
structures and facilities is made once each 
year, usually as soon as possible after the end 
of the irrigation season. By minor structures 
is meant the distribution system including 
diversions, canals, laterals, turnouts, waste
ways-in fact, all small structures down to the 
farmer's headgate. The inspection team 
includes at least two top flight engineers 
acquainted with project facilities. One or 
more members of the irrigation district board 
are always asked to accompany the inspectors. 
The district manager or superintendent is also 
included with the group. They spend suffi
cient time to thoroughly examine the condition 
of each facility, to make notes of their 
observations and sometimes to photograph 
conditions that require maintenance work. 
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nance. These are usually available in theInspection of major facilities such as dams, 
spillways, power plants, turnout valves and 	 regional offices of the United States Bureau 

of Reclamation or in the office of the Bureau'ssimilar facilities is made once every two or 
Chief Engineer in Denver, Colorado.three years, in accordance with a pre-deter-

mined schedule. On all reclamation projects 
to anas 

requirements for maintenance are set forth in irrigation district is the kind and amount of 

the repayment contract between the United equipment needed to maintain the project 
There follows a list of the equipment 

the provisions for inspection as well the Another matter of prime concern 

States and the irrigation district. Since this 	 works. 
a 50,000 acre project in Wyommatter of maintenance is so important to the 	 required for 

ing. Again the United States Bureau of success of every irrigation project, the govern-
ing board of every irrigation enterprise is Reclamation publishes excellent documents 

urged to secure a copy of a set of documents describing equipment, its capacities and 

reporting the results of inspections for mainte- proper uses. These are usually obtainable. 

Item No. Type or Size
 

Dragline 1 cu. yd.-caterpillar type
 
Trailer 1 Lowboy-sufficient to carry dragline
 

Dragline 1* I- cu. yd.-similar to Quickway
 

Tractor 1 D6 or equivalent with dozer
 

Carry-all Scraper 1 To accommodate D6 tractor
 

Tractor 1 D4 or equivalent with dozer and loader
 

Carry-all Scraper 1 To accommodate D4 tractor
 

Tractor 1 Rubber-tired for mower, etc.
 
To accommodate rubber-tired 	tractorMower 1 


Weed Burner & Spray 1 Combination for rubber-tired tractor
 

Motor Patrol 1 10'-12' blade--hydraulic control-50 H.P.
 

Trucks 1 2 ton flat-bed or stake body
 

Trucks 3 1 ton, flat-bed, side dump
 

Trucks 3 1J ton, dump body
 
J - 41ton, pickup body
Trucks 3 

1 Sedan and 2 coupes
Automobiles 3t 

1 large and I medium, hydraulic controls
V-ditcher 	 2 


2 1 sack on rubber tires
Concrete Mixer 
Compressor 1 125-185 cu. ft. portable with hammer & drills
 

Pump 1 4" discharge, portable motor driven
 

Light Plant 1 1000-1500 watt, probable
 

* A DO tractor with dozer, Hystaway dragline attachment, carry-all scraper and V-ditcher can be substituted for 

the Quickway or similar dragline.
 
t Does not include ditchriders' cars.
 

gain by studying material 	 made availableEquipment requirement depends on the 
location, the length of the irrigation season, through the Chief Engineer of the Bureau of 

the system of operations and many other Reclamation. These documents are well 

factors such as climate, watershed cover and illustrated by design sketches and photo

weed problems. Every project manager can 	 graphs. 

197 



The method of making water charges is 
another important phase in the operation of 
an irrigation project. Long experience dictates 
that the best way to charge for water is by 
measurable quantities ; in other words, by a 
rate per acre foot, or 1,000 gallons, or cubic 
meter (though the latter measurement is 
seldom used in the United States). 

There is a very definite two-fold psycholo-
gical reason for preferring a rate charge to a 
flat charge per acre. The rate charge tends to 
prevent overuse of water with resultant loss 
of fertility, alkali problems, and seepage. 
Secondly, it husbands the available water 
supply, thus assuring more water for project 
use during periods of protracted draught. 
Many of the irrigation districts in western 
United States, resort to a combination of 
water charges. They use both the tax assess- 
ment and rate per acre foot toll charge. They 
divide the annual budget into fixed obligations 
(established by legal statutes) and obligations 
which may vary from year to year. This 
arrangement permits flexibility, both as to 
time and amount of collection and is usually 
more acceptable to the water users. 

Drainage of farm lands in irrigation 
districts has been and always will be a pro-
blem of continuing importance. Loss of crop 
production by seepage burdens the financial 
structure of the entire irrigation district 
because if the seeped land cannot be replaced 
with productive land, the remaining produc-
tive lands must meet the annual water charges. 
In districts where irrigation is a seasonal and 
tot a year-round programme, the irrigation 
superintendent employs part of his labour 
force to construct drainage work on irrigated 
farms. For example, some irrigation districts 
in Kansas, Colorado, Nebraska and Montana, 
encourage land owners to make application 
for needed drainage when they observe that 
water tables are rising. The district then 
uses its off-season workers to accomplish the 
needed drainage on a "first come first serve 
basis". Rights-of-way for drainage are 

essential on all irrigation projects. Insofar 
as possible, they are acquired at the time the 

rights of way for canals and laterals are 
purchased. If additional rights of way are 
needed, they are purchased by the district. 

Like drainage work, land reclassification to 

weed out unproductive land is more or less a 
continuing programme. Seepage and erosion 
are culprits tending to change the productive 
value of irrigable lands. Also effecting the 
irrigable area in a district are new roads, 
expansion of city boundaries and new 
industrial plants. It is a common practice 
for the districts to reclassify the irrigable 
lands within their boundaries at fairly regular 
intervals (five to ten years). The Federal 
Reclamation Laws recognize this fact and 
provide the legal machinery for reclassifica
tion of lands on all projects constructed by 
the United States. The government makes 
available the necessary soil scientists and the 
cost of the work is rapid by the water users. 

The Federal Reclamation Laws as a Basic 
Institution in Irrigation Development 

The United States of America is a nation 
governed by laws, not by men. The law in 
a democracy, like an organism, grows as it is 

nurtured. Nurtured in this case by the 
wants and needs of its human society. 

A man dressed in overalls and rubber boots 
carrying an irrigation shovel ; a long train 
loaded with fruits and vegetables, cattle and 
hogs, cotton and wool, grinding its way along 
a steel track ; the deafening roar of sugar 
mills and cotton gins ; a young man and a 
young woman standing at the church altar 
taking marriage vows ; a youngster in a boat 
on a lake fishing ; can all of these sights and 
sounds be related to anything as deadly 
monotonous as a set of green books called the 
Federal Reclamation Laws ? Yet, so they are. 

The Reclamation Laws record the 
evolution of thought in the field of irrigation 

a wreouces delomentteyoa 

progress.
 

At the beginning of the 20th Century, the 
growth of irrigation in western United States 
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had reached a stalemate. Those with money 
to loan were little interested in financing 
irrigation projects. The water of most 
streams was over appropriated and numerous 
speculative projects had failed to assure a late 
season water supply because of inadequate 
stream flow. Further development for 
irrigation meant storage reservoirs and this, 
in turn, meant greatly increased project costs. 
A new concept was necessary or a vast 
segment of the United States-the arid west-
must cease to grow. Thus, the first Federal 
Reclamation Project Act of 1902 sparked new 
life into the western states. Here is what it 
did : 

1. 	 The Act created a reclamation fund 
derived from public land revenues, 
(oil royalties, sale of public lands, 
land rental fees), all to be used in 
financing irrigation projects. 

2. 	 It permitted the withdrawal of publiclands for irrigation purposes. 

3. 	 It set a limit on the size of an irrigated 
farm-not less than forty acres of 
irrigated land in one ownership nor 
more than 160 acres. 

4. 	 It gave the government the right of 
eminent domain to enter private 
property (after payment of just 
compensation) for the purpose of 
constructing reservoirs, canals, laterals 
and appurtenant irrigation works. 

S. 	 It recognized the rights of the states 
to control, appropriate, use, or distri-
bute its waters. 

Itt. required the water users to repay
to the reclamation fund their propor
tionate share of project costs in ten 
annual instalments. This requirement 
is basic to all Reclamation Law and 
has had the very beneficial effect of 
assuring great integrity in the realistic 
appraisal of land, water supply 
capabilities, land settlement policies, 
as well as engineering and financial 
considerations. 

During the subsequent 61 years the 
Reclamation Law has been changed to further 
encourage irrigation and related water 
development projects. The most basic of 
these changes and additions are listed 

1. 	 The repayment period has been 
extended to forty years instead of ten. 

2. 	 A farm development period is recog
nized permitting the water user up to 
ten years before he must start repay
ment of construction costs a period 
when his farm costs will be high and 
he can least afford the burden of 
paying for the project. 

3. 	 It recognizes that a project may have 
water surplus to its needs and permits 
the sale of such water as a means of 
repaying part of the construction 
costs. 

4. 	 It brought about hydro-power
development at reservoir sites asanother means of permitting more 

rapid repayment of irrigation 
construction costs. 

5. 	 It recognizes the principle that the 
water users shall not be asked to pay 

water charges in excess of ability to 
pay. 

6. 	 It recognizes that wastage of soil and 
moisture resources on farms and 
watersheds is a menace to the national 
welfare and provides permanently for
the 	 control and prevention jof soil 
eron. 

erosion. 

7. 	 It provides for reclassification of
irrigable lands at five-year intervals. 

S. 	 It provides assistance to the various 

states in bringing about river basin 
compacts for inter-state streams. 

9. 	 It provided for financing of "small 
projects" as well as "large projects". 

The Reclamation Laws have kept pace 
with the needs of a dynamic society. They 
are a basic institution to the development of 
irrigated agriculture in the United States. 
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Irrigated Farms and Farmers 

The number of irrigated farms is small in 
proportion to the total number of all farms in 
the United States. Never-the-less, their 
influence on the national economy is great. 
Many of the Nation's food crops are grown 
almost exclusively under irrigation. Among 
these are fruits, nuts and vegetables. Practi-
cally the entire acreage of sugar beets is grown 
on irrigated farms as is the acreage of rice. 
Because of high yields an increasing percent-
age of the cotton crop is grown on irrigated 
land. Alfalfa, corn, potatoes, and beans are 
important irrigated crops, 

Livestock production, especially feed lot 
cattle and sheep and dairy cattle, is an 
important enterprise under irrigation. In 
fact, the high yields from irrigated land is 
contingent on fertile soils made so by heavy 
applications of livestock manures. The range 
of crop yields on class one and two irrigated 
land give some idea of the relative importance 
of these lands as compared to non-irrigated 
lands. Alfalfa yields from three to seven 
tons per acre, depending on length of growing 
season. Sugar beets yield from 16 to 26 tons 
potatoes from 400 to 600 bushels per acre 
and cotton runs from two to two and one-half 
bales per acre. 

Irrigated farms, like all farms in the United 
States, are tending to become larger. Farm 
management studies reveal that larger farms-
those in the range from 300 to 500 acres or 
larger- are more profitable than smaller farm 
units. Undoubtedly, this trend is influenced 
by modern farming methods which call for 
large investment in power machinery and an 
efficient farm organization in a highly 
competitive agriculture ; an agriculture 
frequently finding itself confronted with 
surpluses of crops in excess of market 
demands. 

The irrigation farmer relies heavily on 
credit to finance his operation. He tends to 
use short-term credit to secure funds for 
planting and harvesting. He usually borrows 
money to stock his feedlots or dairy barns, 

liquidating the loan at the time his livestock 
is sold or his dairy is able to produce optimum
yields of milk and butterfat. The local banker 
handles most of this normally. Their interest 
rates are stable and not exhorbitant. 

Indeed, irrigation farming in this day 
requires a heavy capital outlay. For example, 
a good one-hundred acre irrigated farm in the 
Central West will cost $ 40,000 to $ 60,000 for 
land and improvements. The cost to adequa
tely equip such farm with modern machinery 
ranges from $ 20,000 to $ 25,000, depending on 
the kind of crops to be grown. Livestock 
may cost another $ 10,000 or more. Capital 
value of the farm will range from $ 75,000 to 
$100,000. Few young farmers have this kind 
of money. To get started the young farmer 
must rely on both long-term credit and short
term credit. This is one of irrigation 
agriculture's vital problems. 

The Farm Credit Administration was 
t he Farm Credit A tof was 

created by the Farm Credit Act of 1933. 
Subsequently, this credit institution was 
improved and made more flexible to meet the 
challenging needs of all agricultural credit. 
The Federal Land Bank was created as part 
of the Farm Credit Administration's 
programme. This Agency makes long-term 
farm loans (33 years) at low interest rates. 
More recently, there was established the 
Farm Home Administration which permits 
financing of farmers where the credit risk is 
greater. It is in this Institutiont hat young 
farmers on newly irrigated lands may reach 
for help. Never-the-less, the credit structure 
is still a problem on irrigated farms ; no form 
of credit yet available is fully tuned to the 
particular needs of new irrigated projects. 

A successful owner-operator on an 
irrigated farm is much more than a "rube" 
or "peasant" farmer.lie is, in fact, a trained 
business man qualified to hold position in one 
of the Nation's most competitive businesses 
agriculture. He is frequently a college 
graduate ; he has knowledge of how and when 
to plant and harvest; of how and when to 
fertilizer and control pests ; and of how and 
when to apply water. In brief; he is an 
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agriculturist but he is more than that he is a 
financier, an efficiency expert, a personnel 
officer, a marketing specialist, a mechanic,
and 	a trouble shooter. 

A successful irrigation farmer is competent, 
he has initiative, he loves his work, he has the 
respect of his community and he intends to 
stay there. Indeed, he is a basic institution 
of irrigated agriculture in the United States. 

Perhaps it is well to summarize some of 
the things that the institutional structure hasdone for the irrigation farmer:fam 

1. 	 The farmer is a participant in the 
plans for the project. He has the 
right and responsibility to help make 
decisions pertaining to District 
formation, levy of taxes and toll 
charges to pay irrigation costs, and 
organization for operation and 
maintenance. 

2. 	 The farmer is assured of a firm right 
to his water supply that cannot be 

taken away. In time of water shortage 
he will receive his proportionate share 
of the available supply. 

3. 	 He knows that the project will be 
administered under laws which 
recognize his property rights. 

4. 	 He knows that qualified technicians 
will construct the project and that itwill operate efficiently. 

farms operations realizing that theoprtns elinghtte
bank or loan company is government 
supervised to assure fair and proper 
interest rates. 

. The land owner whose lands are 
acquired for project purposes knows 
that he will be paid the full value for 
his land as established by competent 
appraisal. 

These are some of the institutional benefits 
to the farmer and land owner. 
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CHAPTER VIII 

OPERATION AND MANAGEMENT
 

OPERATION AND MAINTENANCE OF IRRIGATION
 
PROJECTS IN TURKEY
 

by
 

Kemal Ertunc*
 

INTRODUCTION 

The Development of Operation and Main-
tenance in Irrigation Projects 

Modern and effective irrigation can be rea-
lized with the completion of two distant 
steps. The first step is to supply irrigation 
water to the farmer's turnout and the second 
is to assure that this water be utilized 
efficiently on the farm. 

Supplying irrigation water to the farmer's 
turnout is possible only if there is an ade
quate supply of water and properly designed
and constructed irrigation system. Maxi-
mum utilization is possible when the lands 
are prepared for uniform distribution of 
irrigation water and protected from flood 
water and high water table by adequate
drainage systems. Successful operation of an 
irrigation system requires regular mainte-
nance of the system and close cooperation with 
the farmers to prevent wasteful operations
and maintenance practices, 

Operation and Maintenance 

The irrigation installations constructed by
D.S.I. (State Hydraulic Works) are operated
by Operation and Maintenance Engineers.
The operating organization includes irriga-

tion, maintenance, power and dam operationservices. This staff can undertake the opera
tion and maintenance of a system containing 
up to 10,000 Ha. Projects smaller than 10,000 

Ha. are operated by irrigation personnel
working in field offices and attached to the 
Operation and Maintenance Engineers. For 
projects larger than 25,000 Ha. more exten
sive organisations should be established. 
The Development of Irrigation Projects in
Turkey 

Approximately 25 per cent of Turkey's 
water resources have been partly developed, 
The remaining water resources should be 
developed as soon as possible for suitable 
crop-lands are limited and the population
density is increasing at an accelerated rate. 

During the period 1943 to 1963 gross area 
of projects carried out by the Government 
increased from 54,000 Ha. to 251,127 Ha. 
In addition to this development and in 
accordance with the Five-Year Plan, the total 

area of "big" projects will be 625,000 Ha. and
addition of 415,000 Ha. to the 210,000 Ha.already developed. In addition to this 
625,000 Ha. area, 100,000 Ha. of land will be 
developed under the programme of small 
irrigation projects during the five-year period. 

* Agricultuje Engineer, General Directorate of State Hydroulic Works, Ankara. 
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Brief descriptions of the big projects 
operated and maintained by the State Hyd-
raulic Works Department (D.S.I.) follow: 

1. 	 The Lower Seyhan Project. Thetotal area of the project is 186,000 
beenHa. Distribution system has 

completed for 20,000 Ha. The water 
source for the Seyhan Project is the 
Seyhan River. Necessary irrigation 
water for the entire Adana plain is 
stored in the Seyhan Reservoir which 
has a capacity of 1500 x 1(i0 m3. This 
project will be completed during 
1969. 

2. 	 The Berdan Project. The water 
source is the Berdan River. The 
project's gross area is about 60,000 
Ha. however only 7,000 Ha. can be 
irrigated at the present time. The 
Mersin orchards irrigation project is 
a unit of the Berdan Project. Water 
supply for this 3,000 Ha. area will be 
pumped from the Berdan right main 
canal. The water distribution system 
for this particular project will beundergroundMeconcreterpipelines.
underground concrete pipelines. 

3. 	 Lower Goksu Project. The Silifke 
plain has 5,200 Ha. of irrigable land. 
Water is taken by a diversion dam on the Goksu River. 

4. 	 The Anamur Project. 3,000 Ha. of 
land are available for irrigation in the 
plain. At the present time the pro
ject is not in operation as construction 
of the irrigation system will not be 
completed until 1965. 

5. 	 Alanya-Dim Project. The project, 
with 1,050 Ha. area, is already fully 
developed. The distribution network 
uses both gravity and pumping 
systems. 

6. 	 Manavgat Project. There are 1,500 
Ha. irrigable land in the project. 
Construction work has been comple-
ted and the project is in operation. 

7. 	 Lower Aksu Project. The project 
area of 19,000 Ha. is located on the 
right and left banks of the Aksu 
River. Construction of the right 
bank distribution system for 3,600 Ha.
has been completed. The other units 
aen under consrtiohand will

uwib 
are construction and be 
completed during 1906. 

8. 	 Kirkgozler Duden Project. The 
project contains 6,500 Ha. and cons
truction will be completed in 1965 ; 
2,900 Ha. of land are under irrigation 
at the present time. 

9. 	 Fethiye-Esencay Project. The pro
ject contains 2,900 Ha. and has been 
in operation approximately fifteen 
years. 

10. 	 Upper Menderes Project. The 
Isikli and Irgilli projects are two 
separate projects with a total of 
8,400 Ha. Both projects arc now 
under construction. Construction 
work will be completed in 1904. 

11. 	 Middle Menderes Project. This 

project has three units : Denizli--

Saraykoy (7,000 Ha.), the Yenice-
Saraykoy (5,000 Ha.), and the Nazilli 
unit (14,000 Ha.). Total project area 
is 26,000 Ha. and the water source is 
the 	 Great Menderes River. Each 

project has a separate irrigation orga
nization. 

12. 	 Akcay Project. This project area 
with 3,000 Ha. is down-stream of 
Kemer Dam. The distribution sys
tem is under construction and should 
be finished in 1965. 

13. 	 Gediz Project. The water source for 
this valley is the Marmara Reservoir 
with a capacity of 350 x 100ml and the 
Demirkopru Reservoir which stores 
1,300 X 106m3 of irrigation water. The 
units of the projects are: the right 
and left banks of Ahmetli containing 
27,000 Ha., the right and left banks 
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of the Adala contains 15,200 Ha. and 
the Menemen project with 15,000 Ha. 
This project, totalling 57,200 Ha. will 
be completed in 1966. 

14. Bursa and Iznik Project. This pro-
ject contains two small irrigation pro-
jects. One is the Iznik with 1,200 Ha. 
capacity, and the other is the Bursa 
plain irrigation district containing 
1,750 Ha. 

l5. 	 Porsuk River Project. The Porsuk 
Dam with capacity of 160 X106 m3 isthe water supply source for the Eskise-
ther wiat supsource. frThe Esect 
hir irrigation project. The project 

Ha. The Kutahyacontains 22,000 
project is located upstream of the 

Porsuk Dam and has 2,400 Ha. Both 
projects are fully developed. 

16. 	 Uluirmak Project. Mamasin Dam, 
which can store 18. 106 M3 of water, 

is the source of water for this project. 
The distribution system for the irriga-
tion project is under construction and 
5,000' Ha. will go in to service in 
1964. The remaining 11,500 Ha. 
area 	will be irrigated during 1966. 

17. 	 Cumra Project. This project, being 
fifty years old, is the oldest irrigation 
system in Turkey. Rehabilitation 
work is being undertaken to providemore adequate distribution and 
drainage systems. 

The water source is Beysehir lake. 
Apa Dam was constructed down 
stream of Beysehir lake; and supplies 
additional irrigation water to the 
Cumra project. The project area 
contains about 45,000 Ha. The Konya 
plain irrigation project which includes 
Cumra, May, Sille and Konya projects 

and contains 80,000 Ha. of land will 
be completed during 1970. 

18. 	 Ayranci Project. The construction 
of Ayranci Dam with a storage capa-
city of 30 x 106 m3 has been completed. 
Although there are 30,000 Ha. of 

irrigable land in the plain only 
5,000 Ha. of land can be irrigated be. 
cause of insufficient water supplies. 

19. 	 Upper Yesilirmak Project. The 
project units are the Erbaa irrigation 
district, 3,000 Ha.; Right bank KazQva 
district, 8,100 Ha. ; and Amasya with 
2,200 Ha. These projects have been 
fully developed. Almus Dam, located 
on the Yesilirmak River can store 

950X106 m3 of water. This is the 
source of water for the 18,200 Ha. of 
irrigable land in the basin. Omala,
Turhal and Kazova left bank irrigation
units 	are under construction and will 

be completed in 1966. 

20. 	 Malatya and Dogansehir Project. 
The Malatya plain contains 9,000 Ha. 
The Dogansehir project is fully 
developed and providing irrigation 

water to 1,500 Ha. After completion 
of the Surgu, Sahnahan and Medik 
Dams, which are in the upper Euph
rates basin development, irrigation 
water will be available for 48,000 Ha. 
of land. In addition to surface water, 
under ground water is available for 
irrigation purposes. Four-hundred 
Ha. of land can be irrigated by 
artesian flow or pumped wells. 

21. 	 Erzincan Project. The irrigation 
network of right bank has been com
pleted and 3,000 Ha. are being 
irrigated. The distribution system 
for the irrigable 26,000 Ha. of land on 
the left bank is under construction. 
With the completion of Tercan Dam, 
30,600 Ha. of land will be irrigated in 
the plain. The project is scheduled to 
be completed in 1970. 

22. 	 Igdir Project. This irrigation project, 
with 35,000 Ha. gross area, is under 
construction. The water source is the 

Aras river. Minimum flow of the 
Aras river is not sufficient to irrigate 
the entire area. Investigations are 
now underway to determine the 
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feasibility of construction of the Ahur- 24. Van Project. The project area con
yan storage dam which would increase tains 7,000 Ha. and has several water 
the size of the project area. in sourceb ; the Samran canal, five 

23. 	 Nusaybin Project. The Cag-Cag storage dams and historical under 
stream with a minimum flow of 8 m3 ground galleries. Gross and net 
per second is the water source for the irrigated area and irrigation percenta
7,000 Ha. project which is fully ges are shown in Table 1. 
developed. 

TABLE 1. GROSS AND NET IRRIGATION AREAS 

Name of Gross project Net irrigated Irrigation 
Project area (Ha.) area in 1962 Percentage 

(Ha.) 

Menemen Ovasi 15,000 8,147 54 
Salihli Ovasi 1,250 3,923 100 
Nazilli Ovasi 14,000 10,886 78 
Denizli-Saraykoy 7,000 4,985 71 
Malatya-Ovasi Su. 6,000 3,852 64 
Adana Seyhan Su. 20,000 16,882 85 
Tarsus-Berdan Su. 7,000 2,9,9 43 
Tokat-Kazova Su. 8,100 3,873 48 
Amasya Bahceleri 2,200 1,502 70 
Alanya-Dim Su. 1,050 832 80 
Konya Ovasi Sul. 45,000 26,601 59 
Van Bolgesi Su. 7,000 4,075 58 
Ankara-Cubuk Su. 300 75 25 
Dogansehir-Surgu Su. 1,500 1,197 80 
Manisa-Mutevelli Su. 3,400 1,513 45 
Manavgat-Ulualan 1,500 1,041 70 
Eskisehir-Alpu Su. 22,000 2,995 14 
Nusaybin Su. 7,000 4,342 62 
Silifke Ovasi 4,000 2,703 68 
Erzincan Ovasi 4,800 1,290 27 
Fethiye-Esencay 2,900 426 15 
Tunceli-Peri 500 92 19 
Elazig-Uluova 1,500 530 36 
Erbaa Ovasi 1,000 937 94 
Sahnahan Ovasi 8,600 1,790 21 
Yenice-Saraykoy 5,000 3,943 79 
Kutahya Ovasi Su. 1,650 202 12 
Aksu Sag Sahil Su. 1,600 1,737 100 
Bursa Ovasi Su. 750 739 98 
Sille Baraji Sul. 350 87 25 
Ayranci Baraji Sul. 4,100 5,635 100 
Urgup-Damsa Su. 500 444 89 
Kirkgozler-Varsak 485 485 100 
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The Operation and Maintenance of 
Irrigation Projects 

The factors which affect coordinatin of 
operation and maintenance of projects are the 
size of the project areas and the number of 
operation and maintenance activit'ies which 
the projects contain. 

There are two types of operation and 
maintenance organizations. 

a. 	 Those in which operation and main-
tenance is carried out by an Area 
Operation and Maintenance Engineer 
who is directly responsible to his 
Regional Director, Thirty-one of the 
existing 34 projects are in this group. 
These projects do not have limited 
budgets as costs of Operation and 
Maintenance activities are included in 
the general budget of D.S.I. 

b. 	 The remaining three are limited 
budget type irrigation projects. Their 
operation and maintenance budgets 
are limited to the income received 
from the water users and the Regional 
Directors are responsible for admi-
nistration and technical supervision 
only. The projects containing from 
5,000 to 20,000 Ha. are operated and 
maintained by the Regional Operation 
and Maintenance Engineer. 

Projects smaller than .5,000 Ha. are 
usually operated and maintained by area 
irrigation offices which are responsible to a 
Regional Operation and Maintenance 
Engineer. For example, the operation of the 
Kutahya irrigation project which contains 
2,400 Ha. is under the responsibility of the 
Eskisehir Region Operation and Maintenance 
Engineer 

Operation and Maintenance Organizations. 

There are two different types of organiza-
tion charts. One type includes only mainte-
nance and operation services for the projects 
which contain a diversion dam and distribu-
tion system. The second type includes dam, 
hydroelectric power plant, and distribution 
system operation and maintenance. 

Income from the Irrigation Projects. 
The D.S.I. Organizational Law states that 

the land owners must repay the original cons
truction as well as operation and maintenance 
costs. At the present time all of the projects 
are either under construction or have been re
cently completed ; therefore, are still in the 
allowable grace period when only operation 
and maintenance fees are collected. 

As the projects are not in full operations 
the fees do not meet the expenses of operation 
and maintenance. (See Table 2). 

The Operation and Maintenance Fee List 
is prepared by the Ministries of Agriculture, 
Public Works, and Finance each year before 
the irrigation season considering the operation 
and maintenance expenses of the previous 
year. Fees are computed for each project 
and taken into account the kind, value and 

water needs for the different crops. 

Kazova Right Bank Irrigation Project. 
To further explain the problems of deter

mining operation and maintenance proce
dures, water rate charges, and related subjects 
the following study is made of the Kazova 
Right Bank Irrigation Project located in the 
Upper Yesilirmak Basin. 

(a) Location of the Basin. Project area 
has been located to the north-east of Anotoly, 

bounded on the east by Coruh and, on the 
south by the Kizilirmak and Euphrates basins. 
The area covers 36,114 km". There are 
3,400,000 decares of land in the basin. Land 
classifications indicate that of the total com
manded area of 2,910,000 decares, only 
1,623,000 decares are suitable for irrigation ; 
50,000 decares are marshy land and 80,000 
decares need drainage facilities. 

The Kazova Right Bank Irrigation Pro

ject is one of the units of the upper Yesilirmak 
basin with an area of 81,000 decares. 

(b) Climate. The climate of the basin va
ries between the rainy climate of the Black Sea 
and the central Anatolian dry climate. 
Therefore, it is hot during the summer and 
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mild in winter. Ample precipitation, averag-
ing 440 mm., is available only for winter 
crops. To increase production, summer 
irrigation is required. The growingaerae of215begis onNovmber15,an season 
beginsperon November average of 215isdays year. Evaporation15, an in the area 
fairy iprteant Espti in sumerewhenfairly im portant especially in sum mer when 
it increases the water needs of the crops. 

(c) Topography and Soils. Elevation 
of the plan is 600- 6 60m. The land is flat 
along the river as it has been built up by the 
sedimentation materials carried by the 
Yesilirmak River. On the hill side alluvial 
lands came into being as a result of the floods 
from the northern mountains. The general 
land slope from east to west and north to 

south to the Yesilirmak River, which provides 
a good drainage outlet. 

The soils of the -basin are of arying 
combination of clay sand and silt. Fifty 

.e'eto 
 aehayadmdu
per cent of theh soilsol have heavy and medium 
characteristics. Results of land classificationar t bu te b loare tabulated below : 

I class 15.50% 2,172 Ha. 
II ,, 23.43% 1,867 Ha. 
II ,, 43.47% 3,464 Ha. 

".02% 400 Ha. 
VI ,, 12.12% 000 Ha. 
Class V land, which represents 19.99 per 

cent of the area, could be developed with the 
installation of sufficient drainage systems. 

TABLE 2. INCOME FROM IRRIGATION
 
PROJECTS
 

Number of 
Years Irrigation 

Projects 


1943 2 

1944 6 

1945 7 


1946 9 


1947 9 

1948 10 


1949 11 

1950 12 

1951 13 


1952 15 

1953 15 


1954 15 

1955 15 

1956 17 

1957 18 


1958 23 

1959 23 

1960 25 


1961 26 


1962 34 


Actual 
irrigated area 

decares 


171,984.508 

18,1551.760 


209,608.497 


213,929.170 

385,352.049 

300,744.327 

402,708.671 

419,392.766 


551,312.299 


591,792.218 
5-0,044-910 


543,480.668 

726,711.639 


709,976"485 

777,516.769 


826,173.522 

876,335.515 

892,032.000 


1,041,101.259 


1,232,930.045 


Irrigation in
come minus 
0 and M cost
 

- 75,156.61 
- 51,030.79
 
- 83,123.73 

- 228.906.31 

- 287,701.01 
- 190,805.68 

- 597,457.69 
- 337,432.18 
- 220,423.04 

- 398,325.31 
- 321,041.27 

- 739,574.81 
- 733,725.41 
- 342,102.53 
- 392,532.23 

- 1,330,349.38 
- 1,421,524.04 
- 1,614,679.06 
- 3,346,364.80 

+ 84,770.95
 

Minus Sign (-) indicates cost in excess of income. 
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(d) Plant Adaptation. The hill side area 

which 	 begins just below the main canal is 
The flat area whichfavourable for orchards. 

goes along the river is available to grow 

beets and pasture grasses.wheat, sugar 
Before the irrigation project was constructed, 

of the area.wheat was the major crop 
Cropping of sugar beets, fruit trees, vege-
tables, clover, grapes and melons began with 
the application of irrigation water. 

Water for theWater.(e) Irrigation 
project is supplied from the Yesilirmak River. 

The irrigation water does not contain harmful 
it can be usedquantities of salts, therefore, 

with6ut danger of crop damage. 

(f) Basic Units of Upper Yesilirmak 

Project. This project is a multipurpose 

project providing irrigation, flood protection 

and production of electric power and includes 

the Almus Dam, Gomelek Diversion Dam 

right and left banks distribution system, 

pumping station for irrigating high land, and 
irrigation,the Omala, Turhal and Amasya 

The entire project is scheduled to be in opera

tion during 1970. 

(g) The Existing Installations. 1. Gome

lek diversion dam : Water is distributed to 

the right and left main canals by this regu

lation structure. 

2. The right bank main canal : having a 

length of 43,850 Km. conveys irrigation water 
to 81,000 decares in the project area. The 

canal has 6 m3/sec. capacity at the diversion 

dam. Concrete lining is provided for 4,375 

meters and the remaining part is earth. 

There are U secondary canals with a total 
lenoth of 73,620 Kms. and 11,000 Kms. of 
these are concrete lined. The average capacity 
of the secondary canals is 0.4 m3/sec. The 
total 	length of tertiary canals is 195,750 Kms. 

capa-and all are unlined and have an average 

city of 0.05 mSlsec. There are 22,600 Kms. 
of main and 62,420 Kms. of lateral drainage 
canals in the project, . 

Water losses are important on the man 

conveyance canal and the distribution system. 

I roximately 30 per cent of the diverted 

v ,er is lost by seepage and evaporation from 

the main canal. To reduce these losses and 

prevent rise of the under ground water table, 

the main canal should be lined Water 

losses are also considerable from the second

ary canals. 

Lining of the main and secondary canals 

is included in the rehabilitation programme 
which is lining a segment of the system each 

year. 

Communications are accomplished with 

a telephone system. Sixty kilometers of 

telephone line connects the ditch riders with 

houses and the office. There are seven 
ditch rider houses on the project area, one 

operation building, garage, repair, shop and 

five employees houses. 

(h) Operation 	 and maintenance orga

nization. 	 The existing organization chart 

Right Bank Project follows.for the Kazova 
The operating organization includes the 

irrigation and maintenance sections 

EXISTING OPERATION AND MAINTENANCE 
ORGANIZATION 

MaintenanceService 	 OperationService 

1. Construction 	 1. Operation 
Workman 	 Technician 

2. Joiner 	 2. Ditchrider (9) 

3 	 Telephone Line 3. Workman (3)
 
Operator
 

4. Designer 	 4. Driver 

5. 	 Watchman 

6. 	 Collector of Taxes 

(i) Machinery and equipment needs 
of t her et A eqp ent teeth 
of the Project. At the present time the 

Kazova Irrigation Project does not have its 

own operation and maintenance equipment. 
When available the Regional Office will 
furnish construction equipment for operation

however, theseand maintenance purposes, 

cannot be efficiently used because of their 

excessive capacities. To provide regular 
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maintenance activities, the following equip-
ment is required : 

One 50 Hp. Grader
 

One Gradell 


One 3/4 cy. Excavator 


One D-6 Dozer 

Two 2-3 cy. Flat bed truck 

(j) Agricultural Development of the 
Project. Land distribution by size of unit is 
shown in Table 3. Table 4 shows develop-
ment of irrigated area since 1964, Table 5 
shows irrigated area and revenue for the same 
period. The year 1960, when 28,504.6 decares 

TABLE 3. DISTRIBUTION 

Unit Size Decares 

1- 10 

11- 20 

21- 30 

31- 40 

41- 50 

51- 60 

61- 70 

71- 80 

81- 90 

101-160 

161-450 

151-870 

were irrigated may be used for an economic 
comparison, as follows 

Total Per 
Decare 

Value of cropsbefore con
4,040,500 TL. 14175 TL. 

struction 

Value of crops
after con

13,659,678 TL. 479.20 TL. 

struction 

Gross income 9,619,178 TL. 33746 TL. 
increment 
Net income 4,983,113 TL. 174.81 TL. 
increment 

OF FARM UNIT SIZES 

Number of Units 

2,006 

535 

165 

80 

42 

17 

11 

7 

6 

3 

8 

7 
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TABLE 4. CROPPING PATTERN KAZOVA RIGHT BANK
 

Crops 1945 1946 1947 1948 1949 1950 1951 1952 

Wheat. 7,000 10,204 10,642 4,015 8,271 9,256 11,984 6,290 

Barley 2,164 2,327 3,782 1,814 2,488 3,403 4,347 1,697 

Corn 776 1,808 1,954 1,753 3,628 2,717 1,502 '1,671 

Oats - 6 - - - - - -

Beans - 28 122 146 332 278 427 329 

Peas 76 211 299 92 220 322 - 245 

Soy beans 86 137 64 - - - - -

Tobacco 352 1,120 591 409 364 522 425 397 

Sugar beets 3,600 4,234 4,399 4,577 4,942 4,700 7,727 5,963 

Nursery Garden 30 34 128 341 385 550 643 605 

Vineyard 184 236 275 237 265 318 521 498 

Vegetable 782 1,050 665 1,070 1,430 1,283 1,674 1,994 

Melons 714 1,316 1,225 1,636 1,151 741 428 796 

Alfalfa 43 117 130 134 153 305 899 364 

Fruits 51 79 131 120 119 101 150 180 

Poppy - - 14 - - - - -

Sun flower -. .- . 33 

Hemp -- - 2 

Winter irrigation - - - - - - - -

TOTAL 1,5863 22,911 24,427 16,348 23,753 24,560 30,729 21,071 
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IRRIGATION PROJECT AREA IN DECARES.
 

1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963
 

7,961 10,583 13,36 12,142 12,430 7,219 4,732 2,958 10,678 10,267 4,893 

892 1,196 1,459 1,622 1,798 1,268 1,005 720 1,840 1,530 494 

902 1,554 765 1,209 867 340 354 485 963 1,025 700 

25 17 33 17 15 12 2 - 168 13 

340 788 425 254 225 197 426 457 382 348 447 

140 373 325 404 364 265 115 355 396 410 34 

- 50 - 3 - 4 - 4 - - 

223 296 378 533 326 304 279 335 213 218 230 

6,626 13,640 10,216 9,350 9,742 9,508 11,987 12,279 11,283 10,977 10,909 

865 1.726 2,134 1,216 1,730 1,472 933 1,154 1,846 1,698 2,007 

695 1,194 1,890 1,477 1,680 1,915 2,182 1,751 1,709 2,274 2,009 

2,172 4,168 6,729 3,640 3,449 5,386 3,368 3,356 4,125 4,382 4,043 

982 1,935 2,286 1,523 2,872 910 1,153 980 1,298 1,231 983 

476 308 699 2,082 607 1,451 1,613 1,512 2,018 1,723 793 

250 999 1,056 607 720 970 2,069 1,875 2,055 2,522 3,290 

- - - 14 9 2 - - - - 

61 - 114 - - - - 4 

48 336 82 145 268 544 351 229 66 101 128 

- - - - 5,383 2,081 - 1,037 32 6 

22,666 39,169 42,134 3,6244 42,493 33,853 30,576 29,494 39,081 38.729 30,967 
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TABLE 5. AREA IRRIGATED AND INCOME KAZOVA RIGHT
 
BANK PROJECT 

Irrigated Annual Annual 
area cost incomeYear 

Decares TL TL 

1945 1,585 21,845 14,199 

1946 22,742 65,096 20,411 

1947 24,426 52,954 21,271 

1948 16,349 48,448 15,620 

1949 23,753 75,087 21,350 

1950 2,456 49,988 34,142 

1951 30,790 44,198 42,481 

1952 21,072 48,905 31,931 

1953 22,660 47,366 34,905 

1954 27,214 85,833 39,559 

1955 35,450 1,12,520 52,822 

1956 36,244 1,26,115 79,113 

1957 36,333 3,12,800 77,873 

1958 31,232 3,90,521 75,794 

1959 32,429 2,11,009 1,24,291 

1960 29,790 1,95,()00 1,26,822 

1961 39,085 12,21,309 1,71,415 

1962 38,729 11,83,151 3,09,803 

1963 30,897 5,26,000 2,81,369 

Note : Project area is 81,000 decares. Construction cost to date is 0,273,000 TL. 
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REHABILITATION OF SHABANKAREH PROJECT 

by 

Engineer Asghar Azarnia* 

SUMMARY 

An irrigation project to irrigate 12,000 
hectares of land along the Persian Gulf was 
commenced in 1941 and after various delays 
was irrigating about 4,000 hectares of land 
including 400,000 date trees in 1957. Pro-
vision for drainage was not included in the 
original project and by 1957 the water-table 
was so high and the salt accumulations so bad 
that most of the date trees stopped growing 
appreciably. Agricultural returns were low 
and many people believed the project should 
receive no more government support as it 
was in a dying condition. 

A rehabilitation programme was initiated 
in 1957 to revive the project. The first em
phasis was placed on drainage of the high 
groundwater. Later the canals were impro-
ved and some were lined. Access roads were 
constructed and a 17 Kilometer feeder road 
was constructed from the project to the na-
tional highway. The project farmers were 
employed during the off-season to do most of 
this work at prevailing local wages or with 
part of the wage in wheat. 

By 1959 the project income began rising, 
The total family income of the average farmer 
rose from about $113 per year to $286 per yfear 
from 1957 to 1963 due primarily to the increa-
sed agricultural production and supplemental 
wages from working on rehabilitation of the 
project. 

During the drought of recent years the 
farmers of this project were very well off corn-
pared to those in the neighbouring villages 

* Chief Agricultural Engineer, Ministry of1Agriculture. 

and the farmers are now planting additional 
date and lime trees and investing in improving 
their farms. The project is now considered 
a success although much improvement in 
agricultural yields is still necessary. 

HISTORY 

The project is located on the vast Shaban
kareh costal plain some 60 Kilometers north 
of Bushehr. The plain slopes gently from 
the foothills of the Sefid Kuh 50 Kilometers 
towards the coast. The Shabankareh Irriga
tion Project has an average elevation of 
approxianately 70 meters. Maximum tem

peratures during the summer months may 
reach 520 Centigrade (1260 Fahrenheit) while 

a minimum winter temperature of-4 0 Centi
grade (250 Fahrenheit) has been recorded. 

Rainfall ranges from 85 to 370 millimeters. 
The project itself has a potential area of 
perhaps 12,000 hectares of which some 5,000 
hectares are currently under cultivation. A 
population of approximately 6,500 persons 
including 1,000 private landowning farmers, 
occupying 16 villages benefit directly from 

the project. The normal size of a farm is 
5 to 10 hectares. Some eight hundred farms 
produce dates from 450,000 trees which are 
regarded as the principal crop. In addition 
citrus, small grain, (wheat and barley), 
mellons, onions, and garden crops are produc
ed. Cotton is also grown in a very limited 
quantity. During the past two years some 
sorghums, alfalfa and sugar beets have also 
been produced. A small but reported suc. 
cessful planting of potatoes was conducted 

Tehran, Iran. 
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on a trial basis by the Fertilizer Division last 
year. 

Irrigation water is diverted directly from
the 	 Shahpour River by means of a concrete 

diversion dam completed in 1941. Following 

completion of the dam further development of 

the project was delayed due to many adversi-
ties suffered within the area. During the period 
1948-1951 further irrigation development of 
the project was undertaken. The area selected 
had for generations been used both for dry 
farming and various systems of rather primi-
tive irrigation. 

Due to a rapidly rising water table, a saline 
soil and a somewhat salty water supply plus 
the lack of proper irrigation farming princi-
pies, vast areas of the project became water-
logged, crusted with salt accumulations and 
swampy. 

REHABILITATION PROGRAMME 

The objectives of rehabilitation of the irri-
gation project were: 

1. 	 To take better advantage of the avail
ble irrigation water resources. 

2. 	 To increase agricultural production and 
thus increase the individual income and 
raise the standard of living of the 
farmers. 

3. 	 To make it possible for the farmers to 
do more work and thus reduce idleness 
and provide social stability in the rural 
areas. 

4. 	 To encourage the farmers to help 
themselves by investing more of their 
private capital in order to obtain the 
'bove mentioned objectives. 

The Engineers of the Irrigation Corpora-
tion, with the guidance and assistance of Point 
Four (US AID) and F.A.O. Technicians, per
formed soil and drainage studies. Com-
mencing in 1957 the Irrigation Corporation 
undertook to rehabilitate the Shabankareh 
area. 

Today, after six years I can proudly say 
that in spite of financial problems, as a result 
of devoted efforts of a group of experienced 
and skilled engineers towards the reclamation
of Shabankareh lands, we have gained a great 
and outstanding reward. 

There are no more traces of swamp or 
water logged lands. The date trees which 
were threatened by the rising water table are 
growing again and the young citrus trees, 
which have been established since 1957, have 
this year produced around 75 tons of crop. 

Since 1957 some 90 Kilometers of main 
canals and laterals have been rehabilitated 
and/or reconstructed. Twenty five Kilometers 
of new canal servicing 1,500 hectares have 
been completed. 

Concrete lining has been installed in some 
3 Kilometers of main lateral. 

Drainage canals and ditches amounting to 
30 Kilometers in length have been excavated. 
Various water control structures including 
sluiceways, siphon, turnouts, etc., have been 
constructed in the main canal and laterals. 

Present and future programmes at Shaban
kareh have been designed to extend both the 
irrigation and drainage system, to improve 
operation and maintenance including water 
application and water mastering services, and 
to improve cultural practices and crop adap
tions. These programmes also envision the 
eventual formation of a local water users asso
ciation, an accelerated training programme for 
project technicians and assistants on-project 
training for project assistants and local farm

ers in the proper management and use of water, 
and improved cultural and related practices. A 
project has been started to encourage the 
processing and packaging of locally grown 
dates. Construction was started on this 
facility. 
PROJECT ECONOMICS 

Figures 1 and 2 reflect production and 
income from the various crops produced on 
the project as well as total income for the 
period 1,956 to 1963. 
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Shabankareh project clearly demons
trates the importance of developing and fully
projects soexisting or potential small irrigationprevalent inIran. A summary 

furnished by the Operation and Maintenance 
Division of the Irrigation Corporation, values
the dates and citrus groves on the project
at 520,000,000 rials ($ 4,000,000). Direct 

for construction of the diversion, 
distribution system, drainage, etc. are shown 
to be some 70,000,000 rials and the present 
value of the system toThus be 50,000,000 rials.the indicated value of the improve
ments on the project as it stands today omitting any reference to land values, appears to 

be in the neighbourhood of 500,000,000 rials100,600 rials ($ 1,300) per hectare. 

It is hoped that project operations rehabi

litation and/or expansion will continue at a
rapid rate to the extent that water and land 
are available. 

In the current year, Plan Organization has
allocated 10,000,000 rials for the completion 
of the existing irrigation and drainage system
US AID has provided 1,000 tons of "Food for 
Work" wheat. 

During the past four years the farmers 
of Iran along the Persian Gulf have facedfamine conditions due to locust invasions and 

of normal rainfall which practicallyeliminated any production from dry land 

wheat farming. Extensive food relief programmes were necessary to relieve the hunger. 
From 1957 to 1963 the total income of the 

farmers increased from about 
8,500 rials to 22,000 rials per year or about 

..... ". " -160 per cent due primarily to the rehabilita
,:a........ ......tion work conducted on the project. The valueS.¢ , ................... 


. -...... ""...months 

" 'Z;"~:ing 
____ _____-__.... __, __. 

.... .............
FIG. 2. INCOME ON SHABANKAREH 

PROJECT 

of agricultural production increased 140 per 
cent in addition 300 to 500 of the farmers were 
given off-season employment during about 3in the winter in repairing and improv

the irrigation and drainage systems of the 
project. This off season work permitted the 
farmers to live at home and work on putting
the project into shape to better serve themsel
yes. The average worker earned about 7,000 
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rials per season working on the project, in:rea-
sing from about 4,700 rials in 1957 to 10,000 
rials in 1963. 'Ihis provided him with a sub-

stantial increase in income. With the improve-

ment in the project agricultural yields and 

the increased interest of the Irrigation Cor-

poration in improving the project, the farmers 
gained confidence in the ultimate success 
of the project and began investing their in-
creased income in planting new date and 
lime trees and taking an interest in suppor-
ting the local primary school. They also are 
showing increased interest in obtaining the 
date packing plant. With the construction 
of a gravel surfaced feeder road from the 
project to the local commercial centre on the 
national highway, the farmers are becoming 
interested in growing more winter and spring 
vegetables and diversified cash crops, many 
of which bring premium prices when expor-
ted across the Persian Gulf to the arid Sheikh-
dams that are rich in oil money. Local buses 
and trucks are beginning to provide nearly 
daily transport service from the project 
villages to the local commercial centre and 
some of the farmers have this year bought 
pickup trucks of their own. Whereas six 
years ago the project was an isolated declin
ing area, today it is one of the most prosper-

ous farming areas along the Persian Gulf and 

is setting an example of the potentialities of 

other such areas. 

The most important economical difficulty, 

which I imagine is not exclusive to Shaban-

kareh alone, but is widely found in most near 
East countries, is the common poverty 
existing among the natives of the areas to b 
irrigaited. If the government would make 
the commitment for the whole expenditure 
of irrigation development including the roads, 
schools, agricultural and housing investments, 
it would amount to about $1,250 per hectare. 
Therefore, the complete development of 
10,000 hectares would cost a large amount 
of money for a relatively small area which 
most governments would find difficult to 
supply in so concentrated amounts. To find 

a suitable solution for this problem was the 
outstanding objective of the Shabankareh 

development programme. Through encour
aging and stimulating the self-help sense of 

the farmers a satisfactory result has been 

obtained. As the completion of the irriga

tion net work approached, the farmers were 

encouraged to invest in the development of 

farms. In order to assist them to invest, they 
were assigned to work for the irrigation pro

ject in the season when the agricultural work 
was relatively little. The result was excel
lent. Not only the need of borrowing from 
the bank and other credit sources has been 
largely eliminated, but they also raised their 
yearly agricultural income by about 140 per 
cent over the six-year period. There is still 
much room for increasing the farm income 
through pest control in the dates, better salini
ty control and cultural practices for field crops, 
and a better understanding. of the economics 
and cultural practices for winter vegetables and 
forages for which there is an abundant winter 
water supply as contrasted to a very restricted 
summer water supply. Efforts are now being 
made to introduce new crops to the area and 
to train the farmers in modern agricultural 
methods which would increase their net 
income. 

This project demonstrates the benefits to 

a local area that can come through introduc

ing the proper technical leadership and 

utilizing the off-season time of the farmers to 
improve their own project. About 35 per cent 
of the farmers time is available for non-agri

cultural work. If this time is not utilized for 

constructive work, it is wasted to the nation, 
the farmer's income is more restricted and he 
is unable to invest rapidly in development of 
his necessary farm improvements. If countries 
can find means of utilizing this off-season 

farm labour within walking distance of the 
farmer's home it will greatly promote the 
welfare of the farmer and the nation and lead 
to greater social stability and national produc
tiveness. 

SPECIAL PROBLEMS 
The problems which have been faced 

during the operation, maintenance and im
provement of the Shabankareh project which 

216 



. 
A,I. 

/ ~ BURAK 

* BMA4A USE 4 

/U .1;? :-4 

4 
l 

-u

."IAT A zrA 

SHAN 
'/R 

A.HMD 

J)'p Uv-

ZIART & 

.21 



should be considered in dealing with similar 
irrigation projects in other areas are outlined 
below 

1.	 Th e lan d must be pro perly shaped a n daprepredfor irrgatonaffiien 
prepared for efficient irrigation. 

2. 	 The farmer must obtain and properly 
plant good seed. 

3. 	 The farmer must be taught proper 
irrigation and agricultural practices. 

4. 	 The soil fertility must be built up with 
proper crop rotations and fertilizer. 

5. 	 The insect must be controlled. 

6. 	 More money must be invested for land 
development, fertilizer, seed, insect 
control and education of the farmers 
in agricultural and irrigation practices. 
This requires more trained instructors 
and farmer short courses and demons-
trations as well as larger amounts of 
credit to the farmers, but the re-
turns in agricultural production will 
return the added investment in one or 
two crop seasons, 

Activities like shaping and preparing land 
for planting, providing good seed, training 
the farmers for proper irrigation and agricul-
tural practices, building the soil fertility, 
insect control and capital investment are 
separate factors which are ordinarily not per-
formed by one governmental or private orga-
nization. Coordinating the activities of 

different organizations might appear easy, but 
actually is usually difficult. Another problem 
is the farmers illiteracy and their ignorance 
of proper irrigation practice. By spendingl rg am u t o m n e it s p s i b e olarge amount of money it is possible to 
build a dam in a very short period or build a 
net work of canals using the latest methods. 
But to teach a group of ignorant farmers how 
to read and write is a different matter. Other 
problems which could be removed by investing
in rehabilitation of the Shabankareh project,arthfolwn are the following: 

a. 	 Irrigation and land levelling. The 
importance of land preparation cannot 
be over emphasised. 

b. 	 Some main irrigation canals pass 
through sandy soils and sandy loams, 
causing waterlogging. These should 
be lined. 

Apparently most crops climatically adap
ted can be grownin the Shabankareh project. 
The saline condition of the soil and relatively
high water table, two conditions which are 
improving and the water supply may limit 
the selection somewhat. Summer water 
supplies are limited, although are generally 
adequate for the present cropping pattern. 
Considerable expansion of crops may be ex
pected when storage regulation of available 
water supplies is attained since the winter 
flows are relatively large and comparatively 
free of salt. 
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REHABILITATION OF OLD IRRIGATION SYSTEMS
 
BAGRAMIE PROJECT-AFGHANISTAN
 

Abdul 

A programme of development of new land 
and water resources, rehabilitation and im-
provement of old irrigation systems, and 
effective use of these resources has been 
launched by the Government of Afghanistan. 

As a result of this emphasis on irrigation, 
newly irrigated areas have been developed and 
new water conveyance and distribution sys-
tems have been constructed. However, 
large areas are yet to be developed during the 
next few years. 

The programme of rehabilitation and 
improvement of old irrigation systems has 
resulted, very recently, in the reclamation of 
certain irrigation schemes in, the, country. 
In addition, certain canal systems are pre-
sently under construction while preliminary 
plans and surveys have been made for others. 

The rehabilitation of the Bagramie Valley 
system was selected as a pilot project under 
the Self-help Irrigation Programme where the 
farmers contribute all of the labour, share in 
the construction costs, and provide the main-
tenance after completion. The selection of 
this area was made upon agreement between 
the farmers, Ministry of Agriculture, and the 
local government. 

The Bagramie Valley is located approxi-
mately 15 kilometers southeast of Kabul city. 
From the standpoint of agriculture, this 
valley is one of the most productive of Kabul 
Province. Its location near the city of Kabul 
provides excellent possibilities for improve-
ment of agriculture and other general develop-
ment. 

by 

Mahbuub* 

Since it is located near a high population 
centre a relatively high proportion of agricul
ture income is derived from vegetables and 
fruit. 

The soils of the valley are deep alluvial, 

highly productive, and suitable for the pro
duction of vegatables, fruits, and small grains. 
When an adequate supply of water is avail
able, two crops per year are easily produced 
in the valley. 

Almost all of the agriculture in the valley 

is dependent upon irrigation as in practically 
all of Afghanistan. Dryland farming is almost 
non-existent due to low annual rainfall. 
Although some dryland wheat is raised in the 
South and Eastern foothills of the valley, the 
yields are very poor. 

The entire valley is served by three main 

canals from the Logar River. These canals 
include the Kamari, Shewaki, and the Shina. 
A small portion of the valley is irrigated from 
the Ghazi Reservoir which is located in the 
southeastern part of the valley. This reser
voir, however, only collects flood water during 
the spring for use later on during the irriga
tion season. 

The major problems of the area represent 
typical problems existing in almost all of 
Afghanistan. One of the most serious is the 
shortage of water in the lower sections of the 
canal. Such shortage of water is caused mainly 
by an improper water distribution system. As 
a result, the farmers upstream use more water 
than they actually need while those down
stream receive less than the required needs 

* Director General of Irrigation and Engineering, Kabul, Afghanistan. 
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of the area. Upstream on the canals one sees 
orchards, vegetables and other high income 
crops, while it is hard to find, in the down-
stream areas of any of these canals, crops 
being grown which require large quantities of 

is left fallow eachwater. In fact, a large area 
year due to shortages of water while observa-

soil in these down-tions have shown that the 
stream areas has the potential of being as 

highly productive, or even more so, than, the 
soils of the upstream areas. As a result, the 
income from almost one-half of the area is 
far smaller than could be realized if a proper 
irrigation conveyance and distribution system 
were in operation. 

As a programme of rehabilitation of the 
old irrigation systems, the government is 

interested in the improvement and possible 
relocation of the Bagramie Valley irrigation 
and distribution system. This is to be used 
as a demonstration and training project. The 
experience and training obtained from the 
project will be used in other parts of the 
country where similar problems exist. 

KAMARI CANAL 
The total length of the canal is 23 kilo-

meters with turnouts approximately 50 to 60 
meters apart. Occasionally they are much 
closer and it is estimated that there are a total 
of 1,500 turnouts throughout the length of the 
canal. The total area irrigated by the canal 
is estimated to be 1,600 hectares. The flow 
in the canal, as measured, is 3.5 to 4.0 cubic 
meters per second. A flour mill is located 
200 meters from the intake which uses 5 to .7 
cubic meters per second. This water, of 
course, returns to the river leaving 3.0 to 3.3 

serond of water for irriga-cubic meters per 
tion. Even though this flow is more than 
adequate for area served by the canal, there 
is a shortage of water downstream. 

The temporary diversion and intake, which 
diverts the entire Logar River into the canal 
during the irrigation season, is made of stone, 
brush and sod. (Figure 1). It is similar to 
most of the temporary diversion intakes in 
the country and is always subject to being 
washed out by floods several times a year. 

SHEWAKI CANAL 
The intake of this canal is approximately 

1T5 kilometers downstream from the Kamari 

Canal intake. The total length of the canal 
and it servesis approximately 19 kilomrters 

1,100 outlets to laterals and small farm ditches. 

The area irrigated by this canal is estimated 
to be 1,000 hectare. 

This intake is also a full river-width diver
sion and is similar to that of the Kamari Canal 
diversion and intake. The flow in this canal 
is from seepage to the river and from the flour 
mill below the Kamari intake. The flow 
is approximately 1 cubic meter per second. 

SHENA CANAL 

This canal is relatively much smaller and 
serves but a small area compared to the 
Kamari and the Shewaki canals. It has, 
however, the same problems. 

The general problems of the area have 
been pointed out and it is easy to understand 
that the distribution of water between numer
ous turnouts (many of which serve small 

fields) is a tremendous job and results in a 
great loss of water. 

Many of these turnouts are made of brush, 
mud and stone (Figure 2) and when washed 
out are difficult to reconstruct. A few of 
these turnouts consist of a large stone in 
which a hole has been hewn (Figure 3). Such 
holes are for the purpose of permitting a cer
tain amount of water through in proportion to 
the land they serve but they are by no means 
exact methods of measuring or regulating the 
irrigation water. 

It is evident that control and proper distri
bution of irrigation water from these turnouts 
is impossible. As a rasult, it was decided to 

'develop a new plan of water distribution and 
improvement bf the entire canal system. 
Construction work is expected to start in the 
spring of 1964. 

Result of a preliminary survey revealed 
that only 22 turnouts (instead of 1,500) from 

220 



. .. , : "FIG. I 

. ROCK AND BRUSH DIVERSION 

- "AND INTAKE 

FIG. 2 

ROCK, BRUSH AND MUDOUTLET
 

FIG. 3
 

STONE OUTLET WITH HEWN
 
HOLE FOR WATER DISTRIBUTION
 

221: 



the Kamari Canal could serve the entire area 
and thus eliminate the primitive turnouts, 
prevent waste of water, and definitely ease 
maintenance work on the canal. 

For the Shewaki Canal it was found that
only 18 turnouts (instead of 1,100) would be 

to the area beingsufficient to provide water 
In each case the numberserved by the canal. 

of the turnoutsand approximate location 
an aerial photo mapwere determined from 


of a scale 1/25,000 then checked in the field.
 

It is estimated that each of these newly
selectedand 
s ectdnarea obeen 

In addition to constructing the new turn-
outs, it is planned that a new intake diversion 
structure will be built combining both the 
Kamari and Shewaki Canals. Approximately 
3 kilometers downstream a bifurication struc-
ture and branch canal will be constructed to 
divert water into the present Shewaki Canal. 
This will eliminate one diversion from the 
Logar River, one flour mill, and 2 kilometers 
of main canal which presently parallel eachother. 

At present, the survey and maps of the 

L-section as well as a C-section at 200 meters 
intervals for both canals have been completed. 
Also, the topographic map of the area which 
will be used to determine water distribution 
and area to be served by each turnout, and 
relocation of present canals will be completed
in the near future. The topographic survey 
of the areas where major structures will be 

and theconstructed has been completed 
design of some of the structures will be started 
very soon. 

In addition, the required number of gates 
an equal number of Parshall flumes have

ordered from Jangalak factory. The 

maximum capacity of each gate and Parshall 
flume is 80 liters per second. 

The preliminary costs of the project are 
estimated to be 10 million Afghanis. Labour 
for excavation and general work is to be 
supplied by the farmers under a self-help 
Programme. 

It is estimated that the imvovements to 
the irrigation system and redistribution of 
the water will increase the total productionh ae ilicesetettlpouto 
by 50 per cent. The benefit-cost ratio for the 
project will be 1.75. 
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CHAPTER IX 

DRAINAGE AND SALINITY
 

IRRIGATION AND DRAINAGE PRACTICES IN RELATION TO 
SALINITY CONTROL IN SOILS OF EDKO DISTRICT U.A.R. 

by
 

Dr. A.I. Elshabassyl
 
Dr. B. Sh. Zikri2, Dr. A.I. Mitkees3 and M.A. Abou Hussein4
 

INTRODUCTION August, and the daily minimum, from 6.7°C in 

Edko district is that area of dried land January to 20.100 in July. The mean relative 
located at the Northern end of Edko Lake humidity is 68 per cent in May and 79 per centin January and December. The rainfall is 
and on the route from Alexandria to Rashid. au 4 n December3 to 37imm. inabout 41 mm. in December, 36 to 37 mam. in 

The reclamation of this area was first deci- January and February and the rainless season 
ded upon in 1955, with the purpose of distri- extends from June to September. 
bution of the land among the farmers of Edko.
 
Soil survey, drainage, irrigation and economic Topography and Relief. The lands are flat
 
studies were made. The permanent Organi- ranging from 0.3 to 0.8 meters below the sea
 
zation of Land Reclamation began reclama- level.
 
tion processes in 1956.
 

The gross area of the project is about 2,700 Irrigation. The lands are irrigated by 
feddan* surrounded by a ridge and is divided Edko Canal. The saline drainage waters of
into Eastern Edko, (1460 feddan)and Western Bosseli Main Drain were used in leachingEdko (1,240 feddan), saline soils under reclamation. 

Edko drainage separates the two plantations Drainage. Using information on soils,
and removes the drainage water by pumping under-ground water, crop patterns and cli-. 
to the Mediterranean Sea. matic conditions, the drainage system was 

planned by civil engineers. The field drains
GENERAL CONDITIONS were 90 to 100 cm. in depth, 60 to 70 m. in 
Climate. The daily maximum temperature length and 25 to 30 m. apart ; the secondary 
ranges from 18.80C in January to :31.80C in drains were 110 to 120 cm., 250 to 350 m. and 

140 m. ; and the main drains were 130 to 140s* Feddan=4,200 m cm., 600 to 700 m. and 300 to 350 m. 

1. Head of Soil Research Department, Ministry of Agriculture.
2. Sub-Director ofSaline and Alkali Soil Research Section, Ministry of Agriculture. 
3. Director of Saline and Alkali Soil Research Section, Ministry of Agriculture.
4. Senior Soil Chemist, Ministry of Agriculture. 
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Soil Characteristics. The soils of Edko 
area are generally lucastrine saline soils, 
Soil texture varies from sandy to clay loam in 
the surface layers while the subsoil layers are 
heavy clay. The structure of the light surface 
layers is friable and granular while that of the 
subsoil layers is highly compacted. The infil-
tration rates of the surface layers were adequate 
for good reclamation and irrigation practices,
but those of the subsoil layers were very low. 
The total soluble salt content of surface layers 
was very high reaching about 10 per cent, but 
the subsoil layers were less saline. Sodium 
chloride was the dominant salt while 
magnesium chloride, magnesium sulphate 
and calcium sulphate occurred in less but ap
preciable proportions. The soluble calcium 
percentages tended to be low. The cation ex-
change capacities of surface layers ranged be-
tween 7 and 15 M.E. per 100 gms. of soil, and 
reached 47 M.E. per cent in subsoil layers. 
The exchangeable sodium percentages varied 
between 6 and 22 in the surface layers while 
they reached 38 in subsoil layers. Considering 
high salinity, the pH values appeared to be 
somewhat low, ranging between 8.0 and 8.4. 
The total carbonates were very high, reaching 
about 17 per cent due to the presence of shells 
and calcium deposits in soil profile. 

The Scheme of Soil Reclamation and 

Improvement 


After the construction of the artificial works,

installation of irrigation and drainage systems 

and levelling partitions ; detailed investiga-

tions dealing with the different conditions 
prevailing were conducted. The features of 
soil improductivity, the degree of salinity and 
alkalinity, the depth and salinity of ground-
water, etc., were fully described and soil and 
water samples were taken and analysed. A 
systematic scheme for the reclamation and 
improvement of this area was planned consi-
dering to the following unfavourable natural 
conditions. 

1. 	 Very high soil9 	per cent) salinity (more than 

2. 	 Extremely great salinity of high under-
ground water reaching 90,000 p.p.m. 

3. 	 Very low degree of infiltration of the 
highly compacted subsoil layers. 

4. 	 The different conditions contributing 
to rainsing the underground water
table, such as direct and indirect in
fluence of tides, the hydrostatic pres
sures from the sea and the Rosetta Nile 
branch, and the extremely flat relief. 

Control of salinity and improvement of 
the soil were attained through two successive 
stages. 

A. 	 The leaching and reclamation stage which 
included: 

.	 Heavy leaching which was done by 
repeated floodings at rates amounting 
to 600 cu. m./feddan accompanied by
efficientdrainage. These aimed at redu
cing the salts to 0.2 per cent, reducing 
the salinity of the groundwater to less 
than 2,000 p.p.m., and lowering the 
water-table. Due to the local soil condi
tions, it was found necessary to carry 
out deep ploughing and subsoiling 
before leaching. 

2. 	 Applying artificial gypsum during late 
course of leaching in order to prevent 

alkalinization. The drainage water of 
Bosselli drain was successfully usedfor leaching. 

B. 	 The cultivation and improvement stage 
which included : 

1. 	 Maintenance of the reclaimed soil and 
prevention of resalinization and alkali
nization by providing efficient drai
nage, especially by intensive pumping 
of drainage water from transporting 
collectors; by continuing periodical 
and seasonal heavy leachings, for 
several years ; and by cultivation of 
salt tolerant crops, practicing suitable
rotation and adopting agriculturaltechniques suitable for saline soils. 

2. 	 Improvement of soilphysical, chemical 
and biological properties by periodical 
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subsoiling or changing secondary 
drain locations to overcome the unfav-
ourable conditions caused by the highly 
compacted subsoil layer ; and by enri
chment of soil with organic matter and 
adequate fertilizers in order to improve 
its structure and compensate for plant 
nutrients leached out. During this 
stage, a permanent source of suitable 
irrigation water was used. 

It was of great importance to follow the 
progress of soil desalinization through periodic 

soil and water analyses in order to fix the ent 
of heavy leaching and beginning of cultivatioi 
for different partitions. 

Edko District (1959) 

Soils samples from different partitions 
representing different degrees of productivity, 
as well ;is samples of drainage and under
ground water, were taken for analysis. The 
degree of soil productivity and its agreement 
with salinity and alkalinity are clearly shown 
in Table 1. 

Degree of soil Area 
productivity 

Good 26%. 

Fair 30% 


Poor 27% 


Barren 17% 


Water Studies 
irrigation, 

Drainage water used for irnt 
Table 2 shows the analysis of different 
drainage waters which were partially used for 
irrigation during the cultivation and improve
ment stage. 

Although six water samples are of low 
suitability for irrigation purposes they can be 

used successfully in leaching the highly saline 
soils, or for a limited number of irrigations, 
either alone or after mixing with appropriateamounts of suitable water. 

Collector Drain water. Table 3 shows 
that the drainage water of the eastern planta-
tion was much less saline than that of the 

TABLE 1 

Cultivated 
crops 

Good cotton. rice 
and maize 

Fair rice, maize 
and tomato 

Very poor crops 
and heavy grasses 

Almost barren 

Salinity 

Low 

Medium 

High 

Very 
high 

Alkalinity 

Almost free from alkali
nity but poor in soluble 
calcium contents 

Free from alkalinity but 
almost poor in soluble 

calcium content 

Free from alkalinity 

Free from alkalinity 

western. The leaching processes were faster 
in the eastern than in the western plantation, 
which was shown to be in need of further salt 
removal. These results generally correlate 
with productivity (Table 1). 

There was remarkable removal of harmful 

sodium and magnesium salts as well as ap
preciable loss of soluble calcium. 

Ground Water. Table 4 shows the che
mical analysis of ground water samples. The 
under-ground waters of both plantationsne-rudwtr fbt lnain 
were still very highly saline, but less 

concentrated for the easter plantation, con
firming the fact that the leaching processes 
proceeded faster in the eastern plantation 
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TABLE 2. IRRIGATION WATER ANALYSIS. 

Sample L T.S.S. Anions Meq/100 Cations Meq/100 
No Location P.P.M.S.A.R. p.

HCO3 Cl SO Ca Mg NaCO 3 

1. 	 Irrigation of West 
8.7Plantation 2934 - 5.0 34.20 3.98 5.43 10.53 27.22 9.72 

2. 	 Bousali drain 
(West. plant.) 1947 - 4.71 22.94 2.77 5.42 5.21 20.78 9.02 8.60 

3. 	 Bousali drain in 
connection to 
Edko Canal 1770 - 4.71 20.52 2.98 6.52 4,12 17.57 7.0 8.75 

4. 	 Bousali drain under 
Mayah bridge 1643 - 4.79 20.52 3.16 6.52 4.12 17.83 7.75 8.6 

5. 	 Edko drain in front 
of part 3 Halk El 
Gamal 2149 - 4.87 27.26 5.31 6.52 8.37 22.65 8.39 8.75 

6. 	 Edko drain in front 
of the new drain
age station 2123 - 4.79 23.94 5.09 4.35 7.35 22.12 9.22 8.6 

TABLE 3. COLLECTOR DRAIN WATER ANALYSIS 

Sample Sa T.S.S. Anions Meq/L Cation Meq/L 
No. Situation P.P.M... SA.R, pH.

CO, 	 HCO3 Cl SO 4 Ca Mc Na 

7. 	 Eastern Edko
 
collecting drain
 
of Howashes 3,4,
 
7, 8, 12 and 13 "3868 - 6.0 46.17 5.94 8.69 8.33 41.09 14.1 8.6 

8. 	 For Howashes 17, 
2,20,21,24 and 25 4019 - 5.23 47.88 9.66 15.22 3.93 43.58 14.1 8-7 

9. 	 For Howashes 1, 
2, 9, and 10 3843 - 5.5 47.88 6.17 8.69 8.33 42.53 14.61 8.7 

10. 	 Foi Howashes 15, 
22 and 23 4854 - 5.67 61.56 9.03 8.69 12.59 54.98 16.86 8.65 

II. 	 Western Edko 
general drain at 
old drainage 
station 12.640 - 7.17 188.100 16.82 5.22 39.03 157.84 30.35 8.55 

12. 	 Housha 2 24977 - 11.33 376.20 30.46 5.22 80.52 322.25 46.7 8.60 

64.98 10.35 8.69 13.65 59.49 18.03 8.7513. 	 Housha 9 5056 - 6.50 
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TABLE 4. ANALYSIS OF UNDER GROUND WATER SAMPLES 

Sample 
 T.S.S. 	 Anions Meq/L Cations Meq/L 
No. 	 Situation P.P.M. S.A.R. pH.

CO3 HCO 3 Cl S04 Ca Mg Na 

14. 	 Eastern Edko 
Housha 17 prof.

4 depth 80 cm. 57460 - 10.08 930.57 30.36 61.95 217.83 691.23 58.48 8.05
 

15. 	 Housha 6 43448 - 14.17 689.37 30.37 36.95 105.28 546.68 56,63 8.30 
prof. 1 

16. Western Edko 
Housha 3 prof. 1 
depth 50 cm. 91035 - 10,00 1542.1 30.06 36.95 270.49 1236.82 70.55 8.40 

18. 	 Halk El Gamal 
Housha 6 prof. 
:3depth 50 cm. 72582 - 2.54 1179.42 30.55 42.39 239.52 848.60 79.91 8.00 

TABLE 5. EASTERN PLANTATION SOIL SALINITY SAMPLES 

Pro Total solu- Anions Meq % Cations Meq %Housha file Depth ble salts Producti-
No. No. cms. % of air vity


dried soil CO 3 Cl
HCO3 SO4 Ca Mg Na 

1 8 0-25 0.51 0.37 1.68 4.67 2.07 1.35 0.52 6.92 Good 

25-50 0.52 0.47 1.68 5.10 1.35 1.17 0.19 7.24 
50-100 0.93 0.37 2.43 11.90 1.06 0.43 0.70 14.48 

2 	 6 0.25 1.01 0.28 1.82 11.90 2.55 0.78 1.09 14.68 Fair
 

25-50 1-47 0.28 2.01 19.38 4.34 0.65 1.26 21.10
 

3 	 3 50-100 2.78 0.19 1.73 39.78 4.87 1.41 3.06 41.60 

0-25 0.49 0.19 2.53 4.08 1.23 0.78 0.54 6.71
 
3 3 25-50 0.70 0.37 2.34 6.46 2.47 1.32 0.67 
 9.75 

50-100 1.40 0.66 2.25 15.30 4.64 0.52 1.23 21.10 
1 1 0.30 4.16 0.00 1.31 51.34 18.68 17.39 17.29 :36.65 Barren 

8 3 0-30 0.77 0.12 1.59 10.88 0.87 1.48 1.87 10.18 Fair
 

14 3 0-30 
 2.90 0.19 1.31 33.32 12.23 5.65 6.37 36.03 Barren
 

17 3 0-30 0.81 0.28 1.45 6.46 4.85 3.65 2.73 6.66 Fair
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The high salt concentrations in the under-
ground waters show that the reclamation 
had not come to completion, since they 
appreciably exceed the critical limit 
(2000 p.p.m.). Therefore, seasonal and peri-
odical leachings, must be continued for 
several years. 

Laboratory Soil Investigations 

The analytical data shown in Tables
and 0 are examples of soil salinity and 

generally agree with the corresponding pro-
Sodium chloride and sulphateductivity. 

while calcium
remain the dominant salts, 

sulphate represents a lesser proportion. The 
presence of carbonate ions in the I : 20 
soil.water ratio indicates the beginning of 
soil alkalinization which is confirmed by a 
criterion based on the ratio of soluble sodium 
to calcium plus magnesium ions adopted by 

the author to differentiate between different 
degrees of soil salinity and alkalinity. The 
exchangeable sodium figures w re used to 
calculate gypsum requirements for leaching 
soils of low salinity. 

The highly compacted subsoil layers at 
about 50 cm. depth are alkali due to the high 
underground water having extraordinarily 
high salt concentrations and very high S.A.R. 
values. Deep ploughing, subsoiling, artificial
application of gypsum, and organic manuring 
are of great importance in reclaiming this 
subsoil layer. 

In 1961, the reclamation of Edko area was 
completed and the soil productivity was con
sidered to be fairly good. The new reclaimed 
lands were distributed among the Edko 
farmers and cooperatives were established to 
provide farmers with production requisites. 

TABLE 6. 

Housha - Depth 

No. No. cms. 


3 1 0-25 

25-40 

40-70 

5 1 0-25 

25-60 

6 1 0-25 

8 1 0-30 

I1 1 0.30 

13 1 0-30 

16 1 0.25 

19 3 0.30 

20 1 0.25 

22 1 0.25 

25 1 0-30 

Soil water ratio 1/20 

WESTERN PLANTATION SOIL SALINITY SAMPLES 

Total solu- Anions Meq.% Cations Meq. % 
ble salts Producti
%oo/ vityof air 


dried soil CO, HCO, C! SO4 Ca Mg Na
 

3.34 0.19 0.47 42.84 7.30 5.23 6.09 39.48 Barren 

1.11 0.19 0.65 15.30 1.51 1.61 1.23 14.81 

1.11 0.28 0.70 14.96 1.37 2.21 1.30 13.80 

1.05 0.28 1.87 9.17 4.16 0.76 0.65 14.7 Poor 

1.20 0.37 1.68 12.58 4.56 0.56 0.77 17.86 

1.31 0.28 1.03 13.60 5.86 1.45 1.75 17,57 Poor 

1.70 0.19 0.94 17.00 8.18 3.01 0.31 22.99 Poor 

1.01 0.28 0.94 12.92 1.05 0.88 1.07 13.24 Fair 

0.76 0.19 0.94 7.14 2.21 0.96 0.95 8.57 Fair 

0.73 0.56 1.78 7.41 1.15 0.52 0.49 9.96 Fair 

0.61 0.19 1.03 6.46 1.18 0.68 0,60 7.58 Good 

3.54 0.00 0.47 33.32 20.28 8.64 7.76 37.67 Barren 

3.49 0.00 0.65 29.58 23.19 9.65 7.33 36,44 Barren 

2.73 0.19 0,73 28.56 11.16 3.01 3.04 34.59 Poor 
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DRAINAGE DEVELOPMENT AND PROBLEMS IN IRAQ 

by
 

Naji A. Kadir*
 

SUMMARY 

and the implementa-
Drainage problems 

tion of necessary drainage projects have been 
the acute concern of the responsible authori-
ties in Iraq in recent years. The need for 
drainage has been realized in the past few 
decades, but its implementation has not been 
quite accomplished. Even at present, among 
the very few executed projects, there is no one 
single drainage project which is functioning 
completely. 

The need for drainage has been realized 
only as an outcome of the deterioration and 
the dangerously decreasing fertility and pro-
ductivity of agricultural lands due to their 
salinization, solonization and solidization. 
Drainage now is the main hope for restoring 
these lands to their once fertile and produc-
tive state, improving their produce, increasing 
their yields and ultimately furthering the eco-

nomic development of the country. 

Historical and some archeological investi-

gations and studies made have shown no 
indication of artificial drainage having been 
practised in Iraq during the past 6,000 years 
of irrigation agriculture and land develop-
ment. But the hazard of salt accumulation 
in the soil was realized long ago and efforts 
were made to combat it. The flat sediment-
ary alluvial plane of central and southern 
Iraq however, could not and cannot but 
require artificial drainage as an effective step 
for removing excess irrigation water and 
controlling the water table at a desirable level. 
Modern irrigation projects which were 
started around the period of the First World 

War and until the last decade were construct
ed without drainage schemes. 

Drainage investigations are now being 
carried out gradually in an effort to provide 
in the future, an area of about 18,000,000 
misharas (equivalent to 11,100,000 acres) of 
land, under-drainage a collosal task which 
will require about 500,000,000 Iraqi Dinars 
(equivalent to 500 million Pounds Sterling) 
for its completion. Drainage projects already 
executed constitute only a small percentage of 
what is required in area or expenditure. Even 
in this small portion of executed drainage pro
jects, only the outlet pumping stations and 
few main and lateral collector drains have 
been completed. The problem of construct
ing the farm drains, the search for a more 
favourable and less hazardous drainage outlet, 
aside from the Tigris and Euphrates rivers, 
and education of the farmers for better under
standing of more efficient irrigation water 

use are among the main drainage problems 

being studied. 

INTRODUCTION 

Drainage in Iraq, as well as in any other 
country,, is an important and integral part 
of agricultural land and water use. It is 
therefore a complementary element to irriga
tion, soil and agricultural studies and imple
mentations in any agricultural land develop
ment. Any negligence or mishandling of 
any of these elements will affect the other 
and ultimately affect the whole development. 
On the other hand such elements, whether 
directly or indirectly, are affected by the 
social, political and economical standards of 

*Dean and Professor of Irrigation and Drainage, College of Engineering, University of Baghdad, Baghdad, Iraq. 
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the country. Any progress or decline of 

standards will undoubtedly affect these ele-
ments. Prosperity of certain eras in agricul-
tural development has been observed to have 

been associated with high social and economic 

standards and powerful government policies, 

On the other hand civilizations were wrecked, 
cities were ruined and lands were abandoned 
in the past not mainly because of political 

wars and invasions but due to negligence or 

ignorance in any one feature of agricultural 
land and water use. The lack of adequate 

drainage, whether due to ignorance or negli-

gence, and which lead to soil salinization and 
alkalization and hence to nonproductive state 

of land is a vivid example both in ancient and 

modern history. 

Iraqi soil is no longer the fertile produc-
tive soil it was in the past. It is estimated 
that nearly two-thirds of the agricultural land 

to someor alkalineeither salinein Iraq is 

degree. This has been mainly due to lack of 

drainage. Drainage therefore is the only 
hope for restoring productivity to these lands. 

The topography of lraq is such that only 

slopes adequate forin the northern part are nd outernnatual raiage.Thecenral 
natural drainage. The central and southern 

flat alluvial plains with there generally fine-
textured soil require artificial drainage. For-
tuinately appreciable quantities of gypsum, 

cationsand magnesium are 
lime, calcium 
found in the soil and irrigation water. With 

efficientbetter irrigation methods, with more 

of water and with adequate artificialuse 
and non-produc 

tive soils can be made productive, 

Although the need for drainage has been 

only recently realized, great efforts are now 
being exerted in the necessary planning so 

that in the near future new, as well as present, 

irrigation projects will be provided with 

adequate drainage. The problems of drainage 

are numerous and difficult, and require im-

mense financing, time, and wise and efficient 

planning and management. 

HISTORICAL DEVELOPMENT 
Agricultural land and water use in Iraq 

is not a new trade. Old canal banks, ruins 

of old cities and archeological discoveries all 

show that for 6,000 years, irrigation agricul
ture has been well-known practice. Many 
ancient systems of water networks have been 

effectively used as the basis for new modern 

systems. Historical studies indicate that 

water-use for agriculture was simple in the 

old days. Pre-historic and early historic 

settldrs started using water from naturally re

gimed water courses. Artificial water courses 
were not used. Uncontrolled flooding thro

ugh breaches made in the banks was probably 

the main, if not the only method, for water 
application. Agricultural settlers were there
fore confined to narrow, isolated strips of 

land along the banks of short water courses. 
They sought level lowlands that could be easi
ly flooded. Short water courses simplified their 
problem of clearing the silt which later 
ruined canals and caused their abandonment. 

Cycles of land abandonment, traced his
torical studies, show a composite of natural, 
social and political reasons. Immediately 

era and wvas after, abefore the Christiandevelopmentshortly markedreil of land 
re an d ent of p ation 

both by an increasing density of population 
and of water course networks. During the 

early statemanship of the Abbasides this 
reached its peak. Water was drawn inland 
long distances from the main source through 

water cour

ses. Means for controlling use of water was 

highly developed. This expansion, however, 
required a high degree of maintenance which 
was later neglected. This was followed by 
a sharp decline in land development which 

an expensive artificial network of 

reached a low stagnant period continuing 
until the early part of the present century. 

There are no indications that artificial 

drainage occurred during all this time. This 

shortcoming coupled with the flat slope of 

the alluvial plain and with the accumulation 

of salts brought gradually to the lands by 

irrigation water, has caused the soil to sali

nize. Salinization, therefore, has accompani
ed the history of land and water use. The 
danger of salinity has always been realized. 
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As lands became less productive and 
more salt tolerant crops were used. 
Methods of combatting salt accumulation 
apparently were inadequate. Water-
tables, which today would be controlled 
by artificial drainage, were then lowered 
by indirect means such as avoiding over-irriga-
tion, practice of weed-fallow in alternate years 
and, if necessary, abandoning the land for 
some long period. Historical findings have 
shown that the problem of salinity started 
about 2000 to 3000 B.C. in the southern part 
of the country and continued to menace other 
parts at different times. The last decline 
due to the salt problem, was some few hund-
red years ago. Historians state that the 
break-up of the ancient Sumerian civilization 
and even the disastrous decline in land pro-
ductivity during the latter period of the Abba-
sides was mainly due to salinity, 

This brief historical review notes that arti-
ficial drainage as'it is now practised did not 
exist in the past. The old methods practised 
did not prove to be adequate. The change in 
the soil to a finer texture due to silt deposits ; 
the flat slope of the plain which prevents natu-
ral drainage ; the intensified use of land for 
agriculture ; the over irrigation to wash down 
the salts, (only to cause a rise in the water 
table) all must be treated through artificial 
drainage. While in Iraq, the need for drain-
age was realized a few decades ago, full 
investigation and execution of drainage pro-
jects, did not start until the last decade. 
Drainage now constitutes the top concern of 
the responsible authorities of the country. 

HYDROLOGICAL AND TOPOGRA-
PHICAL REVIEW 

Climate in Iraq is a composite of continen-
tal and mediteranean basin types, with local 
differences. The presence of mountains in 
the north, the alluvial plain in the central and 
southern parts and the desert section in the 
western and south western areas are the 
reasons for the complex nature of the 
climate. 

Rainfall in Iraq is seasonal. It varies from 

a maximum in the north of 400 mm. and 
higher annually 100 to 150 mm. in the central 
and southern part of the country. Rainfall 
occurs mainly during November through 
April, with 50 per cent or more occurring 
between January and March. 

The temperature change beteen winter 

and summer is great, as it is between day and 
night. July and August are the hottest months 
of the year, when the temperature in shade 
may getyaehig s 120F. or more, with a low 
humidity averaging 1 per cent. In winter the 
temperature may fall below freezing (to
20'F.) with an average humidity of 51) per 
cent. Diurnal variation range from 850F. to 
19'F. during winter and from 120'F. to 65F. 
during summer. 

Tigris and Euphrates rivers are the life 
blood of Iraq. They have their head waters 

in Turkey. The Euphrates passes through 
Syria before entering Iraq. They join to 
form Shutt Al-Arab about 130 kilometers 
north of the Arab Gulf. Tigris has five 
tributaries in Iraq, whereas Euphrates has 
none. Together they provide about 75 milli
ards of cubic meters per year, 44 milliards 
from Tigris. The drainage area of the two 
rivers in side Iraq is about 359,300 square 
kilometers of which 221,000 is in the Euphra
tes basin. The flow in both rivers varies 
immensely during the year. Tigris has record
ed an average minimum of 170 cumecs around 
September and about 4,000 cumecs, in April 
in Baghdad ; with a registered maximum of 
8,100 cumecs in 1946. Euphrates has an 
average of 210 cumecs around September and 
an average maximum of 3,800 around April, 
with a registered maximum of 5,300 cumecs 

in 1929. Unlike the Nile river in Eygpt, the 
Tigris and Euphrates flood late in the spring ; 
to late for the winter crops and to early for 
the summer crops. Several reservoirs have 
been built and others are planned for storing 
excess flood waters to be diverted back intothe rivers during deficient period of flow. 
Water of the two rivers is classified as Class I 
for irrigation. It contains between 200 to 400 

parts per million dissolved salts, with the 
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amount increasing towards the southern part 
of the country. 

Groundwater in the alluvial plains is salty 
and unsuitable for irrigation. Due to lack of 
drainage and the flat slope groundwater 
rises close to the surface in most parts of the 
alluvial plain, causing water logging in someparts. 

The topography of Iraq is a composite of 
rugged mountain terrain reaching 4,000 
meters elevation, and foot-hills in the north 
and plateaus, flat alluvial plains and desert 
areas in the central and southern parts and 
reaching to see level elevation at the Gulf. 
The western and south-western desert areas 
are barren or with desert grasses, camel weeds, 
and herbaceous plants as common vegeta-
tion. In the southern and southeastern areas 
several marshes still exist. These contain 
dense vegetation of reeds, sedges, water lilies, 
Bermuda grass and other types of grass. 

Of the 452,600 sq. kilometers of land in 
Iraq, 190,000 sq. kilometers is desert where 
irrigation is not possible. Thirty-six 
thousand sq. kilometers is mountainous area 
where water and rainfall are sufficient for the 
vegetation that can grow there. The remain-
der is a sedimei.tarv alluvial plain which 
forms the most important part for agricultural 
development, 

The slope of the alluvial plain is nearly 

flat, only about six centimeters per kilometer 

between Baghdad and the Gulf a fact which 

clearly dictates the necessity for artificial 

drainage in this area. The rapidly increasing 

slope to the north of Baghdad presents pos-

'ibilities for natural drainage, 

The soils of Iraq have developed under the 

influence of sub-tropical, continental and 

arid climates from such parent materials as 

limestone, sandstone, conglomerate, basalt 

and andesite. The prevailing taxture of the 

soils is silty clay loam or silty clay, and they 
are in general calcareous. Many of the soils 
have become saline or alkaline due to lack of 
drainage and continuous accumulation of salt 

from the irrigation water. Presence of gypsum, 
calcium and magnesium cations, however, 
will facilitate the problem of reclamation. 
In the southern part of the country especially, 
where boron is found in the soils of some 
lands, reclamation may not be feasible econo
mically. 

"tFrom this review of the hydrological and
topographical aspects of Iraq it is clear that 
the semi-arid climatical condition resulting 
in scarcity of rainfall ; generally warm 
weather, together with the high water table ; 
the flat slope and the fine textured soil con
dition necessitate artificial drainage in the 
alluvial plains for any new irrigation project 
as well as for existing ones ; the latter being 
for the purpose of reclamation and maintain
ing them in a cultivable state. 

PRESENT AGRICULTURAL LAND
 
AND WATER USE
 

There is about 48 million misharas of land
 
in Iraq which is suitable for agriculture.

This constitutes about 25 per cent of the total 
land area. Slightly less than 50 per cent of 
this suitable area is now under agriculture. 
This may be divided into three categories : (a) 
The dry farming area, which is about 50 per 
cent of the area and is in the northern part of 
the country where rainfull is adequate, (b) 
the pumping irrigation area which constitutes 
about 25 per cent of the area and is along the 

banks of the two rivers in the central and 
southern parts and (c) the gravity irrigation 
area, which is also about 25 per cent of the 
area. 

The method of farming practiced in Iraq 
presently is the fallow system. where only 50 
per cent of the land is cultivated, and the rest 
is left fallow, with an annual rolation in culti
%ation between the two halves of the area. 
During summer only a small portion of the 
allowable cultivated part is actually put under 
cultivation for summer crops. This is due to 
the deficiency of water supply and the in
creasing demands for water for summer crof
ping. The fallow system has been practicdl 
for several reasons, among which the inade. 
quacy of water supply, allowing the soil to 
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become nutritious (since fertilization is not 
adequately practiced,, and finally to permit 
the water to recede in level in the unculti-
vated section. Intensive agriculture to re
place the fallow system is being studied for 
future application using water from reservoirs 
during summer to supplement the river water
together with necessary drainage system. 

Irrigation projects in the modern history 
of Iraq were started during the second decade 
of this century, following report submitted 
to the government by Sir William Willcocks 
in 1911. In 1914 the first Hindiyah Barrage 
was built on the Euphrates River. Later, 
other irrigation projects were begun. 'How-
ever, they were not based upon a comprehen-
sive plan for the whole country. Politics and 
the influence of the feudal system affected the 
choice and execution of the projects. Drainage 
did not accompany irrigation project develop-
ment, an omission, regardless of the reasons, 
which has greatly aggrevated the problem of 
soil salinity and alkalinity. The reduction of 
the pr'oductivity in some areas was so great 
that lands were deserted and farmers were 
moved into cities, especially Baghdad. 

Many of the agricultural lands in Iraq 
were under the feudal system until establish-
ment of the Agrarian Reform Law after the 
Revolution of 1958. Under the feudal system, 
where in some cases immensely large areas 
were owned by individuals, the irrigation 
systems were built to suit such large areas. A 
great many of these areas were too large to be 
properly cared for and were left undeveloped, 
This, coupled with unwise of use water, poor 
management of the soil and lack of drainage 
lead to lower land values. Agricultural yields 
at present have been valued at about three 
to five Iraqi Dinars per mishara annually. 
With proper practice of irrigatioh, drainage, 
and soil management this value could be 
raised five times or more. 

in Iraq are veryAgricultural land values 
low compared to other similar areas. Statisti-
cal studies have shown for example, that the 
ratio between the production of some crops in 

Iraq, Egypt, The United States and The 
United Kingdom is as 1 to 4, 2.5 and 5.5 
respectively. 

The Agrarian Reform Law has not yet 
completed land division and distribution. In 
general it provides for allocating, 000 misharas of irrigated land and 2,000 misharas dry
farm land to old land owners formerly posses

sing larger areas. The remaining areas are to 
be divided among farmers into areas of 40 to 
60 misharas depending on the productivity of 
the land, its closeness to main roads and 
other social aspects being taken into consider
ation. With Agrarian Reform, irrigation and 
drainage systems built for the already culti
vated areas will have to be revised and remo
delled to suit the smaller land divisions. 
Higher investment per unit area will now be 
required. The problem is still under study 
to find the best solution. 

Farmers in Iraq are uneducated, especially 
with regard to efficient use of irrigation water. 
Irrigation efficiency is low. Farmers tend to 
over-irrigate. In some cases purposely to 
wash down excess salts, but with the lack of 
drainage systems this aggrevated salinity con

ditions. Although advisory centers for far
mers have been formed, the number is quite 
low and such centers have to be increased and 
their programme of work revised and expand
ed for more effective results. 

One of the serious social problems which 
has arisen and still causes serious concern is 
the migration of farmers from the country to 
the cities, especially to Baghbad. This con
dition still prevails at a time when the rural 
areas need more attention and development. 
This an unbalanced state will continue until 
means for raising the productivity of the 
lands are placed in operation and the Agrarian 
Reform Law is fully applied. 

REALIZATION OF THE NEED FOR 
DRAINAGE 

Early efforts to lower water table by weed 
fallow system or by restricted water use had 
limited application, since with growing land 

233 



development and more intensified agricul-
ture, they did not prove adequate or lasting. 
With the down-fall of the Abbasides and the 
continuous negligence in agricultural land and 

water use lands continued to deteriorate and 

the salt problem to become more acute. 

The need for drainage was finally realized 

after the first quarter of this century, and the 

first drainage and salinity investigation was 
carred ut oweerirrga-roud 127.carried out around 1927. However, irriga-

which were constructed aftertion projects ithut rainge chees.thatdatstll weethat date were still without drainage schemes. 

Abu Ghuraib, Saqlawiya and Yousifiya irriga-
tion projects, the earliest of the modern 

irrigation projects constructed about a quarter 

of a century ago, had no drainage systems, 

ore raintage inesto c douted 
on experimental plots or carried out on a 

pojet aeaswerlare saleforlare coti-
large scale for large project areas were conti-

nued and intensified in different parts of the 

country. Drainage projects were then studied 
anty pange rojects tinformation 
and planned according to andormatio 
obtained from the investigations, and execu-
tion of some parts was started. However, 

this included only excavation of the main and 

som e lateral collector drains, with pumping
he dainge wterintothe 

stations to pump the drainage water into the 
rivers. Pumping in all completed projects and 
in most, if not in all, future projects seems to 
be inevitable because of the fiat nature of the 

statonsto pmp 

land. 

Executed drainage projects to date do not 
include farm drains, thus no drainage project 
is yet functioning completely. The main 
reason for not constructing the farm drains 

is financial. The question as to whether ex-
penses of construction of such drains should 
be borne by the government or by the land 
owners, especially when the small land owners 
financially unable to pay for them still needs 
a satisfactory answer. This is one of the main 

* It is of interest to note that the main canals of these 
three projects were constructed practically on or 
near the same locations of three older canals dating 
back to 1,300 years ago, then named Issa, Sarsar and 
Melcha. 

drainage problems confronting . country 
at present. 

DRAINAGE PLANNING AND 
SCHEMES 

For a proper drainage system a well

balanced drainage investigation must be 
carried out, which will allow a reasonably

esin.blnacc ut, fa ic al 

e on was egn on
1927rte f irst in

1927 the first investigation was begun on a 
small experimental plot near Aqar Quf. Less 

a a rcompr e sthan tw ent lter
than twenty years later a more comprehensive
investigation was carried out near the same 

the sameie.tOtion sarrie nar 
site. Other similar experimental plots, such 

Twaireej (near Hilla city) and others, were 

also established. In addition, consulting 
firms working in Iraq were entrusted with 
wide scale drainage investigations covering
lagprjcaes.Texeimnlpot
large project areas. The experimental plots
varied in size and shape, ranging from small 

om smallvar risize a nde, rg 

circular trial plots surrounded by one drain 
and less than half a mishara in area to a rect
angular plot of several misharas with a grid 
of covered or open drains of various depths
and spacing. The experimental plots aimed 

at c ing and analyisenfall aic d 
desgn ec ar for a al , dr ai 

necessary for salt removal, drainage design 
and successful cultivation ; namely leaching 
requirement, soil permeability (hydraulic con
ductivity), drain spacing, drain depth and 
drainage coefficient. 

The large scale drainge investigations 
armed at collecting information of the soil 
profile characteristics, both physical and 
chemical, and ground water conditions. In
vestigation for the top five meters of the soil 
profile was intensive. One point for each 400 

misharas of land was used. For deeper soil 
profile investigation this density was reduced 
to one tenth or less. 

Drainage investigations need to be acceler
ated diversified information has so far been 

obtained. For example, values for drainage 
coefficient ranged from one cumec per 50,000 
mesharas to one cumec per 20,000 misharas. 
D

rain spacing differ according ti soil per
meability, and depth of drailis. Variations 'in 
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spacing of drains from 50 meters to 1,000 
meters have been reported. Soil permeability 
varies greatly ; however, presence of gypsum, 
roots and natural holes have caused an in-
crease in the effective permeabilities of heavy 
soils. 

The field drains, being the working part 
of a drainage system, should be designed be-
fore constructing any part of any drainage 
project, since all other elements of the drain-
age system depend on them. Construction 
of main and lateral collector drains, without 
investigations and design of field drains may 
lead to future complications and improper 
functioning. 

Although covered drains have been used 
on the experimental plots the trend in Iraq 
is to use open drains. This is because of the 
low cost of construction and the very low 
value of land. The salty condition of the 
soil has shown that even in many heavy soils 
open drains should have a side slope of one 
and a half to one or flatter to avoid collapse 
of soil from the sides. 

The choice of the right depth and spac-
ing of the farm drains, after having fixed the 
desirable depth to the water-table (which 
ranges from one to one and a half meters) is 
a matter of economy. It is a fallacy to state 
that with deeper drains and hence wider 
spacing, the cost will always be less. Fig. 1 
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shows that there is a minimum cost for one 
depth of drain*. 

The outlet for all existing drainage systems 
is either Tigris or Euphrates. The danger of 
salty ground water pumped into the two 
rivers has been considered, but as yet the 
effect has been found to be negligible due to 
the small amounts of drainage water com
pared to the large flows of the rivers. When 
all drainage project schemes are properly and 
completely functioning, the effect of increa
sing the salinity of water in the two rivers will 
be appreciable, especially during summer 
when the flow in the rivers is low. A serious 
study of this problem is being made. A main 
central outfall to collect drainage waters and 
discharge it into low marshes of the south has 
been considered, but is still under study. 
Adequate drainage systems for existing and 
for future irrigation areas are being provided 
for, with priority given to the existing deve
loped areas. Such provisions for most of the 
projects however is still in the investigation 
and design stage. The task is an immense 
one, requiring huge financial potentialities 
and long periods of time for execution. It has 
been reported that 17,400,560 misharas of 
land is being considered for drainage. An 
estimated cost of I.D. 586,920,000 for com
plete execution will be required. Of this sum 
it is estimated that I.D. 295,000,000 Twill be 
required for the field (farm) drains and small 
collector drains, excluding cost of land recla
mation (leaching and nutritioning of the 
soil). Thus the cost will be about 32 I.D. 
per mishara for complete work, of which I.D. 
17 is for the field and small collector drains. 
In some southern parts a value of 50 I.D. 
per mishara has been reported necessary for 
complete drainage and reclamation. Con
sidering the very low yields of the developed
lands (3 to 5 I.D. per mishara annually) full 
reclamation of certain areas may prove to be 
economically unfeasible. However it is hoped 

* This graph was established by the author using a 
formula developed to find the most economical depthfield drains, in a paper yet unpublished) entitled"Economical Depth of Drains". 
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that in the Iag run and through desaliniza-
tion and improvement of land, the producti-
vity will be increased to justify such develop-
ment operations. The following figures show 
the areas of land in misharas and the stage of 
drainage work. 

Under Partly Mostly Total 
investigation executed completed areaarnd design 	 arabe 

3. 


11,199,910 5,649,650 5-51,000 17,400,560becrflysuid 

Existing Drainage Problems 

The foregoing presentation of the drainage 
conditions in Iraq brings to light certain pro-
blems that will need careful study and practi-
cal solution. These problems occur in three 
categories : 

(a) 	 technical (b) financial and (c) social. 

Technical Problems 

1. 	 Drainage systems, economically, 
should be provided for already deve-
loped areas before attempting to 
develop new ones. This means that 
drainage schemes have to be laid out 
to fit as nearly as possible the pre-
sent lay-out of irrigation systems. 
This may not always be possible and 
remodelling of the present irrigation 
systems may be necessa.ry in some 
areas. 

Application of the newly-created 

Agrarian Reform Law, although 

necessary, creates a further burden of 

work, since the lands will be divided 
into small areas. This will require a 
wise solution to problems of water 
distribution, rights of way and opera-
tion and maintenance, 

Available data already collected, is 
insufficient for starting proper com-
plete designs. Adequate data are not 
available on drainage coefficient, soil 
permeability, and leaching require-
ment as related to both irrigation 
requirement and drainage coefficient. 
More drainge experimental plots 

4. 


should be established at selected typi
cal areas and full drainage and 
reclamation studies should be con
ducted for at least two agricultural 
seasons. 

The effect of salts in drainage water 
on the salinity of Tigris and Euphrates, 
although not appreciable so far, has tocarefully studied since it may

ine tma 
easily be highly important in the 

future. The proposed central main 
collector drain as an outlet for the 
drainage waters so far presents an 
apparently satisfactory solution, but 
further and deeper studies of its 
feasibility from technical and econo
mical points of view are needed. 

Maintenance of drainage systems, 

especially when open drains are used, 
must be a continuous operation 
for the life of the drainge system. 
Many parts of completed drains have 
been partly buried due to (a) col
lapse of soil material from the side 
and (b) sand deposited by wind
storms. A side slope of one and a 
half to one or flatter is more adequate 
than one to one. The problem of 
sand storms will have to be solved 
through forestation. Maintenance of 
the drains will be continuously 

required in order to have them free 

from deposits that may interfere with 
the flow. 

Financial Problems 

1. 	 Due to the high cost and immense 
total investment required drainage 
projects will have to be executed 
gradually according to their impor
tance and the productively of the 
land. However complete execution, 
including field drains is necessary, 
otherwise none will function properly. 

2. 	 The cost of the farm drains is nearly 
half of the total cost. Small land 
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owners and farmers cannot 
huge expense. The farm 
the other hand must be 
immediately. Long term 
offered to farmers, whether 

bear this 
drains on 
executed 

loans 
by agri-

cultural cooperative societies or by the 
a solution.Government may offer 

The problem has to be 	 studied 
a satis-economically in order to find 

factory answer to this urgent problem. 

Social Problems 

i ers heere 	 fromFarm ra 
mthr ffancsto and terre od 

dominated by old inherited traditions. 

Irrigation efficiencies are very low and 
soil management very poor. 	 Farmers 
therefore must be educated to use 
modern methods of agriculture and 
more efficient methods of irrigation 
and soil management, in order to 
increase land productivity. 

The problem is aggravated by 
the poor financial condition of the 
farmers who cannot afford expenses of 
modern agriculture. Through agri-
cultural cooperative societies, and 
through advisory centers established 
at various and numerous areas in 
Iraq farmers may be assisted financi-
ally and helped, advised and educa-
ted on modern and efficient land and 
tero e n 

2. 	 The problem of migration of farmers 
from the country into big cities will 
hae to be solved. Improvement of 
country social conditions, providing 
the farmers with means for land 

development, providing necessary 
irrigation and drainage and encourag- 

ing 	 them through their respective 
advisory centers, are all means that 
may 	check such migration. 

Once the hazard of salt is minimized,3. 
adequate irrigation and drainage 

systems provided and productivity of 

land increased, economic and social 

changes are to be expected and 

adequate housing, schooling, roads, 
medication and other similar amepities 
will have to be provided. Then farm
ing areas prosper and their people will 
be freed from the grip of poverty and 
ignorance, all will aid in setting the 

methods of farming and water use arenaialeomyfryonnup 

ward path of self-sustaining growth. 
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DRAINAGE AND SALINITY IN IRAQ WITH SPECIAL 
REFERENCE TO DUJAILAH EXPERIMENTAL STUDY 

by
 

Dr. Ahmed M. EtDujaili*
 

SUMMARY 
This paper describes the general pheno-

mena of drainage and salinity of irrigated 
mnds of ra.Ia o oeadealiwity iratsd 
lands in Iraq. It also deals with the resultsof those parts of the Dujailah drainage and 

land reclamation experiments pertinent to thesubjectlight 

subject. 


The drainage and salinity problem is 
significant, owing to the highly depressed crop 
yields and intensive salt accumulation on or 
near the soil surface. The source of salinity 
is the salt content of the alluvial plain and that 
of the surface applied water from the two 
main rivers, together with the absence of 
natural or artificial drainage, 

The predominant salt in the Iraqi soil is 
sodium chloride which amounts to about 70 
per cent of the total. Lime varies between 
20 per cent and 30 per cent, while gypsum 
varies between 0.20 per cent and 2.5 per cent.The calcium supplied by the gypsum to 
replace sodium ions are only of significance 
at the beginning of the leaching and reclama
tion, as the gypsum is washed downwards 
quickly. The exchangeable sodium percent-
age (E S P) was reduced from about 34 per 
cent in the Dujailah experimental plot to a 
minimum value of 4.0 per cent. 

The process of desalinization after the 
leaching of I to 2 meters of the soil was found 
to proceed slowly to the deeper layers in 
compliance with the flow line patterns of the 
ground water flow towards the drains, 

The Dujailah soil profile consisted of silty 
clay loam which at 60 cm. depth changes into 

silty loam. However, sometimes stratified 
layers of sand or clay were found. The 
average moisture content of the saturation 
paste was about 52 per cent. In a specific 
plot of the soil profile was found to consistof 4-5 m. stratified silt-loam, clay-loam and 

lg cla undrain b yhade andclay underlain by heavy dry, dense and 
impermeable clay to a depth of more than 

7.0 meters. 
The average field-measured hydraulic 

conductivity by the Augerhole method accord
ing to Hooghoudt and Ernest for the soil 
below the water table between 0.60 and 4.5 m. 
depth was about 0.77 m./24 hours. The 
theoretical computations based on this value 
for the relation between the hydraulic head 

and the drain discharge showed close agree
ment with field data. 

The Dujailah experiment revealed that 
better drainage can be obtained from narrow 
spaced drain pipes than fom deep and wide
spcdraniestn om epan idspaced open ditches. The amount of drainagewater in winter was 3 to 4 times that in 

summer. 
The investigations and experimental 

studies showed the feasibility of drainage and 
land reclamation with little or no difficulty. 

INTRODUCTION 

Iraq is an old famous agricultural country. 
Its two well-known great rivers are the 
main source of irrigation supplies. They 
run along its entire length. The economy 
essentially depends upon its fertile land 
together with the water supply of those 
rivers and the year-round sunny climate. 

* Chief Engineer, Directorate General of Irrigation, Ministry of Agrarian Reform, Baghdad, Iraq. 
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The climatological and topographical 
conditions prevailing in Iraq divide it into 

three principal irrigation Zones viz ; the rain-
fall zone in the north, the pumping zone which 

includes the high lands adjacent to the banks 
of rivers and canals, and the flow irrigation 
zone which constitute, the low lands and 
amounts to approximately 32,000,000 mesharas 

(8,(00,000 hectares). 

The application of water to the land with 
drainage deficiency natural or artifical causes 
the water-table to raise especially in the low 
lying delta of Iraq where the high ground 
water-table is rapidly set up by seepage from 

high-level canals and rivers, 
in the last 

The investigations carried out 

decade on vast areas indicate that the drainage 
defficiency and soil salinity is a serious problem 
which calls for a special attention. 

Generally speaking the lower part of the 
to the highplain in additionMesopotamian 

ground water table marshy lands also contain-

ing salts. The accumulation of salts in thesois suthofs case or heaghad amaisoils south of Baghdad is a main cause for the 

low crop yield, and for putting out of produc-
tion large areas. Since the process of saliniza

tion is continued as long as there is no salt 
balance, it is expected that more areas will 
eventually be abandoned. 

Steps for reclamation for such soils were 

recently initiated. For proper design, 

thorough investigations and experimental 

studies are required. For this purpose an 

experimental area in Dujailah Project was 

selectcd. 

SOURCE OF SALINITY 

The salinization process in the lower 
Mesopotamian plain is a natural phenomena 
as a result of the climatological and hydro-
logical conditions. It, is, therefore expected 
that saline soils will occur all over the plain, 
The actual salt content and salinization type 
varies considerably over a short distance as 
these depend on local conditions, e.g. soil 
type and conditions, depth of water-table, 

irrigation practices, etc. Moreover, the salt 

content of the surface soil varies with the 

season of the year and the vegetation and soil 

treatment in use. In Table I son'e soil salinity 

data are given which show the variation of 

salinity in various projects. 

The above data concerns the surface soil 

in which the root zone is developed. It is 
clear that the salinity decrease rapidly with 
increase of rainfall. This is obvious on the 
Eski Kelek project which is under rainfall 
cultivation. 

Table 2 shows the salinity distribution in 

the soil profile in one specific area up to 20 
meter depth. 

At a depth of 20 meters, all soils tend to 
become salty. The total amount in the upper. 
5 meters of the soil of the project areas in 
south and central Iraq is roughly estimated at
1 milliard (109) ton. The estimate was based 

1per cent over 6on an average salt content of
million mesharas. Following the leaching of 
millio ea g te leacin ofthe top 1 to 2 meters desalinization willproceed slowly to the deeper layers according 

poce lowly t the ror acc r 
to the flow line patterns of the ground water 

During irrigation, in which part of the 
land is irrigated and part is left fallow, more 

salt is brought in. The salt already accumu

lated is pushed down from the irrigated 

plots and up in the fallow plots. Salts can 

only be removed from the top soil and out of 

the area if drainage facilities exist. 

Ground water depth varies from 3 to 5 

meters, however, the response of the water
table to irrigation is very fast. The presence 
of salt in the subsoil may be partly attributed, 
highly saline water percolating through the 
soil. The salinity of ground water in many 
places was found to be 5 per cent or more, 
less in some other places. Variation of the 
subsoil-water salinity is due to variation in 
natural diainage pattern and the occurrence of 
sweet water at the surface (seepage and rain
fall). 

240 



TABLE 1. SALINE SOILS AS PERCENTAGE OF PROJECT AREA 

Per cent of 
Area Project area Av. Yearly Av. Yearly Station of 

rain fall mm. Temp. C. observationProject 	 1,000 

mesh. EC>8 EC>16
 

0.2 3S2 19.4 MosulEski Kelek 153 0.4 

Makhmour North 1,000 1 0 380 22 Kirkuk 

Makhmour South 7 1 

Lower Diyalah 1,714 37 17 

Adhaim Left Bank 541 54 19 

Adhaim Right Bank 242 64 25 

Ishaqi 390 49 23 140 22.6 Baghdad 

Nahrawan 152 81 62 

Dujailah 400 86 - 139 24.1 Hai 

Gharraf Extension 664 85 61 120 23.8 Nasiriyah 

TABLE 2. SALINITY DISTRIBUTION IN THE SOIL PROFILE OF
 
HUSSAINIYAH AREA.
 

Bore Hole No. of 

No. Samples 2 m. 


1 3 

1 2 

1 2 2 

1 1 9 

The total salts in surface waters in parts 

per million are given in Table 3. 

of the surfaceAlthough the salt content 
waters is low, the amount of salt which could 
be brought by winter irrigation period is 

about 1.5 ton per hectare and about 4 tons by 
summer irrigation period. Therefore, if no 

EC in mmhos/c.m. at a depth of 

5 m. 10 m. 20 m. 30 m. 

3 3 4 13 

1 1 20 30 

1 1 24 7 

13 13 10 s 

leaching occurs in one year irrigation, the 

salt imported on the land will be sufficient to 
make a 4 hectare saline out of every one 

hectare non-saline soil. 

Salinity values are classified according to 
the scale given in Table 4. 

241 



TABLE 3. TOTAL SALTS IN SURFACE WATERS 

Total salts in surface waters in parts per millionRiver and Year of 

Location Record Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
 

1. 	Tigris, 
Baghdad 1924.52 260 260 220 190 190 190 2:30 280 300 320 330 370 

2. 	 Euphrates 
Fallujah 1950 255 :328 388 484 470 422 420 410 270 394 404 296 

3. 	 Tigris, 
Amarah 1957 - 442 440 250 208 

Quarnah 1957 565 700 515 

4. 	Dujailah 
Canal " 
Km. 29) 1958 220 310 290 380 535 440 

TABLE 4. SALINITY CLASSIFICATION 

EC Class Et- Value 

1 <2 

2 2-4 

3 5-8 

4 9- 16 

5 17-32 

6 33-64 

7 65-128 

8 129 -256 

9 257 -512 

1) >512 

SALINITY OF DEEPER SUB-SOIL 

Soil samples at intervals of 1 meter were 
taken and tested for salinity for the deep bor-
ings. The salinity class distribution of the 
78 regularly distribued deep borings are given 
in Table 5. This subsoil is strongly saline, 
mainly Class 6. 

Salinity 

Non-Saline 

Non-Saline 

Slightly Saline 

Moderately Saline 

Strongly Saline 

Very Strongly Saline 

Very Strongly Saline 

Extremely Saline 

Extremely Saline 

Extremely Saline 

LOCATION OF THE EXPERIMEN-
TAL SCHEME 

The experimental area of 900 mesharas 
(225 hectares) is situated near kut in Canal 
Division 8 between the northern branch of 
Canal 8 and a main drain the site had been 
abandoned because of salt. 
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TABLE 5. SALINITY OF DEEPER SUBSOIL 

Mean Subsoil Salinity 5-10 m. Below the Surface 

Salinity Class EC x 101 Percentage 

1-4 0-16 14 
5 17-32 27 

6 33-64 46 

7 65-128 13 

8-10 >128 0 

(Ref. Hillah-Diwaniyah Drainage Study, Final Report 1959). 

TABLE 6. TYPES OF DRAINAGE SYSTEMS IN DUJAILAH (8) AREA 

Drain Depth Drain spac- Area in Tile diam Tile length
Division No. Drain type below G.L. ing in m.in m. meshara in c.m. in m. 

I Tiles 1.20 25 6 5 750 

II Tiles 1.50 25 6 10 600 

III Tiles 1.50 50 9 8 450 

IV Tiles 1.80 50 12 15 600 

V Ditches 1.80 50 15 

VI Tiles 1.80 100 48 10,15 1,200 

VII Ditches 2.10 100 48
 

VIII Ditches 2.25 150 50
 

IX Ditches 2.10 ,300 100
 

X Ditches 2.10 300 100
 

XI Leaching on main drain 63
 

XII Reserved for additional experiments 400
 

XIII and for untreated compansion plotsiJ 

Investigations made by Mr. Turcan in comprising nine farm plots, was divided into 
1952 revealed that for depths up to 2.0 meters thirteen divisions. The type of drainage 
total soluble salts ranged between 0.10 provided for each division is shown in 
per cent and 5.0 per cent with an average of Table 6. Tiles and open drains with different 
1.8 per cent. depth and spacing were used. 

LAYOUT OF THE EXPERIMENTAL OBJECT OF THE FIELD 
SCHEME REStARCH 

The general layout of the experimental The purpose of the field work may be 
scheme is shown in Figure 1. The area, summarised as 
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.- [ 1'[o j" This indicates that during reclamation, the 

"I .the Calcium ions supplied by gypsum to replace 

sodium ions at the adsorption complex is only 

of significance at the beginning of leaching as 

I the gypsum quickly is washed downwards. 

- Accordingly, the gypsum content in the 

1 rootzone of saline soils may be completelyFIG. 
lost by leaching. The origin of the lime is 

PROGRAMME AND PROCEDURES probably the river water as it was found pro-

OF RESEARCH portionally divided over the sand, silt and 

The experimental work started in 1955, clay fractions. Most of the gypsum is formed 

close to the by precipitation through evaporation of thewhere leaching of some land 
subsoil water.existing main drain was began during May, 

(1) 	 To show the farmers that it is possi-

ble and economically justified to 

reclaim salty, unproductive soils, 

although it may be difficult some-

times. Also to demonstrate, the 
method of construction of field drains, 

of washing the salts out of the soil. 

(2) 	 To gather data for assessing the in-
tensity of field drainage systems, the 
kind and construction of field drains, 
and the method for leaching salt out 
of soil in relation to soil properites, 
local conditions and economy. For 
instance studies were made of : 

and spacing
The required deptha. 
of field drains in relation to the 

hydraulic conductivity of the soil. 

of water and the
b. 	 The quantities 

time required for leaching salty 

land, both with respect to the 
intensity of drainage system, the 

salt content of the soil and other 
soil conditions. 

c. 	 The possibility of tile-drainage 
especially if closed drains are 

used. 

0 -@-

F,. 
....,.:.. : 

:0 i -. 

-4-

June and July 1955. The primary object of this 

experiment was to give an insight on the 

suitability of the proposed technique and 
informaequipment and to provide general 

tion on. the drainability and suitability of 

some very salty soils in the Dujailah area. 

The following observations were made 

during the leaching experiments 

(1) 	Applied quantities of water. 

(2) 	Discharge of the drains. 

(3) 	 Evaporation. 
(4) 	Changes in the moisture content of 

the soil. 

(5) 	 Changes in salt content of the soil and 

soil water during leaching and after 
leaching.()acnte 

(6)Salt content of drain water.
 

(7) 	 Subsoil water levels. 

LIME AND GYPSUM CONTENTS 

Iraqi soils are characterised by the high 

lime content which ranges between 20 per 

cent and 30 per cent (Table 7). 

The gypsum content of Dujailah soils 
varies from 0.2 to 2.5 per cent. Since the 
gypsum is readily soluble, it can be seen from 
Table 8 that the gypsum content of the soil 

considerably afterprofile of plot I dropped 
leaching with a depth of 1.40 m. of water and 
was reduced to nil in the top 60 cm. 
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MECHANICAL COMPOSITION OF 
DUJAILAH SOILS 

The soil profile of the experimental area 
consists of silty clay loam which changes 
into silty loam of about 60 cm. depth. Strati
fied layers of more sand and clay are strne-

times found in the profile. In Table 9 the 
mean of 10 mechanical analysis the moisture 
content of the saturated paste and the ex-

change capacity of the adsorption complex 
are given. 

The mechanical composition of the ('0-
150 cm. layer contrasts with the other layers. 

capacityThe moisture content and exchange 
indicate that the clay percentage should be 
higher than that obtained from the single 
analysis, therefore it was assumed as 20 per 
cent, since the accuracy of the moisture con-
tent determination is rather high, being based 
on the mean of 50-100 determinations for 
each layer.1 

DISTRIBUTION OF SOLUBLE SALTS 

Accumulation of ions is influenced by 
several factors, such as dryness of climate, 

natural leaching conditions, composition of 
irrigation and subsoil water, etc. The Nafound
cation under cultivation conditions was 

to constitute about 70 per cent of all cations, 
similarly for the Cl anion. The remaining 
cations were about equally divided between 
Ca and Mg, with the rest of the anions almost 
completely SO4. This distribution is found 
to be uniform except for an increased amount 
of SO, at the expense of Cl from the surface 
to 60 cm. depth. The ratio of Cl to S 
decreased from about 6 in the top 30 cm. to 
about 2 at 60 cm. depth, and it is fairly cons
tant below this depth. 

During leaching, the ratio of Cl to SO4 in 
the top 30 cm. changed to 1, and at a greater 
depth it was reduced to 0.60 and after one 
year of cultivation it was still below 1. 

The relation between Cl content and sali-
nity of great number. of water samples and 
soil extract is shown in Figures 2 and 3. 

Since in both figures a good relation exists, the 
salinity may be expressed in terms of the EC 
based on the Cl concentration, particularly 
in the case of water samples of high salt 
contents. 

Figure 4 shows the relation between the 

Na in m.e./100 g. and the sum of the cations 
(Na±Ca+1Mg) in m.e./100 g. while figure 8 

gives the relation between the EC and the 
total soluble salts. 

so 
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A relationship between the salinity of 
saturation extracts and I I extracts for 
Dujailah soils was established. The relation 
between EC and Cl content in 1 : 1 extracts 

and saturation extracts respectively is given 
in Figures 6 and 7. The agreement between 
the slopes of the two lines indicates the 
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possible conversion of the salinity data of the 
1 : 1 extract to the saturated paste on the 
principles of the moisture content of the soil 
paste. In Table 10 the measured mean mois-
ture percentages and the calculated conver-
sion factor are given. 

SALTS AND WATER MOVEMENT 
DURING LEACHING OF SALINE 
SOILS 

Salt movement is naturally a function of 
water percolationl' through 'the soil. The 
leaching curve shown in Figure 8 ,,:as obtained 
from field experimental data and shows the 
relation between the fraction of the initial salt 
left in the soil and the depth of leaching 
water percolated through the soil. The 
abscisa gives the total measured discharge of 
the pipe drains and the direct discharge to 
the deeper collector drain as calculated from 
the water levels. Therefore these totals re
present the actual amounts of drainage water 
percolated through the profile and need not 
be corrected for evaporation losses or water 
used to saturate the soil. 

Figure 9 shows the same data of Figure 
8 represented in such a way that the fraction 
of the initial salt remaining in the soil is given 
as a function of the depth of leaching water 
per unit depth. A correction was made by 
subtracting from both, the salinity before 
leaching and that after leaching a constant 
value of ECe representing the minimum sali
nity which can be finally achieved under 
normal irrigation practices. This constant 
(epnLIds on the quality of the irrigation water 

and the ratio drainage/irrigation. The aver-
age value of the salinity of the Dujailah irriga-
tion water was considered as EC - 0.6 mmho. 
Taking the average value of drainage/irriga-

tion of about 20 per cent, the EC of the drain 

water in the salt balance case was estimated 
at 3.5 mmhos. which agrees with an EC of 
saturation extract of the soil of 2 to 2.5 
mmhos. The ECe of 2.5 mmhos. was 
considered as minimum average salinity for 
Dujailah area. 
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Comparison of the three curves in Figure 

9 reveals that leaching of the Dujailah soils 
is more efficient than the other two reported. 

The technical informations required for 
designing leaching reclamation may be 
summarised as :

1. The quantity of water required to 
reduce the salinity of the soil to a 
specified level. 

2. 	 The salinity level to which the soil 
should be leached prior to cropping. 
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TABLE 7. LIME AND GYPSUM CONTENT OF SOME IRAQI SOILS 

Dujailah Anannah Hillah Gharraf East 

Depth Lime No. of Depth Lime No. of Depth Lime No. of Depth Lime 
cm. % Samples cm. % Samples cm. % Samples cm. % 

0-30 26 39 0-20 23 20 0-30 22 45 0-10 24 

30-60 27 45 20-60 23 20-31) 14 

60-100 27 45 60-100 23 50-60 26 

100-150 26 44 120-130 

1,50-200 27 30 

TABLE 8. GYPSUM CONTENT OF DUJAILAH SOILS 

Plot XI and XII Plot I (before leaching) Plot I after leaching 
Depth in 

cm. 
m.c./ Gypsum No. of m.e./ Gypsum No. of m.e./ Gypsum No. of 
100 g. % Samples 100 g. % Samples 100 g. , Samples 

0-30 7 0.60 22 11 0.95 9 0 0 9 

30- 60 5 0.43 22 3 0.26 15 0 0 9 

60-100 6 0.52 22 19 1.64 15 12 1.03 7 

100--150 19 1.64 22 29 2.50 15 111 1.64 7 

150-200 19 1.64 22 12 1.03 15 8 0.69 7 

TABLE 9. MECHANICAL COMPOSITION, MOISTURE PERCENTAGE
 
OF SATURATED PASTE, AND EXCHANGE CAPACITY OF DUJAILAH
 

SOILS
 

Depth cm. Sand % Silt % Clay % Moisture (,"of Exchange Cap. 
sat. Paste m.C./100 gin. 

0- :30 21 58 20 53 18 

30- 60 13 65 22 55.5 17 

60-100 12 68 20 51.5 18 

100-150 40 52 10 50 18
 

150-200 28 61 11 45.5 14
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3. 	 The drainage water required under 
cropping conditions. The leaching re-
quirements can be found from the 
leaching curve if the soil salinity and 
the maximum desired salt content are 

given. Table 11 shows the effect of 

leaching on the removal of salt per 
unit area. 

LEACHING AND THE EXCHANGE-
ABLE SODIUM 

Aczording to USDA Handbook No. 60, 

alkali soil is defined as having E.S.P. greater 
than 15 ; the pH value of the saturated soil 

is grcater than 85 and the ECe is less than 4 

mmhos/cm. at 2-5C. A saline-alkali soil has 
an E.S.P. of more than 15, the pH is less than 
8.5 and the ECe is more than 4 mmhos/cm. 
A saline soil has the E.S.P. less than 15 andthe 	E~e is more than 4 mmhos/cm. 

Table 12 shows the effect of leaching on 
the exchangeable sodium in Dujailah soil. 

Table 12 also shows a considerable drop 
in the E.S.P. and even at a depth of 2 m. the 
E.S.P. dropped from 42 per cent before leach-

.ing to 31 per cent after leaching and 3 crop-
ping seasons. Moreover, the lower value was 
about 4. 

Figure 10 showi the correlation between 

the E.S.P. and the salinity at constant pH., 
which indicates that the E.S.P. increases with 
salinity increase. 

*water 

... 
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SALT BALANCE AND RESALINIZA-
TION 

The result of extensive analysis in three 
plots in Dujailah experimental area was 

summarized as follows : 

I. 	 An equilibrium salt content of ECe 
2 mmhos/cm. may be considered as 

the average minimum value during 
the winter cropping period for intensi
vely drained soil. 

2. 	 The salinity of the soil increases to an 

average ECe value of 3 mmhos/cm. 
during summer cropping under the 
same conditions. 

3. 	 The upward movement of salt which 
occurs during summer fallow depends 
upon the drain depth and spacing. 

Upward movement was found to be 
negligible for intensively drained soils while 
it was considerable for the well-leached but 
less-intensively drained basin. 

The leaching requirement can be express
ed as a percentage of the irrigation water 
which should be drained. The salt brought 
in by the irrigation water should be nearly 
totally removed by deep percolation or drain
age since the salts taken up by the field crops 
is insignificant 

The 	leaching ratio in a steady case is given 
'by 

LR 	= Ddw/Diw = ECiw/ECdw 

where, Ddw and Diw are the depths of 
drainage and irrigation waters respectively 
and ECiw and ECdw are the electrical 
conductivities of irrigation and drain water 
respectively. Since for Dujailah the irrigation 

had 	 average EC = 0.6 the leaching 
percentage is 

LR 	= 0.61EC dw ... (1) 

The 	EC of the drain water and the EC of 

saturation extract of the soil are compar
able but not identical. The moisture 

content of saturated soil in situ is about 30 
per cent, and that for saturated soil paste is 



TABLE 10. CONVERSION FACTOR f = ECe/EC 1: 1 

Depth Slope of Av. 0/0 water No. of Conversion 
cm. Cl line Sat. paste Samples factor 

0- 30 0.53 53.0 275 1.9 

30- 60 0.55 55.5 140 1.8 

60-100 0.52 51.5 1110 1.95 

100-150 0.50 50.0 90 2.0 

10-200 0.45 45.5 75 2.2 

TABLE 11. REMOVED SALT PER SQUARE METER 

Salt removed per ml from Salt removed Salt brought in 
soil depth by drain water by irrigation

20-0.30 0-0.60 0-2.00 in kg./m- water in kg./m 2 

Initial Salt (24.7) (29.2) (59) 12.5 

After 20 cm. leaching 20 25 -13 12.5 0.7 

After 92 cm. leaching 20.5 29 39-1 44 4.5 

After 165 cm. leaching 20.5 29 53-7 74 13.75 

TABLE 12. EXCHANGEABLE SODIUM AND LEACHING 

- 100 - 150 Cm.Period of Leaching 0-30 30 - 60 60 100 

and Drainage water ECe ESP ECe ESP ECe ESP ECe ESP 

Before Leaching 106 :14 37 38 34 44 3f) 44 

After 12 days leaching 15 Cm.
 
drainage 6.5 15 13.5 33 - -


After 42 days leaching 52 Cm.
 
drainage 3.0 8 2.6 23 - -


After 69 days leaching 84 Cm.
 
drainage 2.6 7 2.2 21 7.5 38 24 43
 

After 69 days leaching 93 days
 
cropping 3.8 5.5 2 20 - - - -

After 69 days leaching and 3 
cropping seasons 3.6 4.2 3,9 10 8.1 19 16 21 
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about 50 per cent. This would indicate a 
ratio of ECdw]ECe = 5/3. ... (2) 

Substitution of (2)in (1)yields 

LR 	= 0.36/ECe. 

The measured and actual LR for plot I is 
given in Table 13. 

DRAIN DISCHARGE AND SALINITY 

The measured average drain discharge 
from plots with different spacing and depthis gvenin able14.Tildrans f 2 m. 
isroot 
spacing and 1.20 in. depth were used in 
Plot 1, while open-ditches at 150 m. spacings 
and 2.010 m. depth were installed in Plot VIII. 
The average permeability of this particular 
soil was found to be 0.80 m./day. The 

calculated drain spacing of 130 m. for an 
aisumed steady discharge of 1 mm./day, drain 
depth of 2.0 tn. and ground-water-table 
of 1 m. below ground surface, was found to 
agree with the observed conditions in Plot 
VIII. 

The experiment showed that better drain-
age was obtained usinr the narrow spaced 
drain pipes of Plot I Lban from the deeper 
and widely spaced open ditches, reflected in 
the higher discharges. The difference 
becomes more significant during leaching with 
high hydraulic heads. Leaching in Plot I was 
performed by flooding and in Plot VIII by
rice crops. 

Although there is no difference in 
discharge expressed in mm./day during winter 
and summer cropping periods, considerable 
difference can be noted when the drainage is 
expressed as a percentage of irrigation quanti
ties 	 during summer and winter. The per-

centage in winter is approximately 3 to 4 
times that for summer. This difference is 
attributed to the three following factors 

I. 	 Equal actual discharges during summer 
and winter cropping periods. 

2. 	 Much higher irrigation requirements
duigsme.tesolbten23

during summer. 

3. 	 Influence of rainfall, 

Since the fraction of irrigation water 
drained determines the salinity of the soil 
water this means that the solution is less 
saline during the winter than during 
summer. Therefore for constant salinity 

level in the soil during both seasons, a higher 
discharge during summer is required than 
during winter. In this experiment if summer 
discharge is taken to be 1.2 mm./day then 
winter discharge should be 0.3 mm./day. 

In the drainage formula the discharge is 

roughly inversely proportional to the square 
of the drain spacing. This means that 

summer cropping would require a drainI 
spacing which is half the spacing required for 
winter cropping only if the salinity of the soil 
has to be kept on the same level. 

INFILTRATION 

Tests of infiltration on salty land were 
performed over periods of one to four weeks. 
The results are given in Table 15. 

The infiltration rate was practically con
stant over the whole observation period for 
each location. This indicates that the long 
period infiltration would not cause a decrease 
in the soil permeability or deterioration of the 
soil structure. 

HYDRAULIC CONDUCTIVITY AND 
SOIL TEXTURE. 

The soil profile in the experimental area 
consisted of 4.5 m. stratified silt-loam, clay
loam, and light clay underlain by heavy, dry, 
dense and impermeable basin clay to a depth 
of more than 7 m. 

Field permeability tests using augerhole 

pump-out method according to Hooghoudt and 
Ernest for the upper saturated soil lhyers 
below the water-table were conducted, and 
the results are given in Table 16. 

The average K for the soil betweenand 2.0 m. depth is 45 cm./24 hrs. and0.60for 
the soil between 2.30 and 5cm. his 93 

n 3.5 m. depth is 93 
cm./ 2 4 hrs. In view of the similarity in the 

soil texture below 3.5 m., the hydraulic 
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TABLE 13. LEACHING 	RATIO AND SALINITY, 
PLOT I 

Leaching PercentageECe Season 

Calculated Measured 

2 Winter 18 29 

3 Summer 12 25 

TABLE 14. DRAIN DISCHARGES AND LEACHING PERCENTAGE 

Leaching Winter Crop 56157 Summer Crop 57 

mm./day dr./irr. mm./day dr./irr, mm./day. dr./irr. 

Plot 1 	 12 53% 1.2 47% 1.2 12% 

Plot VIII 2 14% 0.9 36% 0.9 13% 

TABLE 15. RESULTS OF INFILTRATION TESTS 

Location and Number 

11.3 111.3 B 111.3 D 	 111.6 B 

Duration of Test hours 670 126 178 239
 

Total infiltration Cm. 882 82 297 :396
 

Average infiltration Cm./24 hrs. 28 16 28 40
 

Infiltration rate after 24 hrs. 29 12 37 38
 

Infiltration rate after M6 hrs. :36 19 41 39
 

Infiltration rate after 108 hrs. 25 19 39 39
 

Infiltration rate after 156 hrs. 31 32 40
 

TABLE 16. HYDRAULIC 

Depth in m. Number of 
from to observations 

0.6 2.0 15 

2.3 3.5 20 

CONDUCTIVITY, (AUGERHOLE METHOD) 

Hydraulic Conductivity (K) in Cm./24 hrs. 
Minimum Average Maximum 

30 45 80 

70 93 150 
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conductivity can be assumed as 0.93 m./ 24 hrs. 
Therefore the total average K becomes 0.77 
m,/ 2 4 hrs. and for simplicity the soil profile 
up to 4.5 m. depth may be considered to have 
a K value of 0.70 to 0.80 m./24 hrs., laying on 
an impermeable layer. I0 

Curves A and B of Figure 11 give the 

relation of the actual discharges measured at 
the drain outlet against the corresponding 
hydraulic heads, which is the difference of the 

water levels midway between the drains and 
the level over the drain. 

The theoretical curves based on K value of 
0'70 and 0.80 m./ 24 hrs. agree satisfactorily 

with the actual field observations. 
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MEASURES TAKEN FOR IMPROVING THE SALINITY AND 
DRAINAGE CONDITIONS IN THE LOWER SEYHAN 

PROJECT 

by 

Mufid Kulen and Seref Ozgul* 

SUMMARY 

Lower Seyhan Plain is one of the largest 
and most important coastal plains in Turkey. 
It has an area of 210,000 hectares. The pro.
ject area consists of alluvial deposits and the 

climate is arid to semiarid. There are zonal, 
area.azonal and interzonal soils in the project 

and deep and
highly calcereousThey are 


consist of clays and silts underlain by clay, 

sand, and gravel, 


Hydromorphic soils of the interzonal series 

in need of urgent reclama-are found to be 
tion and improvement. These soils are 

sticky
poorly drained, have heavy texture and 

and plastic consistency. They cover about 
70,000 hectares and have some poor drainge. 
Many of them are saline and alkaline, 

About 85,000 hectares of land have detri-
mental accumulations of salts. The dominant 
salt sodium chloride. 

According to measurements made by the 
Augerhole method the mean permeability 
is estimated to be 4 cm. per hour. No cor-
relation was found between salinity, alkalinity, 
and permeability nor was there any obvious 
relationship between soil texture and perme-
ability. The test drilling programme has 
shown that shallow impervious layers rarely 
occur. Seyhan River as the main water re-
source has excellent quality for leaching and 
improvement and enough quantity for water 
supply. 

Although experience in several countries 
indicates that the cost of reclamation and 
development of arid lands coinposed of 
heavy soils is seldom justified on the base of 
direct benefits, this is not true of this plain
because of very favottrable conditions of 
climate, rainfall distribution and intensity, 

irrigation water and chemical contents of soils. 

Pond tests made for determining technical 
feasibility of reclamation and the effect of
leaching, showed that prolonged ponding of 

toleaching water on uncropped land tends 
swellingreduce the infiltration rate through 

and dispersion of clay particles. 

An extensive review of the results of a 
sub-surface exploration programme show that 
the water :able is less than 2 meters below the 
surface in about 60 per cent of irrigable lands 
and that sub-surface drainage will be required. 

The principal sources of ground water 
recharge are percolation of winter rainfall 
which is found to average 240 mm. per year 
and the seepage losses from irrigation, cal
culated to be average 209 mm. Inspection of 
well hydrographs show that fluctuations of 
the water-table vary annually between 1.5 and 
2 m. for most of the area and have a direct 
relation to rainfall distribution over the year. 

The most economical system for both 
irrigation and drainage tertiary canal construc
tion is considered to be alternating irrigation 
and drainage canals each serving the lands 

* Deputy Head, Design and Construction Division, and Head of Soils and Drainage Branch, Investigation and 
Planning Division, General Directorate of State Hydraulic Works, Ankara, Turkey, respectively. 
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on both sides of them. One-hundred hectares 

was taken as an average service area. Secon-

dary and main drains will be centrally located 

between secondary and main irrigation canals, 


The drainge canals are designed and con
structed to accommodate surface flow and also 
to carry perennial sub-surface flow, whichever 
is the greater. For the calculation of drainspacing Quasi-Stationary method is used, 

INTRODUCTION 

Lower Seyhan Plain, the largest and most 

important coastal plain area in Southern 

Anatolia is situated on the south flank of the 
Tauros Mountains. The delta area of tile 
Plain comprises a total of 210,000 hectares. 
It was formed by deposition of sediments 
carried by the Berdan, Seyhan and Ceyhan 
Rivers, and a number of creeks which origi
nate in the Tauros Mountains. 

About S5,000 hectares of total area have 
detrimental accumulation of salts. This 
accumulation is associated with centuriesold 
exploitation of soils. Also more than 80,000hectares need urgent drainage measures. 

The investigations for implementation of 
reclamation measures for the project were 
made over a period of three years. This 
study included soils surveys, determinations 
of salinity and alkalinity, permeability mea-
surements of soil by Augerhole Method, field 
permeameter tests, ring infiltrometer tests, 
pond tests, laboratory analyses of soil and 
water samples, deep borings, ground water 
observations, studies on artesian pressures, 
seepage and condition of aquifers. 

In this paper thei sceresultsssedpl of i m p studiese ntA ar e an these ovea n d th f o 
are discussed and the plans for improvement 
of salinity and drainage conditions are presen-ted.In 

GENERAL DESCRIPTION OF THE 
REGION 

Physical Features 

The project area consists mainly of a re-
latively flat alluvial delta plain. The general 
slope is southwesterly with grades varying 

between 1.0 to 0.1 per cent. The shores are 
low and sandy with inland sand dunes. There 
are wide stretches of swamplands and lagoons 
by dunes. The general features of the plain
are shown in Fig. 1. 

Climate 

The climate is arid to semiarid and ischaracterized by hot summers and mildwinters having high relative humidity the 
year around. Rainfall is concentrated during
the winter with a negligible amount in the 
summer. The area has a year-round growing 
season and the climate is well suited for a 
wide variety of crops under irrigation. Free
zing temperatures occur during the winter 
only with a frequency of once in 3 years. Tile 
maximum temperature reaches 42.8°C. while 
the lowest is -7.1 0 C. 

GEOLOGY 

Areal Geology 

The Tauros Mountains are among the 
oldest formations of the area. They are composed of thick, regularly layered Cretaceouslimestones which have many superficial
fractures. 

The strata dip in southwesterly direction 
with a slope of about 30 to 45 degrees. The 
consolidated Miocene and Pliocene sediments 
dip beneath the plain with a slope of 3 to 5 
degrees. The foothills are mainly marine 
deposits of Miocene age consisting of inter
bedded sandstones, shales and marls which 
are overlain by concordant layers of coarse 
Pliocene materials such as conglomerate and 
sandstone. 

t the sou th of the footh ills, alluvia l 
deposits of Quaternary age become dominant. 
In most of the Plain the recent alluvium hasm s oft eP int er ze tal iu h sa thickness of 25 to 40 m. and ;. composed of 
clay, silt, sand and gravel with clay predomi
nating. In the deeper horizons very thick 
Neogen aged old alluvium is found. On theeast and southeast the Plain is bordered by
Cretaceos and Miocene hills. On the south
west there are continuous sand dunes along 
the Mediterranean Sea. 
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Subsidence of the Delta 

The Lower Seyhan deltaic Plain is a sub-
siding area. The lowering of the low-lying 
flats as they approach the coast results in 
a loss of land useful to man if the beneficial 
effects of alluviation are no longer allowed to 
compete with the detrimental effects of 
regional sinking. The subsidence will be 
further increased by a lowering of arte! in 
pressures and of the water-table in the ow-
lands. 

The subsidence of the Plain is demonstra-
ted by several lines of evidence. The 
general dip of older rocks towards the delta 
indicates a long continuance of the process. 
The seaward dip of levels from which supplies 
of ground water are obtained brings the 
matter into closer perspective ; and also sali-
cornias and other salt-tolerant plants extend 
inland across depressed areas of various kinds 
as far as about 15 km. from the sea. 

WATER SUPPLY 

Surface Water Resources 

The water resources for irrigation and 
land improvement are the Seyhan, Berdan and 
Ceyhan Rivers. Seyhan River is the most 
important one. The water stored in the 
Seyhan Reservoir after the month of April 
and the high summer base flow provide suffi-
cient water to meet the irrigation demands. 

Quality of water 

The water quality of Seyhan River is ex-
Cellent for irrigation and leaching. The 
extreme chemical characteristics found by 
monthly sampling from the Seyhan Diversion 
Dam are as follows : 

May 4, January 6, 
1959 1960 

Electrical Conducti-
vity (Micromhos/cm. 
at 25°C.) 355 180 
Total Salts (ppm) 227 117 
Boron 0.00 0.60 

Sampling dates 

May 4, January 6, 
1959 1960 

Soluble cations 
(meq./it) 

Ca 0.95 1.50 
Mg 
Mg 1.40 0.40 
Na 1.18 0.29 
K 0 0.25 

Sum of cations 

(meq./lt) 3.53 2.44 

Soluble anions 
(meq/lt) 

CO3 0.45 0-(0 
HCO, 1.80 1.50 
SO4 1.38 0.57 
Cl 

Sodium 
percentage 0.00 0.00 

Residual Na2CO 3 
meq./lt 13 33 

Sodium adsorption 
ratio 1.1 0.4 

Water 
classification C2S1 CIS, 

The reservoir water will have a beneficial 
effect on the heavier soils because of its relati
vely high content of calcium plus magnesium 
as compared to sodium. The quality of the 
Seyhan River and the leaching effect due to 
the winter rains are very favourable for the 
future irrigation and land improvement of the 
plain. 
SOILS 

Soil Groups 

All three soil orders of the systematic soil 
classification are encountered in the project 
area. There are zonal, interzonal and azonal 
soils. The approximate location of the prin
cipal soil areas are given in Fig. 2. This 
Fig. shows a generalized cross-section of the 
plain on which are shown the various levels, 
subsurface materials and soils according to a 
broad geologic classification. 
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The zonal soils are represented by two 
great soil groups: 

(a) 	 Terra Rossas, in the upper undulat-
ing parts of the Pin, on and derived 
from limestone ro:k ;deposits 

(b) 	 Chernozems, or old abandoned 
streambeds in the main delta. 

Interzonal soils are four great soil groups 

(a) 	 Rendzinas Soils 
(b) 	 Brumusols Soils 
(c) 	 Solonchacks Soils 
(d) 	 Solonetzs Soils 

Azonal order is represented by 3 great soil 
groups : 

gruspermeability 

(a) Alluvial Soils 
(b) Lithosol Soils 
(c) Loess Soils 

Physical and Chemical Properties of the 
Soils 

Features-The soils of the Lower 
General 

Seyhan Plain consist of the sedimentary 
deposits derived from the various limestone 
rocks of the Tauros Mountains. They are 
highly calcareous; the lime content variesfrom 16 to :aoper cent. 

The soil located in the higher lands are 
relatively shallow but in the major area of the 
Plain the soils are deep. Depths are more 
than 1,000 m. in many parts of the delta and 
the soils consist of clays and fine silts under-
lain by clay, silt, sand and gravel. In Table 1, 
some basic properties of the delta soils are 
given. The soils in the various series are 
grouped according to their parent materials 
and physiographic positions as follows 

a. 	 Soils Developed on Calcareous Rock. 
The soil in this group are well-drained 
and no salt or alkali problems have 
been detected due to the high per-
meability of' the underlying parent 
(rock) material. The soils in this group 
are rich in potassium, poor in nitrogen 
and very poor in phosphorus. 

b. 	 Soils in Alluvial Fan Deposits. The 
soils of this group are formed by 
deposition of the sediments carried by
the numerous streams flowing from 
the Tauros Mountains. The fan 

are gently sloping and slightly 

undulating with good internal 
drainage. Neither alkali nor salts 
occur in these deposits. 

c. 	 Soils in the Area of Abandoned 
Natural Levees and Channels. The 
abandoned stream channels are 
generally at higher elevations than the 
main Plain. The soils are of coarse 
texture and have relatively high
ereai h good i a 

with good internal 
drainage. Some slight salinity occurs 

but there are no serious alkalinity 
problems. 

d. 	 Soils in the Young Alluvial Deposits. 
Prior to the construction of the 
flood protection levees, the plain was 
flooded by Ceyhan, Seyhan and 
Berdan Rivers and large quantities of 
serdnt were dposie onthe f 
sediment were deposited on the flat 
delta land. The drainage in these 
soils varies from good to poor, 
depending on the depth of the water
table, and slight to severe salinization 
is experienced depending on proxi
mity to the rivers. 

e. 	 Hydromorphic S,ils. Hydromorphic 
soils are found in the lower part of 
the Plain. They are poorly drained, 
have generally heavy texture and a 
sticky and plastic consistency. Follow
ing wetting they swell, and then 
shrink and crack when dried, thus 
forming large blocks. These soils are 
found in about one third of the Plain 
and have drainage problems. Many 
of them are saline, or saline-alkaline, 
and need to be reclaimed. In several 
places the water-table rises to land 
surface at the end of winter as the 
result of recharge from winter rainfall. 
The water-table falls 1.5 m. to 2 m. 
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TABLE 1: PROPERTIES OF SOILS 

Mechanical Analysis ElectricalTest Pit and Depth of -. mpling Laboratory conduc- Exch. Lime GypsumLocation Soil layer Depth Sand Silt Clay Classification tivity Sodium
(cm) (cm) (mmhos (Milliequivalents per

(per cent) per cm) 100 gins.) 
41: N89 Ell 20-90 20-70 15.0 60.2 24.8 Silt loam 0.44 >200 ,, <11.6 ,, 

90-170 110-160 10.0 41.2 48.8 Silty clay 2.30 >200,, <11.6 ,, 

170-290 180-260 5.0 44.2 50.8 Silty clay 2.38 >200, <11.0 ,, 

12 N82 EOO 10-45 20-40 11.6 50.4 38.0 Silty clay loam 0.47 >200, <11.0 ,, 

57: N73 E09 20-80 30-70 30.0 36.0 28.0 Clay loam 0.90 0.55 267 1.26 
80-100 Very fine sandy 

loam (F)
100-130 Light silty 

clay (F) 
160-200 170-190 5.0 89.8 4.6 Silt 12.4 2.46 252 7.78 
200-250 210-240 Silty clay 12.0 

loam (F)
250-330 260-320 Silty clay (F) 5.1 

40: N87 EIO 0-40 0-25 24 42 34 Clay loam 2.40 > 2 00(est) <l1.6(est) 

40-110 95-100 20 30 250 Clay 3.48 > 00(est) <II.6(est) 
110-155 120-140 42 32 16 Loam 23.17 > 00(est) <ll.6(est) 

04: N71 E09 20-150 30-140 13.6 56.0 30.4 Silty clay loam 0.80 0.70 417 1.00 

160-190 170-180 17.6 58.0 24.4 Silt loam 0.80 0.85 404 1.64 
190-330 200-330 1.6 34.0 64.4 Clay 1.30 2.87 386 2.36 

411 : N95 E21 20-180 20-60 59.4 10.0 30.6 Sandy clay loam 0.31 0.27 276 0.80 

70-160 43.6 23.8 32.0 Clay loam 0.30 0.74 220 1.00
412: N95 E22 20-140 20-60 35.2 21.0 43.8 Clay 0.40 0.70 124 1.00 

70-130 30.0 23.4 40.6 Clay 0.70 0.98 122 2.20409 ; N5 E19 20-205 20-60 35.2 26.2 38.6 Clay loam 0.63 0.44 232 1.40 

70-190 18.4 3U.Q 45.0 Clay 4.00 1.90 304 4.00
 
402 N94 E29 20-40 20-40 Clay (F) 0.70 
 6.36 533 2.80 
•401 : N94 E27 20-110 30-110 31.2 28.8 40.0 Clay loam 0.40 0.68 130 0.80 
399 : N94 E25 20-170 30-90 32.0 31.0 30.4 Clay loam 0.35 0.75 206 1.04 

110-170 20.0 35.2 44.8 Clay 0.50 0.97 220 0.80 
257 : NV2 E16 20--:130 30--00 12.4 28.4 59.2 Clay 1.05 4100.78 1.80 

110-200 8.4 29.4 62.2 Clay 0.45 1.50 408 2.00 
220-230 Clay (F) 3.20

276 : NOS EIS 20-60 30-60 25.0 22.8 52.2 Clay 0.55 0.53 78 1.80
 
:116: N87 EI 20-350 20-70 9.0 45.6 45.5 Silty clay 0.50 
 1.36 437 0.88 

80-160 7.0 47.6 45.4 Silty clay 5.40 8.61 438 2.10 
807 : NI E25 20--150 20-5(0 37.2 29.4 33.4 Clay loam 0.62 0.73 132 1.00 

(10-140 31.0 31.1 35.4 Clay loam 0.32 0.74 230 2.20 
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ABOVE WATER TABLE
 

Exch 	 Permeability (cm. per hour)Sodium 
adsorption sodium Soil Special features Field permeameter 

ratio percentage structure Laboratory method 
mtd(SAR) (ESP)Laoary 

Ave Kv Ave Kn 

1.8 11 ,, Subangular blocky Few roots and root channels 1.30 2.373 8.500 

17.0 	 20 ,, Angular blocky Few roots, root channels, light N.D. 1.712 1.557 
grey mottles 

16.5 	 20 ,, Massive Few roots and root channels (1.03 0.714 1.020 
grey and y. b. mottles 

1.0 0.2 ,, Angular blocky Few roots and root channels 0.52 0.721 1.023 

1.0 2.1 Subangular blocky Main and secondary roots 1.08 0.762 0.599 

2.317 0.489granular 

Subangular blocky Many lime concretion 	 1.134 1.00 

7.4 9.8 Subangular blocky Many lime concretion 1.11 0)971) 2.307 

granular Secondary roots 	 0.15 4.02 2.606 

Platy Many mottles 	 0.03 1.033 2.1162 

9.0 	 12(est) Massive Few vertical cracks some staining, 0.44 0.86 1160 
few fine roots 

34.0 34(est) Angular blocky 	 Few roots and root channels N.D. .034 0.032 

27.0 3() ,, Massive 	 Roots and root channels N.D. 0.03(0 0.027 

1.0 	 2.9 Subangular blocky Main and secondary roots, Many 1.15 2.2 1.7 
lime concretions 

0.53 5.3 1.01.2 4.3 Granular 

5.9 9.4 Platy 	 (.03 2.3 4.o 

Few roots and lime concretions 5.14 0.43 0.32 
gravelly with some rock frog. 

< 1.0 1 

4.08 (0.711 0.62< 1.(1 2 

< 1.0 2 	 Main and secondary roots, 4.90 0.95 2.4 
root channels
 

< 14? 3 
 500 0.37 0.4 

> 1.0 2 Very fine roots and root channels, 3.213 3.38 0.20? 
few lime con. some coarse sand 

2.(7 0.48 0.685.11) 7 

< 1.0 2 	 Main secondary and fine roots 2.3 2.3 2.3 

< 1.0 2 	 Main secondary and fine roots 4.(5 0.63 1.8 

< 1.0 2 A Main roots 	 3.09 0.37 o.2t) 

1.0 Angular blocky 	 1.68 0.51 0.47 

* 	 1.0 3 Main secondary and fine roots 1.70 0.42 10.43 
throughout profile 

1.28 0.29 0.24P1.0 5 
0.75 0.33 0-:17 

< 1.0 1 	 Main and secondary roots 1.01 0.226 1.390 

Main and secondary roots 1.20 0.757 0.0)91.3 4 Root channels 

0.02 0.360 0.23112.8 25 
Main and secondary roots, root 4.50 0.353 0.445 
channels, few lime cone., some 
coarse sand 

2.4 3 

2.0 0.470 0.4h72.0 3 J 
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below the surface after continued 
evapotranspiration during the summer 
season, thus increasing salt content. 

f. Soil in the Area of Wind-Blown 
Coastal Sands and Sand Dunes. A 
long, narrow strip of sand dunes 
parallels the coast of the Mediter
pracanea, the oils e core ranean Sea. The soils are coarse 

low water holdingtextured and have 
capacity. 

Texture of Soils. The textures of the 
project lands are shown in Table 2. 

Occurrence of Saline and Alkaline Soils. 

Many of the lands are slightly saline or 

alkaline or both and a large area has highly 

saline alkaline soils and high water-table. 
Table 3 gives a summary of the percentage of 

irrigable lands affected by various degrees of 
salinity ,nd alkalinity. The alkalinity has been 
expressed in amounts of exchangeable sodium 
rather than exchangeable sodium percentage. 
The dominant salt in the soils is NaCI and Cl 
- ion usually predominates. Fairly high 

concentrations SO--, Ca++, vlg++ ions are 
also common. 

Soil Permeabilities and Infiltratiqn Rates 

Soil permeability and rate of infiltration 
are of primary importance in determining the 
suitability of lands for irrigation and drainage, 
Many measurements have therefore been 
taken in the area to determine these factors. 

About 1:it00 field measurements of horizon-

tal pei meability were made by the Augerhole 

einthod of the soil layers below the water-
table, at depths of 2 to 5 m. 

These may be summarized as follow, 

Permeability Percentage of 

(cm. per hour) total tests 
0.5 to 1.0 2 

1 0to 3.0 27 
Greater than 3.0 71 

The mean permeability of the project 
lands is estimated to be 4 cm. per hour. This 

value may be used to calculate farm drain 
spacings for planning purposes. 

No correlation was found between salinity 

or alkalinity and permeability nor was there 

any obvious relationship between soil texture 

and permeability. 

In order to determine the vertical permea

bility of low permeability soils about the water

table vertical permeability measurements were 

made. All of these permeabilities were higher 
than 0.25 cm. per hour and found to be 
adequate to transmit water by percolation 

through the profile. With such p-!rmeabilities 
soil layers above the water-table can dispose 

of irrigation flows. Inspection of the samples 

after measurement showed that leaching had 

no effect on the soil structure, which remained 
stable. 

Ring infiltrometer tests were run. Test 
results were above the minimum limit of 
0.25 cm. per hour, which indicated that 
special water management problems will not 
spcia watermageen pe m l 

Depth of Impervious Layer 

The test drilling programme established 
that shallow impervious layers occur only 

rarely in the Adana plain. A decrease of 
permeability with depth is commonly obser
ved in clay layers, but the permeability survey 
conducted does not reveal such a decrease 
down to 6 to 7 meters below ground surface 
even for soil layers with a high clay content. 

Decrease in permeability becomes great only 
below 15 m. 

Reclamation Requirements 

The heavy-textured lowland soils contain
ing excessive salt accumulations are those most 

urgently in need of reclamation. Hydromor

phic soils will require installation of adequate 
drainage facilities. 

Suitability of Heavy-Soils for Reclamation 

The high cost of irrigation development of 
the heavy soils of the region is justified for the 
following reasons 
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1. 	 A stable sub.surface structure and a re- 6. Soils in the plain are suitable for a 
latively high sub-surface permeability number of crops such as pasture, rice, 
make it possible to control the alfalfa, grain and cotton.
 
water-table by farm drains at reason- 7. The year-round growing season makes
 
able costs. double-cropping possible.
 

2. 	 A high lime content and gypsum occur 
in many of the saline soils. Both will The climate, rainfall distribution and 
serve to maintain a favourable intensity, and soils are similar to thozc in the 
exchangeable ion balance, thus Camarque delta area of the Rhone River, 
preventing permanent deterioration of France. These are drained by 2 m. deep 
the soils. open farm drains at 60 m. spacing and pump 

3. 	 Water supply is adequate and of drainage. 

excellent quality. 	 Reclamation Studies 

4. 	 Winter rainfall will enable the cultiva- In order to determine the technical feasibi
tion of perennial crops if the land is lity of reclaiming as well as the effect of leach
properly drained. 	 ing on the soils under conditions of continuous 

5. 	 Heavy-textured soils are interspersed ponding, pond tests were conducted on hydro
with those having lighter-textures, morphic soils with and without cropping. The 
thereby facilitating irrigation and poorest result from the pond tests is given in 
drainage. Table -1. These showed that prolonged 

TABLE 2. DISTRIBUTION OF SOIL TEXTURES. 

Soil Texture* 

Unit H/H M/M HIM M/H H/L M/L C/M L/L V/V 

Percentage of Land Area 

I Y P 43 39 9 	 6 2 0 0 

2 Y P 41 36 4 6 1 5 1 2 4 

3 Y P 55 18 9 5 1 9 I 2 0 

4 Y P 62 26 0 8 1 3 0 0 0 

5 Y P 76 21 1 1 0 1 0 0 0 

6 Y P 81 9 0 0 0 	 0 0 

1 T P 72 23 1 1 0.5 1 0.5 1 0 

2 T P 57 30 6 0 o 7 0 0 0 

3 T P 42 43 0 1 1 7 3 3 0 

4 T P 55 24 6 9 0 4 0 2 0 

* 	The symbol M/L indicates that the soil has a medium surface and a light subsurface texture. Effective depth 
of root zone is a assumed as 90to 120 cm. 
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TABLE 3. DISTRIBUTION OF SALINITY AND ALKALINITY 

Degree of Salinity and Alkalinity* 

Unit PIP, P1S2- 3 P2 S2.-. P2SA-5 PAS.- P3S4.- P&S4-53 


Percentage of Land Area 

I Y P 47 16 37 0 0 0 0 

2 Y P 27 13 10 1 0 21 16 

:3 Y P 33 18 14 0 0 7 28 

4 Y P 67 4 6 1 12 0 0 

5 Y P 99 0 0 0 1 ( 0 

6 Y P 50 C 0 6 0 0 0 

1 T P 40 3 39 1 1) 9 8 

2 T P 99 0 1 0 0 0 0 

:3T P 21 10 18 0 7 38 6 

4 T P 100 0 0 0 0 0 0 

* The degree of salinity and alkalinity are indicated by symbols PIS, PS 2 etc. The higher the number, the 

more saline or alkaline the soil. 

P, - Less than 2 meq. of exch. sodium per 100 grams of soil 
P, = 2 to 4 meq. of exch. sodium per I00 grams of soil 
P. = 4 to 6meq. of exch. sodium per 100 grams of soil 
P4 = More than 6 meq. of cxch. sodium per 100 grams of soil 

S, = Lers than 4 mmhoslcm. (ECexl03 ) At 25'C 
S2 4 to 10 mmlioscm. (ECex 10) at 25.

0 
C 

S 10 to 16 mmhos/cm. (ECcx 1la) at 25'C 

= 16 to :10 mmhosjcm. tECex l0') at 25°D 
SF More than 30 mmhoscm. (ECex 11O3)at 25D 
S4 

TABLE 4. SALINITY CONDITIONS FOR POND TESTS, UNIT 3 Y P 

Depth Electrical Exch. Exch. Sodium Sodium Adsorp- Soluble Sodium Boron 
(cm.) Conductivity Sodium percentage tion Ratio Percentage (ppm.) 

(lmhos/cm.) (ESP) (SSP)(meq./100 gr.) (SAR) 

0-20 19.3 11.1 19.7 13.8 52.0 0.18 
5.0 5.4 :33.2 4.3 4.4 0.21 

20-60 22.8 10.2 19.6 18.6 58.0 0.37 
4.5 12.8 31.9 117 6.7 0.30 

60-100 28.7 10.3 27.7 20.6 53.0 0.18 
20.2 8.6 26.1 26.4 4.8 0.29 

Note: For this test 100 cm. of water was applied without gypsum. Conditions before leaching are shown in 
numerator; conditions after in denominator. Increase in ESP is because lack of soluble calcium available 
in the soil profile. 
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ponding of leaching water on uncropped land 
tends to reduce the infiltration rate through
swelling and dispersion of clay particles. 
Therefore rice is chosen as a first crop for the 
first 2 years and then irrigated pasture is 
established. In 3 years, pasture has improved 
the soil structure to t'ie level of that of a 
normal soil. The comprehensive reclamation 
studies conducted by the Tarsus Irrigation 
Research Station have shown that saline alka-
line lowland soils can be restored to normal 
productivity in a period of 4 to 6 years after 
sub-surface drainage has been provided. 

DRAINAGE 

Existing Drainage Conditions 
An extensive review of the comprehensive 

subsurface exploration programme shows that 
the water-table is 2 m. or less below the 
ground surface for about. 60 per cent of the 
irrigable lands in the Plain. Table 5 shows 
the percentages of each unit area affected by 
ground water. 

Most of the Plain is now subjected to 
waterlogging and salts have accumulated in 
the upper soil strata where the water-table is 
shallow for part of the year. Such waterlog
ging and salinization have significantly 
reduced the productivity. Extensive areas 
throughout the Plain are covered with water 
for prolonged periods after the winter rains 
commence. 

Sources of Ground-Water Recharge 

The principal sources of ground-water 
recharge are 

a. 	 Percolation of rainfall. A significant 
amount of winter rainfall on the Plain 
recharges the ground-water and in 
many areas raises the water-table to 
harmful levels. Summer rainfall on 
the other hand rarely affects the water
table as it is all used to replenish the 
soil moisture depleted by evapotrans
piration during the hot summer. 

According to the historic water 
balance computations (an example 
given in Table 6) prepar.c! for the 
years 1935 to 1959, the average annual 
recharge over the 25-year period 

b. 	 Seepage Losses under Irrigated 
Conditions. Ground-water recharge 
under irrigated conditions is augmen
ted by seepage losses which may -be 
sub-divided into farm and distributionlosses as in Table 6. The average 

losea Te di the arage 
an alcaed te irriatio 

c. 	 Inflow from other Areas. As shown 
in Fig. 3 the Plain is underlaid by 
deep aquifers varying in depth from 10 
to over 60 m. The subsurface flows 
originating in mountainsthe are 

TABLE 5. UNIT AREA EXPOSED TO VARIOUS 
WATER-TABLE DEPTHS 

Depth to 
water-table 

(m.a 
Unit Areas 

0-1 

1-2 
2-3 

3-4 

Over 4 

IYP 

61 

0 
11 

28 

0 

2YP 3YP 

Percentage of total unit area 
48 40 

2 9 
6 17 

44 33 

0 1 

4YP 

25 

29 

19 

12 

15 
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TABLE 6 WATER BALANCE COMPUTATIONS
 

1959
 

J F M A M J J A S 0 N D NNU
ALL VALUES IN MM. 

0 $ M NM HT A E.E K A L
 

POTENTIAL EVAPOTRANSPIRATION AS 7 22 45 74 109 139 162 55 95 39 1- 7 865 
1 CALCULATED BY THE PENMAN METHOD 

2 ACTUAL EVAPOTRANSPIRATION 7 22 45 63 93 118 138 132 81 39 11 7 756 

PRECIPITATION 265 41 6 24 19 63 9 13 21 24 137 622 

4 EF-FECTIVE- P-RECI-PITATION ... .. ... 
105 39 6 23 18 57 9 13 20 23 99 412 

5 RUNOFF LINE 3-LINE] 160 2 . I 6- I 210 

6 PRECIPITATION DEFICIT LINE 2-LINE 4 39 40 75 61 138 123 68 19 563 

SOIL MOISTURE 
7 100 100 100 100 100 100 100100 100 100100 100 

DEEP PERCOLATION FROM PRECIP
8 [LINE 4-LINE2- REPLENISHED SOIL MOISTURE] 98 17 . • -........ • 12 92 219 

SIRRIG. CONSUMPTIVE USE REQUIREMENT 39 40I75 61138123 19 5631 

1FARM DELIVERY REQUIREMENT
9X 56 113 107 176 27 

[INERS9 XIIX(/.-.REQI IR.EMENT [INE . . 

iV O U E I'.75 151 143 116 263 235 129 36 1148i 

R[LINE RU1/M0.N70)] 87 197 97 860 

12 TOTAL APPLICATION [LINE3+ LINE 11 265 41 81 175 162179 263244 142 57 24137 1770 

- EXCESS OF APP OVER CONS-USE
3 [LINE 12- LINE 2 258 19 36 112 69 61 125 112 61 18 13 130 1014 

ESTIMATED DISTRIBUTION OF 
FARM +CANAL LOSSES
 

A FARM WASTE 

SURFACE RUNOFF [10 %OF LINE 10] 6 II 1I 9 20 18 10 3 

DEEP PERCOLATION [20%OF LINE 1I 
15 L L 23 21 17 39 35 19 5 17 

16 TOTAL FARM LOSSES [LINE 14+LINE 15] 17 3 32 26 59 53 29 8 258 

B DISTRIBUTION LOSSES 

DEEP PERC +EVAPORAIION 
0/2 OF LINE 111 

FROM MAIN.43228 CANAL 
9 18 

17. 
A 22I 

5 417 371 

DEEP PERC FROM SECONDARY:CANALS [5% OF LINE 111 AND TERTIARY . . ..4 8, 7 1 ..2625] -

19 OPERATIONAL WASTE [8 0/ OF LINE 11] 6 12 9 19 9l 

2 
TOTAL DISTRIBUTION LOSSES [LINE 11LNE 1] 

19 38 36 29 66 59 32 9 288, 

21 
TOTAL LOSSES INCLUDING FARM
WASTE, + DISTRIB LOSSES_LINE 16 +LINE 20] - 36 72 68 55 125 112 61 17 492' 

, DEEP PERC LOSSES FOR FARM DRAINAGE 
22 COMPO TATIONS [LINE 15+ LINE 1.] 15 31 28 23 52 47 2 7 228! 

23 TOTAL DEEP PERC EXCEPT FROM MAIN . ......... 12 92447 
CANALS [LINE 22 + LINE B] 98 7 IS 31 479.23 
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carried to the plain by these deep 
aquifers. It is also likely that these 
aquifers are the source of considerable 
inflow of underground water into the 
delta area, as supported by the follow-
ing observations : 

1. In most locations ground water 
pressures increase with depth of 
each aqifer encountered. 

2. The water-table gradient is 
perpendicular to the general 
direction of the foothills and 
steepens somewhat as it approa-
ches them. 

:3. The water-table is high even in 
tle upper parts of thle plain, 

Constructions from thc River Channels. 
From the water-table contour maps it is found 
that all three rivers can account for only a 
minor portion of ground-water recharge. The 
hydraulic head differences between the water 
level of the stream and the surrounding water. 
table is too small to bring about a significant 

amount of recharge. 

Water Escaping from Artesian 
Aquifers. Studies on flowing village wells 
and test drillings have shown that the amount 
of upward seepage from underlying aquifers 
is generally low because of the very low 
permeabilitics of compressed clay layers 

overlying most aquifers. Areas so affected 
are isolated and of very small extent. 

Water-Table Fluctuations 

The fluctuations of the water-table are 
about the same for all wells nd vary annually 
between 1-5 and 2.( m. for most points of 
observations. Hydrographs for 33 typical 

observation wells show no indication fl6w 
escaping upward by flattening. The water
table fluctuations have a direct relation to 
rainfall distribution over the year and are also 
slightly dependent on average depth below 
land surface except for very deep water-tables. 

Proposed Method of Layout 
Existing ground water conditions clearly 

indicate that almost all of the land of the plain 
will require deep subsurface drainage. The 
most economical system for both irrigation 
and drainage tertiary canal construction is to 
alternate irrigation and drainage canals, each 

serving the lands on both sides and therefore 
giving maximum service with a minimum 
length of canal. The average service is 100 
hectares. Secondary drains and main drains 
will be centrally located between secondaryand main irrigation canals. 

Tertiary drainage canals are designed so 
as to provide an outlet at the nearest low 
point of each irrigated unit. Layout consi
dered the needs of individual owners. The 
drainage canals are designed and constructed 

to accommodate surface flows and also to 
carry perennial subsurface flows whichever is 
greater. Temporary submergence of subsur
face drainage systems due a storm runoff is 
accepted, however such submergence should 
not exceed :1 days in any three week interval. 

Perennial flow requirements have been calcu
lated from average monthly flow volumes 
determined from the water balance study. 

The drainage system, dcsigned and con
structed according to these criteria, will 
provide an outlet for farm tile systems. Drain 
spacings are calculated by using the quasi
stationary method. 
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MARJA IRRIGATION DRAINAGE AND SETTLEMENT
 
PROJECT
 

by
 

The Helmand Valley Delegation 

INTRODUCTION 

The Marja tract is on a typical desert 

outwash plain lying in the Helmand Valley. 
It is about 9 kilometers wide, by 19 kilometers 

long, having an average elevation of 750 

meters above sea level and is located about 
40 kilometers to the west of Lashkar Gah on 
a gently sloping terraced bench just below a 
series of low ridges marking a break in the 
levels of the older desert benches. (See map, 
Country Report Afghanistan). 

The arjhs Wahbrugh don lrge 
quantities of silts and fine sands which have 

spread over the general area. The slope is 
generally to the south with the majority of 
the land having a grade of one tenth of one 
per cent. Along the extreme northern edge, 
there are short reaches which vary from 
.03 to .04 per cent of slope. To the east the 
tract merges with the low undulating gravely 
ridges and desert plains which slope to the 
Helmand River. 

The parent material for the soils is the 
old outwash typical of the great desert plains 
which extend southward from the foot of 
the Hindu Kush Mountains into the vast 
Southwest Afghanistan Desert. The soils 
are primarily silty to sandy containing varying 

a e s
quantities of gravel. These soils overlay 
stratified sands, gravels and clays weakly to 
strongly cemented by lime and salitious 
materials. Conglomerate underlies the whole 
area. It is formed by cementation of the 
gravels and cobbles with a very hard matrix 
of calcium and other silicates. The conglo-
merate occurs at depths of 5 to 15 feet in the 

Marja area and in continuous beds. Stratified 
with the conglomerate are varied quantities ofsands and gravels. Above the cong lormerate 

say and n Abe he clomer 
may be found, in places, hard caliche or 

Fahrenheit terperatures in the area range 
from a high of a 120 degrees to a low of 12 
degrees with an annual mean of 69 degrees. 
This temperature range compares with con
tinental desert climates at similar latitudes 
and elevations. The average mean annual 
rainfall is approximately four inches. Themean annual evaporation is in the range of 
mea incl es. 

PROJECT PLANNING 

Marja enjoys a good irrigation water 
supply from the Boghra Canal and its exten
sion the East Marja Canal. The Boghra 
diverts from the Helmand River about 70 km. 
below Kajaki Dam and Reservoir. This 
reservoir impounds 1,190,000 acre feet of 
water. The quality of the Helmand River 
witer is good, containing less than 220 parts 
per .million of soluble salts with virtually no 
toxic ions. 

The ground water is poor in quality and 
is not used for irrigation at the present time. 
The salt content of the underground water 
ranges from 2,000 to 3,500 parts per million. 
This high salt content should eventually 

eceas troughr 
efficient drainage. 

The Marja soils vary widely in depth, 
gravel content, texture of surface and sub-soil 
and depth to permeable of semi-permeable 
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materials. Soils at the lower end of the Marja 
project have developed from sandy outwash 
materials and aeoliam sands. These sands 
have accumulated in an irregular hummocky 
to dune pattern over the underlying soils, 
In places where the movement of sands has 
been both by wind and water sands are strati-
fled with gravel making the entire profile very 
permeable. In the eastern part of the area, 
are several isolated low hills (about one meter) 
with a gravel surface, containing quantities 
of gypsum beneath a very shallow soil layer. 
In the extreme western part of the area the 
soils adjacent to the canal are of steeper slope 
and very shallow and gravely. In places 
these soils contain high quantities of gypsum, 
and because of the wide variety within the 
entire Marja tract a grouping was first made 
for the purpose of description. This classifi-
cation was based on soil texture and chemical 
analysis rather than on the broader classifica-
tion presently used as a standard by the U.S. 
Department of Agriculture which includes 
drainage characteristics. This grouping is now 
being reconsidered and re-evaluated in the 
light of new knowledge and because of the 
problems arising from inadequate drainage. 

It was originally anticipated that the 
development of the Marja tract would involve 
some 45,000l irrigable acres. Subsequent 
studies eliminated the severely salinized 
Western tracts. The present area under 
cultivation is about 21,500 acres. 

Acreage to be irrigated, climate, the con-
sumptive use of various crops and a 70 per 
cent cinail efficiency figure were used in 
comptting the total diversion requirement. 
TIe canal efficiency factor was due to the 
length (70 kms.) of the Boghra canal. Also, 
the effective r:infall and a five per cent reuse 
of return flow was considered. The gross 
diversion requirement varies between 1.25 
and 10 acre feet per acre for the various crops, 
which indicates a wide range in crop use and 
irrigation efficiencies. Hay and pasture 
crops require irrigation every month of the 
year and hence are the largest users of water. 
On the other hand, for annual crops such as 

summer and winter grains irrigation require
ments are considerably less because of the 
shorter crop year. On this basis the total 
diversion for the entire Marja area was 
calculated at close to 180,000 acre feet or 
approximately 7 acre feet per acre. Farm 
delivery is 5.3 acre feet per acre. When 
adjusted to crops the above values amount to 
a diversion requirement of 4.7 acre feet per 
acre per crop and 3.5 acrefeet per cropped 
acre farm delivery. 

Soils of the Marja area vary widely in 
depth, water storage capacity, infiltration 
rate and initial fertility. Proper land use 
and irrigation practices are important for 
each type. There are soils with an intake 
rate of 1 inch to 2.- inches per hour with but 
I inch of available storage capacity in the 
soil profile. These soils require a very short 
run (50 to 100 meters) and a large irrigation 
head. In contrast there are soils of silty clay 
loam texture with an infiltration rate of 
0.2 inches per hour which with a reason
able length of run would require up to 
twenty hours for optimum penetration. 
Since most of the Marja area has a low 
gradient of (1.001 to 0.0015 it was considered 
best on the heavier soils to use a check 
boarder system and larger heads of water. 
The capacities of irrigation ditches and the 
size of farm units are based on the soil pattern 
of the area (Fig. 1). 

The natural underground drainability is 
limited by the rather flat gradient and shallow 
depth to the impermeable barrier. Such a 
condition develops a high waier-table after a 
relatively short period of irrigated agriculture. 
Continued irrigation raises the water-table to 
critical levels and because of the presence of 
salts in the profile subsequent salinization 
results. The need for adequate drainage was 
realized in the early planning stages of the 
Marja area. 

Preliminary drainage investigations were 
begun in November, 1952. Some 67 obscrva
tion wells were located at 2 kilometer 
intervals over the project. Monthly readings 
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were made from December, 1952 through 
July, 1954. Groundwater elevations and 
depth to groundwater were plotted and 
drainage problems reported. During 1956 
and 1957 detailed drainage studies were made 
logging deep open pits on a 200 meter grid 
over the entire area, and on 50 to 100 meter 
intervals in selected areas. These pits indi-
cated the presence of a layer of relatively 
impermeable compacted material consistently 
undulating at depths ranging from 1.5 to 2.5 
meters below the ground surface. The more 
pronounced tidges and valleys of this cor-
pacted material are oriented parallel to the 
slope in a north/south direction. The soil 
and sub-strata horizons were logged in etchpit o adept fet.Theof12 extre,pit to a depth of 12 feet. The texture, 

structure, consistency and porosity were noted 
and an evaluation made of the permeability 
of each horizon or zone. A map classifing 
the land area as to its relative drainability 
was prepared. From these studies the need for 
drainage was recognized and deep major 
outlet drains were constructed on a 3 km. 
spacing to an average depth of 2.5 metres. 
Because of the relatively low water holding 
capacity of the shallow soils and also because 
of the gravelly sub-strata underlain with 
slowly permeable to almost impermeable
materials sub-surface drainage was recom-
mended. Drain tile was laid one km. apart 
in Blocks 1, 2, and 3. Experimental open 
drains were dug at typical sites to determine 
proper type, depth and spacing. Recom-
mendations were made to guard against a 
rise in the water-table where it was likely to
reach dangerous levels. 

The Marja area was settled by men of the 
nomadic tribes Their experience in irriga-
tion frming was nil. The consequent over 
application of irrigation water, plus the 
seepage from canals and laterals, made recon-
sideration and further study of the drainage
problem imperative. With the arrival of 
the Bureau of Reclamation Advisory Team 
in 1959, investigations and testing were again 
initiated. 

In 1961, auger hole field permeability 
testing on a kilometer grid was initiated 

throughout the project area. A grid of test 
pits was dug on a one kilometer spacing and 
a two year study of the action of the ground
water was made. Data obtained from these 
sources indicated that the water-table fluctua
ted directly with the intensity of irrigation 
rising to a maximum in July and falling to a 
low in January. This data also showed a 
considerable rise in groundwater elevation 
from 1954 to 1961 (Fig. 2). 

From the field permeability tests a drain
ability map (Fig. 3) and a depth to barrier 
map, (Fig. 4) were prepared. From a "depthto groundwater" map, the water-table was 
found to vary between .60 and 1.50 meters, 

averaging about 1.0 meter below the groundsufae 
surface. 

Although no piezcmeters have been in
stalled to study confined groundwater, a review 
of the fluctuation of the groundwater table 
shows that artesian pressure is not a problem 
in the upper drainable strata. 

Drainability throughout the project area 
varys from zero to 60 meters per day. The 
drainage aquifer of the Marja Wash leading 
from the northwest into the central part of 
the project consists of gravel with coarse 
clean sands having permeabilities raning
from 12 to 60 meters per day. To the North 
and West the soils become dirtier with per
meabilities ranging from 4 to 12 meters per 
day. On the East and South they range from 
gravelly sandy loams to gravelly silty clay
loams with permeabilities from zero to four 
meters per day. 

Drain depth and spacings were determined 
by a method developed in 1959 and improved 
upon since that time by the Denver office 
of the Bureau of Reclamation. This method 
takes into consideration the water-table build
up with each irrigation and the drain-out 
that takes place between irrigations. Farm 
drain spacing and depth have been deter
mined for about one quarter of the project. 
Spacings range from 100 meters to 200 meters 

with depths varying from 1.5 meters to 2.0 
meters below ground surface. So far 84 kilo
meters of properly spaced open farm drains 
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have been constructed in IvMarja and the 
excavation of an additional 138 kilometers is 
anticipated. Follow-up studies are conti-
nually being made of the effectiveness of these 
newly excavated open farm drains. 

CONSTRUCTION 

Construction of the project was accom-

plished in two phases. Morrison Knudson 
Afghanistan Incorporated (MIKA), undercontract in 1954 with the Government of 

conracwihin195te Gvermen of 
Afghanistan, undertook the construction of 

the major facilities in the Helmand and 
Arghandab valleys. 

The major facilities included dams, main 
canals appurtenant structures, surface and 
sub-surface drainage systems and interproject 
roads. Conventional modern heavy and light 
machinery was used in all construction, 
Major canals were constructed with bank 
slopes of 1.5 : 1.0 to 3.0 : 1.0. Slopes of 
the major drains were 1.5 to 1.0. Excessive 
grade dictated the inclusion of numerous 
concrete drops. All major checks and turn-
outs including drops were constructed of 
re-inforced concrete. Large inverted syphons 
underpass major washes, smaller inverted 
syphons underpass the main canals at strate-
gic locations. Gravelled roads were construc-
ted along the banks of the canals and major 
laterals. 

The Afghan Construction Unit (ACU) 

worked concurrently with MKA and installed 

the necessary sub-laterals and farm ditches 

and appurtenant structures. ACU did the 

necessary land levelling, discing, leaching and 

constructed such sub-surface drains as were 

subsequently determined to be necessary. In 

addition ACU assisted the agricultural depart-

ment of the Helmand Valley Authority in 

seeding the initial crop on newly developed 
lands. Farm ditches were constructed both 

with a motor patrol grader and a winged 

V-type ditcher. Those constructed with a 
motor patrol had very flat banks with steep 

back slopes of dry loose material. When 

water was turned into them without proper 
priming the banks above the natural ground 

line sloughed quite badly. It was necessary for 
the farmers to raise these ditch banks as 
much as 30 centimeters to provide for a 
minimum checkup of water surface elevation. 
Concrete checks and turnouts were construc
ted in the farm ditches at selected intervals. 
Deep drains were constructed by draglines on 

spacings of approxinately one kilometer 

running in a north/south direction at depths 
of from 2.5 meters to 3.25 meters. The bankspoil material was levelled and graded to pro
vide access roads. Deep drains intercept 
had- arm rais whic vains ace 

hand-dug farm drains which vary in spacing 
from 100 to 300 meters, and in depth from
1.85 to 2.25 meters. 

ACU has completed 160 km. of collector 
drains at depths of 2.5 to :3 meters, 83.5 ki. 
of open farm drains at depths of 1.5 to 1.8 
meters and about 40.5 km. of tile drain has 
been installed. It is estimated that 13S km. 
of open farm drain will yet have to be con
structed to assure the development of a non
saline soil. 

LAND LEVELLING 
Land levelling was based on soil classifica

tion and the border method of irrigation. The 
general slope of the land is .001 to .0015 which 
is a minimum for the border method. Effort 
was made to plan irrigation in the direction of 
the maximum slope. A detailed topographic 
map was prepared from a 25-meter by 25 -meter 

grid survey. The soil survey, in detail, was 

superimposed and the resulting levelling 

requisites were differentiated by colours show

ing the good, bad and marginal lands. Con

sideration was also given to rough topography 
in shallow soi! areas because levelling would 

be expensive ar,d would result in a spotted 

soil with alternate pockets of top soil and 

subsoil. Computations were made by using 

the average elevation of the field as the eleva

tion of the center of the field and working in 

all directions. Excessive slopes on slowly 

permeable soils as well as flat slopes on highly 
permeable soils were avoided assuring the 

optimum percolation grade wherever possible. 

In general, the investigations on soil and 
topography revealed three types of levelling 
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were required. A tolerance of 8 cm. was 
decided acceptable. First, the area of heavy 
levelling occurred in the south and included 
undulating to hummocky fine sands over 
sandy and sandy clay loams. This area could 
stand no more than a 15 cm. cut but required 
spreading of some wind-drift and deep plow-
ing to incorporate the sand into the soil. 

levelingwasneedd intermediateSecond, mixed light, heavyo andtrats cattred 
levelling was needed on tracts scattered 
throughout the project. Spreading and plow-
ing sand to incorporate it into the soil was 
necessary in places. The moderately deep 
soil could stand a 45 cm. cut. Third, light 
levelling, requiring only planing or light 
scraper work occurred throughout the project 
on the smoother loam and sand soils. 

LAND USE 

Although Afghanistan is considered to be 
an agricultural country, the ratio of agri-
cultural land to the number of people deriv-
ing a living from farming is very low. If the 
available farm land were distributed equally 
among the farmers each would have less than 
one acre. Since the land is not shared equally, 
a great number of farmers are without land or 
with an un-economical unit. 

Besides these landless farm tenants there 
are about 2 million nomadic people in 
Afghanistan who seasonally migrate in and 
out of the country and are suffering from 
restrictions on their migration across inter-
national borders. These restrictions have 
reduced their income from transportation 
services, seasonal employment and informal 
trading. Economic and social pressures for 
several years have led these people to petition 
the government of Afghanistan for land on 
which they could settle. The government 
has felt obligated to provide this. One of the 
main purposes of the Helmand Valley Project 
was to provide farms for the above purposes. 

More than 6u0 families, comprizing above 
3,000 persons have been settled on the Marja 
project. Half of these settlers were nomads, 
and half were landless farmers. The Helmand 
Valley is sparsely populated due to the 

shortage of water before completion of ihe 
present project. 

SETTLEMENT PROGESS 
Tribal leaders of the nomadic people and 

chiefs of the landless frm tenants first peti
tioned the Government for land through the 
tinedthe o er or and Throghth 
Ministryment, of the Affairs. factorsGoverncoasidering and 
standards, chooses a number of families that 
may be granted farms: The amount and 
class of irrigated land available ; the density 
of the population in the area from which the 
potential settler is drawn ; the character of 
the tribe from which he comes ; his age, 
health and physical strength. He must be a 
citizen of Afghanistan and have no property 

Interior followingThe 

from which a minimum standard of living 
can be drawn. The individuals chosen are 
introduced to the Helmand Valley Authority 
by the Ministry of Interior Affairs which, 
through its Agricultural Department again 
screens the applicants and allots farms to 
those it finds satisfactory. The acreage 
assigned to each family varies with the land 
class set up by the Bureau of Lands as 
follows : class 1, 7. acres ; class 2, 10 acres 
class 3, 12; acres ; class 4, 15 acres. 

ASSISTANCE RECEIVED BY THE 
MARJA SETTLERS 

The nominal price of the land, Afs. 500 
(equivalent to S 10.0 U.S.) to the settlers 
may be considered a subsidy or a direct 
assistance. Each family received an ox, 1,000 
pounds of wheat, some basic farm e.1aipment 
and about Afs. 5,UOO worth of building 
mater;ils such as doors, windows, lumber etc. 
The wheat is to be paid back at the end of 
the first year. The cost of the land and the 
loan for the other agricultural and building 
materiab is to be paid in seventeen years in 
equal yearly instalments without interest and 

beginning the fourth year of settlement. 

LIVING QUARTERS 

Villages in Marja were designed for about 
thirty families and each house was located so 
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as to be as near the allotted farm as possible. 
Some farms are as much as a kilometer away 
from the house, however, and some of the 
farmers are becoming concerned about the 
extra time and transportation this arrange-
ment entails. Some have been granted per
mission to build homes on their farms. HVA 
since 1960 has eliminated the establish:nent of 
villages as such and has adopted a policy 
that allows home construction on the farmaccording to an approved plan. Thirty
families have been settled in Marja since thie 
fadopties ohave bense din smodern 
adoption of this new policy, 

EDUCATION AND WELFARE 

There are six primary schools, up to the 
sixth grade, with nearly three hundred 
students in Marja. These schools are so 
located that all students can reach them on 
foot. A centrally located high school that 
will accommodate three hundred students is 
under construction and is scheduled for com-
pletion this year. Adult education courses 
have also been started for the settlers and 
about one hundred have attended. School 
supplies such as books, paper, pencils, etc. 
are free. 

An Agricultural Extension worker is 
stationed in each village ; his duty is the 
teaching of better farming through the use of 
improved seed, fertilizers, adoption of a 
system of rotation, proper water use, insect 
control, and vegetable and orchard husbandry. 
He is also charged with demonstrating the 
advantages of these better farming practices. 
Although improvement is sometimes hard to 
find the Extension programme is proving 
successful when measured by the increased 
use of fertilizers and insecticides. These 
agricultural supplies are available to the 
settlers through the Agricultural Department 
at reasonable prices, 

The Public Health Department of the 
HVA has assigned a sanitary advisor to the 
area and charged him with the improvement 
of general health and sanitation. The malaria 
eradication programme has been very success-
ful ; a hospital, staffed by the Public Health 

Department, is in operation ; houses are 
dusted once or twice a year with DDT to 
eliminate harmful insects and the Agricultural 
Department supplies needed veterinary 
services. 

MECHANIZED FARMING 

In lOfamT,2,o00 acres was set aside as a 
mechanized farm. The objectives vere tofind the economic value of mechanized farm
ing in the newly developed area ; to introduce

equipment and improved methods offarming and to train some people in the use, 

operation and maintenance of farm 
machinery. In 1962, the acreage of the farm 
was increased to 10,11010 acres. A basic rota
tion of wheat, clover and cotton has been 
adopted and all possible operations are done 
mechanically. 

As in all newly developed desert soils, it 
has been found that Marja's are deficient in 
organic matter and nitrogen. They are also 
deficient in phosphorous. Thus, green 
manure, nitrogan and phosphorous fertilizers 
are basic necessities. Last year's application 
of f55 pounds of ammonium phosphate and 
42 pounds of urea per acre almost doubled 
the cotton crop and the value of the increased 
production was three times that of the ferti
lizer applied. The operation of this farm has 
demonstrated that if the drainage programme 
is completed, the required personnel are 
trained and enough fertilizer applied mechani
zed farming is feasible. 

At the present time the Marja farm 
population. and the tools to farm with, are 
insufficient to till the available land. Thus the 
existing land and water resources are not be
ing used to the extent desired. To fill this 
need modern machinery and equipment were 
introduced to the people of the Valley. The 
mechanized farm has successfully made this 
introduction. 

OPERATION AND MAINTENANCE 

The responsibility for delivery of water to 
the Marja farm laterals was accepted by the 
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Operation and Maintenance Department 
(0 & M) in 1961. Watermasters and ditch-
riders were appointed. Immediate attention 
was given to controlling water losses, to start 
water measurement and to keeping water 
records. A training course was established to 
teach watermasters and ditch-riders the princi
pals of measurement and water handling. In 
the preliminary stages of planning the applica-
tion of sufficient water to the farms was con-

sidered most important and hence it was not 
thought advisable to spend extra money 
installing measuring devices in the lateral,sub-lateral and farm ditch systems. After a 
few years of farming, the excessive use of 
water by the farmers developed waterlogging 
and salinization. Therefore, drains and a 
strictn ontrolof water application by the 
strict contr of water e a in byvice 
installation of water measuring devices and 
the training of ditch-riders is becoming im-
perative. Water is not measured to the 
individual farmer at his turnout, the measure-
ment is made at the lateral and sub-lateral. 
A programme has been initiated to install 
metergates in some farm ditches which will 
make it possible to measure, and therefore 
control, some of the losses that still exist. 
Canal and turnout gates ace rated to some 
extent and recently cableways have been 
installed for current meter measurements of 
the flow in the canal. Every year during the 
winter from December 10, to January 20, the 
water is shut off for 40 days and during this 
time repairs and improvements such as 
desilting, cleaning, burning of the weeds 
that grow on the slopes of the canals and lay-
ing of riprap below structures are accom-
plished. These repairs are done by hand 
labourers and heavy machinery like draglines, 
briscoe ditchers, etc. The farmers of the area 
are also encouraged to clean their farm ditches 
and drains, 

MARJA CANAL 

The canal which serves the Marja 
Development is excavated through materials 
containing pocketed Gypsum deposits. These 
"gotch pockets" dissolve slowly and even-
tually result in leakage and piping through 

the canal banks. The resulting rise of the 
groundwater-table in the surrounding areas 
contributes to the instability of the canal 
berms and makes their maintenance very 
difficult ; it also waterloggs the lands for vary
ing distances below the canal. 

The first attempt at correcting this 
serious deficiency was made by hand 
excavation of a narrow treich. Starting a few 

inches above the water line on the inside 
slope of the canal bank, the trench was dug 
to a depth of 1.75 meters and backfill of im
pervious material was taken from a borrow 
area. This method proved ineffective for 
stopping the seepage as the trenches did not 
get below the gotch layers, the backfill 
material was poor and its compaction in
adequate. 

equate. 
Lining of the worst sections with a corn

pacted mantel of impervious material was 
begun. Suitable lining material is scarce in 
the area, the consequent long haul makes the 
job very expensive, as does by-passing of the 
water around the lining operation. However, 
several kilometers have been lined and the 
work is continuing. No seepage or other 
trouble has developed in the lined section s 
the banks are stable and no deterioration has 
taken place. 

A cheaper method of controlling the 
seepage and piping is being sought. Investi
gations show that a trench 4 to 5 meters deep 
in the canal berm will extend below the gotch 
and reach a comparatively impervious layer. 
The trench may then be backfilled and pud
died with selected fill material. Plans are now 
complete for a trial run of this method. 

The Marja Canal is subject to sand 
deposition, which is moved by wind-storms 
from the Margo (Marja Desert) (Desert of 
Death). The sand is deposited in the canal 
and the water in turn carries it through the 
lateral and st'b-lateral systems. These sand 
deposits raise the water level in the canal and 
ditches, thereby causing excessive seepage 
into the adjacent lands, as well as a great 
reduction in capacity of the ditches. Clean
ing, sometimes twice or three times a year, 
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has been necessary. To prevent this sand 

movement into the canal an experimental dike 
was built as a sand fence approximately 50 
meters up-wind of the canal. The dike has 
an average height of 1.5 meters, was built by 
a dozer and extends for several kilometers 
along the most troublesome sections of the 
canal. Results have been very beneficial. It 
is planned that other critical sand-blown 
sections of the Boghra Canal will be diked inthe same way. 

GROWTH OF MOSS 

High temperature conducive to rapid 
growth of moss and other water weeds in the 
canals and ditches. Growth starts early in May 
continues into December. Moss growth 
causes increased seepage, leakage, and piping 
from the canals and laterals ; contributes to 
the height of the surrounding groundwater-
table and results in breaks and washouts. It 
also reduces the capacity of the ditches to 
such an extent that definite shortages develop 
on the downstream farms. De-mossing of 
the sub-laterals and farm ditches is done by 

hand ; the larger canals and laterals are de-
mossed by dragging a heavy chain along the 
entire wetted perimeter from one structure to 
the next. The chain breaks the moss at 

ground surface and the water carries it down-
stream to the next structure where it is 
removed by hand or a clam-shell bucket on a 

dragline. The time interval between de-

mossings is dependent upon the rate of moss 
growth and ability of tlhe canal to carry 

sufficient water despite the moss growth. A 
two-week interval is average for the system. 

The use of aromatic solvents has been 
studied and recommended but is considered 
too expensive at this time. Discs have been 
used to cut the moss in some of the smaller 
laterals and the results have been satisfactory. 

DRAINS 

Due to the excessive growth of tules and 
cattails the outlet drains in the Marja area 
were not functioning effectively. In early 
1961, cleaning of these drains was started and 

some drains were deepened. Priority was 

given to those drains serving the areas most 
heavily irrigated. One hundred thirty-one 
kilometers of deep drains have now been 
cleansed. In some places permanent labourers 
have been hired to keep the drains clean and 
free of all hydrophyllic growth. 

The effectiveness of the cleaning pro
graeae is very evident by the noticeableincrease in the discharge from the drains and 
the lowering of the water surface therein. 
Along with the open drain cleaning pro
gramme, 40.5 kilometers of tile drain were 
cleaned with a small augering machine. 
Matted ropes of roots, eight inches in 
diameter and up to ten meters long, were 
pulled from these sub-surface tiles. 

PROBLEMS AND RECOMMENDA-
TIONS 

1. 	 Water Management. Soil profiles
in the Marja area are limited in depth 
n 

and the permeability of the sub-soil is 
not high, adequate drainage fecilities 
were, therefore, mandatory as was 
pointed up in the previous discussion.But, drains alone do not assure de
sa inizt on e n ater-table 

resulting from excessive water 
application limits the root zone. 
However, the necessary downwardmovement of dissolved salts is only 
aom ed by d euat igon. 
The middle road of enough water to 
insure downward movement yet not 
enough to increase the elevation of the 
water-table must be taught and 

enforced. Water measurement to the 
farms is one method of enforcement. 
Both the HVA Agriculture and 
0 & &I Departments concur on the 
installation of measuring devices, and 
this work is continuing. 

2. 	 Canal Lining. Seepage from the 
canal and lateral system was early 
recognized as a major contributor to a 
rising groundwater-table. The pro
blem was attacked some years ago by 
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the initiation of a lining programme 
in the Boghra and East Branch 
Canals. This programme has greatly 
reduced seepage ; it is in progress now 
and plans are made for its continua-
tion. 

To minimize seepage from the 

distribution 
practices 
necessary : 


1. 	 A canal 

system the followinghaepraties ee touhtfamiliarity 
have been thought 

shut down period of 40 
days each year when irrigation 
demand is at its lowest, 

2. 	 Cleaning and straightening of thefamran 

canals and laterals during this 
period prevents silt, moss, water 
weeds, etc. from holding water 
levels high and thereby increasing 
seepage. 

3. The practice of a rotation system 
of delivery allows some of the 
sub-laterals to be dry some of the 
time. It also reduces waste 
through over-application and 
direct dumping into the drains, 

3. 	 Drain Maintenance. Drainage 
efficiency is dependent on maintaining 
designed depth and free flow in the 
open drains, and free flow in the tile 
drains. A cleaning programme desig-
ned to keep all the drains free and 
clear of any obstruction is now in 
operation. Draglines, a Gradall and 
small augering machines plus a 
method utilizing hand labour are usedfor this purpose. 

4. 	 Settlers. The majority of the settlers 
are of nomadic tribes, they have 
experience difficulty in adjusting to 
this new way of life and their experi-
ence in farming was nil. Those who 
were selected from other regions of 
the country had some general farming 
experience but they had not worked 
in a newly developed area with its 
inherent problems. Practically all of 

this latter group came from areas 
where the soils were fertile, salinity 
and drainage problems did not exist, 
and where scarcity of land and water 
prevailed. Therefore it is not hard 
to understand that these farmers find 
themselves facing problems that theyalone cannot solve. Their un
aliarit v po. eiranwith proper irrigation 
methods, crop rotations, the use of 
green manures and commercial 

fertilizers etc. are examples. The 
HVA Agricultural Extension Service 
has provided advisory help for thisfarmers and the advantages of theseteadnagsothe
better methods are being demonstra
ted in the field. 

The distance between village and 
farm has been another disadvantage to 
the farmers. It causes : (1) Waste of 
time going back and forth to the 
farm. (2) Difficulty in moving farm 
implements and animal manure to the 
land and farm products back to the 
village. (3) Sharing of the farm work 
among all the members of the family 
is made more difficult. (4) A close 
watch on the farm to prevent loss of 
goods, equipment, livestock etc., is 
harder to maintain. The adoption of 
the new policy allowing the construc
tion of homes on the farm has allevia
ted this problem. 

To improve the lot of the farmer 
the Extension programme should be 
enlarged so as to expedite acquainting 
the settler with improved agricultural
materials and methods. Incentivemeans could be 	 adopted to speed up 
the application of such a programme. 
Also, better seeds, fertilizers, insecti
cides and improved agricultural 
implements could be made available 
to the settler through some form of 
incentive plan. Arrangements could 
also be made for the settlers to acquire 
some of these things through a short 
term loan. Credit for the purchase 
of tractors or oxen could also be made 
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available. The farmer should be 
encouraged and helped to build better 
housing for himself and his animals. 

5. 	 Indirect Benefits. In addition to 
the direct benefits derived from the 
Marja project, indirect benefits are of 
considerable value. Although these 
indlrect benefits cannot be directly 
valued 	in Afghani, they are increasing 
the standard of living of the nation as 
a whole. Settlers are receiving an 
education in practical farming and a 
few attend adult education courses ; 
these efforts make them better pro-
ducers, more informed citizens and, 

most beneficial of all, their childre 
are going to school. 

The Nomad was not considered an asset to
Afghanistan when his movements were inter
national. He paid no taxes, 	 traded illegally,
and caused dissension on both sides of theborder. As a settler he is contributing to the 
total agricultural production, paying his legal 
taxes, educating his children and becoming a 
solid citizen and an asset to a growing 

Costs and benefits of the Marja project 
are enumerated in Tables I and II. 

TABLE 1. DEVELOPMENT COSTS PRESENT AND FUTURE,
 
MARJA PROJECT.
 

Estimated Cost of 
Previous Costs Proposed Drainage Total Costs 

and Canal Rehab. 
Afs. Afs. Afs. 

Land Development (Project Irriga
tion System and Drainage) 211,001,918 68,181,981 279,183,899 

Building Construction 14,84,277 	 14,84,277 

Kajakai Dam 	 22,630,500 22,630,500 

Diversion Dam 23,476,500 23,476,500 

Boghra Canal 115,690,50 63,711,958 179,402,458 

Roads 1.163,250 1,163,250 

Surveys and Studies 5,499,000 5,499,000 

TOTAL COST 394,345,945 131,893,939 526,239,884 

Note : 	 '1he previous costs include 30,000 acres. Later investigations showed about 8,500 acres were not suitable
for continued irrigation development. For this reason the future costs include only 21,500 acres. 
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TABLE 2. COSTS AND REVENUE PER ACRE PRESENT AND 
FUTURE, MARJA PROJECT. 

Development Cost 

Production Cost 

0 & M Cost 

Gross Revenue 

Net Revenue 

Ratio of Development Cost to 

Present 

Afs. 

13,144 

146 

50 

456 

260 

Yearly Net Income 511 

After Completion of
 

Proposed Improvement
 
Afs.
 

19,279 

258 

50 

1,036 

728 

271 

* The original development cost of the 8,500 acres not considered suitable for farming is not 

included in this figure. 



STANDARDS FOR RECLAMATION OF SALINE AND
 
ALKALI SOILS
 

PART I
 

by
 

Dr. N. D. Rege* and Dr. R. V. Tamhane*
 

SYNOPSIS 

Saline, alkaline and waterlogged soils are 
problem soils all over the world. In India, 
approximately 6 million hectares of saline-
alkaline soils and about 1.2 million hectares 
of waterlogged soils are reported mainly in 
the States of Punjab, Uttar Pradesh, Delhi, 
Rajasthan, Gujarat and Maharashtra. Differ-
ent local names have been assigned to such 
soils in different parts of India. 

The causes of saline and alkali soils are 
many and varied. The main ones are arid 
climate, saline nature of parent materials, 
salty irrigation waters, high subsoil water-
table, poor drainage, seepage from canals and 
over-flow from sea-water. 

Reclamation methods primarily depend 

major causes leading to saline-alkali and upon 

waterlogged conditions and the nature and 
extent of the problem. They deal with leach-
ing out of excessive salts, improvement of 
drainage, use of inorganic and organic amend-
ments, following suitable cropping systems, 
etc. Areas that cannot be economically re-
claimed could be used for grasses, bushes and 
trees and a list of salt tolerant plants has 
been given, 

Salient points for future investigations and 
development of saline-alkali reclamation 
approach and programme have been outlined 
under major groups of studies, such as (1) 
soils in relation to irrigation, drainage and 

salinity development, (2) water quality, (3) 
water-plant relationships, (4) reclamation 
methods and economic evaluation. 

INTRODUCTION 

Saline, alkaline and waterlogged areas 
are found in almost all countries, where the 
climate differs widely. Irrigation is resorted 
on extensive scale without proper facilities for 
drainage and where proper utilisation of land 
presents many difficulties such as small land 
holdings and subsistence level of agriculture. 
India is no exception to this. There are 
about 6 million hectares of saline and alkaline 
soils whereas, on a conservative estimate, 
there are over 1.2 million hectares water
logged. The states which are badly affected 
are Punjab, Uttar Pradesh, Delhi, Rajasthan,Maharashtra and Gujarat. 

These areas are so badly affected that 
most have gone out of production. At pre
sent, over 40 per cent of the total area is 
already under cultivation in India and there 
is not much left for further development. It 
has become imperative to think seriously in 
terms of reclaiming some of the affected 
areas and also to take care that more and 
more areas do not become affected. 

SALINE AND ALKALINE SOILS 

Saline and alkali soils are known in 
different region in India by different local 
names. They are called thur in Punjab, reb 

* Deputy Adviser and Adviser on Soil Conservation, respectively, Ministry of Food and Agriculture, New Delhi. 
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or rebels in Uttar Pradesh, Kari in Kerala, 
Karl in Maharashtra and so on, whereas 
alkaline soils are known as rakkar in Punjab, 
usar in Uttar Pradesh and chopan in 
Maharashtra. 

In Punjab, there are over 2.4 lakh (0.-24 
million) hectares which have been very badly 
affected by salinity. Out of these, nearly 
1.6 lakhs (0.16 million) are in the canal 
irrigated areas. In all about (1.12 million 
hectares have gone bad enough to reduce the 
crop yields considerably. 

In Uttar Pradesh, there are 0.12 million 
hectares which have been so badly affected 
by salinity that they are lying waste. 
Another 0.12 million hectares of cultivated 
land have also been affected in comparatively 
more arid parts of Uttar Pradesh and on theive Gaga.to
left bank of the river Ganga. 

leftban ofthe 

In Rajasthan, there are about 0.04 million 
hectares and about 11.12 million hectares in 
Maharashtra, Gujarat, West Bengal and 
Kerala. 

WATERLOGGING 

Very little information is available con-
cerning these areas in different States but 
about I million hectares in Punjab alone, and 
about 28,000 hectares in Maharashtra have 
been 	affected. 

Causes of Salinity and Alkalinity 

The main causes responsible salinity and 

alkalinity arc :-

(1) 	 Arid climate, 
(2) 	 Saline nature of parent rock. 
(3) 	 Use of irrigation water containing 

soluble salts. 
(4) 	 High sub-soil water-table. 
(5) 	 Poor drainage, 
(6) 	 Seepage from canals, 
(7j 	 Overflow of sea water on land. 

As early as 1876, Uttar Pradesh Govern-
ment (then United Province) appointed Reh 
Committee to investigate the causes leading 

to soil salinity. It expressed that the major 
cause for the deterioration of the fertile lands 
was the general aridity, the scanty rainfall 
not being able to leach out the undesirable 
salts formed through weathering processes. 

Lather observed that the salts found in 
saline and alkaline soils are the decomposition 
products of igneous rocks during the forma
tion of the profile and they make their appear
ance on the surface under certain conditions, 
such as (i) arid or semi-arid climate, (ii) an 

impervious sub-soil or hard pan, and (iii) a 
temporary high humidity in the soil with 
intermittent dry periods. Under this category 
fall the saline and alkali soils for Uttar 
Pradesh, Punjab, Maharashtra and Gujarat. 

Mannand the (a10andmu ane
 
(1920) attributed the salt accumulation due
 poor drainage of the soil and downward 
and outward movement of irrigation water as 
well as the evaporation in the soils of Maha
rashtra State and Sind (now in Pakistan). 

Wadia (I9:IO) indicated that the develop
ment of salty areas was due to rise in the 
sub-soil water caused'by improper irrigation, 
addition of salts by salt laden rivers and 
canals, and possible existence of salt bed 
below. 

Basu and Tagare (1943) attributed the 

saturation of sodium salts in the soils of 
Deccan canal area to great aridity of the tract, 
nearness of saline sub-soil water and topo

graphic situation affecting surface soils 

through washing from surrounding catch

ment areas. They expressed that these soils 
very much resemble "Solonetz" and worst 
type of alkali soils having impervious "B" 

horizon. 
Krishnamoorti (1962) attributed the sali

nity of the soil in the Tungabhadra irrigation 

area to high salt content in the lower depths 

of the soil and presence of impermeable layer. 

In case of such soils along the coastal 

belts, flooding of these areas very often with 
sea water can be considered as the primary 
cause. 
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Reclamation 

Reclamation methods for different cate-
gories of saline and alkaline soils depend 

mostly on the causes leading to these condi

tions. A number of investigations have been 
carried out in the past and arc being conduc-
ted 	at present in India. These mainly deal 

td aan 
with :whether 

(1) 
(2) 

Wathing of the salts. 
Opening of feeder drains,.ute 

(3) Using soil amendments 
gypsum, sulphur, etc. 

such as 

(4) Using suitable cropping systems. 

Mann and Tamhane (1910) suggested 
deepening of the nalas and opening of feeder 
drains to overcome waterlogged conditions 
and salt accumulation. Nasir (1923), Dilip 
Singh and Nijhawan (1932) and Uppal (1961) 
and Prof. Kaul (1961) observed that such salty 
soils could be reclaimed by using gypsum, 
calcium chloride combined with green manur-
ing, such as, "Dhaincha" (Susbania sp.), 
Farm Yard manure, Argimone Mexicana 
powder etc. 

Inglis (1927) Gokhale (1928) and Krishna-
moorti (1962) found that adequate drainage 
could reclaim these soils and also lower sub-
soil water-table. Leaching of soil also helped 
in lowering down the salt content in these 
areas. 

Mc Kenzie Taylor and Mehta (1941) used 
rice instead of cotton to leach the Punjab soils 
of the injurious salts and Kanwar (1962) 
adopted paddy-barle rotation successfully to 
reclaim the saline alkali soils, 

Basu and Tagare (1943) have observed 
beneficial effects of Farm Yard Manure and 
Gypsum and have also suggested the use of 
molasses for reclaiming the saline alkaline 
soils. 

In addition to these methods, growing salt 

loving plants-grasses, trees and bushes have 
been found to be useful to some extent in 
reclaiming such areas. 

Thus it can be seen that the methods of 

reclamation are varied depending upon the 
nature and extent of the problem. As such,it becomes imperative that there should be a 

complete inventory regarding the causes that 
lead to the problem so as to arrive at specific 
methods to be adopted for its solution. Such 

inventory will also give information on 
a particular area can be economically 

reclaimed and if not, to what useful purpose
it can be put thereby preventing it from beingeeirtd 
further deteriorated. 

Based on the information so far obtained,the following methods can be considered as 
general recommendations 

Saline soils 
(1) 	 Putting the drains perpendicular to 

the slope of the land and connecting 
it to the main drain. This would help 
in leaching of salts below root zone 
and also lowering down the water
table below f6 ft. (even in monsoon). 

(2) 	 Irrigating the land directly from the 
source (not through other fields) and 
adding gypsum at 2.5 ton per hectare. 

Alkaline 
soils 

(1) 	 Using gypsum at a rate of 1.20 tons 
per hect are.
 
per 	hectare. 

(2) 	 Using farm yard manure (50,000 lbs. 
or more per hectare) and sulphur at 
a rate of 1,200-2,500 lbs. per hectare. 

(3) 	 Using press mud or lime sludge at a 
rate of 10 to 15 tons along with 3 to 5 
tons per hectare of molasses. 

Areas which cannot be economically re
claimed for agricultural purposes can be put 
to grasses, bushes and trees (for fuel) so that 
they do not get further deteriorated as well 
as eroded. 

Some of the useful salt tolerant grasses and 

trees are given below 
Grasses 

Highly tolerant 

1. 	 Chlorisgayna (Rhodes grass) 
2. 	 Cynodon dactylon (Bermuda) 
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3. 	 Paspalamnotaturm 
4. 	 Sporobolus arabious 
5. 	 Sporobolus pallidus 

Fairly tolerant:
IF.ai toeanstr:recommended 
I. Aristida histrix 
2. 	 Bracharianiutica (Para)
:1. 	 Cynodon plactosty achylrn (Giant Star) 

4. 	 Ehitoclecoonayet4. 	 Echinocles colona 

55. 	 Elyonurus suidicus 

Less tolerant :necessity 

1. 	 Aristidafuniculata 
2. 	 Cenchrus ciliaris 
3. 	 Cenchrus setigerl 
4. 	 Dicanthiu annulatum 
5. 	 Erogrostis trernula 

Trees (for fuel) 

Highly 'uicrant: 

1. 	 Acacia arabica 
2. 	 Acacia spirocarpa 

3. 	 Cassia articulata 
4. 	 Dalbergiasisoo 
5. 	 Mortis alba 
6. 	 Prosopisjuliflora 
1. 	 Salvadora persica 
8. 	 Tamarix articulata 
Fairly tolerant :(e) 

1. Azadirachta indica 
2. 	 Cassiafistula 
3. 	 Delonix regia 
4. 	 Zizyphus nummularia 
5. 	 Zizyphusjujuba 

Less tolerant : 

1. 	 Acacia senegal 
2. 	 Butea inonospherma3. 	 Prosopis tionosperna 
4. 	 Ta arind s indica 

NEED FOR FURTHER INVESTIGA-
TION AND DEVELOPMENT 

Most of the work done so far in connec-

tion with the reclamation of saline and alka-
line soils is on a very limited scale, namely 
on pot-culture and small plot field trials. 
Further these investigations are mostly ex-
ploratory in character. There has not been 
so far in India any concerted effort to in-

vestigate this problem on sound technical 

procedure. As such, though some of the 

observations so far obtained are useful, these 

are yet to be confirmed before these can be 
for use on large scale. Further 

in the absence of large-scale studies econo
mics of the different reclamation methods is 
yetobwrkdu.

to be worked out. 

It has, therefore, become an absolute 

to work out a procedure for investi
gating, developing and evaluating the techni
que of reclamation. An attempt is made 
here to line out some of the salient points 
which need to be considered while formula
ting the future programme in this connection. 

Salient points : 

1. 	 Studies on soils in relation to irriga

tion, drainage conditions and salinity develop
ment. 

(a) 	 Texture " With special reference 
I to infiltration and 

(b) Structure 	 3 permeability. 

(c) 	 Formation of compact layers , nd 
their causes. 

(d) 	 Field capacity (water) 
Ground water relationship to internal 
drainage. 

(f) 	 Water potential of different crops. 
(g) 	 Seasonal cycles of water balance. 
(h) 	 Salt content at different levels in pro

file. 
(i) 	 Salt balance-seasonal cycle. 

Water quality 

(a) Analysis of 	irrigation water from all 
sources. 

(b) 	 Classification in relation to salt con

tent. 
(c) 	 Suitability of grouping of water for 

leaching. 

Water Plant Relationship. 

(a) 	 Water requirement of crops. 
(b) 	 Moisture status in root zone. 
(c) 	 Influence of irrigation efficiency. 
(d) 	 Salt tolerance of plant. 
(e) 	 Plants as indicators of salinity and 

alkalinity. 

288 



Reclamation methods 

(a) 	 Choice of methods in relation to 

origin and type of soils. 

(b) 	 Classification of reclamation proce-
dure. 

(c) 	 Sequence of reclamation procedure. 

(d) 	 Crop selection, 

(e) 	 Post reclamation programme. 

(f) 	 Economics--evaluation. 

It would be worthwhile to consider taking 

up projects on similar lines in different 
countries to evaluate the effect of soil climate, 
crops etc. on reclamation measures-their 
efficacy and economics. 

PART II 

by 

Dr. H. L. Uppal* 

SYNOPSIS 

India is faced with shortage of food which 
is likely to go up with increase in population. 
It is very necessary, therefore, that all out 
efforts be made to step up food produc&,n 
in the country. For this purpose, sizeable 
areas of land affected with saline and alkali 
conditions need to be taken up for reclama-
tion on priority basis. The work har already 
been initiated on a sizeable scale in Punjab 
State. 

This paper describes in detail: 1a) the 

formation of saline and alkali soils due to 
such factors, as rise of water-table in irrigated 
tracts, irrigation from wells containing saline 
water, flooding of areas and infiltration of sea 
water into the coastal areas ; (b) diagnosis of 
saline and alkali lands by visual soil survey 
and scientific soil and water surveys ; (c) pre-
requisite for reclamations ; namely, adequate 
water-supply and drainage ; and (d) techniques of reclaiming saline soils, alkali soils and 
alkali-cure-saline soils, 

The paper concludes with a detailed 
account of how reclamation is being carried 
out in the Punjab (India). A land reclama-

tion organisation has been set up in the 
State and the Land Reclamation Act has been 
passed by the State Legislature. Crops 
worth about Rs. 5 million are being produc
ed on lands which did not bear a blade of 
grass before. It is hoped that 100 thousand 
acres of land will be under reclamation at an 
ez.rly date. Already about 1,000 cusecs of 
water is being used for reclamation purposes 
and this quantity is likely to be doubled 
next year. 

INTRODUCTION 

It is well known that in high rainfall areas, 
due to leaching of bases, acidic soils are form
ed, while in low rainfall regions, on account 
of arid or semi-arid conditions, saline and 
alkali soils occur. Since approximately one 
third of the land surface of the world is arid 
or semi-arid (Fig. 1), the incidence of saline 
and alkali soils is very common. 

Saline soils contain varying percentages of 
soluble salts which affect productivity. "Alkalisoils" may or may not 	contain soluble salts. 
They possess high pH value, high degree 
of alkalisation and high dispersion factor. 
These also affect the productivity of soils. 

*Director, Land Reclamation, Irrigation and Power Research Institute, Amritsar (Punjab), India. 

289 



EASTERN HEMISPHEREWESTERN HEMISPHERE 

y .)-, /..-

V..,.
,o 


FIG. 1. ARID HOMOCLIMATE8 

Hilgard divided alkali soils into two 
types, white alkali and black alkali. Sodium 
sulphate and sodium chloride form white 
alkali and sodium carbonate and sodium 
bi.carbonate produce black alkali, 

Salinisation is a process of accumulation 
of salts at the surface or at some depth below 
the surface. In the Indo-gangetic plain it 
has been observed that the presence of salt 
bearing layers at certain depths in the soil 
profiles is a common feature. 

Millions of acres of land that were once 

productive have been abandoned on account 

of accumulation of salts in the soil. It has 

been the major cause of the collapse of 

ancient empires in Mesopotamia. About 
100,000 acres of productive land in the 

Indus Basin is going out of cultivation per 

year because of salinisation. It is in fact a 
major problem wherever irrigation is not 

accompanied by proper drainage. 

In India, since the advent of canal irriga-
tion, salinity has extended over large areas of 
fertile land. In the Central and North 
Western districts of Uttar Pradesh on the 

left bank of Ganga River, about two million 
acres of good land have become saline or 
alkaline. The total area damaged by salts 
and alkalinity in Uttar Pradesh is about five 
million acres. Along the East Coast of 
Madras in the Deccan Plateau especially in 
Tapti, Godawari and Bhima basins and in 

the States of Bihar and Or;ssa, there are vast 
areas of saline and alkali soils. In Punjab 
(India) three million acres of land are affected 
by salts. Out of about 15 million acres of 

saline or alkali land in India, about half of 

the area is found in Punjab and Uttar 
Pradesh.
 

Further large acres are getting saline 

every year on account of adoption of certain 

faulty irrigation and agricultural practices 
and absence of effective drainage. Lands 

once fertile are lying barren to-day. Unable 

to obtain food and fodder from their land, 
the farmers shift to other places. Abandon

ing the land in this way causes further 
deterioration of soil. In an agricultural 
country like India, especially with food de
ficit, it is essential to check this menace and 
to restore the productivity of such lands. 
As a rule, the saline and alkali soils are 
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potentially fertile and once reclaimed, they 
are a valuable asset both to the tiller of the 
land and to the nation. The production 
from fifteen million acres of land, after 
reclamation can make the country self-suffi-
cient in food. 

Efficient methods of reclamation based 
on research work in the laboratories and on 
large scale experimental farms in the Irriga- 
tion and Power Research Institute, have been 
developed and applied in the field. Forty 
to fifty thousand acres of saline and alkali 
land in Punjab are under reclamation. The 
work is being extended to undertake reclama-
tion of much larger areas. 

FORMATION OF SALINE AND AL-
KALI SOILS 

Salinisation due to rise to water-table. 
The salts contained in the soil are either 
distributed evenly in the soil profile or accu-
mulated well below the root zone. In the 
Indo-Gangetic alluvium the common salts 
are sodium sulphate, sodium chloride and 
sodium carbonate. Sodium sulphate being a 
hygroscopic salt, can absorb, under certain 
conditions of humidity and temperature, a 
considerable amount of moisture from the 
atmosphere. When evaporation takes place 
a moisture gradient is established in the soil 
column and there is a tendency of the salts 
to move upwards towards the surface. With 
rainfall, a cycle of movement of water, first 
downward on account of gravity and then 
upward due to capillarity and evaporation, 
is set up. The water which percolates into 
the underground comes in contact with the 
salts present in the soil, dissolves them and 
evaporation brings these to the surface in the 
form of solution. The water evaporates and 
salts are left behind. 

Low precipitation combined with certain 
irrigation and agricultural practices induces 
upward movement of moisture which brings
salts to the surface. Rain or well water does 

nc, . penetrate deep enough into the sub-
surface. In canal irrigation, however, larpe 
depths of water are applied to the field and 
the percolation into the underground is con
siderable. With the percolatio. of water, 

the salts, which are distributed in the soil 
profile or are lying in pockets r scattered, 
depending upon the deposits of the alluvium, 
are washed down to the lower layer and form 
a zone of salt accumulation. With subsequent 
irrigation, rainfall or evaporation, the salts 
move downward or upward, the resultant 
movement depending upon the difference 
between the irrigation-cum-rainfall and eva
poration-cum-transpiration. 

The crop pattern being followed in a tract 
has a pronounced influence on the movement 
of salts. Where rice, sugar-cane or berseem 
are grown. the movement is downward but 
in the case of other crops, the movement of 

moisture and salts is upward. 
The tendency of the cultivator has always 

been to raise crops on a greater area than that 
for which water is allowed. The lowering 
of the "delta" on account of increase in the 
cultivated area with the same supply of water 
results in the movement of moisture and 
salts in the upward direction. The salts first 
appear in patches and in the course of years. 
affect the whole field. This is due to the 
formation or presence of salt infested layers 
at different depths of clay bearing strata. 
The upward movement of water is slowed 
down b,. the presence of soil crust whose 
depth varies from place to place. If the crust 
is either shallow or absent, the water-table 
rises generally and salts go on depositing at 
the surface. 

With the accumulation of harmful salts 
in the root zone, a toxic limit is reached 
which eliminates plant life. The sodium 
salt enters the clay complex and replaces 
the calcium which is present in the normal 
soil. The soil becomes alkaline. These 
changes may be represented as below 

Cas m b p t e 
(i) Calcium Clay 

- NaCI = Na clay nCaCI2(leached down) 
+ NaASO 4 = Na Clay + CaS 4 

(iii) Calcium Clay 
+ Na2CO 3 Na Clay + CaCO3 

"Delta" means depth of water allowauce. 
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Irrigation from wells containing saline 
water. The canal water generally contains 
a small quantity of salts and it fit for irriga-
tion. It has also been shown that conti-
nuous irrigation by canal water over a long 
period has had no effect on the normal soil. 
The underground water, however, in certain 
tracts is brackish and its use for irrigation 
causes salinity and alkalinity. Certain 
ground waters have a very high salt content.
Ground waters, before use for irrigation, 

should be analysed for salt content and if high, 
the water should be diluted with canal water, 
where available. In order to prevent salinisa-
tion of soil, ground water surveys for the qua-
lity of water should be carried out when irri-
gation is to be done by underground waters. 

Salinisation of soil by flooding. Wher-
ever spills from rivers, rivulets and choes 
inundate the land, erosion of the top fertile 
soil occurs. In course of time, large areas 
on both sides of the streams become saline 
and alkali. Nothing but dab grass grows 
there. In certain cases, even grass is absent, 
With continuous rise of salts, the soil be
comes fluffy. In certain areas, frequent 
inundations convert the land into hard alkali 
soil. 

The concentration of salts in the top layer
Theconentatino sats n te tp lyer 

in such areas becomes as high as 2 to 3 per 
cent. The salt present is mostly sodium sul-
phate. Sodium carbonate and bi-carbonate are 
also present to a small extent. The pH value 
of these saline soils is about 8.5 to 9. The in-

filtration rate is fairly good. For alkali or 
rakkar soils, salts content is low but pH value 
is above 9.5. These soils are, practically 
impervious. In a comparatively dry hydro- 
logical cycle, when the rainfall is not heavy 
and run off is confined to the bed of the 
natural nallah, stream inundation is occasio-

nal. Consequently, the land does not exhi
bit heavy salinization, but in a wet cycle this 
salinization takes place. There are large 
areas now on practically every rivulet and 
nallah on both the sides, which are saline andalkali. 

In Punjab (India) saline areas exist on the 

left bank of the Ravi and Beas rivers and on 
both banks of the West Bein, East Bein, 
Sakki, Kasur and Hudhiara nallahs, Ghaggar 
river and various choes and khads. This 
has taken place particularly in the semi-arid 
areas where the rainfall is between 10" to 25". 
The areas affected by salinisation and alka
lization on some of the natural drainage 
choes are given below 

Sakki = 60,000 acres
Western Bein = 50,000 ar 
Jhambowali choe = 60,000 
Sirhind choe = 00,000 
Saraswati river = 30,000 
Chutang Nadi = 15,000 
Hudhiara Nallah = 13,000 ,, 

Total = 2,88,000 ,, 

It will thus be observed that large areas 
have been rendered barren due to salinity 
caused by flooding. The area affected by 
these streams only comes to three lakh acres 
and the loss of food production in money is 
roughly of the order of Rs. 3.5 crores. 

Salinisation by infiltration of sea water 
into the coastal areas. Intrusion of sea 
water causes the formation of saline and 
alkali soils. The soil of little and Great
Rann of Kutch have been rendered saline on 
ant of the t n atndof se we 

account of the continuous action of sea water. 
The salts present are generally sodium 
chloride and some sodium sulphate. Simi
larly, vast areas in the erstwhile Saurashtra 
State are also saline. Bhal area near Bhav
nagar is an example of the vast tracts which 
have been rendered saline by the effect of sea 
water. Artesian waters in the State of 
Gujarat are highly charged with salts such as 
sodium chloride. Irrigation by this water 
renders the soil saline in course of years. 

DIAGNOSIS OF SALINE AND AL-
KALI SOILS. 

For the diagnosis of saline and alkali 
soils, thur and sem girdawaries (Visual Soiloltu n eegraais(iulSi
Survey) and also scientific soil and water 
surveys are carried out. 
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Thur and sem girdawaries (Visual Soil 
Survey). In order to estimate the extent 
of damage on account of waterlogging, salts 
and alkalinity, thur girdawaries are carried 
out by the village revenue officials (Patwa-
ries). The girdawaries have been in pro
gress since 1927 by the Civil Department. 
In this case the survey has been confined to 
certain villages and selected estates only. 
No notice was taken of land deterioration 
until the damage to the land exceed-
ed 75 per cent. In 1944 the definition 
for the classification of the damage to the 
land was changed and work of survey of 
areas in the canal irrigated tracts was under-
taken by the Irrigation Department. Accord-
ing to Irrigation Department standard the 
land was recorded as thur when the damage 
to land was more than 20 per cent. The 
classification is (i) Uncultivated thur (Thur 
Kohna) (ii) Ex-cultivated thur (Thur Nau), 
(iii) 	Cultivated thur (Thur Juzvi). 

In winter when the salts are conspicuous 
at the surface, staff comprised of Booking 
Clerks, inspect the fields and record the 
different categories of thur. The seni 
(waterlogged) land is also recorded as culti-
vated, ex-cultivated and uncultivated. All the 
canal irrigated tracts are surveyed in this 
way every year. The staff of the 
Land Reclamation, Irrigation and Power 
Research Institute, such as Supervisors, 
Assistant Land Reclamation and Land 
Reclamation Officers exercise an independent 
check of the thur area. Similarly, the 
officers of the Irrigation Branch such as 
Zilladars, Deputy Collectors, Sub-Divisiona. 
Officers and also Executive Engineers check 
a certain percentage of the girdawaries re-
corded by the Booking Clerks. The record 
is compiled and examined in the Statistical 
Division of the Research Institute. An 
Annual Report is prepared and submitted to 
the Government. The increase or decrease 
of thur and sent is worked out and recorded 
in a special proforma (Statement No. 1). 
For areas outside the irrigation boundary 
the data is collected by the Civil Department 
and is reported on a proforma specified for 

the purpose. The accumulation of salts in 
the soil below the natural surface cannot, 
however, be determined by visual thur girda
waries, for these Scientific Soil Surveys 
carried out. 

Scientific Soil Surveys. Soil surveys 
afford information about the general features 
of the area and properties of different types of 
soil not only unto plough depth but of sub
soil to a reasonable depth. A consideration 
of variations of soil characteristics such as 
texture, soluble salt content, pH, etc., seem 
necessary for reclaiming deteriorated soils. 
Without the basic information about soil of 
any area made available from the soil survey 
the work on essential development of land is 
hampered to a great extent. In carrying out 
the soil surveys, the sampling sites are made 
vn grid system and field notes with respect 
to natural flora, soil colour, soil crust, etc., 
are recorded. Soil sampling is done by auger 
and at times from pits. Soil samples are 
collected at each foot depth along the profile 
or by separate horizons, upto a depth 
of 10 feet or water-table or hard strata which
ever is nearer from the surface. All 'changes 
of soil strata while sampling are noted. The 
soil samples are analysed for their total soluble 
salt content and pH. Representative samples 
are, in addition, tested for mechanical analy
sis, water holding capacity, contents of 
exchangeable bases, calcium carbonate 
manurial constituents, ,tc. The soils are 
categorised with respect to their salient 
physical and chemical characteristics. The 
soil surveys thus help in bringing out to light 
those portions of the command area which 
require special attention, e.g. waterlogged, 
deteriorated lands needing reclamation, etc., 
and in 6'0- :,g a phased development 
program,. 

The soil surveys are either pre-irrigation 
or post-irrigation. The purposes of the pre
irrigation soil surveys are 

a. 	 to determine the character of tl.: soil, 
b. 	 allocation of areas fit for cultivation 

as soon as water becomes available, 
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c. identification of lands which can be 
reclaimed and determination of the 
amount of water required for reclama-
tion, 

d. determination of the prospects of rise 

in water-table and waterlogging. 

The 	objects of post-irrigation soil surveys 
on te oterandareWheieon the other hand, are: 

i. 	 to locate the areas that have already 
deteriorated or are in the process of 
deterioration, 

ii. 	 to formulate methods for the reclama-
tion of deteriorated areas, and the 
saving of those which are likely to 
deteriorate, 

iii. 	 to determine the type of drainage 

required for reclamation or precaution 
of deterioration. 

Soil Crust Survey. Over-lying the 

sandy strata of the Indo-Gangetic alluvium, 

is a clay crust on the top. The depth of the 

crust varies from place to place. Certain 
at 	 all. Theareas may have no soil crust 

presence of the ctust helps in retarding the 

rise of water-table and also checks salination. 

The greater the depth of crust, the greater is 

its effect in delayirg the rise of water-table. 

A knowledge of soil crust of an irrigated area 

is essential. A detailed survey was carried 
out of the Punjab State regarding the depth 
of soil crust. Most of the areas in Gurdaspur, 
Amritsar, Hoshiarpur and Karnal districts in 
the Punjab, have a fairly deep soil crust 
varying from 15 to 20 feet. However, in 
Ferozepur. Sangrur and Hissar districts, the 
soil crust is shallow. Once the water-table 
has risen in the deep soil crust and it is 

charged with salts, it takes a long time to 
lower the wat.r-table and remove salinity, 
On the other hand, where the soil crust is 
absent or present in a shallow depth only, 
water-table can be lowered easily and the salts 
can be removed. 

Survey for Quality of Water. A know-
ledge of the quality of water used for irriga-
tion is very essential along with information 

regarding the quality of soil. The river water 
generally contains a small percentage of 
dissolved salts. Therefore, the canal water 
which comes from river being low in salt 

content is fit for irrigation. It has been shown 

that continuous use of canal water does not 
bring out deterioration of soil. 

ground water is used for irrigation, 

it is necessary that the water should be 
analysed for suitability. As survey for the 
quality of ground water for Punjab and 
certain parts of Rajasthan and Gujarat States 

was cartied out. The result revealed that 
deep water-tables are brackish, while high 
water-tables are sweet. The north-west part 
of the Punjab State have sweet ground water 
while the South East part possess highly 
brackish ground water. In certain tracts, 

such as Riwari, Bhiwani, Hansi, Sirsa and 
Hissar, the salt content of ground water is 

very high. Even reasonable 	 dilution with 
for irrigation.canal water will not make it fit 

Chemical treatment in such cases have to be 
to be used forresorted if ground waters are 

In sweet water areas also, pocketsi:rigation. 

of highly brackish water occur. In Rajasthan
 

the water-table is generally deep and saline. 
State containThe artesian wells of Gujarat 


very large quantity of salts mostly sodium
 

chloride. The results of analysis of the water
 
samples are examined with reference to the
 
sadrsfxdfrdcaigtesiaiiy
 
standards fixcd for declaring the suitability,
 
or otherwise, of water.
 

There are a number of ways by which the 
quality of water is designated. According to 
the practice in the Punjab the criterion adop

ted is as follows 

i. Below 60Uparts per 100,000 the water 
samples are fit for irrigation provided 
they do not contain harmful limits 
of sodium carbonate or sodium bi
carbonate. which produce gradual 
deterioration. 

ii. Between 60 to 120 parts per 100,000 the 
salt index is considered first. Salt 
index-total Na-24.5 (total Ca in 
CaCO3 ) X 4.85. 
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The salt index is negative for all 
good waters and positive for water 
unsuitable for irrigation, 

iii. 	 Beyond 120 parts per 100,0010 the 
water are not fit for irrigation. 

The quality of .ground water has to be 

considered in conjunction with the quality of 
the soil to be irrigated, the nature of salts and 

Conductivity (Microhms) 

1. Below 250 

2, 250 to 750 (moderately saline) 


3. 750 to 2,250 (medium to high salinity) 

4. 	 Above 2,250 (for areas where saline 
waters are important) 

i. 2,250 to 5,000 (high salinity) 
ii. 	 4,000 to 6,000 (very high salinity) 

iii. 	 Above 6,000 (excessive salinity) 

Ground Water-Table Surveys. Variation 
in water-table is determined from observations 
made onf a series of wells or pipes sunk in 
the underground. A regular record of these 
observations is essential for determining the 

rise or fall of water-table. Variation in water
table can only be studied with the data 

extending over a large number nf years. In 

the canal irrigated tracts of Punjab, observw-

tions of water levels in open wells were initia-
ted by Colonel Higham as far back as 1892. 
These observations were made twice a year, 
in June and October, i.e. just before and after 
monsoons. Later on, these well lines 
were extended to non-irrigated tracts 
also. Now there are several thousand open 
wells and pipes in the State along the provin-
cial as well as Circle lines, which are regularly 
observed and data so obtained compiled. Sub-
soil water depth maps showing the depth of 
water from the natural surface both for June 
and October separately, for the whole of the 
State are prepared and printed by the 
Research Institute. Similar maps are also 
prepared for different canal tracts. Different 

its distribution in the soil profile. The texture 

of soil also determines the suitability of water 
for irrigation purposes. 

The U.S. Salinity laboratory, on the basis 
of the analysis of a very large number of 
irrigation waters has laid down the following 
limits of conductivities for safe and un-safe 
water. 

Suitability or otherwise for 
irrigation 

Entirely safe. 
Safe under practically all conditions. 

Safe only with permeable soils and 
moderate leaching. 

Unsafe for irrigation. 

maps and water-table contour maps are also 
prepared between two specific period for 
purposes of comparison. Intimately connec
ted with the ground water-table observations 
is the rainfall data. 

REQUIREMENTS OF LAND !ZECLA-
MATION - WATER SUPPLY AND 
DRAINAGE. 

Amongst others, the two most important 
requisites in the land reclamation procedure 
are sufficient water for leaching down the 
salts and proper drainage especially in the 
case of high water-table areas. 

Water Supply for Reclamation. The 
reclamation water supply is one cusec for 
every 45 acres of saline land. It may, how
ever, slightly vary with the nature of the soil. 
Working out the water requirements for say 
one hundred thousand acres, it will amount to 

2,000 cusecs. This requirement is during the 
reclamation period only. As soon as the land 
is reclaimed, and becomes normal, the water 
supply is reduced to the normal water 
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allowance as for good land which is about 
one cusec for every 400 acres. 

The water required is indeed large but the 
task of reclaiming saline lands is equally great.
This has to be taken up at a high priority, 
concentrating all attention and resources, 
Even if it requires withdrawing partial 
supplies from good. land, it should be done 
in view of the return that is expected from 
these lands and also to save the land from 
further deterioration. In normal land, other 
resources of water supply such as tubewells 
percolation wells, etc. can be explored to 
replace the canal supply withdrawn. 

A total of 2,200 cusecs of water supply in 
States where canal irrigation exists is not a 
very big quantity. In the prepartition 
Punjab, a discharge of 2,500cusecs was being 
utilised for reclaiming saline lands. It must 
have increased now. During the Kharif 
season in Punjab (India), it is not difficult to 
spare 2,200 cusecs from various canal systems 
for land reclamation purposes. The difficulty 
arises after the middle of September when 
the river falls and the supply in the canals 
decreases. It is hardly sufficient even for the 
requirements of normal irrigation and, there-
fore, extra supply of land reclamation cannot 
be made available. To overcome this diffi-
culty, an early maturing variety of rice has 
been developed so that by the end of August 
or early September the crop matures, and is 
harvested. This incidentally also saves the 
crops against damage due to flood inunda-
tion. 

A well planned and efficient drainage 
system is a pre-requisite to the successful 
implementation of any reclamation operation 
to be undertaken for amelioration of saline 
and alkali infested soils. Water-table must 
not be very high and stagnant. The drainage 
system normally comprises of main drain, 
link drains, subsidiary drains and the field 
drains, all connected to each other. The 
responsibility of execution and maintenance 
of the main drain, link drains, and the subsi, 
diary drains rests with the State .Government 

while that of the field drains is with the 
people themselves. By draining out excessive 
water from the deteriorated lands in the form 
of seepage, the field and link drains help to 
keep the water-table low, which is essential 
for the growth and maturity of crops. A 
huge programme of drainage has been launched 
by the Punjab Government on war basis and 
it is contemplated that the same will be 
completed by 1964-65. Out of the eight 
Drainage Circles, three Circles have been 
attached with the Research Institute. This is 
a very important feature from the point of 
view of efficiency of work. The Land 
Reclamation and the Drainage Departments 
working together under one and the same
organisation, are of immense advantage for 
expeditious working. The total expenditure 
contemplated to be incurred on drainage for 
the two years, i.e. 1963 and 1964 is of the 
order of several crores in each Circle. With 
the completion of the drainage programme,
waterlogging in the State will be considerably 
reduced. With the lowering of the water
table saline areas would also appreciably 
decrease. 

TECHNIQUES OF RECLAMATION. 

Efforts have been made to develop measure 
to reclaim saline soils. Gedroiz in Russia 
Desigmond in Hungary ; Hissink in Holland; 
Gosparini and Alinari in Italy. Hume in 
Egypt ; Rei Ferberg in Palestine ; Smith in 
Iraq ; Asghar in Pakistan and Hauser in 
Afghanistan, Pendelaton in Java, Treakle in 
Australia ; Sack Ville in Canada, Kelley 
Worston and Poweris Overstreetetal in 
America, Uppal Ray Chaudhri, Taylor Hoon 
and Dhawan in India have studied this 
problem in detail with specific reference 
to Indian conditions. Uppal has carried 
out intensive semi-field experiments on 
the efficiency of Jantar (Sesbania aculeata) 
green manuring for the reclamation of alkali 
salts. The problem of salinity-cum-alkalinity 
has assumed a very grave picture, which is 
adversely affecting the agricultural production 
of every country. In view, of the increasing 
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menace, further experiments were undertaken 
on.the basis of the data collected from thur-
cur-general soil and sub-soil water survey, 
soil crust survey, etc., etc., of the State of 
Punjab. These experiments were conducted 
on semi-field and field scale so that the results 
of these experiments could be applied directly 
to the field. The comparative efficiency of 
the different treatments as compared in 
relation to the varying agricultural prac-
tices. 

As a result of thc investigations made in 
the Punjab Irrigation Research Institute, 
extending over a number of years, an efficient 
method of reclamation of saline soils has been 
developed and thousands of acres of land have 
been reclaimed by this method, 

The method developed briefly is as 
follows : 

The bunds (Watts) of an affected field are 

raised, levelling done and flooding is started 
at the end of April and leaching continued to 
the middle of June, for a period of about two 
months. With this flooding operation, the 
excessive salts lying at the surface or in the 
top foot are dissolved and leached from the 
top few inches of the soil. After leaching 
rice (mostly Jhona 349 or Sathra 273) is trans-
planted. The heavy water requirements of rice 
keep the process of movement of salt down-
ward and the Carbon dioxide (CO) given by 
the plant roots reduces the pH value of the 
soil. In the following Rabi season, depending 
upon the conditions of the lands, and avail-
able water supply, leguminous crops like 
Berseem, Senji and Gram are sown. It is 
advisable to sow Berseem, if the salt content 
is still high at the surface (first root) because 
due to greater requirements of water for this 
crop, the movement of the salts continues 
downward. This also improves the nitrogen 
balance of the soil. The next best crop is 
Senji but in areas where Rabi water is not 
available gram sown in wadh water after rice 
is also very helpful. 

The soil samples are taken after every 
reclamation cycle and analysed for salt content 

and alkalinity and the rotation Rice-Berseem, 
Senji/Gram is continued for a number of 
years till the time the salts are washed down 
from the top 10 feet of the soil. The recla
mation is generally completed within three to 
five years. It has been observed that if the 
salt are leached down to 10 ft. depth below 
the surface, the salts do not rise again to the 
surface. It has also been observed that land 
once reclaimed in this way is capable of 
bearing normal crops with average yields on 
usual water supply. At the time of partition
in 1947 about 2,500 cusecs were being utilised 
in the reclamation of about 100,000 acres of 
saline lands. These reclamation measures 
brought back to cultivation about 25,000 acres 
of saline land each year and were instru
mental in reducing the annual rate of damage 
to half which was approximately of the order 
of 50,000 acres per annum. 

The water used for reclamation of saline 

land in the Punjab is at the rate of one cusec 
for about 50 acres based on a reclamation 
wan of 7 days. 

It is considered, however, that this water 
allowance could be reduced especially in the 
high water-table areas. 

'Hill' has recently worked out the leaching 
requirement. This is usually explained as 
percentage of the volume of water applied to 
the surface of the land but sometimes express
ed in terms of the ratio of the quantity of 
applied water to the consumptive use. 
Formulae have been developed by him for 
leaching requirements related to the functions 
to be performed and the salinity of the applied 
water. 

Reclamation of Alkali Soils. In Punjab 
(India) large blocks of alkali soil exist. For 
allotment of land to the displaced persons 
from Pakistan, it was considered essential to 
assess correctly the value of the land. A 
scientific soil survey spread over 184 villages 
of Karnal district was carried out with a 
view to determining the extent of deterioration 
of soil on account of alkalinity and the extent 
to which reclamation was required. 
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The area surveyed was of alluvial origin 
over-lying sand layers. It contained high 
percentage of clay and also hankar (calcium 
carbonate nodules) at varying depths and also 
in the form of belt of different thickness. A 
hard pan at some depth below the surface 
also existed in the profile. The profiles 
examined showed excess of salts and high 
alkalinity. 

Sodium carbonate being a strong alkali, 
destroys the normal structure of soil and the 
bacterial activities therein. When soil 
containing sodium carbonate comes in contact 
with water, deflocculation of clay occurs and 
with the downward movement of water, fine 
clay particles in suspension travel downward 
and choke the pore space in the soil at some 
depth below the surface. In this way a hard 
impervious stratum is created in the profile 
and due to base exchange, rise in pH takes 
place. The existence of hard pan in the 
Nardak tract of Karnal District appears to 
have taken place in this way. The existence 
of hard pan and high pH create difficulties in 
the reclamation of alkali land. 

In order to determine a suitable and 
economical technique of reclamation of black 
alkali soils, research work was undertaken in 
1950 and continued for a number of years in 
the laboratory on semi-field and field scale, 

Detailed results of these tests may be 
obtained by applying to the Land Reclama-
tion, Irrigation and Power Research Institute, 
Amritsar (Punjab), India. 

of alkali-cum-saline soils.
Reclamation 

The reclamation of alkali-cum-saline soil is 
comparatively easier than that of reclamation 
of alkali soils. The presence of salts makes 
the soil more permeable and thus it is easier 
to carly out the leaching operations. 

In order to study how reclamation of 
black alkali soil would proceed when sodium 
sulphate and sodium chloride are also present 
along with Na2 CO:, (even though the quantity 
of total salts is the same) 30 plots of size 
I1' x 15' in three groups each were taken 
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and salts I per cent by weight up to a depth 
of two feet were added in the following pro
portions :

1. Group 'A' salt mixture containing 
0.66 per centNa.00 3 and 0.16 percent 
each of Na2SO4 and NaCI (Total salt 
content aper cent). 

2. Group 'B' salt mixture containing 
0.5 per cent Na2CO 3 and 0.25 per cent 
each of Na2SO 4 and NaCI (Total salt 
content 1 per cent). 

3. Group 'C' a salt mixture containing 
0.333 per cent each of Na2CO3, NaaSOd 
and NaCI (Total salt content I per 
cent). 

Out of each of the above three groups 
nine plots were sown and one was kept fallow 
for a study of the physico-chemical changes 
which take place after the addition of salts. 
The first crop after leaching was senji follow
ing by sugarcane in Kharif 1955. Sugarcane 
was ratooned in Kharif 1956. The yield 
showed that increase of Na-CO3 retards the 
speed of reclamation and also decreases the 
yield. The average yield for each group 
(nine plots average per acre) of salts obtained 
is given in Table 1. 

The point worthy of note is that sugarcane 
within the above limits of salt mixture can be 
straightway tried as a reclamation crop. Its 
irrigation requirements are well spread out 
on 10 months of its growing period. One 
cusec of water can raise easily 80 acres of 
sugarcane whereas in case of rice one cusec
is required for 45 acres. 

As regards washing of salts and reduction 
of pH analysis of a typical plot from group 
after sugarcane (1t'56) are given in Table 2. 

MANAGEMENT OF SALINE AND 
ALKALI LANDS-LAND RECLAMA-
TION OPERATION IN THE FIELD. 

Preparation of Scheme. First of all 
people of the State are informed of the land 
reclamation work to be undertaken and they 
are asked to submit their applications if they 



TABLE 1. 

S. No. Group Senji 
1954-55 

Sugarcane 
variety 
Co 455 

1955 
variety 
Co 290 

Sugarcane 
variety 
Co 453 

1956 Ratooned 
variety 
Co 290 

mds mds mds mds 

, 18.55 1188.88 957.0 1191.63 1463.43 

2 B 39.50 1614.03 1374.45 2311.88 1903.2 

3 C 80.80 2o93.75 1181.35 2152.72 1646.6 

TABLE 2. 

Depth Group A 
of

sample pH T.S. 

0N- 6" 958 .11 

6'-12' 10.11 .153 

12"-24N 10.30 .242 

24"-36" 10.43 .27:3 

want to have their lands reclaimed. On the 
receipt of their applications, detailed thur 
girdawaries of their land are carried out and 
maps are prepared on which thur area and 
the type of thur are marked. The land 
reclamation schemes are then prepared, detail-
ing the arrangement of the water supply, the 
canal from which it is to be obtained the align-
ment of the minor, sub-minor, etc. When the 
schemes are approved the local Superintending 
Engineers are requested to make the supply 
available and the people concerned are in-
formed to dig their water courses and get 
ready to receive the supply. Where new 
channels are required, the engineering staff 
constructs these channels. Where no other 
arrangements can be made excepting the 
lift, pumps are installed on the canals to 
obtain water from distributaries. 

Group B Group C 

pH T.S. pH T.S. 

9.66 .14 0.58 .128 

9.92 .205 9.73 "130 

10.08 .228 9.96 .177 

10.05 .146 9.85 .147 

(b) Application by persons desirous 
of taking up Reclamation work. The 
owners of the thur land apply to the Director, 
Land Reclamation, Irrigation and Power 
Research Institute, Punjab, stating that their 
land is barren on account of salinity and 
alkali requesting extra water. After the 
receipt of the application, the Assistant Land 
Reclamation Officer inspects the site and 
carries out a survey of the area and prepares 
a scheme for reclamation and makes arrange
ment of water supply, etc., from suitable 
channels. On approval of the scheme by 
the competent authority, the. owners are 
required to execute an agreement that, 
"They would carry out all land reclamation 
operations as instructed by the Department, 
utilise the supply in the thur area proposed 
for reclamation and grow the crops according 
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to the cropping scheme approved by the 
Reclamation Department." 

(c)Reclamation Supplies. The reclama-

tion supply is about six times the normal

supply given to the zamindar for food lands, 

if theFurtherwater rates.the samebut at 
land fails to produce normal crop, remissions 
in water rates are granted. If the crops are 
less than 25 per cent, full remission is 
granted. If the crops are between 25 per 
cent and 50 per cent, the water rates are 
reduced to half. This is to give incentive 
to the owners of the thur land to take up 

land reclamation work. 

(d) Booking of Irrigation. During the 
ea sreclamationg Irrgthefid visreclamation season, .the field 	 staff visit thethe 

the work andareas regularly, supervises 
regarding the correcteventadvises the zamindars 

t beadoped.TheBooing
procdursadopted. The Booking 
Clerks keep a record of leaching sowing,
procedures to be 

appraisement of crops and harvesting, etc. 
Iti alo th ofo theth Booingreponsbilty Booking 

every acre of land receives 
It is also the responsibility 

Clerk to see that 
irrigation according to its turn (Wari). The 
appraisal of the crop made 	by the Booking


mad bytheBooing 

Clerk is checked 100 per cent by the Zilladar 

and all the fields where crop has failed, by 
Assistant Land 

apprisa ofthecro 

the Deputy Collector and the 

Officer. Land ReclamationReclamation 
per cent of the area underOfficer checks 25 

the failed crops (Kharaba). The Research 

Assistant independently studies the soil and 
the crop and compares his results with the 

yields obtained, etc. 

A handicap frequently experienced is 
the shortage of irrigation supply at the time 
of maturity of paddy crop on account of 
sucden drop in river discharge. During 
September-October, the supply in Kharif 

channels stops altogether, and that affects 
the crop yield very much. It is essential 
that Jhona 349 should be grown in the thur 
land brought under reclamation. This 
variety of rice matures in 85 days, much 
earlier than the finer varieties of rice and is 
harvested 'by the end of September. The 
trans-planting is done by the middle of July. 
As an alternative for augmenting the canal 

supplies, a scheme is being taken up for 
installation of large number of shallow 
tubewells where the underground strata is 
suitable. Alternatively water from the 

drainage channels is being arranged to be
used for irrigation. 

Land Reclamation Act. Considering 
the great importance of the problem of Land 
Reclamation, the Punjab Government has 
enacted 'The Punjab Thur and Sem Lands 
(Reclamation) Bill, 1962'. It was passed in 
March, 1963. 

The Bill empowers the Director and his 
survey for theauthorised agents to undertake 

of thur schemes andpurpose of preparation asafter hearing objections, declare areas 

the up reclamationtakingdirections of the 

reai n teeti o f oners no 
of owners not 

inLandaccordance withReclamation 
the Director can take temporaryOfficer, 

temporaryOser, the lndor or the 


reclamation offor thea period offorfive yearspurposeand thenof 

lamti o a peiod ofi abae ten 

lease it to willing tenants on suitable terms. 
Any expenditure incurred by the Director 

possession land 	 the 

for the reclamation of this land is recoverable 
fr the owners of the land s rre 

land revenue. The advantage to the oaners 

areas is that after the reclamaof reclaimable 
have the righttion of their thur lands they 

to increase rent. 

LAND RECLAMATION WORK IN 
PUNJAB. 

In the Punjab, a scheme of land reclama
tion has been taken up from Kharif 1961. 
An area of at least 70,000 acres of saline land 
is to be brought under reclamation operations 
by the end of March 1966; 35,000 acres 

would become fit with normal crops by that 
time and the remainder will be reclaimed in 
the next three or four years. In this way, 
areas under reclamation would increase 
progressively from year to year and ultima
tely most of the saline land in the State will 
be reclaimed. Every effort is, however, being 
made to bring at least one lakh acres of saline 
land under reclamationi as early as possible. 
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FIG. 2. FOOD PRODUCTION. IN VARIOUS YEARS AS A RESULT OF
 
RECLAMATION OF THUR LAND IN PUNJAB.
 

At the moment, thur is about fifty thousand Land Reclamation Organisation. 
acres. So far the reclamation work is being 

carried out by the zamindars themselves For taking up land reclamation work, 
under the guidance of the Directorate. additional staff in the Directorate had to be 
Besides reclamation by the zamindars, re- employed. Deputy Director (Land Reclama
clamation of Government and Panchayat land tion), Land Reclamation Officers, Assistant 
is also being done at Basdhara (Karnal) and Land Reclamation Officers, Deputy Collector, 
Shahpur Piran (Kapurthala). Huge areas Sub-Divisional Officer, Research Assistants, 

belonging to Panchayats will be subsequently Sectional Officers, Zilladars and other auxi
taken up for reclamation. liary staff have been recruited. There are 
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FIG. 5. GOOD CROP OF BERSEEM RABI 

about 120 Field Assistants for reclamation. 
The State has been demarcated into zones and 
each zone consists of the folllowing canal 
circles 

North Zone 

1. 	 Upper Bari Doab Canal Circle. 

2. 	 Ferozepur Canal Circle. 

3. 	 Sirhind Canal Circle. 

4. Patiala Circle. 

South Zone 
1. 	 Western Yamuna Canal Circle 

(East) 

2. 	 Western Yamuna Canal Circle 
(West) 

3. Ist Bhakra Main Line Circle. 

4. 	 2nd Bhakra Main Line Circle. 

1962-63 ALONG AMRITSAR-ATTARI ROAD. 

Crop Production. 
Food production from saline and alkali 

lands under reclamation has been increasing 
speedily. Crops worth several lakhs of 

rupees have been grown on lands which once 
not yielded a blade of grass. Net income 
from these lands in 1963 was of the order of 

about Rs. 50 lakhs (Tables I and II). In 1962, 

it was Rs. 17 lakhs, and in 1961 it was about 
Rs. 24 lakhs (Fig. 2). 

IMPORTANCE OF RESEARCH IN 
LAND RECLAMATION. 

Research work both in the laboratories 
and in the field is most essential for a svstema
tic approach towards the problem of land 
reclamation. A Study of various methods
and their improvement should continue in 

the laboratories. Long range effect of various 
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amendments already in use and new ameliora-
tive measures should be examined. This 
work can be efficiently carried out by the 
cooperative efforts of a Physical Chemist, 
Soil Physicist, Agronomist, Hydraulician and 
a Mathematician. Incidentally, this com-
bination exists in the Land Reclamation, 
Irrigation and Power Research Institute and 

has been working for a large number of years. 
Further intensification of research work in the 
laboratory as well as in the field is, however, 
badly required. The laboratories should be 
provided with up-to-date apparatus and 
latest equipment and should have the latest 
literature of all the countries engaged in 
work on this subject. 
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THE ROLE OF TILE DRAINAGE IN LAND DEVELOPMENT
 

IN THE UNITED ARAB REPUBLIC
 

Mohamed 

THE NEED FOR DRAINAGE 

In order to study the need for drainage to 
increase the crop production of the cultivated 
soils in the United Arab Republic, the 
deposits of the Nile soils alluvium and their 
hydrological properties have been considered. 

The soil profile consists of a very thick 
layer of highly permeable sandy and gravelly 
material, overlain by a cap of heavy clay from 
8 to 25 m. thick. In Table I some results of the 
analysis of a sample of the heavy clay are shown. 

During thousandb of years these soils have 
been under basin irrigation, which allowed for 
thecultivationofonewintercroponly. During
the rest of the year the river water levels 
were too low to allow irrigation and the land 
was left fallow. Owing of the flooding of the 
basins before showing the winter crop a high 
ground water level w as built up in most areas,which, however, would drain away during the 
rest of the year through the clay cap to the
highly permeable aquiferin the sub-soil. 

With a careful management of the flood 
irrigation water no permanent high water-
table occurred during basin irrigation in the 
main part of th ecultivated soils, 

The problem of drainage became serious 
due to the introduction of perennial irriga-
tion, mainly at dawn of the present century. 
By the continuous winter and summer irriga
tion a higher water-table was gradually built 
up. In some areas, in particular in the nor-
them part of the Delta, a waterlogged surface 
soil developed. Still, in the main part of the 

by 

E1-Madany* 

Delta the water-table varies between 0.50 and 
2.00 m. below surface level and neither water
logging of surface soils nor extreme salt con
tents occur over large areas. In Table 2 the 
depth to ground water-tab!e, as observed in 
some localities of the Delta is shown. Table 3 
shows the salt content of the surface soil 

(0-50 cm.) of the same areas. This relatively 
favourable situation is due to hydrological 
properties of the soil T%-file, in particular the 
presence of the highly permeable aquifer. The 
irrigation losses in the heavy clay are relatively
low, while the aquifer allows for evacuation of 
drainage water percolating downward through
the clay cap. In other deltaic areas, where 
this condition of natural drainage does not 
exist, permanent irrigation leads to immediate 
waterlogging of the surface soil and extremely 
saline topsoils. 

Although, as explained, no extremely high
l t er-ta s e slted i mme xt ely h esoil wvater-table resulted immediately after the 

introduction of perennial irrigation, it was
observcd that the(Fig. 1) yield of cr.rtain cropshave decreased in recent years.
The loss of production was attributed to a 
gradual rise of the water-table into the root
zone of the crops and a slight increase of the 
soil salinity. Preliminary drainage experi. 
ments showed a favourable response and the
need was felt to provide the lands with field 
drainage systems which could be connected 
with the existing network of main drains. 

From the beginning preference was given 
to tile drainge over open drainage for field 
drainage systems, since open drainage would 
cause the loss of at least 12 per cent of the 

* Assistant Under Secretary of State, Ministry of Public Works, Cairo. 
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TABLE 1. MECHANICAL ANALY "S OF NILE DELTA SOILS. 

Location 	 Depth Clay Silt Sand 
cm. 2 mu. 2-20 mu. 20 mu. 

18 

50-60 55 28 17 

Bilbeis 0-30 73 2 25 

Embabi 	 0-30 53 29 

50-6U 77 2 21 

TABLE 2. DEPTH OF GROUND WATER LEVEL 

Depth of Ground 
water below, 

surface in cm. 

0-50 

50-100 

100-150 

More than 150 

Percentage of total areas 

Embabi Bilbeis Kafr Kafr-El-
Sakr Sheikh 

8 2 10 5 

48 46 60 74 

20 44 18 20 

24 8 12 1 

TABLE 3. AVERAGE SALINITY, EXPRESSED AS ELECTRICAL
 
CONDUCTIVITY IN MMHOS/CM. OF THE SATURATION EXT-


EC) in mmhos/cm. 

Less than 2 


2-4 


4-8 


More than 8 


RACT, OF THE SURFACE SOIL. 

Percentage of total area 

Embabi Bilbeis 	 Kafr Kafr-El-
Sakr Sheikh 

70 21 45 45 

22 25 41 32 

8 31 37 20 

0 23 7 3 

306 



cultivated area in addition to difficulties 
encountered in connecting these field drains 
with the main drains through the small hold-
ings as well as the difficulties involved in their 
clearance and maintenance, 

Up to 1952, 50,000 feddans (acres) were 
supplied with tile drains in lower Egypt. Since 
satisfactory results were obtained this has lead
satsfacto s eoind thisshs l 
to the following decisions: 

1. 	 In 1956 a law was passed giving 
responsibility of executing field drai-
nage to the Government. 

2. 	 A long-term drainage project pro-
gramme of at least :30 years was 
planned to cover gradually all areas 
under perennial irrigation. The capi-
tal cost of this scheme is estimated attl 210mii whisscheeichd 10of es 

10million bwing 1r nithe crEnt millions are being spent in th~e current 
fiv 	yers'pln160-5.of 

five Inarpaon with the Udevelopment of a country is the decrease in 

millions, of which 66 per cent represent the 
rural, 33 per cent the urban and 1 per cent 
the desert population. About two.thirds of 
the economically active part of the population 
is engaged in agriculture directly, while the 
average density of the population is 770 per
sons to the square kilometer in the Nile 
valley and Delta. Moreover an appreciable
part of the urban population depends indire
ctly on agriculture through employment in 
manufacturing and processing industries that 
depend on agricultural raw material. Thus 
actually a much greater part than two-thirds 
of the population depends on agriculture. 

This means that development now and for 
many years to come, means mainly agricul
tural development, if the aim of development 

is defined as increasing the standard of living
of the greatest part of the population. Oneo h n i a o s t u g h r wnthe indicators to judge the growing 

Nations Special Fund and the Food 
and Agriculture Organization, Nether- 
lands Engineering Consultants 
(NEDECO) as a sub-contractor, a 
project was started to test and demon-
strate tile drainage methods. 

DRAINAGE AS A DEVELOPMENT 
FACTOR 

According to the latest census the popula-
tion of Egypt is estimated at about 27 

;> 

1933 1935 	 1940 

FIG. 1. GRADUAL DROP IN MAIZE YIELD 

percentage of tho population economically
engaged in agriculture. Such a decrease re
sults from a gradual change of agricultural 
population to other activities, generally in
dustr1 . Thus agricultural and industrial 
development can be considered as comple
mentary to each other. The creation of 

employment possibilities in industries is 
viewed as a major factor in agricultural deve
lopment and thus for the raising of the 
standard of living for the largest profession 
group in the country. 

1345 1350 

BEFORE TILE DRAINAGE (MIDDLE DELTA) 
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Apart from providing other means of 
employment to agricultural workers, there are 
two alternative solutions to encounter the 
excessive pressure of population, which is the 
main problem to which the UAR is confron-
ted: 

prodm te uarea 
productive. 

ii. 	 To make more land available, 
Making more land available, through

Makiglndmre vailble thrugh 
or measurementseither reclamation activities 

to increase and regulate the water supply for 
irrigation, although of extreme importance is 
mentioned in the second place, owing to its 
natural limits. 

The present cultivated area in the United 
Arab Republic (Egypt) is estimated at about 

6,100,000 acres. It is already arranged that the 
irrigated area within the Nile Valley will 
gradually increase on the High Dam water 
and other sources until it reaches, by 1971, 
to about 7,800,000 acres, all perennially irri-
gated. Further agriculture expansion will be 
possible on the upper Nile projects. Aside 
of these areas, a reclamation programme in 
about 3,000,000 acres in the oasis is under 
execution on ground water. 

The highest possibilities for agricultural 

development result from improving the pro-
ductivity of already cultivated land. Present 

production can be greatly improved by in-

troduction of new, high-yielding varieties, 
better crop protection, higher use of ferti-
lizers, development of animal husbandry and 
dairy farming, better marketing facilities etc. 
but a basic requirement for all agricultural 
development is the regulation of the ground 
water, regime of the soil. Agricultural drain-
age, aiming to bring the ground water at an 
optimum depth, is considered the most im-
portant single factor for improving production 
under present Egyptian conditions. Some 
researches have indicated that over large areas 
immediately after drainage an average yield 
increase of 50 per cent was obtained. In 
Fig. 2 the average yield increase for maize 
measured in a large area in the middle of the 

Delta is shown. However, this picture will 
probably show a Figure too favourable for a 
country-wide average increase due to drain
age. But, if only a 10 per cent increase is 
effectuated, this means an extra production 
equivalent to the production of more than 
1,00,000 acres, since the total yearly cropped 

is around 11 million acres, (average 1.75 
crops per year). Thus, if the average yield 

increase after drainage is only 10 per cent, it 
will have very nearly the same impact on
agricultural production as the High Dam. 

8 

I 

W 

< 
Z 

> 

4 2 1944 1946 1943 % 1952 
One Ardeb = i50Kg,. 

FIG. 2. AVERAGE YIELD OF MAIZE CROP 
BEFORE AND AFTER TILE DRAIN-
AGE AREA 18,500 ACRES. 

PROGRESS MADE WITH TILE 
DRAINAGE PROGRAMME 

The Executive Project 
Considerable progress has been made with 

the first large scale execution of the tile drain
age. In the scope of the first 5 years' plan 
around 350,000 acres will be provided with 
tile drains, of which now nearly 200,000 acres 
have been completed. Although experiments 
have indicated a spacing between the laterals 
varying between 20 m. and 60 m., yet it was 
found practicable to adopt 60 in. throughout 
the project, having the depth 1.25 m. below 
ground surface. If later investigations re
vealed, in some area, the inadequacy of that 
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maximum, it can be intensified by adding 
more laterals. Such procedure was consi-

dered as a suitable measure that can allow 
both the executive project and research work 

to proceed together. 

The Experimental Works 

The study of the tile drainage required 

detailed hydrological researches in small scale 

areas and extensive investigations in larger 

areas. The demonstration of execution 

methods, selection of suitable machinery and 

economic appraisal of tile drainage required 
execution on a larger scale than is needed for 
hydrological studies. Therefore, 6-represen-
tative pilot areas, between 1,000 and 2,000 

acres, have been selected in different parts of 

the country. In these areas pre-drainage in

were carried out and suitablevestigationsdesigns were prepared and executed. 

During an extensive field survey the 

following data were collected in an observa-

tional grid-system : ground water depth, 

ground water salinity, hydraulic conductivity 

of soil, ground levels, irrigation and cropping 

pattern. The data are usually collected on 

special field logs and necessary computations 
nomowere considerably simplified by use of 

grams (see Appendix I). Soil conductivity or 

permeability is the main single factor to be 

determined for the establishment of an effec-

tiv d-iinage system. 

It should be noted that the cost of investi-

gations are small as compared with the capital 
cost of the drainage systems. It varies be-

tween LE 0.5 and 1.0 per acre or approxi-
mately 2 to 3 per cent of the capital cost. 

Design procedure 

Based on the data collected a design pro-

cedure has been developed. For each collec-
tor unit all data are averaged and only if 

appreciable difference in the measured 
permeabilities or salinities occur a sub-
division is made. To eliminate as much as 
possible extreme values of permeability and 

salinity, due to local effects over small areas, 
the geometric average method is adopted. 

Drainage discharge 
The average rate of deep-percolation 

losses of water below the root zone towards 
the ground water is estimated at I mm. per 

day for a normal irrigation rotation. To 

obtain the design rate of discharge, which is 
the amount of water to be removed by the 

drainage system, this rate has to be corrected 

with the already accruing rate of natural 

drainage. Since direct measurement of the 

existing rate of natural drainage is impossible 

and it can not be calculated by means of 

Darcy's law as the vertical transmissibility is 

essentially unknown, a salt balance method is 
adopted for its estimation. By this method 
the average rate of natural drainage is calcula
ted as 

Average depth of watering x
 
Dn = salt content of Irr. water
 

Salt content of drain water 

The salt balance calculation method is 

based on the assumption that an equilibrium 

condition occurs and that all salts brought in 

by irrigation water are removed by drainage 

water in the cultivated soils. 

TILE SPACING 

The steady state formula of Hooghoudt 

has been selected as one of the more reliable 
for the calculation of the required drain spac
ing, being preferred over the known unsteady 

state formula's which have not yet yielded
results. Hooghoudts' equationsatisfactory 

should be considered as a "calculation 
analogue", since the results actually obtained 

in the field mainly depend on the selected 

drainage design criteria used in the formula, 

viz. the depth of the dewatering zone and the 

rate of discharge. Both are essentially 
unsteady and a time factor has to be selected 
and tested. Generally it is estimated that 
adequate drainage is obtained if the water 
level is at least 1 m. below surface 4 to 6 days 
after irrigation. In Appendix 2 a culculation 
example with the Hooghoudt formula is 

given. 
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In the six selected pilot areas the drain 
spacings to vary between 20 and 60 m. at a 
depth of 1.50 m. It may be concluded from 
the results that soils vary widely even in pilot 
areas of about 1,500 acres, therefore, reason-
ably conservative averages should be adopted 
on the basis that future additions will be 
possible. To make this feasible the behaviour 
of all affecting factors should be carefully 
studied for many years after execution. 

MECHANICAL EXECUTION 

Trenching and pipe laying machines 
should be suitable for the soils in which they 
have to work. Knowing that the soils to be 
drained are generally of heavy clay and that 
the drain depth would be greater than usual 
in temperate climates, heavy machines with 
100-hp meters and provided with an automatic 
hydraulic depth regulation of the trench 
bottom were selected. With these machines 
the drainage system in two pilot areas, com-
prising a total length of more than 300 km. 
laterals, has now been completed. It was 
proved that mechanical execution by means 
of these machines is very well possible in the
Egyptian heavy clays, 

The capacity of the machines was, during 
the precalculation of the project, estimated at 
1000 m. per day of 8 working hours. In the 
first pilot area, however, the production was 
750 m. per machine per day, while in the 
second area productions of 1,100 m. have been 
obtained, 

Tn the set-up of the project no provisions 
were made for experimenting with equipment 
for digging collector drains. It is assumed 
however that future developments in which 
collector trenches are dug with a dragline 
provided with a medium-sized specially 
designed bucket, can be expected. 

The second major advantage of mechanical 
lateral tile laying, is the high quality which 
can be obtained which is potentially higher 
than that of hand laying. This advantage has 
important repercussions, since few or no silt 

310" 

will enter the pipes through the joints. Pipes 
have been dug up two years after laying and 
no silt whatsoever was found. This means 
that the customary 4' diameters can be 
decreased as no overdiameter to take account 
of a decreasing hydraulic cross.section due to 
silting-in will be required. 

ECONOMIC APPRAISAL 

It has been explained before that drainage
is considered as the most important single 

factor in agricultural development. Though 
the increase in yield is due to many interact
ing factors, it is proved that drainage is the 
most effective and essential factor for main
taining and improving the fertility and pro
ductivity of the land. Moreover, drainage 
has important side effects. By removing 
excess water, health conditions will be impro
ved through a decrease of the causes of 
parasitic diseases spread among farmers, who 
represent more than two-thirds of the 
inhabitants, thus increasing their productivity. 
An economic analysis of tile drainage in the 
UAR showed that the capital cost of a tile
drainage system is expected to be recovered,through increase of production, within a 

period of approximately 5 years. The estima
tion has been made according to results 
obtained from the last 5 years work. It is 
expected that in the scope of the long term 
drainage programme, mechanically installed 
drainage will play an increasingly important 
role. 

TILE AND PIPE MAKING 

Under the provisions in the plan of opera
tion for the tile drainage project machineries 
for making tiles for lateral drains and pipes 
for collectors have been erected at a central 
area in the Delta, near Tanta. The tile making 
machine is fully automatic with a capacity if 
15,000 tiles or 5,000 m. per working day of 
8 hours. The collector pipe machine can 
make pipes with diameter 20 and 25 cm. at a 
capacity of 100 m. a day. 



APPENDIX 1
 
DETERMINATION OF PERMEABILITY
 

The permeability is measured in the field the measured values of y and H by the ratio 
by the Augerhole method as developed by radius of augerhole in nomogram (4 cm.) 

Hooghoudt and simplified by Ernst. This 
radius of the augerhole in the field

requires a hole augered at least 0.30 m. below 

the ground water-table. The permeability is The converted values are then entered in 

calculated from the rate of rise of water in the the nomogram, r = 4 cm., and the corres

hole, the depth of the hole, its diameter and ponding permeability is obtained. 

the depth of the water-table. Ernst has also deduced the following 

The results are based on the soil layer aproximate formula's
 
2
extending from the water-table to approxi- k 3600 r /y 

mately 15 cm. below the bottom of the hole, H + y At 
or to the impervious stratum if the hole (H- 1 or)(2-lY 
penetrates through such a stratum. The field for S = 0 ... (1) 

2 Aydata are collected for every hole on a special 000 r
k 4y0 At

field log (Fig. 1). 

H 

the two graphs Ernst has constructed from a for S greater than 0.5 H ... (2) 

large number of relaxation studies. Graph I Example : 
is to be used for S larger than or equal to .H r = 4 cm. ; y = 33 cm. ; H = 40 cm.; 

where S = depth of impervious layer below Ay = 4 cm. ; t = 80 sec. = 0.0222 hrs. 

the bottom of the Augerhole. Graph 2 is for S = 20 cm. 

the case S = 0. As S = H then Nomogram I should be 

used from which C = 15, then 

The calculations are made by means of (H 2 or)( 2 -H)y 

The nomographs are based on the equation 

k = c Ay where c is a function of y and H. k = c A" = 14.8 x 4/80 = 0.74 m. 
at At 

per day.Both nnmographs are made for r = 4 cm. 

If Augerholes of other diameters are used, the The corresponding value of k as computed 

nomogram can be adopted by multiplying from formula 2 is 0.70 m. per day. 

APPENDIX 2 

The Hooghoudt equation used for the s = quantity of water to be drained in 

calculation of the drain spacings is: m/day. 

8 k, dm +- 4 k, m2 In deriving his formula Hooghoudt 

L2 S assumed that the stationary flow at some 
in which:L = distance between drains in distance from the tiles is horizontal, while 

meters around the tiles a radial flow occurs. The 

permeability of the soil above drain resistance for vertical flow is neglected. Thelevel in ml/day resistance for radial flow is accounted for by
lperelity of tintroducing an equivalent layer in which the 

same flow occurs as the actual flow, but in 
level in m/day horizontal direction only with the same 

d = depth of the equivalent layer in hydraulic head as required for the actual 

meters (to.be read from special tables, horizontal plus radial flow. The equivalent 
given by Hooghoudt) depth (d) has to be used in the formula in

m = hydraulic head in meters stead of the depth to the impervious layer 

"11"1
 



FIG. 1. FORM FOR K-MEASUREMENT IN DEEP AUGERHOLES 
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(H). This equivalent depth (d) depends on tableshoudt valid for the tile diameter used 
the wet circumference of the drain 7rro (ro be- in the tile drainage projects as summarised in
ing the outside diameter of the tile, the drain Report 5. "Drainage of Bilbeis and Sindabis 
spacing L and the depth of the impervious areas*" is given below 
layer (H). As an example, one of the Hoog-

L in m. 

Hin m. 15 20 25 30 40 50 75 

1.00 0.82 0.86 0.89 0.90 0.940.93 0.96 

2.00 1.18 1.32 1.43 1.50 1.61 1.76 1.76 

3.00 1.34 1.56 1.71 1.86 2.192.07 2.41 

4.00 1.39 1.67 1.87 2.37 2.932.08 2.59 

5.00 1.73 1.99 2.22 2.872.59 3.34 

6.00 2.05 2.31 2.74 3.07 3.67 

7.00 2.36 2.84 3.23 3.93 

8.00 2.39 2.91 3.35 4.15 

9.00 2.97 3.43 4.32 

10.00 3.01 3.50 4.46 

15.00 4.88 

1.04 1.74 2.402.07 3.02 1.62 5.03 

According to Hooghoudt, the use of the tables for d, results in an error of less than 10 per cent. 

Example: s = 0.001 m. per day obtained from Hooghoudt tables is 2.74 m., 
k, = 0.25 m. per day thus : 
k2 = 0.05 m. per day L2 = 8 ×0.05x2.74x.9+4x0.25X0.92 

H = 6 m., ro - 0.07 m. 0.001 
= 1800,

0.9m.m = L= 42m.
 
As a first appropriation assume a value for .........

* Both Sidabis and Bilbeis are in the east of the Nile
L say 40 m., the corresponding value of d as Delta. 

315.
 

http:0.05x2.74x.9+4x0.25X0.92


CHAPTER X 

FARM LAYOUT AND DISTRIBUTION SYSTEMS
 

CUMRA-KARKIN IRRIGATION DEVELOPMENT PROJECT 

by 

Ragip Boyaci and 

SUMMARY 

The Country Progress Reports sub-
mitted in the previous NESA Seminars 
contain information concerning the large 
irrigation projects which have been under-
taken by Turkey in its programme to increase 
agricultural production. However, antici-
pated agricultural production goals are not 
being attained and on some project yields 
which initially tended to rise, have decreased 
below their original level. This is due to 
various reasons. Some of the most important 
are : 

1. 	 Inadequate water supply to all parcels 
. naeae
of an area. 

Lack or inadequacy of proper farm 
irrigation and drainage systems. 

3. 	 Lack of efficient drainage systems. 
4. 	 Inadequate farm planning and land 

preparation. 

5. 	 Farmers lack of knowledge of good 
irrigated agriculture, 

6. 	 Excessive fragmentation and disper-
sion of farms. 

7. 	 Inadequate source of credit to meet 

8. 	 Inadequate use of fertilizers by the 
farmers. 

9. 	 Inefficient pest and insect control. 

Ceral Savaskan* 

Prior to the establishment in 1960 of 
TOPRAKSU (Soil Conservation and Farm 
Irrigation Directorate in the Ministry of 
Agriculture), assistance to farmers in irriga
tion development was mainly confined to 
farm planning and development work on 
individual farms. After 1960 Topraksu em
barked on a programme which included major 
irrigation development of groups of farms 
mutually commanded by a single canal, i.e., 
the tertiary canals serving large project areas. 

In this paper is given basic information con
cerning the Cumra-Karkin Irrigation Develop
ment Pilot Project undertaken in 1961 and 
196 2 on a total area of 320 hectares commanded 

by tertiaries 5-6-7, located within the Konya-
Cumra Irrigation Project of the Central 
Anatolia. 

The Government of Turkey has been 
gravely concerned by the fact that extremely 
fragmented and scattered farms have created 
various economic and social problems along 
with a decrease in national production. In 
developing this project land consolidation was
attempted for the first time in Turkey. A
total of 233 irregular shaped parcels 
belonging to 191 farmers were re-grouped, 
into 191 rectangular parcels and provided with 
access roads and the facilities to properly 

apply irrigation water and drainage outlets. 
* Agricultural Engineer, Deputy Head, Investigation and Planning Division and Agricultural Engineer. Chief 

Engineer Sixth Regional Directorate, respectively. General Directorate of Soil Conservation and Farm 
Irrigation, Turkey. 
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All farmers were provided with title-deeds, 
including those who had neglected to register 
their lands in the past. 

By improving and expanding the old 
irrigation system all new parcels were 
supplied water directly from tertiary or 
quaternary canals. Previously, only 60 per 
cent of the total area could be irrigated with 
any degree of efficiency. Main project 
works delivering water to the area have beenrenovated by DSI (State Hydraulic Works 
in the Ministry of Public Works). Canal 
sections have been restored to designed 
capacity and lined with concrete. Measure-
mentyf irrgin bonceen provdedd wateha merit of irrigation water has been provided 
through the installation of Parshall flumes in 
all tertiary and quaternary canals. A surface 
drainage system provides for discharge of 
waste water into the main drainage channel 
Wherever possible the borrow pits of the 
service road network were utilized as surface 
drains. 

Farmers land area was reduced at the rate 
of 4 per cent to provide rights-of-way for 
these new facilities, 

All lands between canals were levelled, 
properly graded for irrigation, and each 

parcel was provided with a head ditch and 

drainage outlet. As an assistance to farmers 

in carrying out farm plans the government 

granted all the seedling, seeds and fertilizers 
required for the first year of operation. The 

area is subject to high winds during the fall, 

winter and spring seasons. In addition to 
wind erosion control measures considered and 
provided in the farm plans, the government 
supplied wild olives (Russian olives) which 
are planted owithin 

It appears that the most of the project 
which costs 260 dollars (2,617 TL.) per hectare 
is excessively high for a project in this arid 

region of Central Anatolia which has a 
comparatively low production potential. 

However, the benefit-cost ratio, computed on 
the basis of proposed cropping pattern is 44. 
It is interesting to note that, although only 
wheat was planted the first year, the income 

realized produced a benefit-cost ratio of 3. 
Farmers from the balance of the Cumra 
Project are greatly impressed with the high 
yields produced on the demonstration area. 
Many have requested similar project for their 
farming area while others have directed 
requests to the Cumra Regional Irrigation 
Experiment Station for assistance in procur
ing and utilizing fertilizers. 

Consideration must be given to the fact 
that this demonstration undertaken withhsdmntainwsudraewas ih 
out the benefit of the legal authority expected 
to be provided in a new land reform law 
proposal. Greater participation by farmers 
in development activities can be expected on 

ta 

f t r rj c s u d r a e n e h e 
future projects undertaken under the new 
law. It must be noted also that some of the 
pony gwere ervicendes o this 
project were required as incentives to farmers 
in inducing them to agree to farm boundary 
revisions. 

The project was prepared and implemen
ted by the VI Regional Directorate of 
TOPRAKSU, at Konya. Permanent struc
tures were constructed by constructor in 
accordance with project specifications. Land 

preparation, farm irrigation and drainage 

systems and other agricultural works were 

completed by the Revolving Fund Operation 
of the Cumra Regional Irrigation Experiment 
Station. The project was initiated and 

under a projectcarried out the first year 
agreement with the U.S. Agency for 

International Development. 

INTRODUCTION 

e Cr anKarkin Irr0gationrDelop
ment Project is an area of 320 hectares located

the boundaries of the old Cumra 
Irrigation Project. It has been developed 

to demonstrate the irrigation works, land 
development and land consolidation with 
farm boundary revisions needed in the pro
gramme to rehabilitate the entire Cumra 
Project. 

CUMRA IRRIGATION PROJECT 

Cumra Irrigation Project is located in the 
southern part of the Konya Plain in Central 
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Turkey. The plain situated at an elevation 
of 1,000 meters is a closed basin surrounded 
by high mountains, 

An irrigation system serving an area of 
35,000 hectares was established in 1912 by a 
German company. The principal water 
resource of the project is Beysehir Lake with 
a total storage capacity of 1,870 x 10' cubic 
meter. Water diverted from Beysehir Lake 
is conveyed to the irrigable area through 

Carsamba Creek which has been improved to 
provide a channel 192 kilometers long, 
(Fig. 1). 

During the last ten years the State 
Hydraulic Works (DSI) has constructed four 
dams in streams discharging into the basin. 
(Apa Dam, Sillc Dam, May Dam, Altinapa 
Dam). Apa Dam provides additional storage 
for the Cumra Project and also serves as a 
regulator in Carsamba Creek. Sille, May and 
Altinapa dams will provide storage to bring 
in an additional 3,500 hectares new irrigated 
land. 
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Underground water exploration under
taken by DSI has indicated that a usable 
supply of ground water is available from deep 
aquifers. Drilling to date has indicated that 
supplies exceeding 144 y 1(i6 cubic meters 
per year can be economically pumped and 
used for irrigation. All the shallow aquifers 
encountered have yielded salty water unfit 
for irrigation purposes. 

Renovation of main irrigation canals, 
drainage outlets and appurtenant control 
structures is in progress by DSI. TOPRAKSU 
is proceeding with reconstruction of existing 
tertiary canals and construction of new 
tertiaries and quaternary canals required to 
serve the entire irrigable area. 

Technical assistance in farm planning and 
land development is provided to project 
farmers by TOPRAKSU. A loan fund, 
maintained in the Agricultural Bank, is 
available to farmers for implementation of 
farm plans prepared and approved by 
TOPRAKSU. 
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DESCRIPTION OF THE PROJECT 
AREA 

Location 

The project area which covers 320 Ha. 
was developed primarily as a pilot scheme for 
both irrigation and land consolidation demons-
tration. This project includes areas served 
by the main canal II and by the tertiary 
canals T-5, T-6, T-7 supplied by secondary 
canal I. 

The project area is located 50 kilometers 
south-east of Konya City, at a distance of 7 
kilometers north of the Cumra Regional 
Irrigation Experiment Station. A gravelled 
road extends through the project from Cumra 
Town where both a railroad and a paved 
highway serves the area. 

Climate 

This region where continental climate 
predominates, is the most arid region of 
Turkey. Meteorological data obtained from 

the nearest weather station located at the 
Cumra Irrigation Experiment Station during 
last 7 years follow 

Average annual precipitation : 216.3 mm. 

Seasonal distribution of precipitation : 
Spring 35 per cent of total 

Summer 7 per cent of total 
Fall 20 per cent of total 
Winter 38 per cent of total 

(mostly snow) 

Average annual temperature 110C. 
Maximum temperature 37 0C. 
Minimum temperature -26 0 C. 

Average monthly temperatures; 

January : 1.6°C. February 2.20C. 
March 5.90C. April :11.10. 
May 16.0°C. June 20.0°C. 
July : 23.6*C. August : 22.8'C. 
September: 18.0°C. October :1300C. 

November : 7.0°C. December : 2.7°C. 

The average number of days with frost 
occuring between December and March, is 
26. Winds of critical velocities inducing 
serious wind erosion in the area prevail in the 

fall, winter and spring. Records show that 
the south winds in winter reach velocities of 
35 and even 40 meters per second. It is 
recorded that the average annual evaporation 
amounts to 1380 mm. 
Topography 

Generally the relief of the project area is 
fairly flat. The east-west gradient varies 
between 0.0 per cent to 0.2 per cent. How
ever, there a.-e some undulations in the 
topography and elevation differences between 
are often 1.5 to 2 meters. Generally barriers 
to surface drainage have developed along 
field boundaries as a result of poor plowing
practices and the deposition of wind blown
material. Drainage problems have been 

created and irrigation efficiencies are low. 

Soils 

Soils are generally brown and gray, 
developed from alluvial parent material. They 
are deep, clay and clay loam textured lacking
organic matter and phosphorus, abounding 
with lime. Permeability is medium to slow. 

About 25 per cent of the top soil has been 
eroded by wind. Water-table is rising due to 
deep percolation and seepage from earth 
irrigation canals and improper and excessive 
irrigation. Salinity is becoming a serious 
problem. 

Land use capability classes determined in 

the project area follow : 
Class Area (Ha) Percentage 

1 130.1 40 

II 160.4 50 

III 12.6 4 
V 3.6 1.5 

VI 12.0 4 

1.3 0-5 

Total 320.0 100 
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Water Supply 

Water is supplied by the secondary canal 
I of 2.5 m 3/s capacity within Cumra Irrigation 

System built by the German company in 1912. 

The irrigation water quality is second class, 

PROBLEMS OF PROJECT AREA 

Irrigation 

Both gravity and pump irrigation is 
practised to irrigate 60 per cent of the project 

area. Irrigation efficiency are only 20 per 
cent due to the following factors :irrigation 

1. 	 The secondary and tertiary canals of 
the irrigation system which were built 
over 50 years ago have lost their 
original capacities. There are badly 
eroded ditchbanks and siltation caused 
by wind and water erosion and 
uncontrolled weed growths. The 
majority of water contol structures 
and gates have ceased to work proper-
ly or are partly demolished. During 
tests to determine velocities in the old 
canals it was observed that, it took 3 
days for a 2,500 meters long canals to 
head up. From measurements made 
on various canals the seepage loss was 
estimated at 40 per cent. 

2. 	 Lack of permanent type (quaternary) 
canals to serve other areas far from 
the tertiary canals. Farmers have 
been required to make mutual agree-
ments for rights-of-way to supply 
water through primitive type 

temporary (seasonal) channels. 

3Spring3. 	 Lack of an efficient main drainage 
system. 

4. 	 Lack of farm irrigation and drainage 
systems. 

5. 	 Lack of land levelling desirable to 
irrigate uneven lands. 

6. 	 Farmers lack practical knowledge of 
good irrigation practices and methods. 
The wild flooding methods used are 

causing waste of water and loss of 
soil nutrients, damaging vegetation in 
low spots, and creating waterlogged 
areas. Crop production is reduced 

because high spots do not receive 
sufficient water. Damages to neigh

bouring fields by flooding and seepage 
has caused disputes and litigations. 

Waterlogging and Salinity 

Deep percolation due to poor irrigation 

applications and excessive seepage from earth 
canals in the absence of an

adequate drainage system has contributed 

greatly to the rising water-table. Records are 
available for certain areas showing that during 
irrigation season, the water-table is at about 
one meter from the surface, but after the 
ir. gation season ends it drops approximately 
two meters. 

The salinity problem becomes more serious 
each year as the salts from deep lr iers are 
brought to the surface by capillary L ion and 
the 	evaporation process. 

Present Agricultural Aspect 
Farmers, in general, are notoriously con

servative and slow to adopt now ideas and 
practices. They know very little about 
irrigated agriculture. Chemical fertilizers are 

not used and the importance of pest and 
insect control is not fully recognised. 
Although an adequate supply of irrigation 
water is available, summer fallowing is 
practiced, generally in accordance with the 
following system : 

1st 	year Winter wheat 75% of total area 

wheat 250'e S r fw 50%ofof totaltotal areaarea 
2nd year Summer fallow 50% of total area 

Melons 50% of total area 
3rd year: Winter wheat 75% of total area 

Spring wheat 25% of total area 

4th year: 	Melons 50% of total area 
Summer fallow 50% of total area 

Land Ownership Pattern 

There is a total number of 233 parcels 
belonging to 191 farmers in the project area. 
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The largest parcel is 7 hectares while the 
smallest is 0.08 hectares. The average size 
is 1.7 hectares. Farms averaging 1 to 2 
hectares comprise 40 per cent of the project 
area. The greatest number of parcels in the 
project area owned by a single farmer is five 
parcels. Parcels are generally irregular and of 
various forms. Many of the project farmers 
own other land located outside of the project 
area (Fig. 2). 

Sub-division as a result of inheritance is 
the main reason for land fragmentation on 
this project as well as other areas of Tlurkey. 
Most of the farms are small and production 
income is insufficient to provide a family of 
3 members with a decent living, 

Generally, the required cadastral survey of 
the project area has not been completed andthe majority of the farmers do not have title-
theds.majorit t of eqfaresd no havetite-
deeds. The litigation required for right-of-

way acquisition and settlement of disputes 
over indefinite boundary lines is becoming a 
serious hindrance to agricultural development, 
Undersized, and dispersed plots along with 
the legal problems and other structural 
deficiencies associated with inadequate canal, 
drain and road systems do not provide the 
means for an adequate income and fulltime 
employment to farm families, 

MEASURES AND PRACTICE FOR 

SOLVING PROBLEMS 


Planning and project preparation includ-
ing policy and procedure determinations 
extended over a two-year period. Project 
implementation of T-5 canal serving a total of 
131 Ha. was completed in 1961, while T-5, 
and T-7 canals serving 189 Ha. were com-
pleted in 1962. 

Thoperojetwasncarried rout sithoe 
cooperationbenefits 

Registry and Cadastral Survey Department, 
the Regional Office of DSI, the Cumra 
Regional Irrigation Experiment Station of 
TOPRAKSU and the Agricultural Extension 
Service. 

Water Requirement 
Water requirement of crops was estimated 

aey id e ormula according 
by using Blaney-Criddle formula, according 
to a crop rotation plan based on the recoi
mendation made by the Irrigation Experi
ment Station. Monthly and seasonal con
sumptive uses estimated by the Blaney-
Criddle method are shown in Table 1. 

Table 2 shows water requirements number 
of irrigations and irrigation frequency of 
certain crops in rotation. 

Land Consolidation 
The important role of land consolidation 

in the improvement of the agrarian structure 
in areas where holdings are excessively sub
divided and fragmented is well known and 
need andfr entio cenin its 
ne.d ofrhrepaaincnenn t 
agricultural, economic and social advantages.
Land consolidation will be of utmost benefit 
tohireonaswlasllTkyfrte 

a g fre ion l 8. a a. n verage 
average farm size in only 8.5 Ha7 and average 
number of plots per farming family is 7 on 

However, the land consolidation scheme 
implemented in this region, is not consolida
tion in the broad sense i.e. a comprehensive 
scheme of integrated reorganization of the 
whole region including road and water course 
construction, resettlement, demolition of old 
farms, reclamation and land improvement, 
but rather a pilot scheme aimed at the real
location of scattered plots without expanding 
the size of the individual farms, and provision 
for good irrigation without major construc
tion works. Enabling legislation is required 
to permit implementation of the integrated 
type of land consolidation. 

This scheme of small size which involves 
only a limited number of land owners has 
been accomplished under mutual agreements.It has served at a demonstration of the 

to be derived through land consolida
tenefits o ived the nd fonsali
tion and has pointed up the need for addi
tional legislation in this field. 

The first step was to accomplish the 
cadastral survey of the project area in 

321 



cooperation with the General Directorate of of land owners and make appropriate adjust-
Registry and Cadastral Survey. Ownership ments in accordance with such claims. All 
maps and the owners were determined to ownership disputes were settled legally by 
existing registers. The next step was to mutual agreements signed by the land 
publish the ownership situation, hear claims owners. 

TABLE 1. 

Cereals Melons Alfalfa S. beets 
f (k = 0.75). (k = 0.75) (k = 0.85) (k = 0.80) 

mm. mm. mm. mm. 

April 111.5 83.6 - 94.7 89.2 

May 152.9 114.6 114.6 130.0 122.3 

June 174.4 130.8 130.9 148.2 139.5 

July 190.0 95.0 142.5 161.5 152.0 

August 178.0 - 134.5 151.3 142.4 

September 131.5 - - 114.9 108.1 

October 101.6 - - 86.4 40.6 

Seasonal 
Total - 424.0 522.5 887.0 794.1 
mm. 

ob (1.8 f + 32)25.4 

TABLE 2. 

Crops Cereals Melons Alfalfa S. beets 

Seasonal consumptive use mm. 424.0 522.5 887.0 794.1 

Seasonal effective precipitation mm. 65.7 47.7 86.7 79.6 
Seasonal water deficit mm. 358.3 474.8 800.3 114.5 

Seasonal water requirement mm. 
(Ea = 0.70) 5112 678 1,143 1,021 

Irrigation frequency (days) 30 24 21 25 

Number of irrigations 3 3 6 5 

Daily peak consumptive use in the 
most critical month mm. 4.3 4.7 5.4 5.0 
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The land consolidation plan was carried 
out in consideration of a lay-out of quaternary 
canals according to topography and the follow-
ing essential points : 

1. 	 Consolidation of scattered and 
fragmented holdings of individual 
farmers, into a single tract of land 
located to the greatest extent possiblein the same area of his holdings held 
before consolidation 

befoe cnsoldatonin 

road system to serve2. 	 Provision for a 
evey tact1. 

every tract; 

3. 	 Alignment of all tract boundaries 
during the consolidation process to 
create rectangular shaped parcels ; 

4. 	 Regrouping parcels in consideration 
of a four per cent reduction acreage to 
cover land losses due to road and 
canal right-of-way requirements. 

Figure 3 shows the adjusted land pattern 
in the project area. During the consolidation 
process, scattered parcels belonging to one 
farmer, were re-grouped around the largest 
plot held by the owner, regardless of its land 
use class. No payment was made for the 
four per cent reduction in area required to 
provide roads and canals. 

A total of 233 parcels belonging to 191 
farmers were re-grouped into 191 larger, 
rectangular shaped tracts. The largest new 
parcel, after consolidation was 7 Ha. while the 
smallest is only 0.2 Ha. prior to consolidation 
while the greatest number of fragmented 
parcels held in one ownership was 5. 

The ownership pattern after land con-
solidation is as follows :nal 

Size of Parcel Ha. Number Percentage 
of parcels 

0.0- 0.5 23 12.0 

0.5- 1.0 60 26.2 

1.0- 2.0 65 34.1 
2.0- 3.0 36 18.8 
3.0- 5.0 12 6.3 
.0-10.0 5 2.6 

.... 
191 100.0 

After demarcation of boundaries, land 
registration was completed and title-deeds 
were given to owners, by the General Direc. 
torate of Registry and Cadastral Survey. 

Improvement and Enlargement of Irriga
tion System 

The following principles were taken into 
cserton during improvementconsideration drin theip remen andand 
enlargement of the existing irrigation system 

the project area: 
mproet of t1. 	

Improvement of the existing water 
control structures and canals in the 

project area ; 
2. 	 Construction of quaternary canals and 

related structures to supply water to 

new parcels created according to the 
consolidation plan ; 

3. 	 Construction of surface drainage 
system for waste water disposal ; 

4. 	 Construction of a suitable road 
system to serve each parcel. 

Deepening of main drainage outlet and 
concrete lining of the secondary canal through 
a distance of 12 kilometers was completed in 
cooperation with DSI. The daily peak con
sumptive use and a 70 per cent irrigation 
efficiency were considered in determining the 

capacity of canals. 
All tertiary and quaternary canals were 

constructed with side slopes of 1/1 and lined 
with concrete 0.08 to 0.10 m. thick. A pro
per Parshall flume was provided at the be
ginning of each canal. A total of 4,740 meters 
of tertiary canal (5, 6, 7) was constructed to 
improve the irrigation system.

Figure 4 shows the quaternary and additio
tertiary (8, 9, 10j for enlargement of the 

existing irrigation system to supply water to 

all new parcels in the project area. The total 

length of concrete lined quaternary and new 

tertiary canals, the design flow capacities of 

which vary between 14 to 90 liters per sec. is 

10,040 meters. A total of 98 wooden head 
gates and 23 water distribution boxes were 
constructed in the canals to provide delivery 
of water to the parcels in addition to 21 
siphons built for road crossings. 
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Surface drainage canals which are parallel 
to the service roads discharge into the main 
drainage canal. Service roads, constructed 
five meters wide, totalled 22 kilometers in 
length. 

Farm Irrigation SystemFar IrigtinSstm 

Land levelling was carried out on all par-

cels without regard to boundaries. Each par

cel was levelled to provide gravity irrigation 
based on a proper land gradient. 

Tractor drawn scrapers were used for land 

levelling. At a rate of 0.3 Ha/day for heavy 
levelling and 0.6 Ha/day for medium levelling, 
the average cost for land levelling was 100 
dollars per hectare. 

wasBoundary demarcation of new parcels 
completed with fixed cornerstones after land 

levelling. Farm plans were prepared for each 

farm and assistance rendered in 'establishment 
of the farm irrigation and drainage systems. 
A total of 31.5 kilometers of farm irrigation 
canal and 35.5 kilometers of surface drainage 
canal were constructed in accordance with 
the farm plans. 

were planted
Wild olives (Russian olive) 

on the boundaries of parcels to control wind 
erosion in the project area. In addition, the 
rotation system for winter-summer-winter 
crops was planned to provide crop strips laid 
out perpendicular to the prevailing wind 
direction. To promote application of rotation 
systems, farmers were given the seeds and 

year opera-fertilizers necessary for the first 
tion. As an on-the-job training measure, 
project farmers were given preference in 
employment as labourers during construction 
and implementation of the project. 

ECONOMIC ANALYSIS OF THE 
PROJECT 

Future Agricultural Aspect 
A five-year crop rotation system was 

recommended for the project area and 
summer fallow is completely eliminated. 
Irrigated pasture was recommended for the 
lands of capability classes VI and VII. 

To minimize wind erosion damages dur
ing the implementation of the crop rotation 
system in the area, each parcel served by the 
tertiary canals was subdivided into 5 contour 
strip blocks. The following crop rotation 
was recommended and will be carried out: 
_-% First Second Third Fourth Fifth 

' year year year year year 

1 Cereals Melons Alfalfa Alfalfa S. beets 
2 Melons Alfalfa Alfalfa S. beets Cereals 

3 Alfalfa Alfalfa S. beets Cereals Melons 
4 Alfalfa Cereals Cereals Melons Alfalfa 
5 5. beets Cereals Melons Alfalfa Alfalfa 

The cropping pattern provides a distribu

tion of 20 per cent cereals, 20 per cent 
melons, 40 per cent alfalfa and 20 per cent 
sugar beets. 

Increased Yield and Net Income 

Income estimated based on the rotation 
applied before and after the project imple
mentation, cultivated area, yields obtained, 
cost of production, selling prices were con
sidered in the economic analysis of the pre
pared project. 

Before After 
Gross annual income 
per Ha. 878 TL. 2,056 TL. 

Gross annual income 
in the project area 263,543 TL. 616,876 TL. 

Net annual income 
per Ha. 405 TL. 1,273 TL. 

Net annual income 
in the project area 121,510 TL. 381,857 TL. 

The income increases based on the pre
ceding data follow : 

Gross annual income increase/Ha. 1,178 TL. 
Gross annual income increase 

total project area 353,333 TL. 
Net annual income increase/Ha. 868 TL. 

Net annual income increase total 
project area 260,155 TL. 
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Cost of the Project 
The costs involved in the implementationof the project follow i 

Service road and permanent 
irrigation and water con
trol structures 306,000 TL. 

Land levellin g 	 33 1,000 TL . 
Farm irrigation and drai-
nage system 	 36,000 TL. 

Wind break 	 9,480 TL. 

Investigation, planning, 
project design, control-
ling 	and other costs 102,750 TL. 

Total cost 785,2:10 TL. 

Cost of project per hectare 2,617 TL. 
The annual cost of the project is : 59,677 TL. 

which is obtained by applying a coeffi-
cient of 0.076 to the total cost. The coeffi-
cient is obtained in consideration of the 
following factors 

I. 	 Annual interest rate 5 per cent 
2. 	 Amortization period 50 years 
3. 	 Replacement period 25 years 
4. 	 Replacement rate 10 per cent 
5. 	 Annual operation 

and maintenance 2 per cent 
(0.05 +- 0.006 d- 0.02 0.076) 

Economic analysis 

(a) 	 The Output--Capital Ratio-This 
ratio was obtained by dividing the 
total annual net increased benefits of 
the project by investment for the 
project: 
1. 	 Based on expected results : 

260,155 
785,230 = 0.33 

2. 	 Based on the first year cropping: 
177,000
785,230 = 0.22 

This ratio indicate that the total cost 
of the project can be recovered within 
three to five years. 

(b) 	 The Benefit-Cost Ratio. This 
ratio was obtained by dividing the
total annual net increased benefit of 

the project by the total annual cost. 
I. 	 Based on expected results 

260,155 
2.	 Based o.4 

2. 	 Based on the first year cropping 
177,000 

59,677 

The resulting ratio of benefit to cost are 
3 to 4.4 which as a measure of economic 
feasibility, shows that che project is economi

caIly justified. 

Evaluation of the project based on the 
first year cropping. 

Project implementation was first started on 
the area served by Tertiary 5 on August 1961 
and completed on May 1962. Yield increases
and 	income were calculated on the basis of
the first year experience following the imple

mentation of the project. 
Where heavy levelling was carried out a 

total amount of 30 tons of manure was applied 
per hectare, while 300 kg. per hectare of 
ammonium sulphate (21 per cent N) and 560 
kg. per hectare superphosphate (16 to 18 per
cent P20 5 ) were applied to all cropfields. Thetotal area was Grahamploughed to maintain 

land levelling and all fields sown to winter 
wheat. The land preparation work was cornpleted late in May which precluded planting 
of the crops recommended in the rotation 
plan. 

Three 	 irrigations were applied. A net 
amount of 113 mm. of water was applied to 
the field each irrigation. It was estimated, on 
the basis of measurement made at the main 
head gate, that the total of 1519 mm. of water 
was applied during 6-day period required to 
irrigate the entire area. 

It took only 10 hours to irrigate one hect
are after project implementation, compared 
to 40 hours before implementation. 
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Yields and costs involved determined 
locally, before and after project implementa-
tion are shown below : 

Length of stem 80-100 130-160 
Number of heads/m 2 280-350 470-700 

Grain yield 1,400 Kg. 2,500 Kg. 
Straw yield/Ha. 2,500 Kg. 5,000 Kg. 
Gross annual income 
per Ha. 

Prices : 
1,300 TL. 

Grain 0.75 TL./Kg.
i SGrain0.5TL./Kg. 

2,375 TL. 

Straw 0.10 TL./Kg. 
Production cost/Ha. 230 TL. 715 TL. 

Net annual income/Ha. 1,070 TL. 1,660 TL. 

The following figures are based on the 
total cultivated area of 300 Ha. 

Gross annual income increase/Ha. 1,075 TL. 
Net annual income increase/Ha. 590 TL. 

Gross annual income increase in 
the project area 322,500 TL. 

Net annual income increase in 
the project area 177,000 TL. 

One of the main objectives of this project 
was to demonstrate effectiveness of land con
solidation in programmes for land develop
ment an areas composed of small irregular 
tracts. In this respect, it has been most 
successful. 

Administrators and technicians associated 
with the project have become cognizant ofthe many benefits resulting through adjust. 
ment of farm and field boundaries to fit exis
ting to topography, i.e., reduced costs for 
levelling and farm ditch and drain construc
tion and, more important, the establishment
of condition which permit efficient application 
and control of irrigation water. The many 
problems that arose during the time consum
ing negotiation with land-owners in correc
tion with farm boundary adjustments and 
acquisition of right-of-way indicated the need 
for new legislation to enable this phase of 
development to proceed in an expeditious 
manner. The knowledge gained in carrying 

out this project, especially in the field of land 
consolidation has been invaluable to the 
officials responsible for drafting the proposed
land reform law which was submitted to the 
Turkish Grand National Assembly during the 
current session. 
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DETERMINATION OF COMMAND AREA OF OUTLETS BASED
 
ON SUPPLY, TIME AVAILABLE AND DEVELOPMENT
 

OF CROPPING SYSTEMS BY INDIA
 

PART I
 

CRITERIA FOR FIXING OUTLETS AND THEIR COMMANDS
 
OF PERENNIAL IRRIGATION SYSTEMS IN
 

NORTHERN INDIA
 

by
 

Baleshwcr Nath*
 

SYNOPSIS 	 operation, an outlet forms the dividing line 
between the State control and that of the

The paper outlines the practices followed beneficiaries themselves on irrigation 

in northern supplies. 
on perennial irrigation systems 

fixing outlets and their commands.
India for 
It shows the limitations of the different sys- It is of crucial importance how the 

tems and elaborates how ventage tables are ventages and commands of outlets are fixed, 
laid down in Uttar Pradesh for outlets of how their irrigating potentialities are deter
different sizes in relation to regulation of mined and how they are correlated with 
channels running on a roster-basis for a cropping system actually practised in their 
limited number of days during irrigating commanded area or advocated for different 
seasons. agricultural tracts. 

The paper also brings out how the existing Criteria and standards in this respect vary 
criterion is governed by an over-all broad- considerably from area to area and from 
based experience, and how its application is region to region, depending upon a large 
extended even to State tubewells irrigating number of governing factors, more important 
units, of which are : 

Steps to be taken for improving outlets I. Natural Factors 
factors have been indicated in the paper, 
which lays stress more on observance of a a o hl fmatrso 
water users etiquette than on imposition of dual outlet commands. 
rules and regulations through legislation or b. Soil characteristics of commanded 
administrative orders. areas. 

The outlet is a term used to designate the c. State of sub.soil drainage includ

work which passes water from an irrigation ing groundwater-table behaviour. 

canal to water-courses or field channels. d. Climatic conditions including 
From the point of view of practical field rainfall pattern. 

* Member, Minor Irrigation Team Committee on Plan Projects, Planning Commission, Government of India. 
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II. 	 Agronomic Considerations. 

b. 	 Length of growing periods of 
different crops. 

c. 	 Time and frequency of tilling and 
watering, 

II. Irrigational aspects 

a. 	 Availability of supplies along 
with their qualitative and quanti
tative distribution across the year. 

b. 	 Critical watering periods of 
different crops. 

c. 	 Keenness of cultivators to irrigate 
their fields. 

d. 	 Mode of applying water, 

IV. Institutional Factors 

a. 	 Roster of channel running, 
b. 	 Water rate structure. 

c. 	 Methods of assessment and distri
bution of water including Wara-
bandis and Osrabandis and 
imposition of punitive rates for 
misuse of supplies. 

Delineation of Commands 

For demarcating commands on individual 
outlets, a contour map of the area to be served 
by the canal is the first requisite. Before 
individual outlets can be delineated, the 
position of distributory channels, subsidiary 
drainages, village boundaries and roads are 
marked out. Maps are prepared either on a 
scale of 4 inches to a mile as in the Punjab or16 inches to a mile as in Uttar Pradesh. 

Limits of individual outlets commands 
then become more or less self-evident from 
natural local drainage system, which roughly 
indicate ridges and depressions. These are 
sometimes subjected to further limitations on 
account of political (administrative) and 
other operational, technical or even non-
technical considerations. 

From the gross commanded areas of 

individual outlets so determined, dedl 'ions 
are made for such areas as are unculturable 
waste or lie on high contours, tanks and low 
depressions, habitation and hamlets, village 
tracks, roads and pathways, areas already 
protected with wells and tanks, areas with 
very high ground water-table and such other 
land blocks, as cannot be brought under the 
plough. 

Culturable Commanded Area (C.C.A.) 

The resulting figure is culturable com
manded area of the outlet, commonly called 
as C.C.A. This is further divided into two 
parts, viz., flow and lift. 

But, physical considerations outlined above 
do not alone decide the position and ventage 
of an outlet. Actual areas to be irrigated and 
crops to be catered for are of equal .impor

tance, if not more, in this connection. 
Practices on that account vary considerablyfo eint einfrom region to region. 

Departmental experience on open canals 
in 	 the Punjab indicates that minimum inten
sity of irrigation should not be less than 40 
per cent of the C.C.A. If, however, supplies 
on any project are likely to fall short so as not 
to 	 suffice for such proportion, irrigation 

limits could be contracted. In other words, 
the scope of project could be reduced. There 
is, therefore, to be a compromise between 
dispersal of benefits of irrigation over the 
project service area and keeping up percent
age level of intensity of irrigation in the area 
commanded by individual outlets. 

Where, however, a high percentage ofirrigation intensity is likely to cause water
logging, as has happened in many irrigation 
tracts in the Punjab, limitation has to be 
imposed on location and size of outlets, so as 
to restrict the area irrigated season after 
season. 

Where, however, supplies are ample and 
there is no fear of waterlogging, intensity of 
irrigation could be increased to the mutual 
benefit of irrigators and the State. 
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Controlling Factors 

Before actual outletting of any scheme can 
be designed, it is necessary to accept one or 
other season, viz., kharif or rabi as the 
controlling factor in determining water 
allowances for individual outlets and even
tually for channels. In other words, channels 
in their design concept have either to be 
kharif channels or rabi channels. 

In northern India most of the rivers from 
which major irrigation schemes off-take are 
snow-fed, these rivers during hot weather due 
to melting of snow. Demand for water is 
also keenest and irrigation can be done very
profitably at that time, as canals can be run to 
their full authorised discharge. Where, 
kharif crops need extensive irrigation, kharif, 
season becomes the controlling factor. 

Actual performance or experience on 
irrigation systems in the areas or adjoining 
areas leads to an estimate of kharif 'full-supply
factor' i.e. F.S.F. at outlet. This factor 
means the average acreage to be irrigated by 
one cusec of outlet capacity. For example, 
on two important irrigation systems in the
Punjab this factor is taken as : 

i. Western Yamuna Canal 75 to 115 
ii. Sirhind Canal 80 

Working out from this the full supply 
factor at channel head and taking into consi-
deration the C.C.A., kharif intensities can be 
calculated. In the case of two systems

mentioned above kharif intensity for perennial 

areas works out in the neighbourhood 16per cent. of 

From these factors, outlet capacity i.e. 
water allowance per 1,009 areas of C.C.A. can 
be determined as shown below : 

1000 1 
D 100 

where D is the kharif full supply factor 
I is the kharif intensity 

where outletting is done on consideration 
of kharif, rabi season is let to develop as it 

may. But, criteria in these respects are 
modified to correspond with the economic
development of the tracts. Sometimes large
scale remodelling of outletting and even of 
channels has to be carried out to meet the 
changing socio-economic conditions. 

In Uttar Pradesh, where rainfall is general
ly heavier than in the Punjab, kharif-rabi 
ratio is more in favour of rabi irrigation.
Percentage of canal irrigation to culturable
commanded areas in some divisions of Upper 
Ganga Canal worked out to
 

Rabi 'XJ
 
Sugarcane 12
 
Rabi plus sugarcane 4/)'
 

40
 
Other Kharif 17%/o
 
Annual total irrigation. 63',
 

This percentage is undergoing a change
because of increaising sugarcane areas. On 
that account some channels needed to be 
remodelled to function as kharif channels 
instead of rabi channels as originally desig
ned. 

While crop ratio between kharif and rabi 
on Western Yamuna Canal in the Punjab
works out to about 1 :1 ; that for Kanpur 
District, in Central Uttar Pradesh, is 1: 2 
Rabi season is therefore, generally thecontrolling season in Uttar Pradesh. The 
percentage of culturable commanded area is 
based on experiences gained on old systems. 

Critical Watering Period 

River supply in rabi season generally fallsabruptly after the monsoon season. Channels 
cannot be run either constantly or even alterna
tively. Supply of irrigation water to different 
canals, distributories and minors has, there
fore, to be determined mostly on the basis 
of the so-called critical watering period. 

In the western districts of Ganga Canal in 
the absence of winter rain, wheat would be 
watered every 40 days, sugarcane every 21 
days. The first watering of wheat, which is 
commonly called 'Kor' is needed shortly after 
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germination and is or :iarily completed with-
in 5 to 6 weeks, us- -- between the middle 
of November and the end of December. 
This requirement has an important bearing on 
the design of outletting system on open canals. 
If, however, the monsoon season continues 
late, this period is shifted by a fortnight or so, 
i.e. from 1st December to about loth January. 

Experience on old Ganga Canal showed 
that while rabi irrigation extended over a 
period of 140 days or 20 weeks only, smaller 
channels were run for 70 days, i.e., 10 weeks, 
longer channels actually designed for alter
nate running had to be kept running for 84 
days, i.e., 12 weeks, so that the minors taking 
off from them could be fed with sufficient 
water. Some alternative channels actually ran 
for 90 days, while some channels intended to 
be run constant could run for 112 days only. 

A Rationalised Approach 

On the Sarda Canal System in Uttar 
Pradesh, which was built between 1921 and 
1928, a rationalised criterian was developed 
for fixing outlet ventages. This was not 
applied rigorously, but generally. Assuming 
a depth of (1.885 ft. required for maturing rabi 
crops including waterings needed for sugar
cane areas 'outlet factors' were assumed 
corresponding to the number of running days 
of channels given below: 

No. of Outlet 

How run runningdays in
Rabi .. bi 

factori.e. acres/ 
cusec 

Constant 140 300 
4 weeks in 5 weeks 112 250 
2 weeks in :3weeks 91 200 
3 weeks in 5 weeks 84 190 
I week in 2 weeks 70 160 
112 days channels 56 125 

Ventage Tables 
Actual outlet sizes were worked out from 

the ventages table outlined for ordinary 
metal or reinforced concrete pipes of com-
mercial sizes fixed with their central axis 1.5 
ft. below full supply level of the channel or 
at bed level, if water depth was less. On 
main canals, however, where fluctuations in 

water level are faced'frequently, outlets were 
fixed generally 2 ft. belowv rabi full supply 
level, ventage table adopted is given in 
Table I. 

To start with, however, 80 per cent yen
tages were allowed on new channels. When, 
on development of irrigation the ventages 
proved to be insufficient they could be 

increased. Corresponding to 80 per cent is 
depicted in Table 2. 
Special Cases 

Where rice areas exist outlets therefore 

Fasli basis i.e. for the season only. They are 
not used during the rabi season, when supp
lies in canals are hardly sufficient to cope with 
the demand. Sometimes special outlets are 
required for specific seasonal blocks of crops 
like sugarcane. 

Criteria outlined above are based on over

all broadbased field experience. On close 
field level examination of soil types consider
able improvements are possible. Agricultural 
Extension Services now coming into action 
can take up such examinations with great 
advantage. 

State Tubewell Commands 
Extensive State tubewells commands have 

been fixed on the analogy of open canal outlet 
commands reckoning 1,000 acres for Hr 
cusecs. Intensities of irrigation have mostly 
been assumed on the same basis. But, Statetubewells afford a distinct field for practising 
intensive pattern of irrigated agriculture, as 

supplies from tubewells are firm and peren
nial and there is no fear of waterlogging.
A revision of policy in this respect is 

urgently needed. 
Though Punjab and Uttar Pradesh are 

contiguous States and have major irrigation 
scheme-, off-taking from perennial rivers, 
there still exists considerable variation in 
practices with regard to fixing of ventages. 
Part of this difference is inescapable because 
of variation in rainfall patterns of the two 
areas. But, there are many features of which 
a rationalised uniform approach could be 
adopted. 
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TABLE I 

Area of rabi plus sugarcane in acres for 
running days of channel of 

Ventage allotted 70 84 or 91, 3 in 112 140 Remarks 
(inches diameter) alternate 5, 2 in 3* 4 in 5 constant 

under acres under acres under acres under acres 

3 inches 25 30 40 45 

4J inches 40 50 65 75 100 per cent 

5 inches 60 75 95 110 ventage 

6 inches 85 105 135 150 table. 

6 inches X 4Jinches 125 155 200 225 

2 inches x 6 inches 175 220 280 300 

* Nominal roster. 

TABLE 2 

Area of rabi plus sugarcane in acres for 
running days of channel of 

Ventage allotted 70 84 to 91, 3 in 112 140 Remarks 
(inches diameter) alternate 5, 2 in 3* 4 in 5 constant 

under acres under acres under acres under acres 

3 inches 31 38 50 56 80 per cent 

4 inches 50 63 81 94 ventage 

5 inches 75 94 119 138 table 

6 inches 106 131 169 188
 

6 inches X 4{,inches 156 194 250 281 

2inches X 6 inches 219 275 350 375 

* Nominal roster. 

Another important factor which hinders serve them. Rectangulation has been done 
fixing of outlets on a rationalised optimum in most of the Punjab. Consolidation being
utilisation basis is the size of holdings in done in many other areas is not adequately 
most of the irrigated areas. Sizes being orientated to take care of this important 
irregular and small, considerable wastage of aspect of irrigated agriculture. 
water occurs in providing field channels to 
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Improving Outlet Factor 

Levelling of fields is, by and large, not 
attempted in a scientific manner. This fore-
stalls the very purpose of economising on out-
let supplies which are otherwise fixed after 
considerable thought and calculation. Outlet 

improved if levelling of fields 
factors can be 

is done and wastage of water reduced at field 
level in all other respects too. 

There exists consciousness on the part of 

Irrigation Engineers in fixing up outlets, 

their commands and their ventages on the 
o aras 

basis of requirements of the areas served, 
but there is no equal degree of consciousness 
on the part of irrigators to economise irriga-

bass o reuirmensth ervd, 

tion supplies and use water on an economic 

basis. Imposition of punitive rates, Wara-

andis and Osrabandisbands ad do haveave a chastisingOrabadisdo chstiing 

effect. What is required at present is strict 

control on the use of irrigation supplies so 
that no water is wasted through uneven 
fields and ill-kept water channels. 

Where surface water channels lead to 

evaporation and percolation,wastage through 
it may seem prudent to adopt sub-surface dis-
tribution using polythene or other cheap type 
of pipes. This is a measure which has to be 
examined in respect to its economic and finan-
cial implications as indigenous production of 
cheap pipe is very limited at present. 

Considerable difference of opinion exists 
between Irrigation Engineers on the question 
of splitting up of outlets. Some Irrigation 
Engineers have felt that outlets should not 
be given so as to deliver a friction of a cusec, 
others feel that small outlets should be used. 
There are merits and demerits in both the 
view points. A mean has to be struck 
between the two concepts so as to enable the 
best use of supplies available. Some actual 
field research may yield helpful criteria in 
this respect. 

While flow irrigation is a very easy process 
of applying water to the crops, it leads to 
over-irrigation generally. In many areas 

waterlogging conditions have appeared be
cause of over-irrigation, season after season. 
A light lift is considered preferable by many 
Irrigation Engineers from a water economy 
point of view. In fact, where manual lift is 
allowed for irrigation from open canal, water 
rates are only half those for flow irrigation. 

Water Users Etiquette 

What is required is to revise the existingcd fpatc fwtruiiainfo 
our outle t ith te app li ation o 

our outlets with the application of new 
techniques of water distribution and field 
water management. The existing rules and 
regulations with regard to irrigation supplies 
need to be amended so as to invoke a sense 
ofcpeaiersnibltfrefrem t 
of cooperative responsibility for enforcement 

of water users etiquette among the users instead of punitive rates now in vogue. 

It is also essential to devise ways and 
means to tone up the moral fibre of the users 
so as to enable them to appreciate the moral 
responsibility with regard to proper andeconomic use of wvater. 

Users also need to be made familiar with 
the latest agronomic practices so as to enable 
them to apply only necessary quantity 
of water and to plan the rotation of crops to 
yield maximum agricultural production from 
the supplies available. 

Our outlets will continue to be fixed on 
a liberal basis so long as the end-use-set up 
of irrigation supplies is not efficient. It is 
therefore, necessary to provide a sound 
socio-economic basis for coordinating aspects 
of irrigated agriculture into a well planned 
development programme. A practical field 
demonstration approach will go a long way 
to achieve the desired results. 

Outletting on irrigation canals is not a 
theoretical problem. It is a subject in which 
many disciplines come into operation. 
These are problems of rural India. They 
cannot be tackled merely through academic 
or legislative approaches. 
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PART II 

DETERMINATION OF COMMAND AREA OF OUTLETS 

by 

S. S. Lamba and 

SYNOPSIS 

the irrigation supply system to the water 

courses (field channels). These are located at 

the boundary of the irrigation supply system 

at which the State's responsibility for supply 

of water ceases and that of the cultivator 

begins. 


The purpose of this note is to bring out 

in a general way the object of providing out
lets, methods of determining their capacitieslet,deerinigmthos teircapciteso 

in consideration of area command, the crop. 

ping pattern proposed, water requirements of 
various crops proposed and water supply 
periods, and different types of devices ingeneral use in India. 

The command is extent of land to be 
served by an outlet. In fixing the outlet com-

mand, considerations of gross command area, 
culturable command area and the irrigible 
area based on the intensity of irrigation 
admissible, are taken into account. The design 
criteria are briefly dealt with under the im
portant factors like (i) natural factors, (ii) 
agronomy considerations, (iii) Irrigational 
aspects and (iv) institutional factors. The 
water requirements of crops which determine 
the discharge required are dealt with at some 
length. 

In the design of the outlets, the prevailing 
systems of irrigation in Northern India and 
the Deccan are briefly dealt with. The essen-

A. N. Murthy* 

tial difference is that while in Punjab water 
is supplied on the basis of a fixed water allow
ance and the farmer is free to grow any crop 
he considers most profitable, in the Deccan 
there are two seasonal blocks and sugarcane 
blocks to which supply of water is agreed 
upon, depending on the types of crops to be 
grown, for terms of about 6 years at the end 
of which they are to be renewed. 

The different types of outlets, classified 

lar, common are with 

The detailso de are not ste . 

The details of design are not presented. 

in oruseSemi-Modulardealt and Modu-briefly.as Non-Modular 

Water requirements 

The work on water requirements of crops 
was started as early as 1850 but the term was 
actually defined by Hellriegal, who conducted 
investigations in pots in Systematicc u 

investigations were undertaken in the first 
decade of the century, simultaneously, in the 
great plains in the U.S.A. and the Indo-
Gangetic Plain of India. 

Initial investigations were conducted in 
pots, but it was soon realised that the informa
tion thus made available was not, in toto, 
applicable to field conditions and thereafter 
the investigators resorted to investigations 
conducted in the field. 

The water requirements of crops vary 
widely with the crops. The water require
ment, usually expressed in acre-inches per 

* Director and Deputy Director, respectively, W.I.N. Directorate, Ministry of Irrigation and Power, New Delhi. 
Editor's Note : The introductory portion of this paper is essentially a restatement of the first 6 paragraphs of the 

preceding one so it has been omitted. 
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acre, varies for different crops in the same 
area depending on the duration of crop 
growth, the size of the plant and the degree 
of wetness of the soil required to mature the 
crop. 

Critical periods 

For prope~r appreciation of discussion on 
water requirements, it is necessary to know 
abouet tes an grow. Th lndifferent stages of a growing plant area areg 

(a) 	 The formative stage or early stage of 
growth, 

Ib) 	 The grand growth stage or period of 
rapid growth. 

(c) 	 The differentiation stage or flower 
and fruit setting period, and 

(d) 	 The maturation stage or period of 
ripenin g. 

The growth of a plant plotted against time 
is represents a sigmoid curve as shown in 
Fig. 1. 

100 
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FIG. . S-SHAPED CURVE OF SUGARCANE CROP 

The 	points of inflection and deflection of 
the curve indicate the critical periods during 
the life of a plant, because any stress of soil-
moisture or shortage of water in the soil ad-
versely affects crop yield. Shortage of water 
during the grand growth period reduces the 
size 	 of the crop, the plants remain stunted 

and in some crops the tiller mortality is very 
high. For most crops, an irrigation at this 
stage keeps up the tempo of growth and 
normal development ensures. 

The stage at which the curve indicates 
decline is critical because here flower, fruit 
and seed formation sets in. Stress of soil-mois

ture at this stage results in poor size of fruit 
or seed and consequent poorer size of harvest. 
Keepingeseta:o up the soil-moisturepoe atu-unothis stage isetn 	 hessential for getting proper o~t-turn of the 

crop. 

The moisture in the soil is critical when 
the soil fails to give up sufficient water to the 
plant, and this stage of soil-moisture is called 

the wilting percentage. Thus, between the 
point the soil is fully wet and the point of 
wilting percentage is the range of available 
soil-moisture that meets the requirements of 
crops. Most crops require adequate water 
supply within the first nine inches of soil and 
as such it is essential to keep the surface 
layers of the soil always sufficiently moist*. 

For some crops, however, it is essential 
to provide a short period of stress which 
enables the plant to develop an extensive 
root 	system. For instance, in the case of 
cotton. it is essential to allow top soil to dryup for a while after a good initial start so that 

it extends its root system deep down and if 
after this stage--say after 40 days, the soil is 
irrigated, the crop develops in a normal 

anra n . 

Sim ilarly, in the case of sugarcane, a sim i
lar stress at the maturation stage is helpfulin 	 the accumulation of sugar in the plant, 

therefore immediately after monsoon, irriga
tion at long intervels is desirable. 

Some important Indian crops and their 
water requirements are given in Appendix I. 
Appendix II gives the sowing and harvesting 
seasons of principal crops in different States 
in India. 

Roots zones normally extend much deeper than 9 
inches. I do not understand the reference to "the 
first nine inches". Editor. 
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CROPPING PATTERN 

Besides the water requirements of different 

crops, the other factor affecting the dis
charges is the cropping pattern adopted. 
This depends on the existing crop pattern, 
suitability of soil conditions for proposed new 
cropping pattern, the response of the villagers 
and the economic conditions for betterment 
of the people in the area of command. Be-
sides these, the cropping has an important 
relation to the irrigation supply. 

It is of paramount importance to fit the 
crops in the cropping schemc s(,that the 
maximum requirements of water do not 
clash with one another ; otheiwise either the 
carrier channels will be of uneconomic design 
or water will not be available as required and 
one or more crops will suffer from shortage of 
water in the soil. Peak demand and compara
tive duration of water needs are important. 
Tnese are shown graphically for different 
crops as observed at Delhi in Fig. 2 

The suggestions on cropping scheme in 
relation to irrigation supply as stiugested in 
the Indian Council of Agricultural Research's 
Research Series No. 28 are 

"Since the demands and the peak requirc
ments vary, we have to fix rotation of 
crops accordingly. During the summer 
months of April-June, minimum area 
should be put under short duration crops of 
which the peak water requirements corres
pond with the peak of the monsoon rains. 
This should be from the last week of 
July to second week of September. 
These crops have low requirements after 
September. The important crops which 
have such a character arc jowar, maize, 
cotton, groundnut, 111Un1g. urid, COwDeas 
and sannhemp. In assured rainfall areas 
(precipitation above 30") these are the 
principal crops grown, except in very 
claycy soils of Madhya Pradesh in 
Narbada Valley region which are difficult 
to work in the rainy season. There wheat, 
linseed and gram are grown. The general 
sequence of cropping of such areas is 

jowar-groundnut.cotton. Here the rainfall 
does not exceed 40 inches per annum". 

'5
 

4
 

s 
2 

I WHEAT 
. 

0 

Z L .CJAN Fr. MAIH APRiL. 

'51 
[ 

3
 
2 

- TOBACCO 

FEr xc AP.IL ,, 

PTTO 
-

o.DI,; JAN VE PS ,HACH 

7 

5 

MAY 'UL JULY AUG sirr ocT Nov o( jAM FLP 

8
 

/
 
/ SUGARCAN_ 

MAR APR MAI JUNE JULV AUG SEPT OL'r NOv DEC 

WATER Usr RkTts,iINemrs. 

FIG. 2 

"In irrigated areas, it is customary to 
crop more area in the winter when tern
peratures are low than in the summer. 
Crop requirements are spread over a 
longer interval and water can be equitably 
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distributed over a larger area. In the 
north-western irrigated areas and the 
Indus Basin Plains, the general sequence 
of cropping consists of wheat-sarson or 
toria-cotton-gram. This area is corn-
paratively more dry than other areas of the 
country. In holdings where water supply 
is more restricted, gram may be mixed 
with wheat. In areas commanded by per-
colation wells, th'c sequence of cropping 
varies and may be represented as follows 

wheat-cotton.senji-maize 
jowar (fodder)-senj i-sugarcanev-wheat" 

"Several variations are made in these 
established sequences, dependent upon 
labour supply, manurial resources, capital 
availability, etc". 


"In the northern Gangetic Plains, 

cotton is largely replaced by sugarcane 

and peas by gram in the irrigated sections. 

The sequence of cropping thus is wheat-

sarson-sugarcane-peas. There are several 
variations of this sequence adopted by 
farmers of this tract. On the same land, 
sugarcane is often rationed for one or 
more seasons. The intervening fallows 
are used for sannhemp green manure or 
for fibre or kharif pulses". 

of West Bengal,"In coastal areas 

Orissa, Andhra Pradesh, Madras and 
Kerala, two successive crops of paddy are 
taken, for the water requirements of both 
the crops are met by south-west" and 
north-east monsoon rains. The second 
crop of paddy does require some supple-
mental irrigation to mature the crop. In 
the uplands, the farmers take red gram, 
black gram or horse gram and gingelli as 
alternative crops to the second crop of 
rice." 

"Thus, we see that water requirements 

of crops, particularly from the points of 

view of peak requirements and compara-
tive duration of the water needs are 
important considerations in adopting a 
sequence of cropping and the area put 

under crops in the holding. With rain
fall exceeding 55 inches, with irrigation or 
rains from the north-east monsoon, the 
intensity of cropping is about 200 per cent. 
It falls off as the rainfall decreases and 
may be as low as 50 per cent where rain
fall is below 20 inches, without protective 
irrigation. Secondly, the crops of high 
water needs are commonly fitted in the 
areas of about 30 inches rainfall together 
with irrigation. Even up to rainfall of 
45 inches, some 'rabi' crops of low water 
requirements are included in cropping 
programmes of farmers". 

DESIGN OF OUTLETS 
Command and discharge. The crop 

pattern, crop rotation and water requirements 

being determined the discharge requirement 

for the irrigation of a particular crop after 

lhe area contemplated is arrived at and thus 

the discharge for which the outlet is to be 

designed is also determined. 

Full supply factor. In the design of out
lets, whether 'kharif' or "rabi' the control
ling factor has to be decided. Where 'kharif' 
crop requires extensive irrigation, 'kharif' 
it controls. In U.P., where the rainfall is 
heavier than in the Punjab, 'kharif'-'rabi' 
ratio is more in favour of "rabi' and hence it 

controls. 

The percentage of cultivable commanded 
area to be supplied with water is determined, 
based on experience in the area or neighbour
ing ones. Thereafter, the full supply factor 
(F.S.F. at outlet) is estimated, based on ex

perience. It is the average acreage to be 
irrigated by one cusec of outlet capacity. It 
is also the average water allowance on the 
basis of commanded culturable area. This 
factor and the culturable commanded area to 
be served being known the discharge required 
to be passed through the outlet is determined. 

The same method of determining the dis

charge capacity of the canal has also been in 
practice in the Deccan for a long time. In 
the Nira Right Bank Canal (which was near
ing completion in 1926) the distributaries and 
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outlets were designed accurately to the crops 
likely to be grown. 

Outlet capacities. The system adopted 
in design of outlets for the Nira Right Bank 
Canal (Bombay-Deccan) is explained below 
as an example : 

For the perennial section the assumption 
that a concentration of 100 per cent of crops 
must be allowed for, and that those crops, for 
which the land was suitable (based on the soil 
classification of the Special Irrigation Division) 
would be grown. For cane, the "capacity 
coefficient" of the channel was taken as 50 
(i. e. the distributary head duty generally 
assumed for cane) whereas for other crops the 
"capacity coefficient" was assumed as 100. 
This was based on past experience, 

Practice in Northern India. In Northern 
India, the principle followed is that the avail-
able supplies should be distributed to each 
outlet in proportion to the area of culturable 
land commanded, and it is left to each culti-
vator to irrigate with his share of the outlet 
supply whatever area he considers will bring 
him maximum profit. So far as this is 
possible, the water is distributed on a time-
basis in proportion to the various cultivators 
holdings, the assumption made being that the 
supply drawn off by an outlet will be constant 
for the period of flow. The system followed, 
therefore, for this and other reasons is to run 
the distributaries with full supply (or keep 
them closed) and to distribute the water pro-
portionately by using semi-modular outlets, 

sufficiently towhichsmall fluctuations.are elastic dispose of 

Practice in the Deccan. While in the 
Punjab water is supplied on the basis of a 
fixed water allowance and the farmer is free 
to grow any crop he considers most profitable 
to him, in Maharashtra the big sugar factories 
are supplied water on volumetric basis. 
Though the volumetric method of supply is a 
rational one, there are difficulties in its adop-
tion to large number of small holdings. 
Making the measurements and keeping of 
their accounts is cumbersome. Suitable 

device for measuring small quantities of 
water supplied to individual farmers, lack of 
physical control over the supplies in the field 
channels which pass througl fields of more 
than one farmer, etc., are some of the pro
blems encountered. 

In the areas of erstwhile Bombay State, 
the so called block system is prevalent. These 
are in the form of permits for a term of years 
and guarantee to supply water in the various 
seasons. The two prominent type of blocks 
are as under :-

(1) 	 Two Seasonal Blocks. In this pat
tern, water is guaranteed for the two 
seasons of 'kharif' and 'rabi'. These 
are eight-monthly blocks. The usual 
practice is to allow water for equal 
areas in both seasons and the irriga
tors are charged on the sanctioned 
areas whether water is taken or not. 
The usual term is six years and the 
agreements are renewed after this term. 
There are variations to these permits. 
e.g., pre-seasonal watering for 'kharif' 
may be given to a block-holder for 
crops like long-staple cotton. Simi
larly, post-seasonal watering may also 
be allowed for the standing 'kharif' 
crop. Pre-seasonal and post-seasonal 
rates are levied in such cases. Simi
larly, a crop which may be considered 
a hot-weather crop like extra long
staple cotton may be permitted to 
continue during the 'kharif' season 
against the two seasonal block permit. 

(2) 	 Sugarcane Blocks. Those also have 
a term of six years. Before the 	sanc
tion of these blocks, soil surveys are 
carried out to assure the drainability 
of the soil and the limits of acreages to 
be allowed for cane are fixed usually at 
about 1/6 and 1/10 of the suitable area. 
Sugarcane is allowed on the basis of 
one acre in a command of three acres, 
the other two acres being meant for 
dry crops. Since sugarcane crops of 
maturing periods from 12 to 18 
months have now been introduced, 
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overlapping sugarcane is also allowed in 
the sugarcane block to a limit of about 60 
per cent. Thus, in a command of 3 acres, 
there may be one acre of basic cane and 
up to 0.6 acres of overlapping cane during 
the overlap season, the balance being 
under dry crops. 

The lands under -ugarcane are carefully 
watched fordamage which mayoccur by water-
logging or salinity, and damage registers are 
compiled from year to year. The blocks are 
renewed after taking into account the damage 
that may have occurred which may justify 
reduction of the sugarcane area in any parti-
cular command. These long-term commit-
ments facilitate sanctions and reduce the 
clerical annual applications and disposals. 

The requirements of water are expressed 
in terms of 'duty'. This varies with the crops 
and the seasons the latter considered being 
Hot Weather, Monsoon and Rabi, each of 4 
months duration starting with 15th February. 
The duties at the head of the canals are 

Sugarcane or rice 40 to 45 acre per cusec. 

tont 20 to 50 acre per cusec 

Eight months 120 to 150 acre per cusec. 

Hot Weather 45 to 50 acre per cusec. 
Monsoon 180 to 200 acre per cusec. 

The usual number of irrigations required 

for different crops on the average are as 
follows 'cuts 

Sugarcane 30 to :35 waterings 
'Bajra' and other 
monsoon crops 2 to 3 waterings 

'Jowari' and other 
'rabi' crops 3 to 4 waterings 

Eight months crop 10 to 13 waterings 

The water turn for the different seasonal 
perennial crops are as follows :-
Hot weather crops 15 to 20 days 

Monsoon crop 20 to :30 days 

Rabi crops 20 to 30 days 

Eight months crop 10 to 12 days 

Perennial crops 10 to 12 days. 

The various crops irrigated are reduced to 
a common basis. On the larger Deccan 
canals, the hot weather duty is calculated on 
the sugarcane basis and the monsoon or rabi 
crops on a seasonal basis. One and one-half 
acre hot weather or standing perennial is 
equal to I acre of sugarcane for 4 months, and 
in the case of monsoon and rabi duties, I acre 
sugarcane 1 acres of seasonal crops, and a 
single watering is equal to 1/3 of seasonal 
crop. 

In Maharashtra, I to 1l cusecs is considered 
as suitable discharge for water courses. This 
has been fixed keeping in view the topography 
of the country, the ease of construction and 
maintenance, the ease of handling the small 
discharge and minimum losses entailed in the 
field channels. The lengths of the water 
courses are generally kept . to I mile to mini
mise losses. With 1 cusec discharge, 4' 
water in about 6 hours could be supplied at 
the field over I acre which roughly corres
ponds to need of dry cropping. With 2 
cusecs, this period of supply could be reduced 
to :3 hours which is a reasonable period. For 
paddy, the time taken may be almost double.
However, higher discharge capacity of outlet 

is considered if all the command is tinder 

heavy perennial or cane crop. 

DIFFERENT TYPES OF OUTLETS 

The earliest type of outlets were open 
in the banks of irrigation channels and 

were gradually replaced by some form of pipe 
or barrel outlet. These suffered from the 
serious disadvantage of the cultivators easily 
increasing the discharge through the outlet. 
Since the beginning of the twentieth century, 

various problems connected with irrigation 
outlets have been studied in great detail and 
improved devices have been evolved. The 
first of the numerous attempts was the 
Kennedy Cill outlet followed by Kennedy 

Gauge outlet and Gibb's Module. These 
were followed by the Harvey outlet-fore
runner of open flume type and another known 

as Stoddard-Harvey which is a combination 

of a pipe and an open flume. 

342 



The most important land mark in the 

history of irrigation outlets was the publica-
tion in 1922 of paper No. 26 of the Pubjab 
Irrigation Branch on the Moduling of Irriga-

tion Channels by E.S. Crump. Thereafter, 
several improvements have been attempted 
by Punjab Irrigation Engineers from time to 

time. 

The outlets in general may be divided into 

these classes, viz., (i) Non-Modular outlets, 

(ii) Semi.Modular outlets and (iii) Modular 

outlets. 

(i) 	 Non.Modular outlets. These are 
outlets whose discharge varies with 
the difference in the water level be

tween the distributing channel and 
the water course. There are two 
types of these outlets, viz , 

(a) 	 Pipe outlets, and 

(b) Scratchley outlets. 

(a) 	 Pipe outlets. These simplest and 
oldest type of outlets originally con-
sisted of earthenware pipes, replaced 
in time by steel or cast iron pipes, 

and 	lately by humne or concrete pipes. 

The simple formula used in practice for 
the discharge through a pipe outlet is 

q=CAilV2gH 

where C=co-efficient of discharge. 

Ap=Area of the orifice, 

If the outlet has a free fall, H should be 

measured from the Centre of the pipe or 
barrel to the full supply level in the distri-
butary, and if it is drowned, H is the differ-
ence in the water level in the water course and 

the distributary. If the outlet has a frce fall, 

the discharge through it is independent of the 

water level in the water course, and under 

these conditions it is semi-modular. The co-

efficients of discharge vary with sizes of pipes 

as well their material and lengths. It is, 
therefore, usual to have approved discharge 
tables. 

(b) The Scartchley Outlet. This is a 

pipe outlet with the downstream pipes end 

in a cistern, two or three feet square, opposite 

is fixed a cast-iron or stone office to give the 
authorised discharge, while the pipe is laid 

at the bed level of the cistern, the office is 

fixed at a higher level to ensure semi-modu. 
larity. 

If the orifice is submerged, it functions as 
a non-modular pipe outlet. 

Semi-Modular outlets. These, also called 

semi-modules, are outlets whose discharge 

is independent of the water level in the water 
course, so long as the minimum working head 
required for the working of the semi-module 
is available. 

There are many different types of semi

modular outlets, but those commonly :n use 

in the Punjab are the Crump's open I .,ime 

and the adjustable proportional module. 

Crump's open Flume Outlet. 

This was first introduced in 1922 and was 

subsequently standardised throughout the 

Punjab. The discharge is given by the 
formula. 

qq = 	K. Bt. G' 

Where Bt. is the width, and G the depth 
of upstream water in the channel above the 

Cill level, K being a constant. 

The following values of K are adopted for 

different widths of flumes : 

Bt. 	 K 

0.2 to 0.29) ft. 2.90 
0.3 to 0.39 ft. 2.95 
Over U.4 ft. 3.00 

The minimum value of Bt. adopted in 

practice is 0.2 ft. and the minimum modular 

head adopted is 0.2 of G. When designing, 

it is necessary to assume Bt. or G and cal

culate the other. 

The type of open flume outlet as in 
common use in Punjab is given in Fig. 3. 

Adjustabic Proportional Module: (A.P.M.) 

Structurally, this is a long throated flume 
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with a roof block, capable of vertical adjust-
ment. With the roof block removed, the 
A.P.M. differs from the flume module only
in regard to the length of the throat. This, 
however, is an orifice type of flexible module. 
The upstream and downstream approaches 
of the A.P.M. are exactly similar to those of 
Crump's open flume outlet described above, 
The length of the crest is G+1.0 ft. for the 
cast iron block comprised of 

(a) 	A base plate 
(b)Two check plates 


(c) 	 A roof block which slides between the 
check plates and can be fixed in any 
position. 

The formula for discharge is 
q =7.3 Bt. Y ,vt-i 
where q='discharge in cusecs through the 

outlet. 

Bt.=Width of the throat 

Y =The elevation of the roof block 
above the crest. 

H=The head equivalent to the 
velocity of approach. 

The modularity in the A.P.M. is ensured 
by the introduction of the standing wave, 

Crump's Adjustable Proportional Module 
is shown in Fig. 4. 

Adjustable Orifice Semi-Module 

From experience it was found that chan-
nels fitted with the Adjustable Proportional
Modules silted badly. The same device 
was, therefore, used with the crest lowered 
to 8!10th setting or to bed level to improve 
the silt draw. This arrangement continued 
to be called the A.P.M., but more appropria-
tely it is Adjustable Orifice Semi-Module 
(A.O.S.M.). Standard design of A.O.S.M. 
as used in the Punjab is given in Fig. 5. 

The discharge calculation for the A.O. 
S.M. is the same as in the case of A.P.M., 
described above. 

Module-Outlet or "Modules" 
These are outlets whose discharge is inde

pendent of the water levels in the distributary
and the water course, within reasonable 
working limits.
 

Among modules there are two distinct 
types : 

(a) with moving parts, and 
(b) without moving parts. 

Modules with or without moving parts. 
There are various types of Modules withmoving parts like Henares Canal Type, 
Visvesvaraya Self-Acting Modules, Kennedy's 
Outlet Module, Wilkin's Module, Joshi's 
Module, Khanna's Auto-Adjustable Orifice 
Distributor, etc., and those without moving
parts are Gibb's Module, Khanna's RigidOrifice and Gaffoor's Rigid flume Module. 

All these modules are expensive in cost 
and not simple to design or construct. They 
are liable to go out of order on account of 
silt and weeds. and rusting of the movingparts, and as such they are of little practical 
value. 

Timely Construction 

To achieve early and satisfactory use of
water, it is necessary to properly plan and 
construct outlets and to make adjustments 

as may be necessary. The recommendations 
made by the Planning Commission to the
State Governments in this behalf merit 
repetition and are reproduced below : 

"The project authorities should mark 
the position of outlets and also the align
ment of the water courses and field 
channels, at the time of marking the align
ment of distributaries and minors. The 
cultivators whose area lies in the command 
of those outlets should then be given 
notice that they should complete the 
construction of the field channels within 
a specified time. This specified time 
should be such that it gives liberal op
portunity to the cultivators to complete 
the construction of the field channels. 
At the same time, it should.leave sufficient 
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margin for the project authorities to do 
the construction in time to synchronise 
with the creation of the irrigation potential 
at these outlets, should the cultivators fail 
to construct the field channels themselves, 
It sometimes happens that the position of 
outlets has to be changed for securing 
better command of the area. This may 
become necessary in spite of detailed 
levelling and contour mapping carried out 
by the project authorities. The project 
authorities should give an assurance to 
the cultivators that if it becomes necessary 
to change the position of an outlet after 
the field channels have been constructed 
by the cultivators on the alignment marked 
out by the project authorities, then any 
channel necessary to connect the field chan-
nel to the new location of the outlet would 
be constructed at project cost". 

, 

[.."-. 	 """..."": 

FIG. 5. STANDARD DESIGN OF A.O.S.M. AS 
USED IN THE I'UNJAB 

CONCLUSION 

It is essential that water resources deve-
loped are quickly and usefully utilised to 

derive maximum benefit. In order to supply 
water to the field in a properly regulated 
manner, to minimise losses and wastage in 
water courses and to secure a constant dis
charge, suitable devices for outlets have to be 
employed. In determining the capacity of 
the same, area under command, crop pattern, 
water requirements ofcrops and other govern
ing factors will have to be considered care
fully and it should also be borne in mind that 
the discharge for which the outlet and hence 
the water course taking off from it is designed 
is neither too low to be lost in absorption nor 
too high to be unmanageable. 

While the State undertakes its responsi
bility for the supply of water for irrigation up 
to the field, proper utilisation of the same to 
derive the maximum benefit unto himself and 
to the State is the responsibility of the water 
user who has to be educated to play his part. 

ACKNOWLEDGEMENT 

The authors gratefully acknowledge the 
very valuable guidance and material given by 
Shri D.B. Anand, I.S.E., M.I.E., Member 
(Water Resources), Central Water and Power 
Commission, New Delhi, in the preparation 

of this paper. 

The authors also gratefully acknowledge 
the material freely drawn upon in the prepa
ration of this paper from the book "Irrigation 
Outlets" revised and enlarged by Shri N.D. 
Gulhati, I.S E, M.I.E. (India). 

BIBLIOGRAPHY 

1, 	 College of Engineering Manual -

Irrigation by Col. W.M. Eillis, C.I.E. 
R. E. 

2. 	 Indian Council of Agricultural 
Research's Research Series No. 28. 

3. 	 Indian Crop Calendar 1950 - issued 
by the Economic and Statistical 
Adviser, Ministry of Food and 
Agriculture. 

346 



4. 	 A paper on Criteria for fixing outlets 6. "Irrigation Outlets" Revised and 
and their commands of perennial irri- enlarged by N. D. Gulhati, I.S.E., 
gation systems in Northern India by M.I.E. (India). 
Sri Baleshwar Nath, Member, M.I.T., 
C.O.P.P., Plan,'ing Commission. 7. P.W.D. Hand Book, Bombay (1950). 

5. 	 Note on Design of Distributaries and 
their outlets in the Bombay-Deccan 8. Maharashtra State Irrigation Commis
by C. C. Inglis - Government of sion Report, 1962. 
Bombay, P.W.D., Technical Paper 
No. 19. 

APPENDIX 1 

SOME IMPORTANT INDIAN CROPS AND THEIR WATER 
REQUIREMENTS. 

S. No. Name of crop Water requirements Remarks(in inches) 

1 Sugarcane 50 Northern India 
115 Southern India 

2 Paddy Av. -55 

3 Cotton 	 30 

4 Maize 	 30 

5 Jowar 30 (Grain Jowar)
 
12 to 15 (Fodder Jowar)
 

6 Bajra 20
 
(Winter Bajra) 15
 

7 Ragi 20
 
(Kar Ragi) 24
 

8 Wheat and Barley 13
 
(Winter Cereals)
 

9 Potato 	 25 

10 Tobacco 25
 
(Cigar Tobacco) 30
 

11 Jute 24
 

12 Oilseeds
 
(i) Groundnuts 25 

(ii) 	Sesamum ... 
(iii) 	 Linseed 12 
(iv) 	 Brassica 10 
(v) Castor 	 30 

13 Pulses 
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APPENDIX
 

SOWING AND HARVESTING SEASONS OF 

Winter Autumn Summer Wheat Barley Ragi Jowar 

Rice Rice Rice 

2 3 4 5 6 7 

Assam Sowing ..-.. 
H arvesting ........ 

Bihar Sowing June-Aug May-July Sept-Nov Oct-Nov Oct-Nov June 	 May-July
Harvesting Nov-Dec Aug-Oct Feb-Mar Mar-Apr Mar-Apr Sept Oct-Nov 

Bombay Sowing June-July - Oct-Nov Oct-Nov June-July June-July (K) 
Sept-Oct (R) 

Harvesting Oct-Nov ... Mar Feb-Mar Oct-Nov Nov-Dec (K)Jan-Feb (R) 

M.P. 	 Sowing June - - Oct-Nov - - June-July (K) 
Oct-Nov (R) 

Harvesting Oct-Nov - - Feb-Mar - - Nov-Dec (K)
Feb-Mar (R) 

Madras Sowing June-Oct - Dec-Mar - - June-Sep 	 June-July (K)
Apr-Nov (R) 

Harvesting Dec-lvar - Apr-May - - Sep-Jan Oct-Nov (K)
Jan-Feb (R) 

Orissa Sowing .- Oct-Nov - --
Harvesting .. 	 - Mar-Apr  -

Punjab Sowing Mar-Aug - - Oct-Dec Oct-Dec -	 June-July
Harvesting Sep-Nov - - Mar-May Mar-Apr - Oct-Nov 

U.P. Sowing June-Aug - - Oct Oct June -
Harvesting Sept-Dec - - Mar-Apr March Sep -

W.B. Sowing May-July Mar-July Oct-Jan Nov-Dec Oct-Jan - -Harvesting Oct-Jan June-Sep Feb-Apr Feb-Apr Feb-Apr -

Ajmer Sowing - - - Nov-Dec - - -
Harvesting - - - Mar-Apr - --

Coorg Sowing June-July - - May-June -
Harvesting Dec-Feb -	 - Oct-Nov -

Delhi Sowing ........ 
Harvesting -...... 

(K) Kharif (R) Rabi (I) Irrigated (D) Dry 
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II 

PRINCIPAL CROPS IN INDIA (STATE WISE)
 

Bajra Maize Sugarcane Groundnut Castorseed Cotton Jute Tobacco 

8 9 10 11 12 13 14 15 

-
-

-
-

Apr-May
Dec-Feb 

-
--

- Mar-Apr
July-Aug 

-
-

May-July 
Oct-Nov 

May-July 
Sep-Oct 

Feb-April 
Dec-Apr 

-
-

Sep-Oct 
Mar-Apr 

Jan-Fb Mid Mar-Apr Nov. 
Aug-Apr Aug-Mid Sept Feb-Apr 

J,"e-July June-July Jan-Mar June-July June-July June-July - Aug-Oct 

Oct-Nov Sep-Oct Nov-Apr Sep-Dec Dec-Feb Jan-Apr - Jan-May 

- June-July - May-June -

-Sep-Nov - Nov-Mar -

June-Sep July-Oct Jan-May Feb-Mar 
Apr-Aug 

(1)
(D) 

June-July May-July
Sep-Nov 

- Oct-Dec 

Sep-Feb Sep-Feb Oct-Apr May-July (1) Nov-Feb Jan-Aug - Jan-Mar 
Aug-Jan (D) 

- Feb-May
Nov-Feb 

- -- May-June
Sep-Mid Oct 

Nov 
Feb-Apr 

June-July
Oct-Nov 

June-July
Oct-Nov 

Feb-Apr
Nov-Mar 

-Mar-July 
.... Nov-Jan 

-
-

March
May-June 

Aug.
Oct-Nov 

June 
Aug-Sep 

Feb-Apr
Nov-Apr 

June-July
Nov-Dec 

June-July
Feb-Apr 

June 
Oct-Jan 

-
-

June-Feb 
Sep-Apr 

-

--

Feb-May
Dec-Mar 

-
- - -

Apr-May
Mid-Aug Sep 

Sep-Dec 
Feb-Apr 
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PART III 

IRRIGATION PRACTICE IN SOUTH INDIA 

by 

K. V. Ekambaram* 

INTRODUCTORY 

Ricc and Sugarcane are the main irrigated 
crops of South India. Other crops such as 
millets, groundnut. cotton and oil seeds 
depend practically on rains. There are even 
some varieties of rice that come up with the 
help of rain and a successful crop is raised 
if the rainfall is sufficient and timely. The 
annual rainfall if the southern states of India, 
is about 40 inches in the cast coast region and 
about 120 inches in the west coast but in the 
interior of the peninsula it drops down to as 
low as about 20 inches. In the Western 
Ghats it can be as high as 254) inches. The 
succeeding paragraphs deal with the irrigation 
of rice which is the major irrigated crop in 
South India. 

Irrigation Season for Rice 

Over most of South India, the main crops
of rice is generally grown from July to 

)ecember. It gets the benefit of North-east 
monsoon which is the predominant monsoon 
in the Central and Eastern parts of South India. 
Where lhe supply of water is plentiful ; a 
second crop, the duration of which is short, 
is also grown. In Madras State. this generally precedes the main crop btit in the Coastal 

tracts of Andhira it succecd. the mnain crop. 

Irrigation Sources. 

V,tst extents of rice fields are irrigated in 
the deltas of the Mahanadhi, Godaari, 
Krishna and (auvery. There are structures 
across these rivers which divert water into the 

* Chief Enignccr for Irrigation, Madras. 

canals and their various branches. Rice is 
also irrigated over sizeable extents with the 
help of the minor rivers and numerous 
treams that traerse the country, 

Another important source of irrigation in 
South India are the numerous tanks that dot 
the countryside. They have been formed 
ovCr many centuries by just a simple earthern 
bund across a valley. An idea of their 
numbers can be had from the fact that in 
Madras State alone, which comprises an aica 
of 50,000 sq. miles (130,360 sq. kms.), there 
are as many as 37,Mut tanks. These sources 
represent a real decentralisation in irrigation, 
each village having at least one tank if not 
more. Tanks are of various sizes, some 
irri.gating areas as small as 5 and lf) acres. 
The biggest, namely, Chembarampakkam. 
near Madras City, has a capacity of 3,120 m. 

c. ft., and irrigates about 13,000 acres. Raja
sinoamangalani tank in Ramanathapuram 

District has an embankment about 14 miles in 
length. 

A third sourceoarr noott the 
meros wells dotted all over the cointry. They 
advery often shallow. Oneofthe importantadvantages of r'iral electrification has been 
the fitting up of electric motors and pumps
in these wells and irrigation of small areas by 

means of these. 

Irrigation Practice 

Rice needs profuse irrigation. To prepare 
the field a large quantity of water has to be 
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let in. This is allowed to soak, and the field 
is ploughed which is known as puddling, 
Then the rice seedlings, prepared in separate 
beds, are transplanted. Subsequently, water 
has to be continuously retained in the field 
which is very iarely allowed to go dry. Only 
when the crop is getting ready for harvest, 
water is drained andbecom thedry.Thefield allowed to 
become dry. 

DUTY 

In the Canal systems, duty is expressed in 
terms of the number of acres that can be 
successfully raised for a continuous flow of 
one cusec of water right through the season. 
In North India, the general practice is to 
express duty in terms of depth of water 
required to bring the crop to maturity. In 
storage works as in irrigation tanks, the 
number of acres that can be raised with a 
million cubic feet of water is the duty. 

The duty will vary with the nature of the 
soil and the extent of rainfall during the 
season. The duty for which the Godavari and 
Krishna delta systems are designed is 70 acres 
per cusec. In the Cauvery Delta, the 
designed duties vary from 45 to 73 acres per 
cusec. There are some systems which work 
at a lo,, duty of even 2.5 acres per cusec. The 
Periar System works at a high duty of 90 
acres per cusec. This is partly due to the 
fact that there are a number of storage tanks 
in the system, which supplement the canal 
supply. In any case, this varying duty 
indicates how flexible the irrigation needs of 
a rice crop are. It also indicates that in such 
of these systems where a liberal supply is at 
present allowed, there is a possibility of 
economising supplies by improving distribu-
tion methods. 

Design Principles 

Because of the profuse irrigation allowed 
for rice, generally the whole of the cultivable 
commanded areas has to be irrigated simul-
taneously. The drainage and seepage from 
the irrigated fields, prevent any non-irrigated 
crop being raised in the same area. In a few 

cases, where the irrigated area was limited by 
political boundaries, the irrigation extended 
beyond this till a natural boundary such as a 
valley prevented further extension. So, a 
canal design should take into account the 
above fact and should be able to serve the 
whole of the cultivable commanded area. 

area under each outlet is again boun
ded by natural features such as minor valleys 
or uncommanded land. 

Irrigation Methods 

From the outlets, water courses take the 
water to the land to b2 irrigated. In Madras 
State, the practice is to align the water 
course and acquire land at the Government's 
expense till a 25-acre limit is reached. In 
the Plan Projects, water courses are even 
formed at Government cost up to a limit of 
50 acres to enable speedy development.
Below 25 acres the cultivators are expected 
to provide land and to form their own water 
courses. Very often irrigation is carried on 
from field to field. 

Drainage 

In the areas where rice is irrigated in 
South India, this is not a very serious problem 
for two reasons, namely that the rice crop 
can stand a submersion for even abiut seven 
days and the country in general has a good 
slope to facilitate easy drainage. No doubt 
very near the coast the country is flat and 
here in years of heavy rainfall the crop 
suffers due to prolonged submersion. 

Some Impressions 
A brief review of the irrigation of rice in 

South India has been given above. Rice is a 

crop that needs abundant water for growth ; 
about 60 inches or so. So, it can be attempted
only in the regions where rainfall is profuse 
or the river carries a good deal of water 
during the irrigation season. At other places, 
a wise way of using water may be to raise 
crops that may not be so exacting in the use 
of water. 
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Deltas of rivers go on expanding gradually. 
The soil with which they are formed is 
alluvial and is ideal for the growth of rice. 
But, the land is flat and drainage is not easy. 
Consequently, the crop becomes liable to 
submersion. There is need here to maintain 
efficient drains. There are certain varieties of 
rice which can stand submersion. Most pro-
bably, better types are yet to be evolved, 

On the irrigation side, there is a good bit 
that can be done to economise the use of 
water. Lining of canals and their branches 
to prevent loss by seepage, proper design of 
canals and outlets, lying out of water courses 

so as to enable each field to be irrigated 
directly are some of the methods. 

Though duty experiments have been 
carried out in the various Agriculture Farms, 
no conclusive answers have been found for 
the optimum use of water for the growth of 
rice. There is scope for a good deal of study 
in this direction. Presumably, some varieties 
of rice can also be evolved that will need a 

smaller quantity of water. Water resources 
are also getting used up. Deficiency is felt 
in Madras State. It will perhaps be felt in 
other places in due course. It is high time 
scientific studies were made with regard to 
an optimum use of water. 
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CHAPTER XI 

MINOR IRRIGATION SYSTEMS
 
BY INDIA
 

PART I 

MINOR IRRIGATION PROGRAMME AND
 
WELL CONSTRUCTION IN INDIA
 

by
 

Jagat Kishore Jain*
 

SUMMARY 

Irrigation systems costing individually 

less than Rs. 1 million are classified as minor 
areirrigation works in India. These works 

responsible for more than 60 per cent of the 

total irrigated area in the country. They can 

be completed promptly and yield quicker 
emphasisresults than major ones. Great 

is being given to development of minor irriga-

tion sources under the country's Five-Year 

Plans. The minor irrigation includes works, 

such as open wells (dug wells), tubewells
(dee wels)torae ad dverionsmll 

(deep wells), small storage and diversion 
works and pumping installations on rivers 
and streams for lift irrigation, 

Open wells form an important item of 

minor irrigation contributing more than 1/3rd 
of the total irrigation in the country. They 
are scattered in almost all parts of the country 

and additional wells are being constructed at 
an increasing rate which has presently reached 
a figure of about 80,000 per annum. 

The paper describes different types of 
open wells in irrigation use and also how 

application of modern technology by way 
of deep boring and deepening of wells and 
installation of power pumps in place of age

has rcsulted inold devices for water lifting 
of their perforconsiderable improvement 

b ei accorconcere proit is 

India on boring and deepening of wells in 

order to augment their discharges. The 

indigenous old methods of lifting water from 

open wells are being replaced at a fast rate 

by power pumps run on diesel or electricity. 

Power pumps including diesel engine as well 

are eng afuedaswer mos 
as electric motors are being manufactured 
in the country in sufficient numbers and are 
available at reasonable cost. Efforts are also 
being made to make the electric power availa

ble to the cultivators at a rate not exceeding 
9 nP per unit. This rate is considered to 

provide sufficient incentive to the cultivator 
for using electrical pumping. 

The performance of irrigation wells varies 
in India from region to region depending 
upon the availability of ground water, crop
ping patterns and other climatic and soil 
factors. The regional average of the gross 

* Deputy Irrigation Adviser, Government of"India, Ministry of Food and Agriculture (Dept. of Agriculture). 
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area irrigated per well ranges from 2 acres 
in the South to 12 acres in the North. Taking 
an average performance on All-India basis, 
economies of lift irrigation from wells has 
been analysed for three different typical cases. 
The analysis shows that economics of wells 
is very much improved by boring and 
installation of electrical pumpsets. 

systems of irrigation. These have been 
described. Well irrigation stimulates and 
mobilises efforts of the individual cultivators 
to the maximum extent in making full and 
economic use of irrigation water and obtain-
ing maximum results. The Standard of 
levelling and preparing fields and other irriga-
tion and agriculture techniques adopted in 
case of well irrigation is better than in other 
systems of irrigation, 

The paper concludes with a brief mention 
of the measures that are being undertaken in 
India in planning and implementation of the 
large sclae well construction programme to 
ensure that wells are located and designed 
properly and there are no failures due to 
over-draft from the local groundwater forma-
tions. 

INTRODUCTION 

The term minor Irrigation was used for 
the first time in India by the Irrigation Com
mission (1903) to include small irrigation 
works, such as open wells, tanks and others, 

too small to be classified under canals. 
According to the criterian now in vogue all 
irrigation works costing individually less 
than Rs. I million are classified as minor 
irrigation. 

Minor irrigation works have been playing 
a significant role in the development of 
irrigation in the country. They are responsi-
ble for more than (0 per cent of the total 
irrigated area. These works have many 
inherent advantages ; they can be completed 
quickly with lesser outlay and also yield 
quicker results. The works, being owned by 
the cultivators themselves, bring about 

greater satisfaction of the psychological as 
well as physical need of the cultivators. As 
the cultivator knows fully the capability of 
his work, he can plan his cropping strictly 
according to the water output ; also he can 
operate his work and get the water at his will 
and convenience. Moreover, as the utilisa
tion of water from minor irrigation sources 
is usually confined to the area very near the 
source, loss of water in conveyance and dis
t,bution is very much reduced. 

Recognising these advantages, great em
phasis is being laid or, minor irrigation 
systems in the present efforts that are being 
made for development of irrigated agricul
ture in the country. More than Rs. 5,000 
million will have been spent on these works 
in the first three Five Year Plans from 1951 
to 196i. The works completed would benefit 
an additional area of about 20 million acres. 
Another sum of similar order is proposed for 
the Fourth Five Year Plan alone from 1966 to 
1971. 

According to the current classification, 
minor irrigation includes mainly the following 
categories of works 

A. 	 GROUNDWATER SCHEMES 
(i) Open wells (dug wells) 

ii) Tubewells (deep wells) 

(i) Diversion schemes, 
(ii) Storage schemes, 

(iii) 	 Pump installations on rivers and 
streams for lift irrigation. 

OPEN WELL CONSTRUCTION 

Open wells are the most important means 
of arranging groundwater utilisation in India. 
As distinguished from tubewells, open wells 
comprise ordinary surface wells of varying 
dimensions, dug or sunk from the ground 
surface into the water bearing stratum to 
extract water for irrigation. Individually, 
they are very small works but collectively, 
they contribute to nearly 1/3rd of the total 
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irrigation in the Theircountry. popularity 
has been referred to in history since the 
earliest recorded time and at present the 
total number of functioning wells in the 
country exceeds 5 million. They are scatter-
ed in almost all parts of the country although
their concentration naturally varies from 
region to region according to the rainfall, 
the geological sub-strata and groundwater 
availability. Their regional concentration 
is shown in Fig. I which is the Isohyetal Map 
of India. Well irrigation is, by and large, 
confined within the region with normal 
annual rainfall of less than 45 inches 
(1, 12 5 mm). In humid areas with more than 
45 inches rainfall, well irrigation is notpopular to meet irrigation requirements 

popumeart oirigaion requrem nts
which are usually of occasional and supple-
mental nature in such areas. The numberof open wells is greatest in the Indo-Gangetic 

alluvium of Punjab and Uttar Pradesh. Wells 
also exist in large numbers in alluvial pockets 

and coastal fringes in other States. Therc 
are many areas in the Deccan Trap where, 
though groundwater availability is chcquered 
due to presence of rock in the sub-stratum, 
open wells provide the only convenient means 
of irrigation. Application of modern tech-
nology has enabled man%, improvementsdesign, construction and performance,.hsa in 

Open wells form a most important cate-
gory of minor irrigation. Recognising their 
popularity and advantages (described later in 

this paper), additional well are being con-

structed at an increasing rate which has
 
presently reached a figure of about 80,000 per 
annum. The to thewells belong individual 

cultivators and their construction is arranged 

by the cultivators themselves. Under the 

Five Year Plans, the Government has been 
extending financial issi;tance to the cultiva-
tors in the form of long-term loans (15 years)
and subsidy. The subsidy usually is subject to 
a maximum of 25 per cent of the total cost. 
Loan usually covers the entire cost and varies 
from region to region depending upon the 
nature of the sub-stratum and the depth of 
static water-table, 

Types of Wells and their Construction 
Features, 

There are four principal classes of open 
wells in irrigation use 

1. Masonry wells 
(a) Masonry wells without boring. 

(b) Msonry wells with boring. 
2. Wells with pervious lining. 
3. Katcha wells. 
4. Wells with rocky sub-strata. 

1. Masonry Wells. 
These wells have masonry steining wall 

usually sunk in sub-soil by applying staticusalsnknsu-olbapyigttc 
weight ofsandl bags and simultaneously scoop
w 

in- out earth from inside. In locations, where
it is not possible to sink masonry steining by 
ordinary methods due to present of harU clays,
boulders, etc., it is built up in a dug pit from 
the bottom upwards. For sinking, the 
masonry stcining is supported on a well curb, 
which may be of wood, iron or reinforced 
concrete. The curb is of the samne width ascthebottom section of the steining and its 

depth is also nearly the same. The wooden 
curb is made of hard wood, such as kikar,sihmo a.Tetikesorsl h tikeso aorsteining is aorso arranged while sinking that for 

the completed well, it increases with its depth 
below the ground surface to withstand in
creasing earth pressure. The thickness it 
usually regulated according to the following 
table 

Depth of steining Thickness
 
section below
 
ground level Brick 
 Stone 

masonry masonry 
10 ft. 13 inches 12 inches 
10- 33ft. 18 inches 15inches 

33--40 ft. 21 inches 18 inches 
10-47 ft. 24 inches 21 inches 

The above method of well sinking has 
been in vogue in India for thousands of years 
and wells as deep as 150 and greater have 
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been constructed by this method. The 
diameter of masonry wells constructed for 
irrigation purposes usually ranges from about 
8 to 20 ft. 

(a) Masonry wells without boring (Fig. 2) 

Fig. 2 shows a well of this lype. These 
wells draw water from their pre%ious bottom. 
The arrangement is feasible for tapping thin 
aquifer available near the water-table. 
Streamlines entering the well have to deflect 
and converge upward. Due to this pattern 
of flow, the loss of head in transmission is 
of a higher order than that in the other types 
of wells which draw water from their periphe-
ries. 

Only verysmall discharges, usually under 
500 gallons per hour, may be drawn fromsuctathIfrlyn veopara-lwth xced 
such wells. If the velocity of flow exceeds 
the critical velocity the velocity at which the 
sand particles just begin to move, the sand 
particles will be lifted up with the water and 
there will be danger that the steining wall 
to settle down, and get damaged. The draw-
down and therefore, the discharge of these 
wells has to be restricted in order to avoid 
any movement of sand. To minimise this 
handicap, the practice of filling up the bottom 
of the well with 2 to 3 ft. of graded brick or 
stone ballast or shingle with fine grade of 
material at the bottom and coarse at the top 
has been found quite effective and is being 
encouraged. 

Masonry wells with boring 

Boring of a well essentially consists of 
drilling a small sized bore through the bottom 
of the well and extending the bore to a layer 
or layers of good groundwater bearing 
medium lying underneath the well. Boring 
thus helps to augment the well discharge: 
it also enables utilisation of the part of the 
local groundwater source which would haveotherwise remained uptaPped. 

The size of borings in open wells usually 
ranges from 3 to 6 inches and the depth from 
about 10 to 150 ft. depending upon the strata 
available and the manner of tapping. Basi-

cally there are two types of tappings: (a) 
cavity, and (b) strainer. In the first, the boring 
taps the water bearing medium just below a 
thick impervious bed. As the water is raised, 
a cavity is gradually formed in the water 
bearing medium below the bore due to the 

uplifting of finer soil particles. There is no 
subsistence due to roof action of the imper
vious layer. The cavity increases the flow in 
the well by increasing the percolation area 
and reducing congestion of streamlines and 
resistance to flow at the entrance of the well. 
In the second type, the water is tapped 
through strainer screens provided opposite 
the vertical depths of the water bearing 
stratum strata. The cavity bore is to be 
preferred only where there is available a hard, 
thick and extensive layer of impervious 
stratum immediately over-lying a comparaimeedate. 
tively thin bed of good water bearing medium. 
In case the water bearing strata available 
below impervious layer is thick, a more 
suitable arrangement for tapping the aquifer 
fully may be to have a bore fitted with screens 
almost the entire thickness of the water 
bearing medium. 

Figs. 3 and 4 show cavity type of bored 
wells. In the formation depicted by Fig. 3, 
a good water bearing stratum of relatively 
small thickness is available immediately under 
the layer of thick clay in which tile steining 
wall of the well is bottommed. The imper
vious layer is bored in the centre in order to 

draw water from the medium below through 
a cavity formed in due course. As the stratum 
bored is firm, no casing pipe is necessary in 
the bore. Bored masonry wells of this type 
have been in existence in India for a long 
time. Fig. 4 shows a formation in which the 
medium tapped below the impervious layer 
through cavity in many strata below the 
bottom of the well. 

Bores of the second type are depicted by
Figs. 5 and 6. Fig. 5 shows only one water 
bearing medium tapped through the strainer. 
In Fig. 6, two non-contiguous water bearing 
aquifers are tapped by providing screens for 
the water bearing strata and blind pipe in the 
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poor water bearing stratum. By alternating 
blind pipe and strainer in this manner, a 
number of water bearing media can be tapped 
according to availability and requirement. 

Deep borings of the type depicted in 

Figs. 4, ,5 and 6 are a recent development, 

Boring in open wells is usually carried out 

by the percussion method, using power 

percussion rigs or handboring sets. As holes 
big nor very deep,drilled are neither very

percussion drilling is found to be more 

feasible and convenient than rotary drilling, 

Percussion drilling outfits are simple in 

operation and being comparatively lighter can 

be moved from well to well. The method is 
satisfactory from the point of view of cost 

and also enables fairly accurate logs which are 
essential for proper setting of screens in the 
bore holes. When power rigs are used, 

boring work is done more quickly. However, 

the advantage of the handboring sets is that 

the whole equipment is locally made and can 

be operated, maintained and repaired with 

ease by the local artisans, 

The cost of cavity boring usually ranges 
from Rs. 5 to Rs. 25 per foot and that of 
strainer boring from Rs. 20 to Rs. .50 per foot. 

Wells with pervious lining (Fig. 7) 

Some wells as shown in Fig. 7 are lined 

with cylinders of inter-twined brush-wood or 

bricks laid dry. In between dry masonry, 
some bands of pucca masonry are provided 
for stability. The wells are plugged at thebotom y cncrte.Thee wllsareusullybottom by concrete. These wells are usually 

layer of waterconstructed in areas where no 

bearing strata is available within a reasonable 
depth from the ground surface. Through 
their pervious periphery, they draw what-

ever discharge can be obtained from the poor 

type of strata available. These wells often 
draw in sand which has to be removed 

periodically. 

Kutcha Wells (Fig. 8) 

Wells for temporary use or those owned by 
small cultivators are frequently left unlined, 

Such wells (Fig. 8) are dug usually in the 
harder soils, which can stand vertically with
out lining. A relatively wider pit is dug to 
just above the water-table below which it is 
considerably narrowed down and usually 
lined with woven fabric of hemp stems or 

matting, etc., through which the water oozes 

into the pit. As these wells usually extend 

only a few feet below the water-table due to 

difficulties of underwater excavation, the 

draw-down to which they may be subjected 
is limited. They can, therefore, yield only a 

small discharge which may be within the 

lifting capability of 'Dhenkli' or 'Piccottah' 
(counterpoise lift). 

Wells in Rocky Sub-strata (Fig. 9) 

In spite of rocky sub-stratum, well con
struction is undertaken in the Deccan Trap 

and in many other areas, as they provide the 

only convenient local source of irrigation. 

These wells are usually open excavated pits 

through top soil mantle and soft rock. For 

their water supply they usually depend on 
joints, cracks, fissures, embedded layers of 
unconsolidated material, etc., which exist in 
rocks and serve as passages and receptacles 
for water. They are generally constructed in 
large sizes to provide storage and also in order 
to tap more joints and cracks or water bearing 

pits, if possible. The top portion above the 

rock is usually lined with masonry. 

The discharge of the wells in rocky sub
stratum is increased by boring or deepening. 

Tile boring helps to tap the embedded beds
of wvater bearing material, if existing under

nat r bring hoer, is ostly nd 
neath. Rock boring. however, is costly and 
is encouraged only if no alternative means of 
cheaper irrigation is available. Deepening of 
wells is comparatively cheap and is very 

in the States of Andhra Pradesh,popular 

Gujrat, i aharashtra and rajasthan.
 
Guat, Mhrsra nd Rjta.
 
Deepening of wells consists of blasting the
 

. 
bottom of the wells by dynamite in stages to 

the desired depths. The objective of deepen
ing is two-fold : (a) to expose additional water 
bearing joints, cracks, crevices, etc., and (b) 
to increase the storage capacity of the well. 
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Air compressors are commonly used for dril-
ling holes required for blasting. Usually in a 
It) ft. diameter well 6 to S holes at a time each 
about 2X ft. in depth are drilled. The holes 
are loaded with geligenite cartridges and 
detonators. The cartridges are then ignited 
by exploders to set off the blast. Thc debris 
of the shattered rock is removed and the 
process is repeated till the desire depth of 
deepening is reached. The cost of deepening 
by this method averages about Rs. 50 per foot 
depth for a 10 ft. diameter well. 

Lift Appliances 

The indigenous methods of lifting water 
from open wells, making use of man or animal 
power, are being replaced rapidly by power 
pumps run on diesel or electricity. The 
number of power pump installations increased 
from 107, 355 in 1951 to 390, 108 in 1961. 
The latter figure comprised 229, 9-44 diesel 
engine pumpsets and the remaining 160, 114 
electric driven pumpsets. Power pumpsets 
including electric motors and diesel engines 
are being manufactured in the country in 
sufficient number and at reasonable rates. 

Power pumps are becoming increasingly 
popular as they not only draw more fully on 
the supplies available in the well, but they 
also to release the bullock power of the culti-

vator which when it is vitally needed by him 
for other agricultural operations during the 
irrigation period. Under the minor irrigation 
programme, installation of pumpsets is being 
encouraged on all wells which have been 
bored or sufficiently deepened or otherwise 
have adequate water supply for 4 to 5 hours 
continuous running of the pumpset. Govern-
mental financial assistance in the form of 
long-term loan is made available to the 
cultivators to mcet the entire cost of pump 
installations. A diesel engine pumpset 
installation usually costs about Rs. 3,00:) and 
an electrical pumpset installation about 
Rs. 2,00. The H.P. of the diesel engines 
used usually ranges from 5 to 10 and those of 
electric motors from 3 to 5. 

Diesel engines, as a source of power for 

running of pumps are more expensive not 
only in initial investment but also in operation 
and maintenance, than electric motors. They 
also require frequent repairs which become 
tedious if repairing facilities are not available 
within a reasonable distance. Electric motors 
are superior in these respects but they are 
dependent on availability of electric power. 
With the development of power in the 
country and extensign of rural electrification, 
increasing emphasis is being laid on installa
tion of electric pumpsets. In order to promote 
them efforts are being made to make available 
electric power to the cultivators at a rite not 

exceeding 9 nP. per unit. This rate is consi
dered to provide sufficient incentive to thecultivator fo r using electricat pumping to c f um 
meet his irrigation requiremets. 

The popular old types of water lifting 
appliances used on wells are (ai counterpoise 
lift, (b) piccottah, (c) rope and bucket lift, and 
(d) persian wheel. The piccottah works on 
the same principle as the counterpoise lift 
with a difference that the function of the 
counter-weight is performed by one or more 
persons walking to and fro on the lever or 
holding the lever by hand and thtn jumping
in a pit. The piccottah is usually laiger than 
the counterpoise lift and is more massively 
built. An innovation that has been made in 
the conventional rope and bucket lift and is 

very popular in the South is that the bucketis provided with a spout. The spout enables 
the bucket in its final position to empty by 
itself. This does away the necessity of man 
at the -- il to control the bucket. 

Wind mills which involve little expendi
ture in operation are also being encouraged 
for the lifting water in areas where sufficient 
wind velocity is available for their successful 
running. Attempts are being made to 
improve the design of wind mills. According 
to the present development, the minimum 
velocity required for operation of the wind 
mills is of the order of S miles per hour. In 
general, there are very few areas which have 
wind velocity of this order throughout the 
major portion of the year thus the scope for 
installation is ',mited. 
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Water Output hours per day. For arranging this sufficient 
Water output which may -be obtained 

from an open well depends upon the yield of 
the well and its storage capacity. When water 
is lifted from an open well after a spell of 
closure, the water output will be mostly 
obtained from storage ; later wateras lifting 
continues, deliveries from the well will be 
contributed more arid more by the yield of the 
well. The yield depends primarily on the 
quality of water bearing strata tapped and 
increases with the draw-down in the well. It 
also varies from season to season, increasing 
appreciably during the rainy season, 

The average yield of wells which have not 
been bored to tap deeper aquifers is rather 
limited, usually ranging between 100 to 1,0)
gallons per hour. These wells would accord-
ingly provide a daily water output varying
from 1/10 to 1 acre inch. Because of meagre 
discharge, storage available inside such wells 
often becomes an important factor in order 
to sustain continuous operation of even the 
smallest capacity water lifting appliance for a 
minimum reasonable period of saj 4 to 5 

Gross area 
irrigated

Name of State per year 
(in thousand 

acres) 

Andhra Pradcsh 920 
Bihar 736 

Gujarat 1,604 
Madhva Pradesh 915 

Madras 1,660 

Maharashtra 1,650 

Mysore 375 

Punjab 2,S15 

Rajasthan 2,225 

Uttar Pradesh 6,720 

storage, wells in the rocky sub-stratum where 
it is usually not possible to augment thedischarge by boring, are generally constructed 

ilred 
more. 

The discharge of bored wells is considera
bly higher depending upon the depth and the 
quality of water bearing media tapped and the 
size of the bore. It is quit.2 normal to obtain 
a water output of about 2 acre inches from 
bored wells in the alluvial tracts of the Uttar 
Pradesh and Punjab. Quite a number of 
bored wells yield much higher discharges. 

Irrigation Performance and Cropping 
Pattern 

There are some open wells which irrigate 
a crop area of only 1/3rd to 1/2 acre per 
annum ; there are also those on the other 
extreme which irrigate up to 25 acres or even 
more in a year. The average gross area 
irrigated by wells per annum varies widely 
from region to region as the following table 
shows 

Number of open Average gross
wells in use area irrigated

(in thousands) per well
 
(in acres)
 

430 About 2.1 

150 About 4.9 

425 About 3.7 
310 About 3.0 
825 About 2. o 

780 About 2.1 

105 About .3.5 

235 About 12.0 

515 About 4.3 

790 About 8.5 

Note : (1)There is no \%ell irrigation in the other six States. 
(2) Figures are approximate computations. 
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A well in the Punjab irrigates on an aver-
age as many as 12 crop acres in a year
against only 2.0 crop acres in Madras. Apart 
from differences in groundwater availability 
and discharge of wells, this big variation in 
irrigation performance of wells is due to such 
factors as cropping pattern, soil", climate, 
quantity and pattern of rainfall, static water 
lift and size and strength of the draft animals 
which differ widely from region to region.
In the northern States of Punjab, Uttar 
Pradesh and Rajasthan, wheat is the predo-
minant irrigated crop. The wheat, growing 
during the cold season, requires irrigation 
applications at comparatively longer intervals 
and also gets considerable support from thewinter rainfall. The rich loam soil in the
region is also tetentihe of moisture. The 
a regionialsoetedver welmistherefore, 
average area irrigated per well is, 
considerably higher. The area irrigated per
well in Rajasthan is low (compared to other 
Northern States) because the water output of 
the wells is limited due to excessive depth of 
the Static water-table. In the southern States 
and also in Maharashtra and Gujarat, condi-
tions are very different. The climate is warm 
throughout the year and, therefore, frequent 
vaterings are necessary. Predominant cereal 
crop in southern States is paddy which 
requires heavy irrigation applications. The 
cropping pattern includes an appreciable 
percentage of cash crops including garden 
crops, vegetables, chillies, etc., which recuire 
frequent waterings. In areas comprising red 
soils in the southern States, irrigation require-
ments are high because of the porous nature 
of the soil. In the Deccan Trap, the perfor-
mance of wells is low because of the rocky 
sub-stratum, which yields meagre order of 
supplies, 

In wells which are located near the cities 
and towns, generally a more intensive all-the-
year-round use of the watcr is made raiseto 
cash crops, mainly vegetables, which have 
a ready market in the urban areas. Besides, 
on such wells, the irrigation, manurial and 
other agricultural, practices followed are 
also comparatively of a very much higher 
standard. 

La:%d Preparation and Irrigation Methods. 

The standard for field preparation and 
levelling for well irrigation is usually better 
than that for canal irrigation. In case of well 
irrigation, the cultivator is directly aware of 
1he cost and labour involved in lift irrigation 
and, therefore, caters for its more economical 
use. 

There are mainly two irrigation methods 
adopted in well irrigation (a) the flat bed or 
check-basin system and (b) thc ridge and 
furrow system. Cereal crops like wheat, 
barley, paddy, ragi, sorghum, etc., are usually 
raised in flat beds which vary in size and 
,rrangement according to the nature of the 
crop ; type of soil and topography. The
field is divided into a number of small plots(beds) with temporary bunds, providing an 

irrigation channel for every two rows of beds 
for irrigation. When slope is greater, each 
row of beds is provided with an irrigation 
channel. Usually beds are smaller in size for 
vegetables and larger for wheat. T'.- beds 
are locally formed with manual labour. The 
course of bunds is demarcated by running the 
plough length-wise and breadth-wise at 
required distances and blinds are formed 
manually using loca. spades for the purpose. 

For crops, such as cotton, sugarcane, 
to chois and vegetable, lkpatoe, 
tobacco, chillies and vegetables, like potatoes, 
onions, etc., the ridge and furro. method is 
usually adopted. The fields are laid into 
ridges and furrow after the preparatory 
tillage is over. The furrows are longer in 
level beds and shorter in sloping ones. They 
are wider and deeper for some crops as sugar
cane and shallow for others as cotten, vegetables, etc., which require light irrigations.
The furrows are usually opened by manual 
labour with the aid of local spades. Progres
sive farmers, however, are gradually making 
increasing use of bullock-drawn ridgers for 
the purpose. 

Sometimes, a combination of furrows and 
bed G,'stem is used as foi- example onions 
raised during the monsoon period. 
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Depth of Irrigation 	 (c) Water channels are frequently well-

Tile following table gives the number of consolidated and are also plastered 

irrigation applications and also the total depth with mud in some cases to reduce the 

of irrigation worked out on avera.e basis, in seepage losses, and 

a study carried out for principal crops in the (d) Correct timing of each watering 
Punjab according to the requirements of crops 

is at the will of the cultivator. 
Average Average total
 

Crop number of depth of Economics of Well Irrigation
waterings irrigation (in ft.) Economics of well irrigation differs widely 

Wheat 4 .80 from region to region depending upon a 
Cotton 5 to 6 1.00 number of variable factors, such as (a) initial 
Vegetables 6 1.2o investment, (b) static water lift, (c) source and 

of power, (d) water output, (e) croppingPotatoes 1cost 
pattern, (f) local conditions of climate, soil,

Sugarcane s to 10 1.80 etc., which influence irrigation requirements 
Maize .5to 6 1.00 and the yield of the crops, and (g) agro-econo

mic status of the farmers. It has [,eneraily been observed that the 
total depth of irrigation required to 'nature An attempt has been made in the follow
a crop on well irrigation is about :3/4th of the ing paragraphs to work out the economics of 
depth required on canal irrigation. The three typical cases of well irrigation on an 
reasons for this are : 	 average basis representative of the country as 

a whole. The three cases are (i) unbored(t) 	 Econorical use of water by' prepar- masonry well fitted with persian wheel ; (ii)
ing and Lvelling the fields more care- bored masonry well fitted with electrical 
fully and adopting improved irriga. pumpset ; and (iii) bored masonry well fitted 
tion and agricultural practices. with a diesel driven pumpset. For each of 

(b) 	 Smaller length of water courses and these cases, two economic parameters, namely,
their better maintenance resulting in cost per acre and cost of water lifting per 
smaller order of losses, 	 unit have been worked out. 

Case (i) Case (ii) Case (iii)Initial Investment in Rs.) 
(i) Welt 	 2,250 2,000 2,000 

(ii) Boring 	 ... 1,000 1,000 
(iii) Persian wheel/power pump 	 600 2.000 3,000 

Total 2,850 5,000 6,000 

Working Expenses (per annum)
 
1i) Depreciation
 

(a) 	 1 per cent for (i) above 22.50 20 20 
(b) 	 3 per cent for (ii) above ... 30 30 
(c) 	 5 per cent for electrical pumpset 

10 per cent for persian wheel and 
diesel run pumpset 60.00 100 300 

Total depreciation 82.50 150 	 350 

(Contd.) 
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Case (i) Case (ii) Case (iii1(ii) 	 Cost of power 

(a) 	 Maintaining pair of bullocks (proportionate
 
cost only as bullocks would be used for
 
other purposes during the year) 500.00 .
 

(b) 	 Electric charges at 3.5 units per hour for
 
700 hours @ 10 nP. per unit ... 245
 

(c) 	 Diesel oil @ 0.3 gln. per hour for 700 
hours @ 1.85 per gin. ...... 388.50 

(iii) Oil and lubricant L.S. 	 20 30 so 
(iv) Maintenance and repairs 	 40 50 1,50 
(v) 	 Interest on capital outlay @ 44 per cent 128.25 225 270 

Total working expenses 770.75 700 1,238.50 

Water output
 
(per annum in acres inches) 


Area irrigated
 
(per annum in crop acres) 


Economic paramet:-rs 

(i) 	 Cost per acre (in Rs.) 
(ii) 	 Cost of water lifting (in Rs.) 

(a) 	 per acre inch 
(b) 	 per acre 

It would appear from above that the 
economics of well irrigation is very much 
improved by boring and installation of electri-
cal pumpsets. 

Advantageous role of wells in irrigated 
agriculture 

Apart from the fact that open wells are the 
only possible means of irrigation in many 
tracts, open well irrigation has definite 
advantages over canal to tubewell irrigation, 
These are :-

1. 	 Open wells invariably belong to the 
individual cultivators. Catering for 
a small order of discharges and irriga-
ted areas they are well suited to meet 
the requirements of small land hold-
ings of individual farmers. They 
provide a greater degree of flexibility 
to the cultivator in planning his crop-

1I0 250 250 

6 12.5 12.5 

475 400 480 

7 2.80 4.75 
128 536 99
 

ping and timing his irrigation appli
cations. The cultivator can operate 
the well and get the water at his will 
and cunvenience. Well irrigation 
thus brings about better satisfaction 
of the psychological as well as physi
cal needs of the cultivator. 

2. 	 Since the cultivator makes his own 
financial investment in the well, he is 
very prompt in making full use of its 
water potential. Hence well irrigation 
results in much quicker accruing of 

irrigation benefits. 
3. 	 The commanded area of an open well 

is limited ; hence the losses in con
veyance and distribution of water are 
usually of low order. 

4. 	 The cultivator fully appreciates the 
value of the water lifted from his well 
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as he himself meets all the expendi-
ture and labour involved. He has 
thus sufficient incentive to use this 
water as economically as possible by 
proper preparation of fields in small 
level beds and taking other improved 
irrigation and agriculture techniques. 

5. From well water, the cultivator cancaeul 
timehisirriatin apliction atcarefullytime 	 his irrigation applications at 

smaller intervals. He is, therefore. 

able to make his cropping pattern 
more intensive and productive by in-
cluding crops like vegetables, tobacco, 
etc., which require irrigation at 
frequent intervals, 

Hi.On many diversion canal systems, the 

supplies dwindle down considerably 

during the crucial periods of crop
 
growth in the hot weather as well as 
in the cold weather when there is 
keen demand of irrigation water. 
Open wells existing in the canal com-
mand play the important role of sup-
plementary canal irrigation during 
such critical periods, 

7. 	 O pen well irrigation in the canal com 
mandd o cotroltheprovehepsara 

manded area helps to, control the 
water-table at a safe level below the 
ground surface and thus to avoid the 
hazards of waterlogging. 

S. 	 The supply from wells has immense 

value in ycars of drought, when it is 


less liable to failure than surface 

water sources. 

Planning and Implementation of a large 
scale well construction programme. 

Following are some of the technical con-
siderations which experience in Indiahas 

shown are important from the point of view 
of 	 planning and implementation of a large 
scale 	well construction programme :that 

1. 	 Construction of new wells should be 

taken up in a region after careful 

surveys of the goundwater potentiali. 

ties. New wells should not be per-

mitted if the groundwater recharge 


is precarious and the water-table has a 
tendency to go down. Groundwater 
extraction should not be allowed to 
reach a stage which results in over
draft from the local groundwater for
mation. The behaviour of the water
table in every region where ground
water extraction is in vogue should bean 	 rglry vthd w h 

and 	regularly watched with 

a view to timely detecting if there is 

any sustained lowering of water-table. 

2. If water-table is observed to bc lower
ing gradually in groundwater irrigated 
tracts, prompt measures should be 
taken to arrest this tendency. Feasibi

lity of undertaking groundwater re
charge schemes should be explored. 

3. 	Programme for construction of wells 
should be linked up as far as possible 
with soil conservation activities, like 
contour bunding, gully plugging and 
other water conservation and ground
water recharge schemes like head
water tanks, percolation tanks, field
embankments, etc., in order to im
prov e t supplies an d erf o m 

the supplies and performance 
of wells. 

4. 	 While encouraging construction of 
wells in a region, due attention should 

be paid to the location, spacing and 
the size of the ,,,ells. Too near spac
ing of wells is known to result in 
interference and depletion of supplies 
in existing wells in some regions. 
This should be avoided. It would be 
desirable to determine the near-safe 
range of spacing of wells in each 
reo. 
region,
 

45. 	In case the bottom of the well is left 
in 	sandy strata, it is highly desirable 

it be filled with a thick layer of 

graded brick or stone ballast as ex
plained earlier. This would ensure 
the 	 stability of the well by filling up 
the cavity, formed below the steining 
due to lifting of sand particles. 
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CONCLUSION 

Although open wvells arc small works 
catering for meagre order of irrigation sup-
plies ; collectively they play an important role 
in the country's irrigated agriculture. In many 
dry tracts, they provide the only possible 
means of irrigation. Application of modern 
technology by way of deep boring, deepening 
of wells and installation of power pumps in 
place of age-old devices for lifting water, has 
resulted in considerable improvement of per-
formance. They may not be as efficient or 
economic in the long run as tubewells (deep 
wells) in tracts where large scale ground-
water extraction is possible, but with modern 
improvements their economics is reasonably 
satisfactory ; while they are more suited for 
irrigation of small land holdings and yield 
much quicker and better results than larger, 
more complicated schemes. 

Well irrigation has many advantages over 
other systems of irrigation. It stimulates and 
mobilises efforts of the individual cultivators 
to the maximum extent in making full and 
economic use of irrigation water and obtain
ing maximum production. The standard of 
levelling and preparing fields and other 
irrigation and agriculture techniqucs adopted 
in case of well irrigation is better than in 
other systems of irrigation. 

Recognising these advantages, well con
struction is being encouraged in India under 
the minor irrigation programme in the 
country's Five Year Plans. Adequate inca
sures are being undertaken in planning and 
implementation of the large scale well con
struction programme to ensure that wells are 
located and designed properly and that there 
arc no failures due to over-draft from a local 
groundwater formation. 

PART II 

GROUNDWATER DEVELOPMENT IN INDIA 
THROUGH IRRIGATION TUBEWELLS 

by 

M. P. Pandey and K. V. Raghava Rao* 

SYNOPSIS 

The system of tubewell (deep well) irriga-
tion has been in practice in India since the 
early thirties. The first tubewells were con-
structed by the (now) Uttar Pradesh Govern- 
ment in the Indo-Gangetic alluvium. These 
tubewells were operated by the State Electric 
Grid. In view of the advantages of tubewell 
irrigation, the system spared to the neigh-
bouring States of Bihar, Punjab and now 

West Bengal. Prior to undertaking extensive 
tubewell projects, field tests were conducted 
in Uttar Pradesh in order to standardise the 
capacity of wells and their constructional and 
operational features. It is established that 
in the Indo-Gangetic alluvium, tubewells of 
1.5 cusecs capacity spaced a mile to a mile 
and a half apart can safely be operated with
out any appreciable depletion in the water
table. Such tubewells are found to irrigate 
about 4010 acres in a command area of about 

* Superintending Engineer and Senior Hydrologist respectively, Exploratory Tubewells Organization, Govern
ment of India. 
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800 acres. Gravel shrouded slotted tubes 
have been preferred to strainer type in con-
sideration of more efficient operation and 
longer life. 

Five thousand State tubewells were con
structed in the First Two Five-Year Plans. 
2,500 more are being constructed in the Third 
Plan. Besides, there are many private tube-
wells. 

With a view to extending tubewell irriga-tion schemes to the other parts of the coun-

try, a Groundwater Exploration Project was 
started on a nation-wide scale in 1954 under 
the lndo-Ameiican Technical Collaboration

N o.2Sic Tehia 
Agreement No. 12. Since than the Explora-
tory Tubewells Organisation under the 
Ministry of Food and Agriculture, Govern-
ment of India has been drilling deep bores all 
over the country and conducting geo-hydrolo-
gical tests. These explorations have revealed 
vast potentialities in coastal alluvial tracts 
inland river basins and notably in the arid 
areas of Rajasthan desert. Production tube-
wells schemes have been taken up in these 
proven areas. 

theeI 	 etan Collaboraon 

In 	 order to derive lasting benefits the 

water-table behaviour in the tubewell irriga
ted are~is is being closely watched. Emphasis 
has been laid on coordinated conjunctive use 
of groundwater with surface water. Volu-
metric system for sale of water is in vogue as 
a measure of economical use of groundwater, 

INTRODUCTION 

India took to tubewell (Oeep well) irriga-
tion in the thirti.s of this ;cntuiy when the 
first wells were construLced in the Indo-
Gangetic plains of Uttar Pradesh. These 
plains are rich in groundwater supplies and 
to a large measure are recharged by the 
rivers debauching from Himalayas and drai-
ning the alluvial tracts. The advantage of 
tubewells over canals lies in the fact that they 
can be constructed right in the centre of the 
places where irrigation is needed or is pro.
posed. The flow from the pumps outlet to 
the different fields is by gravity over a relati-

vely short distance ; and there is no need to 
construct an extensive system of distri
butaries. Tubewells are a boon in an area 
where irrigation requirement is keen but nosurface water irrigation is possible, 

In 	Uttar Pradesh, the primary considera
tion in' tubewells construction has been to 
provide irrigation in those tracts where it 
has 	been possible to extend any canal irriga
tion. While this is a determining factor in
Punjab also, some shallow tubewells haverecently been constructed there as an experi

mentl meas rud the ant eperi
mental measure under the anti-waterlogging 
programme. In Bihar, the tubewell pro
gramme was taken up as an insurance against 
the vagaries of the monsoon. In spite of 
about 50 inches of rainfall, crops have failed 
in Bihar once in every 3 to 4 years because of 
erratic and untimely rains. The same con
sideration has now governed the undertaking 
of tubewell construction programme in the 
West Bengal. 

Before starting tubewell projects on a 
large scale, the Uttar Pradesh Irrigation 
Department conducted field experiments in 
the thirties with a view to investigating thefollowing aspects : 

(a) 	What is the most efficient spacing 
for a system of tubewells ? Is it 
better to locate a large number of 
small tubewells closely spaced over 
a given area, or a smaller number of 
larger units spaced further apart 

(b) 	What is the maximum abstraction 
which the local sub-soil will with
stand at one night and what is the 
danger inherent in over-straining the 
capacity of the soil ? 

(c) 	 What is likely to be the most econo
c pain oftbewelms egard 
mic spacing of tubewells in regard 
th dis trbg cha f 

(d) 	 What is the largest unit of water 
which a single cutltivator can con
veniently handle in irrigating small 
holdings ? 
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(e) 	 For what number of hours in a year to 1 cusec. It is anticipated that about 15,000 
of average rainfall is a tubewell private tubewells will be completed during 
likely to work, having regard to the the Third Five-Year Plan. With the increas
crops in a given tract ? ed generation of electric power and extension 

of 	 power lines in rural areas, it is expected
(f) 	What is the probable life of a tube- ththe ubrofadinltuwesi

stainr, nd ii)the that the number of additional tubewells inwell (i it 
well, () tits stin, havn regare stalled during the Fourth Five-Year Plan will 
rest of the equipment, having regard be (At the order of :35,000.
 

eleor 	other corrosiveto chemical 
ments present in the soil ? GROUNDWATER EXPLORATION 

(g) 	What are the sources of replenish- As mentioned earlier, tubewells construc

ment of the underground reservoir tion in the initial stages was mainly confined 

and what is the probable effect on to the Indo-gangetic alluvium. With in

the latter of pumping at the rate creased emphasis on irrigation, after Indepen
proposed for prolonged periods of dence, it was felt that a systematic explora

the y'ear ? tion of tubewell possibilities in other parts of 

After examining the various factors and the country where geo-hyvdrological conditions 

conditions in Uttar Pradesh, it was considered were apparently favourable, should be carried 
With this end in view, the Governmentthat the most economical size for a tubewell out. 


would be outlet of 1.5 cusecs with 'Pucca' of India decided to start an exploratory dril

of one mile length. Separate tube- ling project on a scientific basis in order tochannels 
wells, each selling water by volume to indivi- establish the groundwater resources of the 

country available for agricultural purposes.dual cultivators at the source, were preferred 
This led to the Indo-American Cooperationto an arrangement under which a battery of 

surveywells would feed minor distributaries con- Agreement No. 12 for a nation-wide 

structed by the Government. which envisaged drilling over 300(1 experi
mental bore holes in 16 different regions 

Since the inception of tubewell projects covering alluvial basins of the larger rivers 
in Uttar Pradesh up till 1951, there were and the soft rock areas. To carry out this 

about 4,000 State owned tubewells in Uttar pioneering job, the Exploratory Tubewells 
Pradesh, Bihar and Punjab. The construc- Organisation was created in the Ministry of 

tion of tubewells received an impetus in the Food and Agriculture. The areas were selec-
National Planning under the Grow More ted for exploration on the basis of the 

Food Programme. In each of the first two earlier investigations carried out by the 
plan about 2,500 State owned tubewells of 1. Geological Survey of India. The ex
cusecs capacity were constructed. The ploration aimed at collection of sub
current Third Plan has also a programme of surface data, testing of aquifers and delinea

about 2,5010 tubewells State owned. This tion of productive areas for development of 

rate is proposed to be maintained in the groundwater resources for irrigation pur

future Plan periods also. This system of poses. The techniques involved are drilling 
irrigation is now being extended from Indo- of pilot holes to 1,5010 ft. depth, electrical 
Gangetic alluvium to other areas as a result logging of the bore holes, and conducting 
of the groundwater project described later in individual aquifer tests for quality of water 
this paper. and yield capacity test in fully developed 

sized State owned wells and determining some of the aquiferIn addition to the large 
private owned tube- constants.and operated tubewells, 

wells also are now being constructed in large The first phase of the project was 

numbers. The capacity of the private tube- successfully completed in August, 19-59. The 

wells usually ranges from about 0.25 cusec Government of India. thereupon sanctioned 
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continuation of the groundwater exploration 
till the end of the Third Plan period, (March 
1966) to cover further areas and carry out 
intensive work in promising areas. It is 
proposed to extend the valuable work in the 
Fourth Plan period, 

Area 
explored 

State (sq. miles.) 

1. Uttar Pradesh 8,800 

2. Madhya Pradesh 5,000 

3. Maharashtra 

(a) Purna valley 1,440 

(b) Tapti valley 4,000 

.t. Gujarat 

(a) Saurashtra 1,900 

(b) Kutch 5,760 

5. Rajasthan 11,00( 

6. Bihar 7,(00 

7. Kerala 500 

8. Andhra Pradesh 404 

9. Orissa l,S00 

10. Madras 2,600 

11. Punjab 6,800) 

12. Assam 1,500 

13. West Bengal 9,000 

Technical features of existing tubewells 

Cnerally, irrigation tubewells constructed 
in India are of two types : (i) Strainer wells 
with no gravel packing, (ii) Gravel packed 
wells with slotted tubes against aquifer zones. 

In the first category the screen size is 

chosen in relation to the effective size of the 

formation materials so as to prevent sand 

from entering into the well while pumping. In 
the second category the gradation curve of the 

aquifer materials is used to establish the limit 

The large scale groundwater exploration 
completed has proved over 15,000 sq. miles as 
worthy for future groundwater development 
for irrigational purposes and has created a 
potential for over 8,000 irrigation tubewells 
in the following States : 

Extent proved Average No. of pro
groundwater 

worthy 
discharge in 
(I.G.P.H.) 

duction 
tubewell 

(sq. miles.) feasible 

1,320 36,000 900 

1,218 29,900 6(10 

600 6,500 300 

80 33,600 40 

135 2,000 30 

500 30,000 250 

600 30,000 100 

992 38,000 400 

104 11,000 40 

125 31,000 80 

1,327 22,000 250 

1,396 26,000 400 

356 34,000 100 

780 35,000 500 

5,468 40,000 4,000 

of gradation of the artificial gravel pack which 

will stabilise aquifer materials and give 

reisnable improvement in the well efficiency. 
In view of the diverse textures of the aquifers 
sands generally met within the alluvial for
mations of the country, it is not possible to 

adopt a specified screen opening for tapping 

the waier bearing horizon,; in the construction 

of irriuation tubewells all over the country. 

The gravel shrouded tubewells have the 

following advantages over the strainer type : 

1. By gravel treating a well, provision is 

370 



possible for larger openings in the 
screen or slotted pipe than in the well 
screen when not gravel treated. 

2. 	 Gravel treatment also increases the 
effective diameter of the well. The 
yield is proportional to the logarithms 
of the diameters. 

3. 	 The gravel treatment controls the 
ermatone io the fellsa m1.5 
formation into the well. 

4. 	 The application of correct size gradcd 
gravel against the screen will help 
increase the transmission constant and 
reduce -ntrance velocity, 

pared to strainer wells. In view of these ad-

vantages there is a tendency in recent years to 
construct more artificially gravel-packed tube-

wells. However, if the quantity of water 
needed is less than the maximum and can be 

obtained by using ordinary straight screening 
not conmethods, the gravel treated wells are 

structed in view of the initial costs involved. 

Pumping equipment 

In the early stages, centrifugal pumps 
driven by horizontal motors were in use. 
These sets were lowered below ground level 
to ensure that the suction limit did not 
exceed 25 feet. 

With the development of turbine pumps 
now being manufactured in India, the use of 
old type pump sets has been given up, except 
in small private tubewells. The present tube-
wells are installed with deep well pumps (oil 
lubricated) driven by hollow shaft vertical 
electric motors. In the tubewell kiosk are 
housed the panel of electrical instruments. 
T.P.I.C. switch and air-break star-delta starter. 
The efficiency of the combined unit is of the 
order of 80 to 90 per cent. Submersible 
pumps are also being manufactured in India 
now and their use is on the increase in view 
of their advantageous constructional features. 

Size of tubewell standardisation 

An 	 attempt at standardisation was first 

made in the Gangelic alluvium as a pre-requi
site for the implementation of the large tube
well scheme for irrigation in the Ganga Valley 
in the early thirties. From field investiga
tion, it was found that a tubewell drilled to an 
average depth of 240 ft. tapping a total thick
ness of 8o to I(10 ft. course water bearing 
strata and installed with a 6 inch diameter 
strainer, would deliver a discharge of about 

cusecs. The radius of influence was found 

to be 1,000 ft. It was further considered that;
(a) the course sand strata below the water
table in the Ganga Valley is v',-!-spread and 
continuous ; b) eacti tubewell could command 
about 1,0(10 acres of cultivable land ; and (c) 
1.5 cusecs was about the largest unit of water 
which a single cultivator could conveniently
handle in irrigating his small holding. The 
fe i 
t ield ig on an avea t c ofc 

with a local depression of 1r to 1: ft. as a 
stnar ll. Thessin of 16t 2stada 
wells' was fixed at toi mileo.fapart. 

In recent years, considerable knowledge 
has been gained after operating additional 
wells in the Ganga Valley and by drilling and 
testing exploratory wells in the arid, semi
arid, coastal and river alluvial tracts. The 
information gTathered confirms that in 'ivw of 
the diverse conditions prevailin in the idi

d 
vidual groundwater basins all over thle 
country, the optimum size of tubewells should 
vary from basin to basin and a standard 
arrived at for one basin may not necessarily 
be applicable to other basins. Even in the 
heavily tubewell irrigated tracts it has been 
observed that no appreciable permanent 
depletion in the orivinally observed water
table has taken place after continuous pump
ing over the last several years. The standards 
for optimum pumpage from an individual 
well and their spacings are being reviewed. 

Siting of tubewells and ixation of 
commands 

Tubewells are normally located at the 

intersection of water sheds in the commanded 
area so that advantage is taken of natural 
gravitation in distributing the irrigation 
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water. For actual location of individual wells, 
water sheds and drainage lines are first 
marked out in the entire area to be covered 
by tubewell irrigation. Possible sites of in-
dividual wells thus are indicated primarily at 
intersection of watersheds, the off-taking ridge 
lines from the point of intersection serving as 
alignment for distribution channels. Irriga-
tion commands of individual wells are formed 
by the natural local drainage lines besides 
considerations like village border, railway 
lines, important roads and other barriers. 

The commanded area of a tubewell is 

related to the irrigation capacity of the well 
and the proposed intensity of irrigation in the 
tract. Tubewells in North India usually have 
a commanded area ranging from SOO to 1,000 
acres with an expectation of irrigating about 
40 to 60 per cent of the commanded area. 

The latest thinking, however, is that comman-
ded areas of this order are on the high side. 
It is felt that tubewells afford a distinct field 
for practising intensive pattern on irrigated 
agriculture as supplies from tubewells are 
firm and perennial and there is no fear of 
waterlogging. Hence the recent trend is to 
fix the commanded area of tubewells so as to 
cater for 70 to 81) per cent intensity of 
irrigation. 

and maintenance 
Operation 

The organisational set up varies from 
State to State. Tile general pattern for the 
op--ration and maintenance of State tubewells 
is described as follows 

State tubewells are under the general 
technical and administrative control of the 
Chief Engineer, Irrigation Department. They 
are jurisdictionally divided into administra-
tive units, known as Tubewell Circles, each 
circle being tinder the charge of a Superinten-
ding Engineer. The Superintending Engineers 
are responsible for the construction, main-
tenance and upkeep of tubewells and their 
appurtenant works including preparation of 
revenue accounts in their respective circles. 
A tubewell division is under the charge of an 
Executive Engineer, with three or more sub-

divisions attached to it. To each division is 
attached a Deputy Revenue Officer, who 
supervises the work of the revenue staff and 
exercises magisterial powers under the Canal 
Act. 

The actual field operation staff works 

under the Sub-divisional Officer or Assistant 
Engineer. The field staff in a sub-division 

consists of three to four overseers, three to 
four electrical and mechanical supervisors and 
other subordinate staff on regular pay-rolls or 

on works charged basis. Normally each over

seer and each supervisor looks after 50 to 60 
tubewells with regard to civil and mechanical 
works respectively. On the revenue side, 

there is one Zilladar along with 'Amins' and 
tubewell operators in each sub-division. A 
tubewell operator is parallel to Patrol or 

Patwari and is the pedestal of official set-up 
of tubewell organisation. He runs the tube
wells. He keeps accounts of irrigated areas, 
field by field and also of the charges levied 
thereon. Besides, he keeps a watch on the 
demand for irrigation and advises cultivators 
on matters pertaining to use of tubewell water. 

During the season and at the end of the 
'Fasal' field-wise records maintained by the 
operators, are checked by 'Amins' and 
'Zilladars' and individual demand slips are 
prepared. On the basis of these records 
Jamabandies (consolidated account of assess

ment) are prepared in the office of the 
Executive Engineer under supervision of the 
Deputy Revenue Officer are forwarded to the 
Revenue authorities for collection of charges. 
Finally, the performance of a tubewell is 
judged by the gross receipts indicated by the 
Ja1mabandi. 

The above set-up related to the construc
tion and maintenance of tubewells and distri
bution of tubewell water. The utilisation 
aspect of tubewells primarily is the responsi
bility of the cultivators who are advised, in 
the technical aspects of management of farm
ing, by the Agriculture Department of the 
State. The advice tendered by the Agricul
ture Department at the level of the cultiva
vators is being increasingly made available 
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through the machinery of Community Blocks. 

The organisational problem is, therefore, one 

ofcombining into an efficient team the officials 
of the Engineering Department and the 
Agriculture Department, and the cultivators 
themselves. 

The Mechnical Sub-Divisional Officer 

attached to the Division is in-charge of drill-

ing rigs, development of wells, pump testing 

units, well site electrical installation. etc., and 

the Civil Sub-Divisional Officer is in-charge 

of lay.out and upkeep of the' houses, distri-

bution tanks, water coarses, etc. Every divi-

sion is equipped with a mechanical workshop 

and spare parts store for quick repair of 

equipment including pumping sets. 

Irrigation Performance and Cropping 
Pattern 

Irrigation performance of a tubewall varies 
from region to region depending upon the 

discharge of the well, cropping pattern and 
the local rainfall, climatic and soil conditions. 

A tubewell in the semi-arid regions of North 

India where the predominant irrigated crop 

is wheat, irrigates on an average about 400 

acres. A tubewell with equivalent discharge 

in the South where the main crop is paddy 

hardly irrigates 100 acres. In order to ensure 

that these tubewells are occupied all the year 

round for full utilisation of available water, 

it is necessary that the cropping pattern 

adopted should be as intensive as possible. 

The cropping pattern suggested in some areas 

for optimum utilisation of tubewell water are 

ACRES 

Early Kharif (hot weather 
April to May-June) 

Late Kharif 
(July to September) 

Rabi 
(October to March) 

Sugar 
cane 

Orchard 
and vege-

table 

Fodder Other 
crops 

Cotton 
and 

maize 

Sugar 
cane 

Paddy Other 
crops 

Sugar 
cane 

Wheat 

1. Punjab and 
West U.P. 
(out side 
sugar fac
tory area) 20 25 15 15 75 20 10 21 20 225 

2. Punjab and 
West U.P. 
(sugar fac
tory area) 10 10 15 ... ... 100 15 35 100 175 

3. East U.P. 
and Bihar 
(sugar fac
tory area) 100 10 15 25 ... 100 15 10 100 200 

4. East U.P. 
and Bihar 
(outside 
sugar fac
tory area) ... 10 25 65 15 ... 100 10 ... 250 

5. North 
Gujarat 20 25 15 15 75 20 10 20 20 225 
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Steps are being taken to demonstrate the 
improvement of cropping patterns in actual 
cultivators plots in order to convince the 
cultivators of the advantages in the form of 
increased produce and income that accrues 
from such cropping patterns, 

Usually it takes a period of 4 to years 
before irrigation is fully developed around i 
tubewell. This period is considered too high 
and steps are being taken to cut it down by 
taking advance measures for (a) timely cons
truction of field channels, (b) levelling and 
preparation of fields, (c) evolving and demons
trating improved cropping pattern, (d) mak-ing vaiabl mprvedtielysuppicsof
ing available timely supplies of improved 
seeds, fertilizers, etc. 

The hours run by a tubewell during a year 
give an idea of the irrigation development 
under it. In full development, tubewells in 
West Uttar Pradesh, are found to run on an 
average 4,r500 hours in a year. 

Distribution of Water 

The tubewell water is delivered to the 
fields by means of small irrigation channels 
called water courses or field channels. The 
first I to 2 miles of the chinnels are lined 
with masonry at Government cost, the rest 
being earthen. Attempts are being made to 
evolve a cheap affective lining which may beadopted on a wider scale. 

The area which receives water from a 
tuhewell belongs to a number of cultivators, 
As every cultivator is naturally anxious to 
Obtain the maximum quantity of water at the 
earliest possible opportunity, it becomes 
necessary to fix the schedule for the distri-
bution of available supplies between the 
various sharcholders indicating their time and 
turn. Ti s turn system is called 'osrabandi' 
in Uttar Pradesh and 'warabandi' in the 
Punjab and is governed by the rules under 
the Irrigation Enactment in force. The turn 
system for each tulcwcll may either be agreed 
upon mutually among the shareholders them-
selves of the Irrigation Officer in charge of 
tubewells may frame the schedule for them. 
The commanded area is divided into 8 to 12 

-thokes' (blocks of areas) and for each 'thoke' 
a man of influence and integrity is nominated 
as 'thokedar' with the consent of the concer
ned cultivators. The turn generally begins 
with the first holding at the head of the water 
course and ends with the one at the tail end. 
The time of each farmer's turn is propor
tionate to the area in the command of the 
tubewell. The 'thokedar' is responsible for 
the.distribution of water among the cultiva
tors within his 'thoke'. 

Sale of Water 

the anal syste in n hethe water rate is usually charged from the 
cultivators on crop area basis or the com
manded area basis irrespective of the actual area 

irrigated, the water rate on tubewell is gene
ally charged on volumetric basis. The volu
metric sale of water is not only convenient 
and highly equitable but also provides incen
tive to tile farmers for economic use of water. 
There are usually two systems in vogue for 
assessing charges on volumetric basis : 

1. 	 The discharge of the tubewell is mea
sured over the V-notch from time to 
time and then is calculated by multi
plying the discharge with the time 
interval for which the discharge is 
passed in the field. 
pase int f wld.2. 	 The quantity of wvater delivered is 
correlated with the electrical energy 
consumption. In this way the units 
of electricity consumed provide the 
direct volumetric measure of water 
delivered. The discharge of the tube
well is checked from time to time and 
the correlating factor between the 
Jischargz, and tl'."clectrical consump
tion is adjusted accordingly. 

Efforts are being made to introduce a two 
part tarif which would comprise a fixed com
pulsory charge for the entire commanded area 
irrespective of tile area actually irrigated and a 
second charge based on the volume of water 
actually consumed. It is expected that this 
basis would provide greater incentive to the 
cultivators to make fuller use of available 
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irrigation water and bring maximum area 
under irrigation all the year round. 

OBSERVATION ON WATER TABLE 

BEHAVIOUR 

In heavily (tubewell) irrigated tracts there 
is imperative need to observe the behaviour of 
the regional water table as a help in planning 
additional wells in the area and to aim at safe 
extraction of ground water from the basin or 
region by putting a ceiling on pumpage from 

the groundwater reservoir. In addition, such 

observations facilitate delineation and control 

of water-logged areas in the irrigated tracts. 

With this objective in view, the rise and 
fall of spring levels in 700 wells spread out all 
over the heavily tubewell irrigated tracts lying 

between the major river courses (Ganga and 

Yamuna) have been under observation (Semi-

annual) in Western Uttar Pradesh for the last 

forty years. The results show that no appre-

ciable change in groundwater table has taken 

place in the tubewell pumped areas, except in 

a few localities to a limited areal extent. E%'en 

in the latter case, the depletion is of the order 

of 2 to :3 feet only. The study also proves 

that Ganga and Yarnuna rivers are effluent 

during the month of May. In selected regions 

these rivers recharge the groundwater table 

during and after the flood stage. In the same 

tract, some parts are irrigated (e.g. Hindan-

Yamuna, Arind-Pandu, Isan-Kali etc.) simul-

taneously' by canai systems as well as by tube
wells. The study of water table behaviour 
shows that the water table has attained more 

or less an equilibrium stage and there is no 

appreciable rise or fall to continuous pumping. 

The Government of India has plans to 

bring out a water table map of the country 
by setting up permanent observation wells 
all over the country. This is of special signi
ficance in States where tubewell irrigation is 
gaining importance. The processing of data 

regarding fluctuations in the water table is 

undertaken by the Geological Survey of India 

as the coordinating body. 

CONCLUSION 

Tubewells are playing a significant role 

in the country's agricultural development 
especially in raising cash-crops. With the 

experience gained in running them for over 

three decades, new designs are being evolved 

with a view to tapping groundwater sources 

on an economic scale. This system of irriga

tion is spreading from the Gangelic alluvium 

to coastal and other alluvial areas. Side by 

side close study is being made of inherent 

geohydrological problems. The indications are 

that groundwater development be accclerated 
in the very near future. The groundwater 

development is now being coordinated with 

surface water development in order to derive 

full benefits of conjunctive use. 
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PART III 

SMALL STORAGE AND DIVERSION SCHEME
 
IN SOUTH INDIA
 

(With particular reference to Andhra Pradesh)
 

by 

M. A. Rahnan* 

SYNOPSIS 	 benevolent rulers of the past. Ramappa and 
Lakhnawaram lakes in Warangal District of 

Most irrigation in southern states of India Andhra Pradesh, constructed during the rule 
is provided by small storage works (tanks) of Kakatia Dynasty, sto nd as living examples 
and diversion schemes. There are more than of unparallelled skill in planning and execu
125 thousand tanks in the region. Quite a tion of irrigation tanks. Some of the existing 
large number had been lying in a state of anicuts across Musi river in Andhra Pradesh 
dis-repair due to long neglect by the erstwhile date back to Khutub Shahi period. Andhra 
zanindars and jagirdars (landlords) who Pradesh, Mysore and Madras have compara
owned them. With the recent land reforms, tively more minor tanks than other States. 
great headway is now being made towards 
speedy restoration of these derelict tanks Land Resources 
under the minor irrigation programme. A 
large number of additional works are also The four southern states, Andhra Pradesh,
being constructed. 	 Madras, Mysore and Kerala have a total 

geographical area of 245,380 thousand square
This paper describes in detail the main miles. The total irrigated area is 15.243 

design and construction features adopted million acres. Out of this 5.997 million acres 
generally in the southern states (particularly is cultivated under tanks which is 39.20 per 
in the State of Andhra Pradesh) for execution cent of the gross irrigated area. The areas 
of small storage and diversion schemes. irrigated in different states under different 
Background information in regard to the land sources in 1956-57 is given in Table 1. 
resources, water resources, rainfall pattern, 
type of soils and cropping pattern in the Andhra Pradesh has geographical area of 
southern states has also been furnished. 106 thousand square miles and a total cultiva

ted area of 27.90 million acres which is 42 per
INTRODUCTION cent of the gross area. The irrigated area 

is 6.78 million acres. Out of this roughly
The system of tank irrigation ha- been 2.64 million acres are being irrigated by minor 

traced back too well before Christian era in tanks and 4.14 million acres by wells and 
South India and it forms the back-bone of other minor sources. Thus the area of 2.64 
the economy. These tanks are found in large million acres irrigated under the tanks which 
numbers in almost all districts. Most of them is 39 per cent of the gross irrigated area, 
are ancient works brought into being by speaks for the importance of tank irrigation. 
* Chief Engineer, Public Works Department, Andhra Pradesh. 
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TABLE 1. AREA IRRIGATED BY STATES IN SOUTH INDIA 1956-57
 

Geographical area Canals Tanks Wells Other TotalState in sq. miles sources
 

(Thousands of Acres)
 

Andhra Pradesh 1,06,052 3,149 2,916 793 210 7,068 

Madras 50,132 1,997 2,195 1,236 89 5,517 

809 320 292 1,829Mysore 74,191 408 

2i) 301) 829Kerala 	 15,005 414 77 

2,378 890 15,2432,45,380 5,968 5,997 

Note: (I) 	 Column 2-From Indian Year Book, 11)62. 

Columns 3 to 7-Hand Book of Irrigation and Power published by the Central Board(2) 

of Irrigation and Power, 1962.
 

The total number of tanks in the area is as 

high as 58,500 and many more will be added 
in due course. The district-wise distribution 
of tanks and area irrigated in 1955-56 is showi 
in Table 2. 

Rainfall 

Almost all the entire rainfall in South 
India is received due to the South West mon-
soon from June to October. The coastal 
districts also receive rainfall from the North 
East monsoon, which is from October to 
December. Besides there are cyclonic storms 
such as have occurred in years of 1928, 1948, 
etc., in the coastal districts of Krishna, 
Godavari and Vizag which result in extensive 
damages to all the tanks and other irrigation 
works in these areas. 

Andhra Pradesh can be divided into three 

regions with respect to the rainfall 

1. 	 North Coastal Andhra and Northern 
Telengana where the rainfall varies 
from 110 to 120 centimeters (43.50 to 
47.50 inches). 

2. 	 Mid Telengana and South Coastal 

Andhra where the rainfall varies from 
80 to 90 centimeters (31.50 to 35.50 
inches), and 

3. 	 Rayalseema and Mahboobnagar district 

of Telengana where the rainfall varies 
from 55 to 70 cm. (21.50 to 27.50 
inches). The distribution and inci
dence of rainfall is so uncertain and 
variable that it is essential to assure 

supply, by storing in periods of exces
sive rainfall. Rainfall district-wise 
in Andhra Pradesh is shown by Table 
3. Fig. I is an isohytel map of 
Andhra Pradesh. The Rayalseema 
region is more effected by famine due 
to the meagre and uncertain rainfall. 

Soils 
The soils of South India can be classified 

into 4 major types : 
1. 	 Alluvial Soils are found in the coastal 

areas of South India particularly in 
Deltic regions. 

2. 	 Black Cotton Soils are the typical soils 
of Deccan trap extending over Andhra 
Pradesh, Mysore and some parts of 
Madras. 

3. 	 Red Soils are found in eastern Andhra 
Pradesh, Mysore and major parts of 

Madras. 

4. 	 Latterite Soils are a soil type peculiar 
to India existing in Mysore and Kerala 
States. 
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TABLE 2. DISTRICTWISE DISTRIBUTION OF TANKS AND AREA IRRIGATED IN 1955-56 

Settled Actual Irri-
SI. No. Name of Below 11-50 51-100 101-200 Above 200 Total No.Ayacut under gation under Gap columnsDistrict 1) Acres Acres Acres Acres Acres of Tanks the tank tank during (9-10) Acres 

1955-56 

Telangana Region 

1. Warangal 1,585 1,594 633 317 288 4,357 2,21,784 1,99,786 21,998 
2. Khammam 531 798 210 97 66 1,702 93,186 90,222 2,964 

Karimnagar 3,0.0 2,827 648 263 176 6,994 2,69,554 1,92,554 77,309 
4. Adilabad 335 56S 130 254 34 1,161 42,760 44,382 -
5. Nalgonda 1,599 1,409 617 215 114 3,954 1,25,460 1,10,441 15,019 
6. Medak 2,817 2,605 910 544 64 6,940 1,93,395 1,93,628 67,473 
7. Hyderabad 498 1,211 306 149 10 2,174 61,706 
8. Nizamabad 300 547 304 162 102 1,415 1,09,863 1,07,449 2,414 
9. Mahboobnagar 1,653 1,660 534 277 159 4,283 1,83,280 1,66,966 16,314 

---- ---- ----------------------- -- ------ ----- -- -- -- -- -- ---
Total 12.438 13,219 4,292 2,078 935 32,980 13,00,988 11,05,119 1,97,791 

Andhra Region 
10. Srikakulam - 7,324 - 1,914 78 9,316 2,44,950 2,77,692 
11. Visakhapatnam - 2,394 - 118 106 2,618 :3,25,420 1,35,567 1,89,853 
12. East Godavari - 627 - 520 49 1,196 - 1,33,594 
13. West Godavari - 302 - 116 27 4451 4,13,561 2,31,750 1,81,811 
14. Krishna - 456 - 107 37 600 , 
15. Guntur - 179 - 98 8 285 1.39,770 45,166 94,604 
16. Nellore - 238 - 69 215 522 2,42,146 3,09,034 
17. Kurnool - 426 - 51 41 518 49,284 59,956 
18. Anantpur -- 1,497 - 628 112 2,236 1,08,305 1,91,273 17,032 
19. Cuddapah -- 1,029 - 106 49 !,184 31,580 73,025 

20. Chittoor - 5,290 -- 1,307 299 6,626 1,30,882 1,76,460 -

Total - 19,762 - 5,034 751 25,547 16,85,898 15,33,517 , 4,83,300 

Grand Total - 49,711 - 7,112 1,704 58,527 29,86,886 26,38,636 6,82,091 



TABLE 3. RAINFALL BY DISTRICTS IN ANDHRA PRADESH
 

I. 	 Northern Coastal Andhra and Northern 
Telangana (Average rainfall 40" to 50'). 

Cm. Inches Basin 

1. 	 Srikakulam 120 47.5 (c) 
120 47.5 ()2. 	 Visakhapatnam 
120 (a)3. 	 East Godavari 47.5 

4. 	 West Godavari 105 41.5 (a) 

5. 	 Adilabad 116 43.5 (a) 

6. 	 Nizambad 105 41.5 (a) 

115 (a)7. 	 Karimnagar 45 

8. 	 Warangal 110 43.5 (a) (b) 
45 (a) (b)9. 	 Khammam 115 

II. 	 Mid Telangana and South Coastal Andhra 
(Average Rainfall 30n to 40"). 

10. Medak 	 90 35.5 (a) (b) 

11. Hyderabad 	 so 31.5 (b) 

12. Nalgonda 	 80 31.5 (b) (a) 

13. Krishna 	 90 35.5 (b) 

14. Guntur 	 so 31.5 (b) (d) 

15. Nellore 	 90 35.5 (c) (d) 

16. Chittoor 	 85 35.5 (c) (d) (e) 

III. 	 Rayal-Seema and Mahaboobnagar District of 
Telangana (Average Rainfall 20' to 30'). 

(b)17. 	 Mahaboobnagar 65 25.5 

18. 	 Kurnool 60 23.5 (b) (c) 

19. 	 Ananthapur 55 21.5 (b) (c) 

20. 	 Cuddapah 70 27.5 (c) 

The main drainage basins in the State are those of rivers 
(a) Godavari (b) Krishna (c) Vansadara (d) Nagavalli (e) 

Pennar (f) Coastal rivers (g) Palar. 

Paddy is grown generally in 2
Water Resources 	 seasonsenclosed).i.e. in Abi, which is from June to 

which is from January
South India December and Tabibasins in 	 JnuyThe main drainage 	 I. Cavery, DembradTiwhcisfo are 	: 1. Godavri, 2. Krishna, 

Occasionally a third crop of paddy is . Krishnaly, 	 also grown which is for a shorterare 1. Gdar, 3. Car, to May. 	 duration of
4. Vamshadhara, 5. Nagavally, 6. Pannar, 

about 2 to 3 months. as 	 Upputeru,Other Coastal rivers such 

Gundlakamma, 
7. 

etc., 8. Palar. 

Catchment, Yield, etc. 

Most of the tanks in South India form partCrops and Cropping Seasons 

of groups of tanks and either receive the
The main irrigated crops in Andhra Pradesh 

tanks or feed surplus
are 	 (1) Paddy, (2) Sugar-cane, (3) Garden surplus of the upper 

into 	 lower tanks or do both.' Any tank that 
crops, (a statement showing the area irrigated 

under the above crops in Andhra Pradesh is neither receives water from an upper one nor 
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discharges surplus into lower tanks is 

termed as an isolated tank. In a group system 

considerable economy is achieved and the 

surplus water of each tank and also the 

return drainage of its cultivation is caught by 

the next lower tank. Each tank takes a share 

of the yield of the whole catchment above 
it which is classified as follows : 

1. Free Catchment is the catchment 

area which drains into tank only under 

consideration, and 

2. 	 Combined Catchment Area is the 
area of the whole catchment above the 

tank. The difference between 

combined and free catchment area 

gives 	 the area of the intercepted 
pe tank.catchment by t upper For 

calculation of yield purposes 1/5 to 

as 	 equivalent freeis considered 
The catchment is classi-catchment. 

or bad dependgood, averagefed as, 
nature of the country,ing upon the

inatupoe natit of vgeth on, 

nature and quantity of vegetation, 

of windgeological formation soils, 
ois, 

temperature and humidity of air. 

Dependnguon e ac-

teperaturc adfoumiti ofy wi 

the oon 
menit and the average monsoon rain-

fall, the yield from the catchment area 
Tois calculated from Strange's table. 

ensure moepacuare sta tios icon-

sidered for a period of 4) years and 

arranged in a descending order and 
atescendg ertherrand ig at 76 per cent nC.L.the rainfall figure 

taken for calculating yield based on 
is table. 
Strange's 

Duties 

The duty for paddy crop varies with the 

incidence of rainfall in a particular area. For 
overrice, in terms of depth of water the 

ayacut this is '32 inches excluding the rainfall, 

So the net duty varies from 4 acres/Mcft. to 

8 acres/Mcft. where the average monsoon 
more than 35rainfall is up to 25 inches and 

in period isinches respectively. Duty Abi 

obviously less and is approximately half of 

the duty in Tabi period as there will be 
natural rainfall for the area irrigated in Abi 

season. 

Design Criteria of Tanks and Minor 

Storage Schemes 

The monthly monsoon rainfall of a parti
cular station which influences the catchment 

area is large(sometimes when the catchment 

it is influenced by number of raingauge sta-

The catchment influenced by eachtions. 
raingauge station is determined by Thyeson's 

Polygon method), is taken at 75 per cent C.L. 
and the monthly yield available is calculated 

by means of Strange's table, depending upon 

the nature of the catchment. The cropping 

pattern under any particular project is deter

mined keeping in view the soils available, the 

existing habits of the villagers and the climatic 

The monthly requirements of the
conditions. 

calculatedproposed arecropping patterns 
The 	net

with the duties of different crops. 
are arrived at by deducting therequirements

rainfall in the corresponding months. To 
these net requirements the losses due to 

areevaporation, transmission and percolation 
added and the requirement at head works is 

shows the monthly yieldcalculated. Fig. 2 

available and the total requirements of crop 
for a particular case, "Sarpanapally Project", 

Vikarabad, Hyderabad District. The maximum 

ordinate between the line of yield and demand 

The fullline 	indicates the storage needed. 

tank level of the reservoir is fixed at such a 

this capacity is available. The
level where 
number of net are thus deduced byfillings demmn~d by the capacitydividing the total 

thus fixed.
 

Bund Design 

The top width and free board of th,. 

earthen bund are fixed depending upon the 

depth of standing water, the fetch of water 

area and the nature ofspread, catchment 
The top width varies fromsoils available. 

4 to 25 ft. and free board varies from 3 to 10 

ft. Table 4 shows the different free board 

and top widths generally adopted with respect 

to depth of standing water is enclosed. 
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FIG. 2. SHOWING MONTHLY YIELDS-REQUIREMENTS AND NET STORAGE OFPRO :SARPANPALLY PROJECT, VICARABAD TALUQ, HYDERABAD DISTRICT, A.P. 
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TABLE 4. STANDARDS FOR TANKS WITH RESPECT TO DEPTH 
OF STANDING WATER 

Depth of Free board 
water in ft. in ft. 

5 to 10 3 

10 to 15 4 

15 to20 5 

20 to 40 6 

40 to 60 8 

Over 60 10 

Generally for tanks having depth of water 
at maximum water level upto 15 ft. a homo
geneous section is adopted. For tanks holding 

more than 15 ft. depth of water a zonal sec-

tion is adopted with a hearting of impervious 
materials supported by a casing of more 

pervious or semi-pervious material containing 
a larger quantity of grit. 

Filter 

In deep portions of the river and where 
the depth of water against the section is more 
than 40 ft. filters could be continuous and in 
other portions longitudinal filters with cross 
filters at 30 ft. intervals are generally provided. 
A layer of sand gravel 3 ft. or more in thick-
ness will be provided between the filter and 
the embankment material of pervious zone in 

sections for water depth more than 40 ft. 
The layer will have down grade of 2 per cent 
towards the cross filter. 

Upstream Blanket 

A clay blanket is provided on the up-
stream side of the embankment when the 

section has to retain water more than 40 ft. 

deep and the foundations are relatively per-

vious. The length of the blanket u/s is 

determined by the desired length percolation 

gradient of 10 times height of bund. 

Top width Remarks
 
in ft.
 

4 

5 
The slopes generally 

6 vary from 1A : I to 
3 : I depending upon 

15 depth of water. 

20 

25 

Cutoffs Trench 

Cutoffs are providcd primarily with the 

object of increasing the creep length. They 

are generally located in the upstream portion 

of hearting having a minimum cover of 5 ft. 

The side slope of trench depends upon the 
nature of the soil in which it is to be excava
ted. The depth will be restricted to either 

half of the depth of the storage or to hard 
strata whichever is less. The bottom width 
is generally I of the depth water, subject to 
a minimum of 10 ft. 

Hearting and Casing Zones 

The top of hearting zone is generally kept 
midway between maximum water level and 
top of bank level and top width will be 6 to 

8 ft. or more according as the depth of water 
is 40 ft. between 41) to 60 ft. or more respec
tively. The side slopes will be generally 1 : 1. 
A typical section for a depth of 20 ft. standing 
water and more is shown in Fig. 3. 

Rock-Toe 

When the height of bund is more than 
20 ft. rock-toe is generally provided. The 

height or rock toe varies from 1/5 of bund 

height to 1/6 of bund height for sections to 

hold water upto 40 ft. and more respectively. 
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The top width of rock-toe, varies from 3 to 
10 ft. depending upon the depth of water 
and the side slopes will generally be 1 :1. 

Toe-Drain 

A toe-drain with 3 ft. bed width and 1: 1 
slopes will generally be provided for drainage. 
The bottom width is generally increased to 
suit the drainage to be conveyed. In the 
stream or river portions the rock-toe will be 
protected by means of a stone-pitched revet
ment. 

Anicuts 

In addition to the 58,500 small tanks, 
there are innumerable diversion works in 
Andhra Pradesh. The anicuts across Goda
vari at Dowlaiswaram and across Krishna at 
Vijayawada were constructed under the 
eminent guidance of late Sir Arthur Cotton 
and irrigate the fertile delta lands. 

!--

There are various small Kacha anicuts 
which are often called "Katwas" made up of 
mud and rubble by the ryots themselves 
in almost all of the villages. They can be 
classifid as 

1. Direct Irrigation. 'I 
2. Indirect Irrigation. 

Direct Irrigation 
IT 

This is Used when the incidence of rain
fall is uniform and when there is perennial 
flow in the stream. 

Indirect Irrigation 4 

This is usd when the flow in the stream 
is occasional. The flood water in the rainy 
season is diverted to storage works through 
which irrigation is carried out. 

The percentage of diversion for direct 
and for indirect irrigation varies with the 
equivalent free catchment area and the 
average monsoon rainfall. Table 4 showing 
the various diversion percentages adopted 
with respect to the above factors. 

A
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TABLE 5. PER CENT DIVERSION FOR DIRECT AND INDIRECT
 
IRRIGATION
 

Catchment area Monsoon 
in sq. miles. Rainfall 

(Equivalent C.A.) in inches 

1-5 (a) upto 2 5 

(b)25-35 
(c) 35-50 

5-15 (a) upto 25 

(b) 25-35 

(c) 35-50 

15--50 (a) upto 25 

(b) 25- 35 
(c) 35-50 

50-100 (a) upto 25 

(b) 25-35 

(c) 35--50 

100-150 (a) upto 25 

(b) 25-35 

(c) 35-50 

Duty in Ac/Mcft. (a) :4 :(b) :6 

Direct diversion schemes are preferred, 
where conditions permit as there will be 
practically little foreshore submergence and 
these are cheaper than storage works, 

DESIGN CRITERIA OF ANICUTS 

Fixation of Crest. 

The crest of the shutters, or where there 

are no shutters, crest of the solid weir is 

fixed at such a height as to secure adequate 
command, i.e. to enable a sufficiently high 
water level to be maintained in the canal to 
irrigate the required area by flow. The anicut 
also must be high enough to ensure passing 

Diversion for Diversion for 
direct irriga- filling tanks 

tion (%) (%) 

10 15 

121 20 

15 25 

12J 20
 

15 25
 

20 30
 

15 25
 

20 30
 

25 35
 

20 30
 

25 35
 

30 40
 

25 35
 

30 40
 

35 45
 

(c) S. 

into the canal adequate quantities of water to 
supply the seasonal requirements of the crops 
up to the limit of the full flow of the river. The 
crest of the anicut is fixed at least 0.5 to I ft. 
more than the full supply level in the chan
nel and the margin between the full supply 

level and crest is known as driving head. 

Location and Design of Anicut 

Anicuts are located where the rivers have 
a straight course, narrow gorge, and where 
the full command can be obtained by a weir 
of reasonable height so that the combined 
cost of construction of the head works and of 

385 



cutting the canal from the anicut to where 
irrigation commences can be as small as is 
consistent with the efficiency of the works. 

Foundations 

The foundations of anicuts are generally 
taken to the hard strata or rock with an 
intention of saving of huge cost involved in 
the protective works which are otherwise 
needed. When it is not possible at reasona-
ble cost to reach hard foundations the anicuts 
are designed based on Bligh's theory for 
permeable foundation. Suitable cut-off walls 
of R.C.C. piles are taken to 1 to 2 times the 

scour depth when hard foundations are not 
available. The aprons are designed based on 
the straight drop spillway method. 

Supply Channel 
The supply channel can be classified into 


two types (a) for direct irrigation, (b) for 
feeding the tanks. 

(a) Supply channel for direct irrigation, 
Direct irrigation under the anicut is generally 
practiced when the incidence of rainfall over 
the area is uniform, when the stream is 
perennial and the flow in the stream is at 
least equal to the requirements of the ayacut 
even in the dry months. The channels are 
designed with a duty of (;)acres per cusec. 

(b) Supply channel for feeding tanks, 
These channels are generally intended to 
carry the -total supplies required for the 
ayacut from the stream when it is in floods. 
The wet days in a particular area are obtained 
by means of rainfall atlas and vary from 10 to 
:30days ityear. The channel is designed to 
carry the full requirements of the ayacut 
during the above wet days. Thus the require-
ments are diverted from the stream which 
is non-perennial during the wet days stored 
in the tanks and supplied as per the needs of 
the 	avacut. 

Opinion of the Revenue Department 
Whenever a new scheme is investigated 

by the Public Works Department, the 
Revenue Department is informed of the 

details regarding the proposed ayacut, the 
submergency and the probable financial 
return with a request to furnish the opinion 
of the Revenue Department on the financial 
and administrative aspects of the scheme 

especially with respect to (1) water rate, (2) 
betterment levy, (3) compensation for the 
submergible lands, (4) abatement of a land 
revenue and lower riparian rights. After 
receipt of the Collector's opinion, the scheme 
is referred to Board of Revenue if the cost 
exceeds Rs. 250,000 before giving administra
tive sanction. For scheme costing less the 
Chief Engineer is competent to accord admi
nistrative sanction based on Collector's appro
val without referring it to Board of Revenue. 

Betterment Levy 

When the proposed irrigation projects 
materialise, the value of dry lands coming 

under the command of the project, increases 
many-fold. The Government have felt it 
appropriate to collect a part of the increased 
value of the lands from the ryots. They 
have accordingly enacted legislation called 
"Andhra Irrigation (Levy of Betterment 
Contribution) Act, 1955" according to which 
betterment charges are leviable for providing 
assured supplies to the ayacut if the cost of 
the scheme exceeds Rs. 100,001) as given 
below. As per the practice followed the 

following are the rates of betterment levy. 

1. Betterment contribution in respect 
of conversion of dry lands to wet. 

Rs. 200/acre 
2. 	 Betterment contribution in respect 

of precarious wet to wet. 
Rs. 100/acre 

3. 	 Betterment contribution in respect 
of conversion of registered wet to 
wet. Rs. 50/acre 

Reference to Forest Department 

Generally, while starting investigation of 
any new project care is taken to see that no 
reserved and rich forest comes under fore
shore submergency. It is also very rare that 
deforestation is needed for developing the 
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ayacut. In spite of the above if some forest Forest Department generally transfers the 

area comes under submergency the Chief area, to be deforested, free of cost to the Public 

Conservator of Forest will be supplied with Works Department. After the concurrence 

the relevant maps showing the proposed of the Forest Department the scheme is 

project, foreshore submergency, etc , and h. sanctioned. 

will be requested to accord permission. The 

TABLE 5. AREA IRRIGATED UNDER RICE, SUGARCANE AND WHEAT, 

ANDHRA PRADESH, 1960-61 

Rice Sugarcane Wheat 

S.No. District 
Area OutturnArea Outturn Area Outturn 

(acres) (tons) (acres) (tons) (acres) (tons) 

1. Anantapur 1,38,647 79,63S 9,068 28,639 2,421 320 

2. Chittoor 3,20,330 1,110,604 24,439 76,890 :193 51) 

3. Cuddapah 1,59,410 97,174 1,324 (, 4-57 428 o0 

4. East Godavari 7,33,944 .4,16,972 28, :145 90,055 ... ... 

5. Guntur 5,50,939 3,84,538 2,057 7,-82 576 80 

6. Kiishna 8,85,860 5.08,689 17,106 67,1:36 37 

7. Kurnool 1,39.044 45, 101 1,210 1,305 2,963 420 

8. Nellore 5,30,81,6 2,57,017 40 142 ...... 

9. Srikakulam i,60,00S3 2,81,429 22,774 52.413 

10. Visakhapatnam 3,52,S80 1,17,457 :11,289 82,21:3 

1. West Godaviri 8,87,088 4,66,719 30,672 1,19,692 411 10 

12. Adilabad 1,28,0t7 38,957 189 661 11,666 9i10 

13. Hyderabad 1,07,857 42,091 1,136 4,022 1,8.15 110 

14. Karimnagar 2,36,932 74,238 94 333 1,247 ()(1 

15. Khunm:,n 2.85,819 52,036 ...... G0 ... 

16. \lahboobnagar 2,11,545 1,01,432 11 393 4,7910 280 

17. Meciak , 17,036 65,736 10,552 37,371 11,902 9711 

18. Nalgorda 3,09,57 1,46,771; 7 25 99 ... 

19. Nizambad 2,94,605 1,64,818 45,073 2,32,042 6,325 .170 

.20. Warangal 2,35,854 71,219 3 11 545 3 1 

:,840Total 73,17,208 31,02,696 2,25,995 8,0(),090 45,350 
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Cost 

A major portion of small tanks were under 
the control of the Zamindari system till 
recently. These tanks after their initial 
construction were not properly looked after 
and maintained during the jageer days. As 
a result, they are in state of dis-repair and 
the ayacut under them was gradually dimini-
shing. On abolition of the Zamindari system 
the Government have taken over all such 
tanks, and much headway is being made 
towards restoring these long neglected sourc-
es. The cost of restoration generally works 
out to Rs. 250 to Rs. 3.50 per acre of irrigated 
area. The cost of constructing new sources 
already under execution and those already 
sanctioned is generally working out to an 
acreage figure of Rs. 800. The cost of 

diversion schemes is working out to Rs. 3)50 
per acre. 

Maintenance of Minor Irrigation Works 

The tanks, numbering 58,500 which from 
the bulk of minor irrigation work in Andhra 
Pradesh, pose the main problem of mainte
nance. The initial restoration of tanks having 
more than 25 acres of ayacut is done by 
Public Works Department and the tanks are 
maintained by the State Public Works De
partment or are handed over to Zilla Parishad 
for maintenance depending upon the ayacut 
limit as detailed below. There are different 
practices in the State for maintaining these 
tanks. In Andhra region tanks having ayacut 
200 acres and more are looked after by the 
State Public Works Department and the rest 
by Zilla Parishads. In Telangana area, the 

tanks having ayacut of more than 100 acres 
are looked after by the State Public Works 

Department and the rest by Zilla Parishads. 
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DEVELOPMENT OF SMALL IRRIGATION PROJECTS
 

IN TURKEY-HACILAR PROJECT
 

by
 

Lutfi Dincer*
 

INTRODUCTION 

Development of water resources in Turkey 
is carried out by following river basin 

developmet plans in which projccts are 
recommended for implementation according 
to results of investigations on interrelated 
land and water resources in each river basin, 
However, in the river basins there are some 

projects, which are called "small water pro-

jects", that can be undertaken individually 
and independently from the river basin 
development. Such projects are implemented 
under a programme which is separate from 
the programme for the development of the 

river basins. 

Investigations and planning work involving 
these projects is not as involved as required for 
river basins. Small projects require smaller 
investments and can be implemented and 
start producing benefits within a shorter 
time. Through small water development 
projects it becomes possible to produce bene-
fits in many places and attain the aims of 

social justice throughout to country. It is also 
possible to obtain the participation of thelocal people in these projects. 

In Turkey there are two agencies which 
deal with small water projects. The General 
Directorate of Soil Conservation and Farm 

handles projectsIrrigation (TOPRAKSU) 
which require water with a discharge of 

under 500 lt./sec., and the General Directo-

rate of State Hydraulic Works (DSI) handles 

projects requiring larger discharges. 

In accordance with a protocol between 

those two agencies, the division of projects 

involving water storage is made on the basis 
of the heights of the storage facilities. 
(TOPRAKSU) performs the studies and 

construction work for small dams up to 10 
meters in height, and the studies and cons
truction work for larger dams are performed 
by DSI. 

Procedures 

Transmittal of small water resources 
development projects to either DSI or 

TOPRAKSU and the later stages such pro
jects go through to consist of the following 

The Request. In most cases requests 
concerning small water projects are made 

verbally or in writing by the local people, by 
administrative officials, or members of the 
Parliament on behalf of the people. Such 
requests concern the improvement of an 
existing irrigation project, remedying of 
water shortages, or providing irrigation water 
to the lands of villagers who realize that water 
is needed for the development of their exist
ing land resources. 

Small water projects may also be deter
mined by the local organizations of the two 

agencies without such a request 

Preliminary Investigations. Preliminary 
fieldinvestigations are carried out in the 

using maps of 1: 25,000 scale. The irrigability 

of the area, the availability of water, and 

the relationship of the project with the river 

basin development plan are determined. 
Approximate cost and the benefit.cost ratio 
are calculated, and the participation of the 

* Civil Engineer, General Directorate of State Hydraulic Works. 

389 



people in the investment, in the form of 
labour and funds, is indicated. 

which e 

suitable among those for which the prelimi-

nary investigations are co~mpleted. Water 
analyses are made during this stage. Evalua-
tions are made of the records of gaging sta-
tions which may have been installed after 
preliminary investigations or of the records 
made during independent observations made 
during various seasons where stations were 
not established. Maps of I ~ 

carried out for projects ar found 

aetaished.or Maps irrigatioAwardsscalescale are made for the irrigation area 

and, if the project contains storage works, 

maps for the dam-site (1 : 1,000) and for the 

reservoir area (I : 5,000) are prepared. Studies 

in lands classification and agricultural eco-

nomy are conducted. For the storage works, 

detailed geologic investigations, exploratory 
drilling for foundations, and studies of cons-
truction materials are performed. In the 
light of the data thus obtained, new determi-
nations of the estimated cost and the cost-
benefit ratio of the project are made. 

Construction Programmes. Projects to 
be included in construction programmes are 
selected mainly on the basis of the following 
criteria : 

1. 	 Estimated cost and benefit-cost ratio, 

2. 	 Difference between annual benefits 
and annual costs, 

:3. 	 Participation of the local people in the 
investment by contributing funds and 

labour, 

4. 	 Undertaking of the local people to pay 
the amortization of the investment and 
to provide the operation and mainte-
nance of the project, 

5. 	 The location of the project in thecountry and considerations of social 
justice, 

Design and Construction. Projects are 
built either by force-account or by contractors. 
Inexpensive and simple projects, and espe-
cially these projects in which local people are 

participating, are built by force-account. The 
construction drawings for such projects are 
prepared by DSI or TOPRAKSU. The local 

people provide active help in canal excavation 
and transportation of matrials, and theyarantee th at of -ay sall a 

guarne tat rights-of-way shall be provided
for the works without any problem ofexpropriation. The agencies build diversion 
works and structures. 

The projects where local people partici
pate by providing funds only and the larger 
projects are built through contract awards. 
prjet ar5uitthog cnratawrs are made on basis preliminarydesigns prepared by thethe of Construcagencies. 

tion drawings are prepared by the contractor 

and become effective when approved by the 

agencies. Construction work is supervised 
by these agencies. 

Operation and Maintenance. When 
the construction of a project is completed, it 
is transferred to the village, municipality, or 
a Committee of Village Elders concerned, or, 
if there exists one, to an irrigation district. 
Operation, maintenance and repair, etc., are 

performed by the above parties in accordance 
with contracts which they sign with the 
agencies. 

THE HACILAR VILLAGE 

The Hacilar Village is located in the 
Kozan plain, in CGyhan River Basin. The 

population of the village is 1,600. Total land 
is 1,534 Ha. and gross irrigable area is 1406 Ha. 

There are two springs which have perma
nent discharge for irrigation in the project 
area. One, Bekirce Spring has a 930 lt./sec. 
discharge, and other, Alapinar Spring dischar
ges 	270 lt./sec. 

-The village people have sold their water 
rights for 270,000 T.L. annually. With this money, they built a primary school, a village 
administration building, a library, a mosque, 
an auditoruim, roads in the village and a levee 
along the Dolicay Stream in order to pro-tect 
their land from flood damages. 
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LCCATION 

The Ceyhan River Basin is located in the 
South of Anatolia. It is surrounded by 
Euphrates, Seyhan, Asi Basins and the 
Mediterrenean Sea. The drainage is 22,000 
Km.', which is 2.9 per cent of the area of 
Turkey. The population of this area is 
775,000 which is 2.75 per cent of population 
of Turkey. 

The annual average water potential of the 
3Ceyhan River is 6,810 billion m . 300,000 Ha. 

out of 530,000 Ha. of total bottom land in the 
basin is irrigable according to preliminary 
soil classification studies. 

As a result of preliminary investigation 
13 dams were chosenmade during 1957-1958,The-1ir8 swrae cpacyfor constuin. to 

for construction. Their total storage capacity 

is 9,095 billion M3 . Five of those dams and 4 
2.6 	 billionproduceplants willriver power 

Kwh. energy annually, and 2,67,000 Ha. of 

land will be irrigated ; 33,000 Ha. of land will
gaist fooddamaes.State 

be protected against flood damages. 
be 	poteted 

Total estimated cost is 4,370 billion T.L., 
average estimated annual cost is 373 million 
T.L., annual estimated benefit is 631 million 
T.L., and benefit-cost ratio is 2.40 : 1. 

The 	Ceylian River Basin is divided into 
14 individual projects. The Hacilar Village 
is located in the Kozan Plain which is in the 
Lower Ceyhan Project area. The Ceyhan 
Plain covers 205,000 Ha. and 1,27,000 Ha. 
land out of 1,60,000 Ha. irrigable land in this 
plain will be irrigated by Aslantas, Kesiksuyu, 

Savrun and Kozan Dams. 

The capacity of right bank main canal is 

71) m3/sec. at the beginning of the canal. The 
capacity of the left bank main canal is 103 m3/ 

sec. including 15.0 m3/sec. water to irrigate 
12,300 Ha. coastal plain in the adjacent Asi 

River Basin. The feasibility studies of Ceyhan 

Basin are being made by an American Engi-

neering firm. 

Bekirce and Alapinar Springs are located 
far down from the main canals, but they 

supply very little water as compared to the 
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water to be carried by the canals. Since they 
provide development in a short period it is 

preferred to put them under service as a small 

project instead of waiting for the whole 
scheme. 

COOPERATION BETWEEN FARM. 
ERS IN HACILAR VILLAGE AND 
THE GENERAL DIRECTORATE OF 
STATE HYDRAULIC WORKS (DSI) 

As mentioned previously, the villagers 
have sold their annual water rights for 
270,000 T.L,/year. Since they have some 
investment capability they want to develop 
their land resources by providing irrigation 

and 	 drainage systems. First they engaged 
a feasibian engineering company to prepare

lity 	report and preliminary designs for the
project. Then they applied to the General 

a rprect.rTe te ulico 

projectcooperation in order to get their 
realized by giving assurances satisfactory to 

s 	 at i llo thSate Hydrauic Wor that they will do theHydraulic Works 
following : 

a. 	 Provide without cost to DSI all lands, 
and rights-of-way necessary for the 
construction of the project. 

b. 	 Contribute 5 per cent of the actual 
cost of the project. 

c. 	 Maintain and operate the project after 
completion in accordance .vith regula. 
tions prescribed by the State Hydraulic 
Works and collect the necessary sta
tistical data. 

d. 	 Pay 950,000 T.L. to DSI in three 
years. 

The 	agreement between DSI and Hacilar 
Village is signed, and the project is ready for 
award to a contractor. The construction will 
begin this summer. 

TECHNICAL DATA 

Description. The land of Hacilar Village 

is surrounded by Delicay and Sumbas streams 
on the north. Sumbas stream on the east, 

the andAnavarza Hill and Castle on south 



Ceyhan-Kozan Highway on the west. It 
covers 1534 Ha. 

The plain is formed by the quaternary 
and Sumbasof Delicayalluvial deposition 

Streams. There is a fault line through the 
plain. A big earthquake accurred in 524 
A.D. The plain used to be flooded by 
Sumbas and Delicay streams. It is now 
protected by levees, 

Climate and Water Requirements. The 

plain has a typical MediterreneanHacilar 	 andhumid summerswith hot and 

mild and rainy winters. The lowest recorded 
temperature is 4°C, the highest temperature is 
360C. Average annual rainfall is about 
750 mm. 

climate 

The water requirement has been deter-

mined by Blaney-Criddle method using data 

from Kozan and Ceyhan meteorological sta-
tions Average rainfall of driest five years has 

raifal rist h 

been considered. The field irrigation efficiency 
tieonsier Te of ficieas 

The irrigation modulus has been found to 

be 0.867 lt./sn./da. for July. The water 
supply consists of the two Springs. There 

is no gaging station at these springs, but the 
times.discharges were measured several 

has 930 lt./sec. permanentBekirce spring 
Hacilardischarge and it 	 belongs to the 

spring has 270 lt./sec.Village. Alapinar 
Alapinardischarge, but 70 lt.!sec. belongs to 

Village. Thus the Hacilar Village has a total 

of 1.130 m3/sec. water for their project. 

Quality of Irrigation Water. Bekirce 
and Alapinar springs are of excellent quality. 
According to the U.S. Salinity Laboratory 
Standards the water is C2, S class. This 
means that soluble salt content is medium 

and sodium hazard is low. 

On the other hand, during land classifica-

tion studies, the quality of the water-table and 

artesian water was examined also. The salt 

content of the water-table is moderately high 

but sodium hazard is low (C31 S). Under the 

existing conditions, as long as the water-table 
stays below the root zone, it is not dangerous. 

Artesian water is used as domestic water 
supply at the project area. According to the 
laboratory analysis this is of excellent quality
for drinking. 

Soil Resources. Soils of the project area 
have been developed under the influences of 
the Ceyhan River and side streams. The 
soils are strongly calcarious and there are 
alluvial deposits. The surface soils are gray
brown and very rich in organic matter. The
subsoils are light gray-brown, yellow, and 
poor in organic matter. 

Laboratory permeability of the project 
soils is very poor. On the other hand, with 
the exception of one profile, soluble salt and 
exchangeable sodium contents of the surface 

and subsoils are very low. Although the 

disturbed permeability of the subsoils was 

low, permeability tests made using auger hole 
method at the field have indicated satisfactory 
conditions (2 cm. per hour). A great part 

of the project area consists of Class Three 

90 per cent of the area, surface andsoils. In 

subsoils are heavy texture. A lrge portion 

of the area consists of smooth gently sloping 
land with 0.2 per cent slope. 

Although the water-table is high in winter 

it goes down during summer after Delicay 

River dries. The physical and chemical 

conditions of soils are fairly good, but because 

of their heavy texture and because the lower 

part of the profile has impermeable strata 
tenthey were classified as Class Three. On 

per cent of the total area, surface and subsoils 
are medium textured with underlying mate
rials containing varying amounts of sand or 
gravel. The soils have the characteristics of 
Class I or Class 2, but having a very restric
ted impermeable layer, they are also classi
fled as Class 3. 

Proposed Structures. Bekirce spring 

will be connected to downstream channel of 

Alapinar spring by a 850-m. long canal, and 

then the water of both springs will be conve

yed to the project area by a 3-Km. long conve

yance canal and a inverted siphon passing the 
Delicay.. The siphon has been constructed. 
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It is a cast-in-place reinforced pipe and has 
a 1.30 m. diameter. The siphon will be 
protected upstream and downstream by 
riprap. 

The Irrigation System. After the siphon 
there is a 2,680 km. long main canal and 5 
secondary canals (total length is 14.80( in.) 

A 1/5000-scale map of the project area, having 
20 cm. contour intervals and showing the 
property lines, has been prepared. For the 
layout of the canals, property lines have been 
taken into consideration. 

All the canals will be lined. There will be 
a turnout for each farm. The water level in the 
canals will be 20 cm. higher than land surface 
level. The thickness of the lining is 8 cm. 
for the conveyance and main canals, 6 cm. for 
the others. A freeboard is 20 cm. for the 
conveyance and main canals, 15 cm. for themain canls cm.am 

secondaries, 12 cm. for tertiaries and 10 cm. 

for the others. The conveyance and the main 

canal will have 0.0001 slope in order to reduce 
the area which will be irrigated by pumping. 
A 35 Ha. area just below the main canal will 
be irrigated by pumping, another area of 1371 

convyanm and V-)a forrage 

Ha.by ravty.Cement.
Ha.by gravity. 


For discharges larger than 70 It./sec., 
constant head orifice turnouts are used, for 
lower discharges, special farm turnouts have 
been selected. The minimum turnout capa
city is 30 It./sec. 

The checks are designed for 3 cm. head 
loss, and because the water does not carry silt, 
the checks are equipped with check-boards 

The drop structures are 
instcad of gates.
combined with checks. Concrete pipe bridges 
are placed where drop structures are neces-
sary, and are combined with them. All the 
canals have I to 1 side slopes. 

The Drainage System. The main drain-

age canal and laterals will be deep canals with 

2.20 m. freeboard. Other drainage canals 

will be deep enough to obtain earth necessary 


for irrigation canal embankments and roads. 

It is planned to construct two outlets with
 
flap-gates at the north of Anavarza hill, and 


394 

one at the south of Anavarza hill into 
Sumbas stream for waste water. 

It may be useful eventually to have an 
intercepter canal along Delicay levee. 

The permanent drainage discharge is 
0.40 lt./sec./Ha. including .5per cent seepage 
from lined canals, 8 per cent operation loses, 
15 per cent surface flow, 10 per cent deep 
seepage, totalling 38 per ccnt of 0"8 lt./sec./Ha. 
irrigation modulus and C.10 1t./sec./Ha. see
page from Delicay stream. Artesian seepage 
has not been observed. 

Sources of Construction Materials 
Embankments. Suitable materials for con
struction of levees and roads are available 
from required excavation of drainage canals. 

Concrctc aggregate. Adequate quality
and quantity of concrete aggregate is available 

from the bed of Delicay stream. Average 

hauling distance for aggregate is 3 Km. 

Riprap. Riprap material of satisfactory 
quality and quantity is available at Anavarza 
Hill. The average hauling distance is 3Ki. 

Cement will he provided from 
the cement factory in Adana. 

Cost Estimates. The unit prices of 
State Hydraulic Works based on 1962 price 
levels were used for cost estimating. 

Description Amount T,L. 

Excavation 645,000 
Construction 520,000 
Linings 645,000 
Structures 715,000 
Haul 1,050,000
0 and M Buildings 270,000 
Communication System 40,000 
Roads 415,000 
Inverted Siphon 170,000 

Subtotal 4,470,000 
Contingencies 15% 670,000 
Subtotal 5,140,000 

Engineering, Design, Su5er

vision and Administration 770,000 
Rights of way 90,000 

Total 6,000,000 



Rights-of-way will be paid by the people of 

Hacilar Village canal which will pass through 
the land of other villages, 

Out of the 157Agriculcural Economy. 

families in the Hacilar Village 127 own their 

land and the others are workers. 

Geyhan-Kozan asphalt road passes 

through the village, and the village is 40 Km. 

from Ceyhan, 7 Km. from Kozan. It is con-

nected to Kadirli with a 22 Km. long asphalt 

road. 

There are 268 lots in the Hacilar plain 

which cover 1,406 Ha. Out of this 205 lots 

which cover 1,351.7 Ha. belong to the Hacilar 

Village and 13 lots which cover 44.5 Ha. be-

long to the Gazikoy Village. 

Table 1 shows the number of lots, the 

number of owners and average size of lots 

according to their sizes. 

Not long ago farmers raised animals in 

the project area. As a result of introduction 

of market facilities they began to produce 

cotton and wheat. Under dry farming, the 

yield is 1,200 kg. per Ha. for wheat and 1,000 
kg. per Ha. for cotton. 

The present annual income is shown in 

Table 2. 

In addition, they have 270,000 T.L. annual 
the water right.income from the sale of 


Total present annual income is 1,390,000 T.L. 


climatic conditions,According to soil and 

and marketing facilities, the crop pattern was 

as follows for irrigated farmingselected 
plums 5 per cent, strawberries 4 per cent, 

tomatoes 5 per cent, cotton 28 per cent, 

wheat 18 per cent, pasture :10 per cent, rice 

10 per cent, corn 18 per cent. 

Net irrigable area is 1,330 Ha. The com-

putation of annual income in irrigated farm-
ing is given by Table 3. 

Assuming that the development period 

will be 5 years, the estimated annual income 

will be 4,720,000 x 0.90 --- 4,250,000 T.L. 

Estimated annual benefit of project will be 

4,250,000 to 1,390,000 = 2,860,000 T.L. 

Economic Analysis. Based on an as

sumed project life of 50 years and an interest 
rate of 5 per cent, estimated average annual 

cost is as shown by Table 4. 

A comparison of estimated annual benefits 

with estimated average annual costs indicates 

a benefit-cost ratio of 8 to 1. 

Repayment. Annual average income of a 

farmer is calculated as 30,074 T.L. under the 

project. Annual average living expense is 

calculated as 10,400 T.L. at the present time. 

cent safety factor repaymentWith a 25 per 
capacity of a farmer, will be 147.56 T.L. per 

decar. 

Assuming that the living standard of a 

farmer will increase 50 per cent, the repay

ment capacity will be 108.56 T.L. per decar, 

with an increase of 100 per cent, the repay

ment capacity will be 68.56 T.L. per decar. 

Construction Programme. The feasibility 

report and preliminary designs of the project 

were prepared by Isik Engineering Corn

pany of Ankara. They were approved by 

State Hydraulic Works. 
The project will be constructed by a con

tractor in three years. A control office will 

be established in Hacilar Village by the VI 

Regional Directorate of State Hydraulic 

Works. 

For participation in the bidding, the con

tractors are requested to have 5 trucks, 
and 31 excavator. (1.5 c.y), I loader (1 c-y) 

crushers. 

As a requirement of the construction pro
gramme it was required that some part of 

project should be ready for irrigation each 

year. As customary, the contractor will 

receive payment on a monthly basis. 

Operation and maintenance. The 
Eldermen's Commitee of the Hacilar Village 

will be responsible for the operation and 

of the project according to themaintenance 
Hydraulicconditions prescribed by the State 

but notWorks. Maintenance will include, 

be limited to, maintaining the canals bridges, 
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TABLE 1. DISTRIBUTION OF LOT SIZES 

Lots Owners 

Size Average 
Limits of 

Lots (Decar) Number % Area 
(Decar) 

Number % Area 
(Decar) 

Size of Lots 
(Decar) 

0-10 13 4.9 102.2 4 2.8 28.1 7.0 

11-20 51 19.0 783.6 19 13.7 268.5 19.6 

21-50 124 46.3 4,151.2 48 35.5 1,555.8 32.4 

51-100 59 22.0 4,081.1 36 26.0 2,538.0 70.0 

101-500 19 7.1 2,816.7 27 19.5 4,706.4 157-5 

501 or larger 2 0.7 2,127.2 5 3.5 4,965.2 993.0 

268 100.0 14,062.0 139 100.0 1,4062.0 

TABLE 2. PRESENT ANNUAL INCOME 

Area Yield Market Gross Production Net 
Crop (Ha.) (Kg.!Ha.) Price Income Cost Income 

(T.L./Kg.) (1,000 T.L.) (1,000 T.L.) (1,000 T.L.) 

Cotton 570 1,00o 2.00 1,140 380 700 

Wheat 725 1,200 08.0 696 346 360 
----Fallow 110 

1,405 1,836 726 1,120 

TABLE 3. COMPUTATION OF INCOME UNDER IRRIGATION FARMING 

Cultivated Area Yield Market Gross Production Net income 
Crop (Kg. per Price Income Cost (100 T.L.) 

(Ha.) (,) Ha.) (T.L./Kg.) (1,000 T.L.) (1,000 T.L.) 

Plums 66.8 5 24,000 1.00 1,600 420 1,180 

Strawberries 53.4 4 4,000 3.50 760 405 355 

Tomatoes 66.8 5 40,000 3.50 1,335 445 890 

Cotton 374.1 28 1,500 2.00 1,125 675 450 
160 225Wheat 240.5 18 2,000 0.80 385 

Mixed Pasture 400.8 30 12,000 0.25 1,200 720 480 

Rice 133.6 10 4,000 2.40 1,280 290 990 

Corn 240.5 18 30,000 0.06 435 285 150 

Total 1577.5 118 8,120 3,400 4,720 
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crossings, culverts turnouts, checks, and other 
water conveyance works in their original 
capacities. This will include removing 
obstructions in canals such as sediment and 
debris, vegetation, and other materials, pre
vention and prompt repair of damages caused 
by livestock, rodents, seasonal runoff or 

factors. All the structures will be maintained 
under good and effective conditions. 

For operation, an 4rea irrigation office 
will be established with an irrigation techni-
cian, a maintenance man, three ditch-riders, 
an accountant and warehouse watchman, a 
cashier and typist. 

A pick-up truck will be sufficient for 
operation and maintenance activities. Clean
ing of canals will be made by hand labour. 
Other necessary machines will be rented. 

Modified demand system will be applied 
during operation of the project. 

Suitable assessments will be made by the 
Eldermen's Committee (or Hacilar Village 

Irrigation District which will be established 
later), to provide funds for adequate main
tenance and operation agreed upon. They 
will also contribute the amortization of pro
ject cost. 

TABLE 4. ESTIMATE ANNUAL COST 

Description 
Cost 
T.L. 

Amortizasion, 
0 and M Replace-

ment Factor 

Annual Cost 
T.L. 

1. 

2. 

3. 

4. 

5. 

E:xcavation 

Construction 

Lining 

Structures 

Haul 

645,000 

520,000 

645,000 

715,000 

1,050,000 

0.07016 

0.06016 

0.06016 

0.06016 

0.0548 

45,000 

31,000 

39,000 

43,000 

58,000 

6. 0 and M Building 

7. Communication System 

S. Roads 

9. Inverted siphon 

10. Contingencies 

11. Eng. Des. Sub. ad. 

12. Rights-of-way 

270,000 0.0650 18,000 

40,000 0.07095 3,000 

29,000415,000 0.7016 

170,000 0.05016 10,000 

27,000670,000 0.0548 

42,000720,000 0.0548 

90,000 0.0548 5,000 

360,000 
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CHAPTER XII 

RESEARCH
 

DETERMINATION OF POTENTIAL EVAPO-TRANSPIRATION 

BY USING THE THORNTHWAITE METHOD 

by 

Mufit Kulen and Orhan Akyurek* 

THE THORNTHWAITE METHOD 	 latitude where the station is located and the 
effect of the variation in the duration of the 

The effects of various factors such as days during that month from the 12 hour 
temperature, humidity, wind velocity, vapour standard given. 
pressure, and solar radiation on potential 
evapo-transpiration (P.E.T.) were studied by APPLICATION OF THE METHOD 
several researchers. Penman made the most 
complete approach in which P.E.T. is related For finding monthly P.E.T. values a 
to various factors including solar energy re- nomograph was prepared Fig. 1. The values 
ceived. But this formula cannot be applied for each year at a given station may be 
for any station desired because data required represented by a straight line in this nomo
are not universally available, graph. The straight lines for all stations meet 

at a point which is called the "Index Point".On the other hand, Thornthwaite develop-
ed in ein w h PET 	 The slopes of these lines depend upon the 
expr empirical formula i hich .E.Tu. values of "Annual Heat Index" for each 
expressed as a function of mean temperature, station and year. 

Thc Thornthwaite formula is 	 The annual heat index is the sum of the 

P. E. T. = co 	 values of monthly heat indices given by 
P. E. T. = Potential evapo-transpira-

I 	= 
tion, cm./month 

t = Mean monthly temperature, I = Monthly heat index, 
degrees centigrade 

c and a = Constants depending on the I = Mean monthly temperature, 
station. degrees Centigrade. 

The formula gives results fr"a month of 	 This relationship may be represented by a 
30 days where each day is assumed to receive graph or given in table form, as in Table 1. 
sunlight during 12 hours. For obtaining 
actual P.E.T. values for any particular station The nomograph is used as follows for 
and month, the results are multiplied by cor- finding monthly P.E.T. value at a particular 
rection factors representing both the effect of station : 

* 	 Deputy Head, Design and Construction Division and Consultant, respectively, General Directorate of State 
Hydraulic Works. 
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FIG. 1. NOMOGRAPH FOR COMPUTING MONTHLY EVAPO-TRANSPIRATION 

BY THORNTHWAITE METHOD 
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1. The monthly heat index values cor- Monthly P.E.T. for temperatures higher 

responding to monthly mean tempera- than 26.5°C. cannot be read from the nomo

tures are taken from Table 1. graph. Such values are given in Table 3. 

2. 	 The value of annual heat index is 
found by adding monthly heat index DISCUSSION 

values. 	 The Penman and Thornthwaite Methods 
3. 	 This value of annual heat index is were developed for conditions where the soil 

marked on the heat index line in the is sufficiently saturated for normal growth of 
nomograph. plants. In semi-arid and arid regions the 

4. 	 A straight line is drawn passing Blaney-Criddle Method, which is developed 

through the index point and the point by statistical correlation, gives results which 

mentioned above. This straight line approach the actual conditions more closely. 
represents the relationship at the On the other hand, for humid and semi
station for that particular year. humid regions the Penman Method is the 

5. 	 To find the P.E.T. for each month, a most rational method because it is based on 

horizontal line is drawn from the the principle of conservation of energy. 

point corresponding to the mean tem- In the coastal plains of Turkey in the Medi
perature for that month. Where this terranean and the Aegean Regions, where 
line crosses the sloping line previously semi-humid climate prevails, the Penman 
established a vertical line is drawn to Method will give the best results. But there 
find the P.E.T. for that month. are not many stations where data required by 

6. 	 The correction factor to be applied to this method are sufficiently available. A 
the monthly P.E.T. values are given correlation between the Penman and Thorn
in Table 2. The factor correspond- thwaite methods was established in the Lower 
ing to the latitude of the station and Seyhan Project where there were sufficient data. 
the month under consideration is The results for winter months were not in good 
taken from the table. The above agreement. But the results for the months 
value of P.E.T. is then multiplied by from April through October were in good 
this factor to obtain the correct value, agreement. Fig. 2 gives the P.E.T. values 

t/ 
5' " 

1 f I t 1 %4 
/ I 'I B/O M 

/ 	 IIIPR A" TOI E M IIIl.l0 

FIG 	 2 POENIA EVAPOIRANSPIRTOlNLWRSYA RAIOEC FORl'tl[ EIO 

FIVE CONSECUTIVE YEARS 
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TABLE 1. HEAT INDEX VALUES CORRESPONDING TO MEAN MONTHLY
 
TEMPERATURES 

Mean 
Monthly 
Temp.0c. 

Heat 
Index 

Mean 
Monthly 
Temp.
0c. 

Heat 
Index 

Mean 
Monthly 
Temp.

0c. 

Heat 
Index 

0.0 0.00 13.5 4.50 27.0 12.85 

0.5 0.03 14.0 4.75 27.5 13.21 

1.0 0.09 14.5 5.01 28.0 13.58 

1.5 0.16 15.0 5.28 28.5 13.94 

2.0 0.25 15.5 5.55 20.0 14.32 

2.5 0.35 16.0 5.82 29.5 14.69 

3.0 0.46 16.5 6.10 30.0 15.07 

3.5 0.58 17.0 6.38 30.5 15.45 

4.0 0.71 17.5 6.66 31.0 15.84 

4.5 0.85 18.0 6.95 :31.5 16.23 

5.0 1.00 18.5 7.25 32.0 17.01 

5.5 1.16 19.0 7.55 32.5 17.01 

6.0 1.32 19.5 7.85 33.0 17.41 

6.5 1.49 20.0 8.16 33.5 17.81 

7.0 1.66 20.5 8.47 31 .0 18.22 

7.5 1.85 21.0 8.78 :4.5 18.62 

8.0 2.04 21.5 9.10 35.o 19.03 

8.5 2.23 22.0 9.42 35.5 19.45 

9.0 2.44 22.5 9.75 36.0 19.86 

0.5 2.64 23.0 10.08 36.5 20.28 

10.0 2.86 23.5 10.41 37.0 20.70 

10.5 3.08 24.0 10.75 37.5 21.13 

11.0 3.3) 24.5 11.09 38.0 21.56 

11.5 3.53 25.0 11.44 38.5 21.99 

12.0 3.76 25.5 11.78 39.0 22.42 

12.5 4.00 26.0 12.13 39.5 22.86 

13.0 4.25 26.5 12.49 40.0 23.30 
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in this project for the years 1945-49 found In order to obtain the best possible results 
by the Penman and Thornthwaite Methods. for the Mediterranean and the Aegean 
The relationship between the two series of Regions it is recommended to find the values 
results is expressed by the following empirical given by the Thornthwaite method first. 
formula: Then, by use of the above formula to convert 

these results into the values corresponding to 
P. E. T. 0,84 P. E. T. + 0.20 what would have probably been obtained by 
Penman Thornthwaite the Penman method. 

TABLE 2. CORRECTION FACTORS CORRESPONDING TO LATITUDE 
AND MONTHS 

Months 
Latitude 

(Degrees) 
J F M A M J J A S 0 N D 

10 1.00 0,91 1.03 1.03 1.08 1.06 1.08 1.07 1.02 1.02 0.98 0.99 

20 0.95 0.90 1.03 1.05 1.13 1.11 1.14 1.11 1.02 1.00 0.93 0.94 

30 0.90 0.87 1.03 1.08 1.18 1.17 1.20 1.14 1.03 0.98 0.89 0.88 

36 0.87 0.85 1.03 1.10 1.21 1.22 1.24 1.16 1.03 0.97 0.86 0.84 
37 0.86 0.84 1.03 1.10 1.22 1.23 1.25 1.17 1.03 0.97 0.85 0.83 

38 0.85 0,84 1.03 1.10 1.23 1.24 1.25 1.17 1.04 0.96 0.84 0.83 
39 0.85 0.84 1.03 1.11 1.23 1.24 1.26 1.18 1.04 0.96 0.84 0.82 

40 0.84 0.83 1.03 1.11 1.24 1.25 1.27 1.18 1.04 0.96 0.83 0.81 

41 0.83 0.83 1.03 1.11 1.25 1.26 1.27 1.19 1.04 0.96 0.82 0.80 

42 0.82 0.83 1.,3 1.12 1.26 1.27 1.28 1.19 1.04 0.95 0.82 0.79 
45 0.80 0.81 1.02 1.13 1.28 1.29 1.31 1.21 1.04 0.94 0.79 0.75 
50 ().74 0.78 1.02 1.15 1.33 1.36 1.37 1.25 1.06 0.92 0.76 0.70 

TABLE 3. POTENTIAL EVAPO-TRANSPIRATION (P.E.T.) FOR 
MEAN MONTHLY TEMPERATURES ABOVE 26.5(C. 

(Without Correction) 

Temp. P.E.T. Temp. P.E.T. Temp. P.E.T.
0C. cm./month 0C. cm./month °C. cm./month 

26.5 13.5 30.5 16.5 34.5 18.2 
27.0 14.0 31.0 16.8 35.0 18.3 
27.5 14.4 31.5 17.1 35.5 18,4 
28.0 14.8 32.0 17.3 36.0 18.5 
28.5 15.2 32.5 17.5 36.5 18.5 
29.0 15.5 33.0 17.7 37.0 18.5 
29.5 15.9 33.5 17.9 37.5 18.5 

30.0 16.2 34.0 18.1 38.0 18.5 
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ASSESSMENT OF IRRIGATION REQUIREMENTS OF CROPS 
ON CLIMATOLOGICAL BASIS 

by 

N. G. Dastane and Mahendra Singh* 

INTRODUCTION 

Only during the 	 last three decades has 

climate been used to assess water needs of 

crops. Formerly these were obtained by 
studying transpiration ratios and later by 
noting the effects of different applications of 

water on yields.' Beginning with work of 

Penman and Thornthwaite in 1948 several 
formulae using meteorological assessment 
have been proposed. 

Irrigation needs can best be assessed by 

finding out consumptive use and estimating 

how much of this need is met by the natural 
rainfall and the" adding unavoidable applica-

tion losses. I, practice, in surface irrigation 
fields are rarelysystems in India, where the 

according to stream size, infiltrationdesigned 
to be applied.rate, slope and depth of water 

can be taken as varyingirrigation efficiency 
from 50 to 70 per cent only. Leaching require-

ments vary with the quality of irrigation water 

and salinity status of the soil. On normal 

soils and with canal water supply, leaching 
requirements are not important as salts get 
washed down annually by the natural rainfall. 

Assessment of the effective rainfall is 

difficult. It varies with the initial soil mois-

ture status, physical properties and slope of 

the soil, root zone of crop, management 

practices and intensity and distribution of 
estimate hasrainfall itself. No formula or 

been found perfect in this respect. Instru-

ment described 	 by Ramdas (1960) seems 
disturbed soil conditions.satisfactory under 

The only satisfactory method is keeping a 
thorough and continuous record of soil 
moisture changes with the help of various 

soil moisture gauges. Rainfall over and above 
the soil moisture deficit can be considered as 

ineffective for all practical purposes. 

The climatological approach to consump
tive use gives a satisfactory account of crop 
water needs. According to the climatological 
concept, when the field is completely covered 

with vegetation and moisture supply is non
limiting, evapo-transpiration proceeds at the 

maximum level,'Potential Evapo-transpiration' 

which depends on meteorological elements. 
The role of soil is completely passive under 

these circumstances. Inadequate cover as 

well as soil moisture, result in lower vapo

s it i t ure re tial.tran 
transpiration than the potential. 

Comparative merits and limitations of 

determination of consumptive use of wate: 

by crops on soil depletion basis and climato

logical basis are shown in Table I. 

Consumptive use studies were made at the 
Indian Agricultural Research Institute, 
New Delhi, during the last four years study

ing soil moisture depletion and recording 

meteorological data. Prashar and Singh (1963) 

compared estimates of evaporation obtained 

from meteorological data by the formulae 

Penman (1948) and Walker (1956), with 

moisture use by wheat, as evaluated from 
The ratio of consumptivesoil-moisture data. 


use by Penman's formula, varied from 0.63 to
 

0.80 in 1958-59 and between 0.58 to 0.S1 in 

* Division of Agronomy, Indian Institute of Agricultural Research, New Delhi. 
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1959.60. The values of consumptive use 
factors (Blaney and Criddle 1959) ranged 
between 0.67 to 0.81 and 0.61 to 0.84 in 1958-
59 and 1959-60, respectively. The agreement 
by Walkers' formula was closer, the actual 
values being 2.05 and 2.29 and those obtained 
with Walkers' formula 1.70 and 1.87 in 1958-
59 and 1959-60 respectively. 

Bhattacharya and Srivastava (1962) obtain-
ed 8.50 inches actual use from their studies 
on wheat at Roorkee as compared to figures 
derived with the formulae of Lowry and 

Johnson (1942), Blaney and Criddle (1950), 
enman (1948), Thornthwaite (1948), 

Hargreaves (1956) and Van Bavel (1957), 
which were 22.83, 8.31, 8.51, 11.21, 14.97 and 
7.68 inches, respectively. 

Ray (1963) studied consumptive use by 
sugarcane. Actual values varied from 0.47 
to 0.64, 0.58 to 0.96 and 0.44 to 0.93 of those 
obtained from Penman. Thornthwaite and 
Ramdas' formulae respectively, depending 
upon the stage of the crop and the inter
crop. 

TABLE 1. COMPARISON OF DETERMINATION OF CONSUMPTIVE USE 

OF WATER ON SOIL AND CLIMATOLOGICAL BASIS, 

Items 

Effective rainfall 

Dew and rainfall intercepted 
by vegetation 

Correction for available 

Correction for canopy
 
percentage 


Knowledge of effective 

root zone 


Correction for maturity 
stage of a crop (yellowing) 

Shallow water table 

Soil water movement in 
capillary and vapour phase 

Irrigation scheduling 

Irrigation depth 


Rapidity of measurement 


Equipment 

Applicability 

Soil Basis 

Easy to account 

Not accounted for 

Not necessary 

Not necessary 

Absolutely essential and 
will affect estimations 

Not necessary 

Vitiates estimations, 
corrections necessary 

Affects results 

Can be precisely based 

Can be precisely determined 

Quick to time consuming
depending on the method base. 
Time consuming and laboiious 
for all practical purposes 

Simple to costly depending on 
the method used 

Individual farm fields 

Climatological Basis 

Can be assessed only if there 
are no run-off losses 

Accounted for 

Necessary 

Necessary 

Not essential for consumptive 
use estimation. Independent
of crop species 

Necessary 

Will not vitiate estimation 

Will not affect results 

Comparatively less precisely
based for individual, farms but 
satisfactory over large areas 

Comparatively less precise 

Quick after initial work 
especially with the help of 
nomograms 

Simple to costly depending on 
accuracy needed 

Useful over large areas 
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Farmers and canal engineers cannot be 
expected to use complicated formulas. 
Actually a high degree of precision is not 
needed for their purposes, thus a single device 
using a single correction factor would be 
desirable. Results obtained at I.A.R.I. are 
summarized in Table 2 which shows that 
values of consumptive use during the life of 
a crop vary from 0.50 to 0.75 of the evapora. 
tion from the standard U.S. Land Pan. The 
coefficient decreased with the time required to 
establish a canopy over the field and with the 
length of the time the crop remained yellow 
while approaching maturity. Inadequate 
canopy and maturity lower the ratio relatively 
more during the summer arid period com-
pared to the humid and cool period or winter. 

The open pan evaporimeter is a single, 
inexpensive and simple device. Conditions 
under which it is installed should be standar
dised as there are considerable variations in 
specification, of height above the ground 
level and the conditions in the vicinity, all of 
which affect the readings appreciably. 

Table 2 also 
application losses 
times exceeding 
factors for canopy, 

shows that magnitude of 
is considerable, some

the values of correction 
root depth, etc. It is, 

therefore, necessary to estimate actual and 
minimum application losses under different 
conditions of soil, crop, etc. for proper 
appraisal of irrigation requirements. 

TABLE 2. CONSUMPTIVE USE OF WATER, OPEN PAN EVAPORATION 

AND IRRIGATION EFFICIENCY 

• . 0
 

°Z~~ ~ ~ ~~~CS ' ,.-. 0=' 

3 08.0 0.20-
ci 0 CU P. a1. Praha hat 37 P98555 0.2 84
 

40 U1 t5 46a33. 19.6 Potat Wukr 0.76 

4. 196-6 Srar.n0a (5 15 08 0,2 2 76 
I. Prashar 1958-59 Wheat 307 585 0.52 8 4 73 

2. Prashar 1959-00 Wheat 315 649 0-49 8 4 76 

3. Hukkeri 1960.61 Potato 319 420 0.76 5 3 46 

4. Ray 1961-62 Sugarcane 980 1,920 (1.51 15 2 76 

5. Davenport 1961.62 Radish 150 200 0.75 3 0 81 

6. Davenport 1961-62 Turnip 165 285 0.54 4 0 76 

7. Davenport 1961-62 Beet 285 413 0.69 4 0 89 

8. Joshi 1963 Onion 486 748 0.65 12 2 75 
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CONSUMPTIVE USE AND WATER REQUIREMENTS OF 

COTTON AND RICE IN TURKEY 

by 

Nevzat Olzap, Nazim Durlu and Erdogan Omay* 

INTRODUCTION 

At the present time, several research 
institutions, namely, Tarsus, Eskisehir, and 
Menemen Irrigation Research Institutes, and 
Cumra Irrigation Research Station are dealing 
with consumptive use and water require-
m'.ents. 

Results obtained by the institutes at Tarsus 
and Menemen on the consumptive use and 

irrigation time and frequency, the influence 
of nitrogen and water on the yields of Acala 
and Coker varieties, and subsequently, 
consumptive use and water requirements of 
the best varieties of cotton. 

Methods 

The experiment has been carried out for 
two years at the Tarsus Irrigation Research 

adrMeuremensoft consumptiveruseInstitute in Southern Turkey, at 11.60 meters 

prvante . 
presented. 

INFLUENCES OF VARIOUS QUAN-
TITLES OF WATER AND NITRO-

ON COTTON VARIETIES.GEN 

Needs for study 

Turkey's average annual lint production 
amounts to 180,200 tons from a total cultiva
ted area of 650,000 hectares. Cotton is a key 
element in the Turkish economy, both for 
internal textile industry and for export as a 
main source of foreign exchange. Cotton 
cultivation is mainly concentrated in Southern 
Turkey. Since Turkey is located at the 
northern limit of cotton producing areas, 
varieties of short vegetation period are 
generally preferred and are usually irrigated 
during dry summer months. 

Irrigation contributes greatly to increased 
yields which average about 450-600 kg. per 
hectare under dry farming conditions. 
Experiments were started in 1961 to deter-
mine the basic data necessary for the design 
of irrigation systems, to determine the proper 
* Deputy Director, Ankara Soil Conservation Research 

above sea level, under clay loam and silty clay 
soil conditions. A latin square was used for 
water quantities trial, with split plots for both 
varieties, and fertilization trials with four
relctos 
replications. 

Treatments 

A. 	 Water Quantities 

a0 : Dry (check plot) 
a :Irrigated 

irrigation 
a2 Irrigated 

irrigation 
a3 : Irrigated 

3 times 75 mm. per 

4 times 75 mm. per 

5 times 75 mm. per 
irrigation. 

B. 	 Nitrogen Fertilization
 

b0 None
 

b, (Four kg. of nitrogen perN4 
decare) 

b2 : Ns (Eight kg. of nitrogen per 
decare) 

b3 : N12 (Twelve kg. of nitrogen per 
decare) 

Station ; Director, Tarsus Irrigation Research Institute 
andChief Assistant, Menemen Irrigation Research Institute, TOPRAKSU. 
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A total amount of 5 kg. of P.0 5 per decare 
was applied to all parcels. 

C. 	 Varieties 

cl: Coker 100 A 


c2 : Acala 130-292 


Agricultural Practices 

Field preparation and seeding were 

completed according to local custom. A seed 

drill was used to sow the cotton in rows 
The seeding datesspaced one meter apart. 

were April 9, 1961 and April 17, 1962. At 
the time of seeding, 100 per cent of the 
phosphorus fertilizer and 50 per cent of the 

nitrogen fertilizer were applied along both 

sides of the rows at a distance of 8-10 cm. at 
8-10 cm. depth. The remaining 50 per cent 
of nitrogen was applied before the first irriga-
tion. At the time of first hoeing plants were 
thinned to a 25 cm. spacing. Pest control 
and cultural practices were carried out accord-
ing to local custom. 

Soil Moisture Control and Irrigation 

Soil sampling to determine soil moisture 
was performed using three replications at 
745 day intervals. Samples were taken at 

30 cm. intervals in the soil profile down to a 

depth of 00 cm. Irrigations were started in 

the last week of May and following irrigations 

performed when the available soil moisture 

at the root zone decreased to 50 per cent. 

Water was measured by a water meter and an 

amount of 75 mm. was applied per irrigation. 

The volume weight, field capacity, wiltingpoint and available field capacity data based 
on 30 cm. samples taken from 90 cm. depth 
arehon30 cm samle tn fMay 
are shown in Table 1. 

Sowing, irrigation and harvesting dates 

are shown in Table 2 ; water applied and 
yields, in Table 3. 

Statistical analysis based on the yield 
samples collected three times during 1961 and 
1962 follow : 

1. 	 Yield increased with the number of 

irrigations, 

2. 	 Four irrigations were significant at the. 
level 	 of 1 per cent in 1961, five 

were more significant inirrigations
1962. The fourth increased the 

number of flowers and bolls ; on the 

other hand, when fifth irrigation was 

not applied, bolls did not mature. 

3. 	 Yields for Coker variety were pro

portionately increased with the 

number of irrigations and quantity of 
nitrogen. 

CONSUMPTIVE USE AND MONTH 
LY CONSUMPTIVE USE COEFFI-
CIENTS 

Blaney-Criddle formula was used with 
local meteorological records obtained during 
1961 and 1962 at the Tarsus Irrigation 
Research Institute. Findings are presented in 
Table 4. Consumptive use stopped at the 
end of August, since there was no available 
moisture in soil to 90 cm. after that date. 

CONSUMPTIVE USE BY COTTON 

IN 	THE MANISA PLAIN 

This experiment was carried out for two 

years on cotton which is the principal crop of 

the Manisa Plain. A typical site was chosen 

near Veziroglu Village. Ground water during 

the vegetation period was below 150 cm. 
Soils are sandy silt loam. 

Method of experiment 

After the completion of village and seed 
bed preparation according to local customAaa18 a rle ttebgnigo
Acala 1086 was drilled at the beginning of 

and subsequently, thinned and hoed. 
During each of the two years three irrigations 

were applied as is usual local practice. Har

vesting was completed by the first day of 

November, under three picking operations. 
The average yield of seeded cotton for the 
years 1962 and 1963 was 240 kg. per decare. 

Soil sampling and moisture control 

Data on volume, weight, field capacity, 
wilting point and available moisture capacity 
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_____________ 

TABLE 1 SOIL INFORMATION FOR TARSUS EXPERIMENTS
 

Years 

1961 

1962 

TABLE 2. 

Dates of 

Years Sowing 


196 1 April 9, 
1161 

1962 April 7, 

1962 


TABLE 

Soildepth Volumeweight Field
capacity 

Wilting
Wilting

point 

Available 
Moisture 
capacity 

(cm.) (gr,) (mm.) (mm.) (mm.) 

0-30 1.45 108.0 69.8 38.2 

30-60 1.41 108.5 69.7 38.8 

60 -90 1.39 105.3 68.4 36.9 

0-30 1.43 118.5 67.2 41.3 

30-61) 1.40 118.7 69.9 48.8 

60-- 90 1.39 116.7 67.7 49.0 

DATES OF IRRIGATION AND HARVEST, TARSUS 

Dates of irrigation Dates of harvesting
 

1 2 


May 22, June 8, 
1961 1961 


May 25, June 11, 

1962 1962 


3 4 2 3
 

June 23, July 6, July 17, Aug. 27, Sep. 19, 
1961 1961 1961 1961 1961 

June 26, July 9, July 23, Sept. 3,Sept. 18, Oct.3,
 
1062 1962 1963 1963 1962 1962
 

3. WATER APPLIED AND YIELDS AT TARSUS
 

Irrigation 

trials 

Not irrigated 

3 times irrigated 

4 times irrigated 


5 times irrigated 


Average yield/decare of seeded 
Quantity of cotton (kg.) 

seasonal irriga
tion water 
(mm.) 1961 1962 Average 

... 82.7 113.4 98.1 

225 187.6 183.9 185.8 

300 235.3 220.1 227 7
 

375 255.5 225.5 240.5
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based on each 30 cm. depth to 150 cm. taken 
before seeding, are shown in Table 5. 

Soil moisture samples were taken (three 
replications) at 10-day intervals from seeding 
to harvest. 

Irrigations 

First irrigations were applied during the
beginning of the flowering period. Water 
was measured using water meters mounted on 
tapped pipes to ensure homogeneous water 
discharge to the furrows. 

The dates of seeding, irrigation and har-
vesting are shown in Table 6. 

Consumptive use 

The monthly and seasonal consumptive 
use during 1902 and 1963 are shown in Tables 
7 and 8. 

Use coefficient for Blaney-Criddle for-
mula was computed using local meteorologi-
cal records obtained during 1962 and 1963. 
Results are presented in Table 9. 

Sowings were May 1, 1962 and May 2,
1963. The vegetation period was 184 days.
The maximum daily consumptive use based 
on 16 days average of the period August 11-
31, 1962 amounts to 10.3 mm., while it was 
10.1 mm. for an average of 10 days covering
the period August 5-15, 1963. 

WATER REQUIREMENT FOR RICE 

Rice acreage has been steadily increasing
in Turkey, partly due to higher dividends
obtained compared to other irrigated crops,
partly due to the fact that ponding used for
rice irrigation is also an excellent land recla-
mation measure and finally, due to the intro-
duction of rice in crop rotation systems. Thisproject was started in accordance with 
the recommendations made during the Second 
NESA Irrigation Practices Seminar held in
Teheran in 1958 and is of great importance 
to Turkey as there is a shortage of irrigation
in many rice growing areas. It was carried 
out during 1962 and 1963 at Tarsusthe 

Irrigation Research Institute. Three replica
tions were used under randomized block 
design using a lysimeter. Soil texture is silty 
clay. Parcels were 1.98 meters by 0.98 meter. 
Treatments 

(a) 	 Irrigation applied at the rate of 1:1 

lt./sec./Ha.
(b) 	Irrigation applied at the rate of 2.2 

lt./sec,/Ha. 
(c) 	 Keeping water level constant at the 

level of the upper part of lysimeter
parcel (1.7 It.Isec./Ha. average).

(d) 	Keeping water level constant at the 
level of the upper part of lysimeter 

parcel and keeping valves of lysimeteropen. (5.3 t./sec./Ha. average). 
(e) Application of a total of 100 mm. of 

water every other week (average rate 
1.3 	lt./sec.jHa.). 

(f) Application of a total amount of 
200 mm. of water every other 2 weeks 
(average rate 1.3 lt./sec./Ha.). 

Water was applied until it reached the 

level of five or six centimeters on the parcels
which were tilled properly after the harvesting
of winter wheat. The seedlings were planted
at the rate of 50 per parcel in June. Irriga
tion 	was applied in 1962 and 1963, respec
tively on 2nd and 15th July, 6th and 16th 
October at the determined rates. Planting, 
irrigation and harvest dates are shown in 
Table 10. Quantities of water applied by 
years, and the yields of rice obtained areshown in Table 11. 

Statistical analysis showed 
1. 	 No. significant difference in yields was 

observed between various treatments 
applied in 1962 and 1963. 

2. Different rates of water application
had no apparent effect on te thermic 
influence. 

3. 	 Although the weight per 1,000 grains
decreased slightly when less -water 
was applied, no difference was obser
ved in the yields. 
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USE FACTORS FOROF CONSUMPTIVETABLE 4. COMPUTATION 
TARSUS 

U 
f mm. k -- ft pMonths 

8.85 113.54 47.0 0.41
April 17.3* 


May 21.4 9.81 175.72 89.9 0.51
 

0.80190.91 153.52June 24.7 9.83 

204.98 167.9July 27.1 0.99 0.82 

195.88 64.5August 27.8 9.40 0.33 

881.03 522.5 0.59 

use (mm.) ; f = Monthly consumptive use factor; 
u = Monthly consumptive 

= Monthly consumptive use coefficient;
Monthly average temperature (0T.); k 

p = Ratio of monthly daily hours to annual daily hours. 
t = 

* Average sowing date : 8th April. 

PLAINSOIL MOISTURE INFORMATION FOR MANISA
TABLE 5. 

Wilting Point Available Moisture
Field Capacity 

Capacity
Soil Volume 

Depth Weight ........ . .. ... 
CM. gr. o/ mm. % mm. mm. 

/0o1
 

0- 30 1.52 21.1 96.2 11.5 52.4 9.6 43.8 

30- 60 1.54 22.0 101.6 11.9 55.0 10.1 46.6 

60- 90 1.43 19.3 82.8 10.5 45.0 8.8 37.8 

90-120 1.34 26.9 108.1 14.6 58.7 12.3 49.4 

120-150 1.35 29.1 117.9 15.8 64.0 13.3 53.9 

DATES OF SEEDING, IRRIGATION AND HARVESTING,
TABLE 6. 

MANISA PLAIN 

Harvesting datesIrrigation dates 
Seeding _

Years Dates 
2 31 2 3 1 

July 28 August Sept. 13 Oct. 30 Nov. 17 
1962 May 1 July 14 

1963 May 2 July 19 August 3 August Oct. 14 Oct. 4 Nov. 19 
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TABLE 7. MONTHLY AND SEASONAL CONSUMPTIVE USE, MANISA, 1962
 

Moisture Moisture 
in soil Water tre Daily 

Months 
profile 

during the 
vegetation 

Effective 
precipita-

tion 

Quantity 
applied by 
irrigation 

Total 
at the root 

end of the 
month) 

Monthly 
tive use 

mm. 

average 
consump
tive use 

periodmm. mm. mm. mm. mm. 

May 490.0 4.6 ... 494.6 453.9 40.7 1.32 

June 453.9 3.9 ... 457.8 404.7 53.1 1.77 

July 404.7 25.4 237.3 667.4 433.1 234.3 7.56 

August 433.1 ... 141.6 574.7 280,8 293.9 9.48 

September 280.8 11.5 ... 292.3 203.0 89.3 2.98 

October 203.0 45.6 ... 248.2 230.0 18.2 0.59 

90.6 378.9 729.5 

TABLE 8. MONTHLY SEASONAL CONSUMPTIVE USE, MANISA, 1963 

Moisture Moisture
in soil Water Mtre Daily 

profile Effective quantity aonehearoote onthly average
Months during the precipita- applied by Total end of the tive use cosum

vegetation tion irrigation month) mm. tive use 
period mm. mm. mm. mm. 
mm. 

May 544.3 63.8 ... 608.1 551.6 56.5 1.88 

June 551.6 ... ... 551.6 490.8 60.8 3.04 

July 490.8 19.6 70.4 580.8 387.1 193.4 6.24 

183.1 570.2 343.2 227.0 7.32August 387.1 ... 

September 343.2 ...... 343.2 273.9 69.3 2.31 

October 273.9 72.4 ... 346.3 307.8 38.5 1.24 

155.8 253.5 645.5 
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4. Reduction in water applications during 
the early vegetarian period has almost 
no effect on yields if adequate water is 
applied during the flowering and 

Water requirement for rice during flower
ing and dough j 2 lt./sec./Ha. Requirement 
during the balance of the vegetation period is 
1 lt./sec./Ha. 

dough stages. 

TABLE 9. CONSUMPTIVE USE FACTORS, MANISA 

1962 1963 Two yearsMonths__average
 
Months 

u f k 
f 

u f k= 
f 

k 

May 40.7 178.59 0.23 53.5 167.26 0.34 48.6 0.29 
June 53.1 196.88 0.27 00.8 197.33 0.31 57.0 0.29 
July 234.3 207.69 1.13 193.4 213.24 0.9 213.9 1.02 
August 293.9 201.23 1.46 227.0 202.10 1.12 260.4 1.29 
September 89.3 158.15 0.56 69.:1 161.60 0.43 79.3 0.50 
October 18.2 127.95 0.14 38.5 127.95 0.30 28.3 0.22 

Total 729.5 1070.69 0.68 645.5 1069.48 0.60 687.5 0.64 

TABLE 10. PLANTING, IRRIGATION AND HARVEST DATES FOR RICE 
EXPERIMENT AT TARSUS 

Planting Beginning ofDates End ofirrigation irrigation Harvesting 

1962 June 6, 1962 July 2, 1962 October 6, 1962 November 6, 1962 
196:3 June 19, 1963 July 15, 1963 October 16, 1963 October 20, 1963 

TABLE 11. WATER APPLICATIONS FOR RICE EXPERIMENT AT TARSUS 

Average rate of water applied Average yield of rice 
per hectare (m3) kg./per hectare

Treatments 

1962 1963 Average 1962 1963 Average 

a 8.910 8,730 8,820 6,180 6,550 6,370 
b 17,810 17,460 17,640 7,730 7,420 7,580 
c 15,960 12,450 14,210 8,240 7,160 7,700 
d 47,190 38,910 43,050 8,760 7,210 7,970 
e 10,210 11,130 10,670 7,210 6,850 7,030
f 9,280 11,130 10,210 7,210 6,800 7,010 
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WATER REQUIREMENTS OF CROPS ON SOIL MOISTURE
 
BASIS
 

by
 

S. Ray, 0. P. Gautam and N. G. Dastane* 

Knowedge of the total and periodical water 
requirements of crops, consistent with good 
yields, and the effective rainfall, is of para-
mount importance for the efficient utilization 
of irrigation water. In India, work on water 
requirements of crops was initiated at Pusa, 
Bihar as early as 1907. This was about the 
time when Briggs and Shantz commenced 
their studies in the U.S.A. The earlier work 
consisted of determinations of transpiration 
ratios of different crops and factors affecting 
these ratios (Leather, 1910 ; Singh et al., 1935; 
Kulkarni and Inglis, 1938). These studies 
were conducted mostly in pots, using the 
gravimetric method. However, it was soon 
realised that the transpiration ratio could not 
be used to work out the actual water require-
ments of crops under field conditions. 

This was followed by a period when field 
experiments were undertaken for finding out 
the optimum water requirements of cr 
Different depths, delta and number of irriga-
tions were applied at varying intervals and 
their effects on crop yields were observed 
(Thadani, 1937 ; Chaturvedi, 1945 ; Khan, 
1945 ; Singh and Nijhawan, 1951 ; Datta and 
Bose, 1953 ; Phansalkar, 1956 and Tandon, 
1956). The results of these experiments 
under-estimated the water needs during dry 
and hot periods and over-estimated the same 
during cool and wet periods. As weather and 
crop growth factors were not duly considered, 
the approach was found to be not very satis-
factory. Rege et al., (1943) introduced the 
the 	concept of variable depths and intervals 
of irrigations in relation to crop growth and 
weather. 

* Division of Agronomy, Indian Agricultural Research 

As a result of the advances made during 
the last three decades in the field of soil-water
plant relationships, it was realised that water 
requirements studies under field conditions 
should take into account factors such as the 
available moisture storage capacity of the root 
zone, the energy relationships between soil 
and water, the unequal availability of moisture 
in the available moisture range and the mois
ture movement under saturated and unsatura
ted soil conditions. This led to the organi
sation of the Section of Irrigation in the 
Agronomy Division at the Indian Agricultural 
Research Institute, in 1956. This paper 
deals with the work done by this section on 
the water requirements of crops based on soil 
moisture studies only. 

In the various experiments, already con
ducted or in progress, the irrigation treat
ments were based on soil moisture regimes. 
One of the following criteria was used for 
scheduling irrigations in these experiments 

(a) 	 Degree of soil dryness or wetness 
(percentage available moisture or 
moisture deficit) 

(b) 	 Degree of availability of water to 
plants (moisture tension basis) ; and 

(c) 	 Use of plant itself as an integrating 
tensiometer (indicator plant basis). 

Irrigation water was measured with a Par
shall flume, V-notch or a water meter at the 
field head-ditch. Calculations for the con
sumptive use of water were made using soil 
moisture data. 

Institute, New Delhi. 
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Values of field capacity, wilting point and Table 1 clearly indicates that more than 

bulk density were taken for every 15 cm. soil 80 per cent of the water need of the crops was 

layer down to 150 cm. depth. During the met from the upper 60 cm. soil layer. Mois

winter and hot weather, all the. rainfall re- ture depletion was, however, maximum from 

ceived was effective as it was always lower the top 30 cm. soil layer, indicating the zone 

than the moisture deficit in the root zone. of maximum root activity. Moisture extrac-

Precaution was always taken to prevent run- tion from the depth of 90 to 120 cm. was 

off losses by providing suitable levels around found to be negligible for all practical pur

the plots. In the rainy season, consumptive poses. 

use was estimated from the potential evapo
suitable The results obtained on water requirementstranspiration corrected by a factor, 


derived from the values obtained before and of crops in various irrigation experiments are
 

after the rainy season. Tensiometers or the summarized in Table 2. This Table shows 

zone that in most cases respondedresistance units were installed in the of of the crops 

maximum root activity which was studied at favourably to the lowest tension tried. Higher 

different stages of crop growth by either root degree of soil wetness than those used in the 

excavation or indirectly by recording soil experiments may give higher crop yields but 

moisture changes at different depths. Overall feasibility of such a practice is remote as it 
in some cases thirdmoisture extraction patterns of different crops means irrigation on every 

are shown in Table 1. or the fourth day. 

TABLE 1. MOISTURE EXTRACTION PATTERNS OF DIFFERENT
 

CROPS UNDER OPTIMUM MOISTURE REGIME
 

Per cent 

Wheat Sugarcane Potato Onion Tabacco 

Soil (Chakra- (Ray, (Ray, (Joshi, (Krishna- Radish Turnip Beet 

Depth borty, 1962) 1963) 1963) 1963) murthy, (Davenport, 1962) 
1960) 

0-- 15 cm. 32 39 44 92 22 48 49 45 

26 8 23 32 30 3315- 30 cm. 28 25 

10 17 1830- 45 cm. 17 16 

4 4 445- 6O cm. 22 10 9 

60- 75 cm. 1{6 4 991390 cm.75-

90-105 cm. { 
105-120 cm. 
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TABLE 2. WATER REQUIREMENT OF CROPS
 

Soil dryness 
Growth treatmentsWorker Crop period tried 

Chakraborty Wheat Nov-April 0.5, 1.5 
(1962) atm. 

Ray (1963) Sugarcane Feb.-Feb. 0.7, 5.0, 
10.0 atm. 

Kukkeri 	 Potato Oct.-Feb. 0.3 0.5 
(1961) 0.7 atm. 

Joshi (1963) Onion Jan.-May 0.5, 0.65. 
0.80 atm. 

Krishnamurthy Tobacco Jan-June 0.3, 0.5, 

(1960) 0.8 atm. 
Davenport Radish Oct-Jan. 1(1962) 0.2, 0.4, 
-do-- Turnip Oct.-Jan. [ 0.6, atm. 
-do- Beet Oct.-Feb. j 

Similar trials are in progress on cotton, 
berseem, peas and paddy. This information 
can be applied to other areas with suitable 
modifications for the local soil and climatic 
conditions. For different soil types, moisture 
release curves have been prepared (Ray, 
unpublished data) for predicting soil moisture 
deficit at the higher limit of optimum mois
ture regimes for different crops. Such curves 
for three typical soils of India are shown in 
Fig. 1. Similarly, for different weather con
ditions relationships between potential evapo-
transpiration, calculated from weather factors 
and the consumptive use values for different 
crops are being worked. 

Optimum 
soil drynessbefore 
irrigation 

1.5 atm. 

0.7 atm. 

0.3 atm. 

0.65 atm. 

0.3 atm. 

0.2 atm. 

0.2 atm. 
0.2 atm. 

70 

.i so 

o 

o 

° 

Location of measure
ment for soil dryness 

.. ........ Consump. Water 
(Depth (Horizontal tove useof water requi.rement 
below distance (mm.) (mm.) 

surface) from plant 
base) 

0 255 288 

11 cm. 980 ... 

11 cm. 320 579 

0 486 840 

8-11 cm. 495 630 

4 cm. 152 230 

4 cm. 155 243 
4 cm. 286 331 

HEAVYCLAY (C COTT0 O IL2O 

SANDY Lo, S,., 1 

S 'o 

""1 

.. t .. .. 
FIG. I 	 MOISTURE RELEASE CURVES 

FOR DIFFERENT SOIL TYPES 
(FOR 0-30 Cm. SOIL LAYER) 

22.5 cm. 

22.5 cm. 

15.22.5 cm. 

8 cm. 

15-22.5 cm. 

15-22.5 cm. 

15-22.5 cm. 
15-22.5 cm. 

60 

,2," . 
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IN U.A.R.ON WATER REQUIREMENTSREPORT 

Compiled by
 

Dr. M. T. Eid*
 

INTRODUCTION 
rate of 

Due to shortage of water and high 

increase in U.A.R. immediatepopulation 
expansion of cultivated area associated with 

worksimportant projects of major water 

development is urgent. This has led to 

increased attention to basic agronomic research 

for better and more efficient use of irrigation 

water. The Ministry of Agriculture estab-

lished the irrigation water requirements 

research unit in 1948 and enlarged and rein-

forced it in 1959 to a research section. Eleven 
stations were established at different 

satellite 
irrigation water

where data uponlocalities the country
duties for different crops all over 

the year were 
and for different seasons 	 of 

experiments, water 
collected. Through field 

use of weirs. In 
duty was estimated by the 

to field 
water was always suppliedgeneral, and 

plots in different duties to ascertain crop 

comparative results of the crop yield, 

Under the first national five year plan 

satellite stations werestarted in 1960, more 
and they are under construction at

approved 
the present time. The weir system by which 

water duties were measured, was altered to a 
water

simple and more practical device using 

to deliver irrigation water in knowntanks 
new system will prevail at 

amounts. This 

all satellite stations in the future. 


This project has at least two main targets, 

the first is to estimate precisely the economic 

optimum of water for different field crops in 

second is to determinethe rotation and the 

the interval of irrigation frequencies most 

using different watersuitable for such crops 

charges. 

areSome of the objectives achieved 

reported. 

Measurements of Irrigation Water Duties 

Distribution of Satellite Stations. Efforts 

were combined in 194S between Ministry of 

Agriculture and Ministry of Public Works to 

carry out a project for measurements of irriga

tion water Elevcn sateilite indicaduties. 	 stationslocalities were established in different 
distributedThe stations were

ted in Table 1. 
cultivated areas and 

in a manner to cover all 
of major field crops. In 

to include testing 
in certainwas suppliedthese stations, water 

the experimental plan
quanttiies according to 	

ofIt was the task 
and measured by weirs. 

this part of the 
the civil engineer to operate 

was in charge of the
The agronomistwork. 

field experiments. 

Under the first national five year plan, the 

project was improved with the alteration of 

of water duty measurementsthe method 

where water tanks were substituted 
 for the 

at each
weirs, Two cement tanks were built 

site in order to have continuous water flow. 
the same

The distribution of water tanks was 

at the forementioned stations except that 

King Osman station was discontinued and a 

new station was established at Nobaria, Behra. 

Total number of field experiments under the 

new system was reduced to 21 experiments 

yearly. 

* Head of Physiological and Crop Nutrition Research Control.
 

Note : Contributors were M.B. Kalil, Ex-director, Irrigation Requirement Research Station , A.A. Samaloty, Specialist
 

in Irrigation Research ; and A.A. Gibaldi, Specialist in Irrigation Research. 
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Experimental Design. A Lniform comp-
lete randomized blocks design was used at 
each site. Irrigation treatments included seve-
ral variations including the amount of water 
used in general practice as a middle treatment 
The number of treatm-ents was five for all 
crops with plot size of I/S0 feddan (52.5 sq. 

meters) for weir system experiments and 
1/100 feddan (42 sq. meters) for tank system
experiments. 

Field capacity was determined for the soil 

of the experiment. Soil moisture per cent 
just before irrigation was determined, The 
difference between field capacity and soil 
moisture content just before irrigation was 

the amount of water that should be given at 

next irrigation. Soil moisture determination 
was made on soil samples taken by metal 
sampling tubes at every 10 cms. depth down 
to 60 ems. 

Experimental field plots wre treated alike 
in all agronomic managements : seed quantity, 
fertilizer treatments, insect control and 
method of harvest. Crop yield abtained from 

andseparatelywas determinedeach plot 
reported. Results were subjected to statisti-
cal analysis to calculate reliability, 

Weir System Experimental Results. 
Results of forty-four field experiments for 
seven field crops at nine satellite stations 
(localities) are summarized The country was 
divided into four sub-regional zones, North 
Delta, South Delta, Middle Egypt,'and South 
Egypt. At every sub-regional zone, different 
crops were tested at more than one locality. 

The weir system experiments were started ia 
1952 and continued up till now with a large
accumulation of results, however presentation 

is made only for experiments having statistical-
ly significant results. Table 2 shows the most 
economical irrigation water requirements in 

cubic meters per feddan at different localities 
and Table 3 summarizes these results accord
ing to sub-regional zones. 

Cotton. Irrigation water requirements 
for cotton showed considerable differences 
among different sub-regional zones in Egypt. 

Least water requirements were for North Delta 
where long stable varities are grown. A range 
between 2,160 and 2,592 cubic meters per 
feddan with an average of 2,332 was most 
economic. 

Higher water requirements were noted for 

cotton varieties grown in South Delta. A 
range between 2,490 and 3,368 cubic meters 
per feddan with an average of 2,758 was found 
best for that sub-region. 

For Middle Egypt, where meditum stable 

vrieties of cotton are grown, irrigation water 
requirements for that crop ranged between 
2,796 and 3,609 cubic meters per feddan with 
an average of :,209. 

Such aifferent water requirements may be 
atti ibuted to at least two factors, the first is 
the difference in average seasonal atmospheric 
temperature and the second is the inherited 

variations among different varities. 

The over.all average water requirements 
for cotton in Egypt were found to be 2,7(1
cubic meters per feddan. 

Rice. Paddy cultivation in U.A.R. is 
confined mostly to the north and south delta 
where soil, climatic, and water conditions 
permit. Rice area every year is assigned 
in advance according to available water expec
ted for the season. Maximum rice area 
attained was about 8(oiooo feddans. Rice 
varieties prevailing in U.A.R. are of the 
Japonica type. usually transplanted in late 
May or early June and ripened in October. 

Irrigation water requirements for rice 
showed no much variation between the two 
main subregional zones North and South 

Delta. A very narrow range betveen 7,807 
and 8,170 cubic meters per feddan with an 
average of 7,9 8 was found in long expeti

mental periods (Table 3). 
Corn. Two crops of corn are usually 

grown in Egypt. Early summer corn planted 

in May is the main crop while late summer 
corn planted in July makes a subsidiary crop. 
Water supply for early summer corn is 
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TABLE 1. DISTRIBUTION OF SATELLITE STATIONS
 

Regional Site Governo- No. of No. of yearly 
zune rate Weirs expts. 

North Delta Serwi Damietta 2 2 

North Delta King Osman Behera 2 2 

North Delta Saka Kafr El Sheik 3 3 

South Delta Itiai El Barood Behera 3 3 

South Delta Gimiza Garbia 3 3 

South Delta Behtim Kalubia 3 3 

Middle Egypt Sids Beni Suef 3 3 

Middle Egypt Malawy Minia 2 2 

South Egypt Shandawil Souhag 3 3 

South Egypt Mattana Kena 4 4 

South Egypt Kom-Embo Aswan 3 3 

Total 31 31 

TABLE 2. IRRIGATION WATER REQUIREMENTS FOR COTTON 

Irrig. W. Reqs. in m3/Feddan 
Sub-regional zones Localities ............ 

Annual Result Average 

2,245rSakaNorth Delta Saka 2,592 2332 
L.Serwi 2,10) 

Gimiza 2,581 

South Delta rGimiza 2,650 2758
Itiai El Barood 2,490 

-Behtim 3,308 

rSids 3,609 
Middle Egypt { Sids 3,251 3209 

Malawy 2,766 

South Egypt 

Over-all average 2766 

* Results on cotton represent experiments carried out in the period from 1053 up to 1962. 
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usually critical, especially at the first growth 
period when river discharge is at minimum, 

Experiments on corn indicate medium 
need with little fluctuation between sub-regio-
nal zones. A range between 1,770 and 1,832 
cubic meters per feddan with an over-all 

average of 1,811 is the most economical. 
Table 4 shows results of eight experiments in 
three sub-regional zones for the period bet-
ween 1953 and 1962. 

Wheat. Wheat is one of the low water 
requirement crops in Egypt. As a winter 
crop, the number of irrigations for wheat 
never exceeds four. 

Results in the four sub-regional zones 
indicated wide variations not only among 
zones but also between localities and years. 
Table 5 shows that requirement for wheat 
varies from 1,016 to 1,398 cubic meters per 
feddan with an over-all average of 1,270. 

Clover. Clover is the main winter green 

fodder in U.A.R. It lasts over six months 
with three green cuts and seed yield. As 

such, perpetual vegetative growth has high 
water requirements especially in southern 

regions where moderate air temperature 
prevails during the winter. Highest levels 

were attained in the Southern region with an 
average of 3,720 cubic meters per feddan while 
it was 2,258 at the very north and 2,571 the 
middle section. 

Barley. Results of four experiments on 

barley are summarized in Table 7 which 
shows three sub-regional zones. In general, 
barley has a low water requirement averaging 
1,195 cubic meters per feddan. 

Barley is known in Egypt as the field crop 
most resistant to drought. On coastal planes 
of sandy soils without irrigation and low 
precipitation barley used to grow and to 
produce under severe conditions of soil 
salinity and shortage of water, 

Beans. Horse beans in Egypt is consi-
dered as one of the main winter crops for 
human and animal use. It is adapted in the 

south region of the country to very low water 
requirements. Such crop is called "bali" 
where water supplied to the soil before plant
ing in considerable quantity is sufficient for 
the growing season. Cooking qualities of balibeans are much superior to the "miskawi" 
basaemc ueirt h msai 
crop which is given three to four irrigations 
during the season. 

Results in Middle Egypt indicated the 
lowest irrigation requirements of any field 
crop. A range of 928 to 1,032, with an average
of 980 cubic meters per feddan, was the most 
economical optimum (Table 8). 

Tank System Experimental Results. In 
this system water is controlled and measured 
volumetrically using cement tanks of known 
capacities. Tank system experiments started 
only in 1962 and thus few results are available 
(Table 10). 

Most economical irrigation water require
ments for cotton was found to be on the 

average about 3,253 cubic meters per feddan, 
for corn 3 1,948 and Thoughbeansabout 1,,400aroundm per feddan. for horse few 

individual experiments have been conducted 
for only one season they are of considerable 
rely one o the ar of wate 

reliability due to the accuracy of water 
measurements. 

Results obtained under the two systems 
closely agree except for horse beans where the 
latter system yields higher water require

ments. 

Irrigation frequencies for field crops 

One of the main targets was the determi
nation of optimum time for irrigation or the 
best time interval between two irrigations in 
order to sustain high economical production. 

Due to strict water control, intervals 
between two successive irrigations can be 
adjusted to any desirable time. In practice, 
the usual period for summer crops is generally
eighteen days based upon preliminary results. 
Ministry of Agriculture has done research 
work on time of irrigation using field experi
ments on cotton, corn and horse beans in 
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TABLE 3. IRRIGATION WATER REQUIREMENTS FOR RICE 

Irrig. W. Reqs. in M3/Fed. 
Sub-regional Localities 

zone 
Annual Result Average 

NSaka 7,374 7,807
North Delta Serwi 8,240 

South Delta Gimiza 8,170 8,170 

Over-all average 7,988 

TABLE 4. IRRIGATION WATER REQUIREMENTS FOR CORN 

Irrig. W. Reqs. in M3/Fed. 

Sub-regional Localities 
zones 

Annual Result Average 

North Delta Saka 1,830 1,830 

Gimiza 1,559
rGimiza 1,894 1,832 

South Delta Behtim 1,608 
tItiai El Barood 2,267 

Sids 2,413 
Middle Egypt Sids 1,754 1,770 

L-Giza 1,240 

1,811Over-all average 

TABLE 5. IRRIGATION WATER REQUIREMENTS FOR WHEAT 

Irrig. W. Reqs. M3/Fed. 

Sub-regional Localities 
zone 

Annual Result Average 

f Saka 877 1,016 

North Delta 'LSaika 1,156 

Gimiza 255 
South Delta Gimiza 1,260 1,398 

L Behtim 1,980 

Sids 935 
rSids 1,112

Middle Egypt " Malawy 1,330 1,31 

! Giza 1,900 

South Egypt Mattana 1,344 1,344 

Over-all average 1,270 
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TABLE 6. IRRIGATION WATER REQUIREMENTS FOR CLOVER 
(SEED CROP) 

Irrig. W. Reqs. in M3/Fcd. 
Sub-regional Localities 

zone 
Annual Result Average 

North Delta .Sr 2,50 2,2 58
Serwi2,1500 

rGimiza 2,869 
South Delta Behtim 2,508 2,617

f-Itiai Barood 2,473 

f~ids2,2154
 
Middle Egypt {Sids 2,818 2,536
 

South Egypt Mattana 3,72) 3,720 

Over-all average 2,783 

TABLE 7. IRRIGATION WATER REQUIREMENTS FOR BARLEY 

Irrig. W. Rcqs. in M 3/Fed.
Sub-regional Localities 

zone 

Annual Result Average 

North Delta King Osman 1,493 1,493 

South Delta fGimiza 906 
S Gimiza 1,340 1,123 

Middle Egypt Sids 905 905 

Over-all average 1,195 

TABLE 8. IRRIGATION WATER REQUIREMENTS FOR HORSE-BEANS 

Irrig. W. Reqs. in M3/Fed. 
Sub-regional Localities 

zone 
Annual Result Average 

Middle Egypt fSids 1,032
f Malawy 928 980 

Over-all average 980 
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different localities since 1954. Using the tank 
system for water measurements at some 
satellite stations, it was possible to arrive at 
sound results on these mentioned field crops. 

Cotton. Cotton experiments were 

subregional zones and
conducted at the four 

Results of seven experi-for different seasons. 

oents at three localities and subregional 
zones are summarized and presented in 

A uniform experimental design in rando-

mized complete blocks with six replicates and 
four time intervals for irrigation was used. 
Irrigation intervals tested were 12, 15, 18 and 
21 days. Plot size was chosen to be 1/12 

feddan withTotal water duties for eachfeddan harvested for yieldestimates. 1/40 treat
te sa te.almo 

From Table 10, time intervals of fifteen 
etmate 

days was statistically significant for cotton. 
Increasing time intervals to eighteen days 

resulted in reducing cotton yield by about 
23.45 per cent on the average in Middle 

TABLE 9. SUMMARY RESULTS OF IRRIGATION WATER REQUIREMENTS 
BY SOME FIELD CROPS IN U.A.R. 

Sub-regional Zone 

Crops Average 
N. Delta S. Delta M. Egypt S. Egypt 

Cotton 2,332 2,758 3,209 -- 2,766 

Rice 7,807 8,170 - - 7,988 

Corn 1,&30 1,832 1,770 - 1,811 

Wheat 1,016 1,398 1,319 1,344 1,270 

Clover 2,258 2,617 2,536 3,720 2,783 

Barley 1,462 1,123 905 - 1,195 

Horse beans - - 980 - 980 

TABLE 10. IRRIGATION WATER REQUIREMENTS FOR COTTON, CORN,
 
WHEAT AND HORSE BEANS
 

Irrig. W. Reqs. in M3 /Fed. 

Crop Sub-regional zones 

Cotton Middle Egypt 

Corn fSouth Deltaf Middle Egypt 

Horse beans Middle Egypt 

Localities 

Sids 

GimizaSids 

Sids 

Annual Result 

3,253 

1,2402,656 

1400 

Average 

3,253 

1,948 

1,400 
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Egypt, about 18.53 per cent in South Delta 
and about 16.54 per cent in North Delta. 

Corn. Corn is considered one of the most 
water sensitive plants grown in U.A.R. Excess 
water, even at one irrigation, always resulted 
in corn yield reduction. 

Experimental design for testing time 
intervals of irrigation for corn was complica-

ted where irrigation water requirements for 

that crop were also tested. In Table 12, 

results of typical experiments conducted at 
Sids satellite station are shown. Three irriga-
tion periods 12, 15 and 18 days between 
every two successive irrigations were tried. 
Four water duties were tested at each period 
r,:nging from 1,774 up to 2,656 cubic meters 
per feddan. All agronomic treatments were 
the same including time of planting, thinning, 
fertilizer quality and quantity as well as time 
of fertilizer application. 

Irrigation time intervals were significant 
in their effect upon corn yield. Most economic 

period was found to be twelve days. 

Concerning corn water requirements under 
the three time intervals tested, it was foundthat 2,656 cubic meters are more suitable for 
the twelve days period, 2,109 cubic meters for 

the fifteen-day period and 1,774 cubic meters 
for the eighteen day period. 

Horse beans. The same type of experi
mental design as used for corn was used for 
horse-beans. In this case, four time intervals 
of 20, 30, 40 and 50 days with three different 
water duties each were tried. 

Table 13 results at Sids satellite station in 
1962-1963 indicated that the best time inter
val was 30 days. 

TABLE 11. EFFECT OF IRRIGATION FREQUENCIES UPON COTTON 

Sub-regional zones Localities Year Irrigation frequencies in days L.S.D.
 
12 15 18 21
 

-Saka 1953 6.31 6.45 5.54 5.04 0.64
 
North Delta fSaka 1954 6.03 6.24 4.76 4.40 0.48
 

Saka 1955 8.30 8.21 7.24 6.83 0.41
 

Average Yield Kentar/Fed 6.88 6.97 5.85 5.42 

Av. Water duty M3/Fed 232 

Gimiza 1954 4.63 5.21 4.04 3.49 0.46
 
South Delta {Gimiza 1955 8.30 9.10 7.89 7.12 0.56
 

LGimiza 1956 5.38 5.8(6 4.80 3.92 0.96 

Average Yield Kentar/Fed 6.10 6.72 5.57 4.84 -

Av. Water duty M 3/Fed 2667 

Middle Egypt Sids 1956 8.70 8.57 6.56 6.67 1.16 

Av. Water duty M 3/Fed 3419 

* Kentar = 157 kilograms of cotton lint and seeds. 
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TABLE 12. EFFECT OF IRRIGATION FREQUENCIES UPON CORN
 

Irrig. Freq. Water duty Corn Yield in 
M 3/Fed. Ard./Fed. Averagein days 

1,961 21.04 
12 	 2,167 21.78 21.73 

2,404 21.43 
2,656 22.69 

i 1,908 17.00 
15 	 2.109 20.14 19.45 

2,341 19.96 
2,643 20.68 

1,774 20.75 
18 1,974 17.93 19.21 

2,177 18.32 
2,377 19.86 

* Ardab corn seeds = 140 kilograms. 

TABLE 13. 	 EFFECT OF IRRIGATION FREQUENCIES UPON HORSE-
BEAN YIELD
 

Irrig. Freq. Water duty 
in days M/Fed. 

1,333 
20 1,494 

L1,245 

1,43 
30 f 1,287

L1, 3 13 

1,370 
40 { 1,352 

1,391 

928 
50 j 1,014 

f1,018 

Horse-bean 
yield Ard/Fed. 

8.91 
10.43 
11.81 

9.52 
10.4
10.99 

7.21 
9.06 

10.97 

10.25 
8.66 
9.68 

Average 

10.45 

10.38 

9.08 

9.53 

Ardab horse-bean seeds = 140 kilograms. 

Most economical water duty was 1,313 Future prospects 
cubic meters per feddan at frequency of 30 The programme to the present has follow
days. General practice at the present time ed a single course where only one or two 
is 50 days irrigation frequency with 928 cubic types of field experiments could be conducted 
meters as water duty per feddan. every year. Attention is now being drawn 
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to experimental designs and research work 
in the field of water requirements in relation 
to vital factors affecting plant growth and 
development. 

At present, the research programme is 

being modified to cover other targets and to 
enable scientific considerations concerning 
the following points in relation to irrigation. 

1. Differential consumptive water usevariousmstages
by the crop during its various stages 
of growth. 

by 	 therdcropeduringaits 

2. 	 Relationship between crop rotation 
and water consumptive use by diffe-
rent crops in the rotation. 

3. 	 Soil structure, texture and chemical 
properties including salinity and alka
linity in relation to water use. 

4. 	 Water quality. 

5. 	 Drainage. 

6. 	 Sub-regional climate. 
7. 	 Organic and inorganic fertilizers. 
8. 	 Weed control-water use interaction. 

A coordinated research programme bet

ween workers in soils, plant physiology, plant 
nutrition, meteorology, weed control and 
irrigation requirements is under consideration 
to fulfil specific targets of the national second 
five-year plan which will start in 1905. 
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RESEARCH FINDINGS AND APPLICATION OF WATER 
REQUIREMENTS OF CROPS AND DUTIES 

THEREOF IN INDIA 

by 

S. N. Gupta and A. P. Bhattacharya* 

SYNOPSIS 

The paper gives a general idea of the 
characteristic features of India with respect 
to soil and climate, as their wide variations 
have an important bearing on the water 
requirements of' crops. 

Early concepts on duty of water advocated 
by R.B. Buckley and Bligh in the nineteenth 
century are discussed. 

Past studies consist of experiments on 
water requirements of wheat initiated in the 
Punjab in the beginning of the present 
century. These brought out the advantages 
of making smaller compartments and deliver-
ing water directly to these with the help of 
water courses. Experiments on wheat in 
Banaras and Bombay gave the total depth of 
water required and also the number of 
waterings. For rice, water requirements 
were studied at Madras (Siruguppa, Coim-
batore) and West Bengal. They related 
both to the total depth of water and the 
effect of submergence on the yield of rice. 
For sugarcane, duties and water requirements 
were worked out for Maharashtra and Madras. 
Water requirements of other crops, including 
cotton, maize, ragi, sorghum, groundnut, 
bananas, lemons, jawar studied in the past 
have also been described. 

Among recent experimental studies, the 
work up to 1961-62 on the basis of investiga-
tions on the depth of watering and interval 
between irrigation treatments and later on 

the soil-moisture deficit aspect is described 
for wheat in U.P. Work on wheat is also 
detailed for Delhi and Gujarat. For rice, 
the studies in U.P. up to 1962 with the old 
approach and from 1963 with submergence 
(both continued and with drainage) and irriga
tion at field capacity are discussed. Work 

on rice is also described for Cuttack, 
Bihar. West Bengal, Gujarat, Mysore, 
Bangalore, Hyderabad. Among other cropsstudies are discussed for sugdrcane, gram, 

potato, cotton, linseed, tobacco. 
An idea is given regarding the scope 

for future. The need for standardizing 
techniques on an all-India basis is impressed. 
The importance of having better liaison 
between research and extension workers 
is stressed. 

GENERAL 
India is primarily an agricultural country, 

its total geographical area being 806.3 million 
acres. In 1960-61, the net area sown was 
328.0 million acres. While the total cropped 
area was 376.2 millon acres. Out of the 
total area under cultivation, nearly 18.3 per 
cent is irrigated. A comparative idea of the 
role of agriculture and irrigation for India 
with respect to other important agricultural 
countries can b2 formed from a perusal of 
Table 1. It may be seen that the percentage 

of cropped area to total area is highest for 
India. 

There are two well-defined crops seasons 
in India (i) kharif, from April to September, 

* Director and Research Officer, Basic Research Division, Irrigation Research Institute, Roorkee, U.P., India. 
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TABLE 1. CROPPED AND IRRIGATED AREA AND AGRICULTURAL POPULATION FOR 

VARIOUS AGRICULTURAL COUNTRIES 

Name of 
Country 

area 
area 

Arable land 
and land 

under tree 
crops 

Irrigated 
arable land 
and land 

under tree 
crops (1955) 

Population
(1959) 

(in thousands) 

Agricultural 
population

(1945-59)
(in5-9) 

ratio of 
cropped 

roap e 
tarea t, 

Per cent 

irrigated 
area to 
cropped 

Per cent of 

population 
to total 

population 

(in 1,000 hectares) 

U.S.S.R. 2,240,300 221,366 11,128 210,5)0 97,100 (1930-44) 9.S8 5-03 50 

Europe 

U.S.A. 

493,000 

7S2,798 

154,000 

188,309 

2,554 

11,959 

421,300 

177,700 

... 

22,158 

3124 

24.06 

1-66 

6.35 

33 

13 

North and 
Central America 2,426,000 258,000 15,177 260,1U0 ... 10.63 5.88 24 

South America 1,776,000 73,000 4,582 136,200 ... 4.11 6.28 59 

India 328,888 .159,662 21,959 402,600 249,122 ' 4855 13.75 70 

China 876,101 109,334 24,679 476,000 
(1937) 

395,500 11.20 22.56 85 

Asia 1,739,000 325,U0 73,280 946,000 ... 18-69 22-55 64 

Africa 3,025,00 236,000 6,033 249,21J)1 ... 7-S0 25.56 66 

Oceania 854,000 28,000 704 13,400 963 (Australia) 3.28 2514 31 

World (Total) 13,529,000 1,405,000 138,137 2,936,700 ... 10-39 9.83 56 

Note : (1) Source : F.A.O. Production Year Book 1960, pages 3 to 17 

(2) One hectare is equivalent to 2.471 acres. 

(3) Figures for Europe exclude U.S.S.R. 

(4) Figures for Asia exclude China Mainland. 



(ii) rabi, from October to March. Sometimes, 
intermediate crops are sown between these 
seasons which are known as zaid crops in 
U.P. and Punjab. The major kharif crops 
are rice, jawar, bajra, maize, cotton, sugar-
cane, sesamum and groundnut, while the 
major rabi crops are wheat, barley, gram 
lineseed, rape and mustard. The seasons and 
duration of principal crops are given in 
Table 2. 

Table 3 shows the area under irrigation 
from various sources. It may be seen that 
government canals form the most impotrant 
source of irrigation in India. 

The two outstanding features of agricul-
tural production in India are the wide variety 
of crops and the preponderance of food crops 
over non-food crops. Table 4 gives the area 
under various crops and it may be seen that 
the area under food crops was 299 million 
acres in 1958-59 against 73 million acres for 
non-food crops. 

Fig. 1 gives a soil map of India indicat-
ing the principal classifications of soils, 
namely alluvial soils, red soils, laterite soils, 
black soils and clayey soils2 . Alluvial soils 
cover large r-irtions of Assam, Bengal, Orissa, 
Bihar, U.P. and Punjab. Red soils are found 
in Madras, Andhra Pradesh, Bihar and Orissa. 
Laterite soils occur on the summits of hills 
in Orissa, Madhya Pradesh, Travancore, 
Deccan and Central India. Black soils are 
available in Bombay, Madhya Pradesh, 
Andhra, Mysore, Central India and Mauras. 
Clayey soils are found in Punjab and U.P. 

regions in accordance with the extent of 
normal annual rainfall, viz. (i) over 2,000 
mm., (ii) between 1,200 and 1,600 mm., (iii) 
between 90(1 and 1,100 mm., (iv) below 800 

3mm . 

Rainfall in India is marked by its unequal 
distribution throughout the seasons, its 
uneven distribution over the surface of the 
country and its liability to frequent failure. 
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Because of the variation in the intensity 
and pattern of rainfall and also of soil type in 
various regions of India, timely artificial 
application of water for the proper crops 
growth is an important factors. Further, 
because of the limited available supplies, 
it is of importance to utilise every cusec of 
water for the maximum crop yield and, 
therefore, the subject of water requirements 
of crops has received attention of agriculture 
and irrigation departments in various States 
for over a century. 
EARLY CONCEPTS. 

In the nineteenth century, the duties for 
various crops in different States were studied 
by R. B. Buckley5 . According to him, if 
D is taken as the duty of water, i.e. the 
number of acres of crop matured by 1 cubic
foot per second flowing continuously for a 
defined time. 

Tables 5 and 6 give figures for the duties 
for the years 1885.86 to 1889-90 for the kharif 
and rabi seasons for various irrigation systems 
in India. These give an idea how duties 
vary both from year to year and canal to 
canal. Whereas the kharif duties varied from 
60 to 150 acres, the rabi duties ranged bet
ween 30 and 170 acres in 18S9-90. 

The above duties were worked out for 
discharge at the head of the irrigation system. 
Duties were also worked out by Buckley on 
the discharge utilised. Tables 7 and 8 give 
kharif duties for the Upper and Lower 
Ganges Canals for the years 1885-86 to 
1889.90 calculated on the basis of the discharge 
utilised. A study of these Tables shown wide 
variation in duties in the two canals and in 
different parts of the same canal system. 

Efficiency of water management in a run
ning canal system has an important bearing 
on the duty. It was assessed by Buckley that 
the duty for wheat on the Jamna Cana.l in 
Bombay in 1889-90 was as low as 32.4. Ex
periments conducted on this canal by gauging 
the discharge actually run on to the fields in 
two cases indicated the depths of watering 
for wheat to be 25 and 17 inches respectively. 
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Likewise, for the Nira Canal in Bombay, for 
a depth of 3.57 inches at the head, the actual 
depth delivered in the field was found to be 
only of the order of 2 to 2.5 inches. It was 
thus concluded that large quantities of water 
were lost in conveyance. Further, the study 
of duty of water in periods of pressure is very 
important, especially as in Bengal and Madras 
where only one crop is under irrigation in 
one season, being a!l rice during kharif. 

TABLE 2. CROP SEASONS 

Crop Season 

Rice 	 Winter 
Autumn 
Summer 

Wheat Rabi 

Jowar Kharif 
Rabi 
Zaid Kharif 

Bajra Kharif 

Maize Kharif 

Ragi Kharif 

Barley Rabi 

Gram Rabi 

Sugarcane Perennial 

Sesamum Kharif 
Rabi 

Groundnut Kharif 

Rape and mustard Rabi 

Linseed Zaid Rabi 

Castor Rabi 
Kharif 

Cotton Kharif 

Tobacco Kharif 

Jute Kharif 

For the then Bombay Presidency (now 
Maharashtra and Gujarat), mention has been 
made by Buckley that experimental studies 
gave the total depth of watering needed for 
wheat to be 20 inches consisting of three to 
four waterings of 2.5 inches on the field plus 
rainfall. 

For Egypt, the duties were quoted by R.B. 
Buckley as equivalent to 41 for rice and 83 

AND DURATION, INDIA 

Duration 

5-6 months 
4-41 months 
2-3 months 

5-51 months 

41-5 months 
41--5 months 
2- months 

4.1 	 months 

4-41- months 

31- months 

5-5- months 

6 months 

10-12 months 

3-4 months 
h months 

Early 
Late 

4-4-
4J-.-5 

months 
months 

4-15 months 

4 months 

5-52 months 
Early
Others 

(6
8 

months 
months 

Early 
Others 

6-7 
7-8 

months 
months 

7 months 

1-7 months 

Source : India 19061, The Publications Division, Government of India, page 245. 
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TABLE 3. AREA UNDER IRRIGATION IN INDIA FROM VARIOUS 

SOURCES (1960-61) 

Source Area in million acres 

Canals Govt. 22.4 
Private 3.0 

Wells 17.4 

Tanks 1!.5 

Other sources 5.9 

Total 60.2 

Source : Directorate of Economics and Statistics, Department of Agricul
ture, Ministry of Food and Agriculture, Government of India. 

TABLE 4. AREA UNDER VARIOUS CROPS IN !NDIA (1958-59) 

Crops State in which grown Area in thousand acres. 

Food Crops 

Rice Assam, Bengal, Bihar, Madras, Andhra, 
Orissa, M.P. and U.P. 81,000 

Jowar Andhra, Mysore, Gujarat, Mvlaharashtra, 
Madras, and Madhya Pradesh 44,438 

Bajra Bombay, Punjab, Madras, U.P., 
Rajasthan, Andhra, M.P. and Gujarat 28,185 

Maize Punjab, U.P. and Bihar 10,534 

Ragi Mysore and Madras 6,313 
Wheat U.P., Punjab, M.P., Maharashtra and Gujarat 31,164 
Barley U.P., Bihar and East Punjab 8,190 
Other cereals and 
small millets 13,143 

Total cereals and millets 222,967 

Gram Punjab, U.P., Bihar and Madhya Pradesh 24,828 

Tur or Arhar 6,145 

Other pulses 29,225 

Total pulses 60,1()8 

Total foodgrains 283,165 

(Contd.) 
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Table 4 (Contd.) 

Crops State in which grown Area in thousand acres. 

Sugar U.P., Punjab and Bihar 4,922 

Condiments and spices :3,244 

Fruits and vegetables 6,221 

Other food crops 1,901 

Total food crops 299,453 

Non-food crops 

Groundnut 	 Maharashtra and Madras 15,451 

Andhra and Madras 1,212Castor 
4,666}Sesamum 	 Andhra, Madhya Pradesh and Madras 

3,059Rape and Mustard Pubjab, U.P. and Bihar 

Linseed Madhya Pradesh, Bihar and Andhra 3,365 

1,713Coconut 	 Madras and Kerala 

2,8.38Other oilseeds 

32,304Total oilseeds 

Cotton 	 Maharashtra, Gujiirat, M.P., Andhra and Madras 19,683 

Assam, Bihar and West Bengal 1,748Jute 
1,631Other fibres 

17Indigo 

Opium 76 

Coffee Madras, Mysore and Kerala 295 

Tea Assam and West Bengal 784 

(167Tobacco 
13,401Fodder crops 
2,402Other non-food crops 

73,30STotal non-food crops 

Total food and non-food cops 	 372,762 

Source :---Directorate of Economics & Statistics, Department of Agriculture, Ministry of Food & Agriculture, 
Governrnent of India. 
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TABLE 5. DUTY AT HEAD OF SYSTEM IN KHARIF SEASON FOR
 
VARIOUS 

Canal 

Bengal 
Sone 

N.W. 	Provinces: 
Upper Ganges 
Eastern Jumna 

Punjab : 
Western Jumna 
Bari Doab 

Madras: 
Kistna 
Penner 


Bombay: 
Mutha 

IRRIGATION SYSTEMS IN INDIA 

Number of acres of crop matured by 1 cubic 
foot per second 

1885-86 1886-87 1887.88 1888-89 1889-90 

80 i.15 74 65 68 

78 so 66 73 83 
9() 92 9t 104 94. 

86 66 90 73 78 
59 69 61 62 5S 

... 145 101 1(; 114 

... 130 193 168 147 

98 52 49 53 114 

Source : Irrigation Works in India and Egypt by R.B. Buckle%. page 223. 

TABLE 6. DUTY AT HEAD OF SYSTEM IN RABI SEASON FOR 
VARIOUS 

Canal 

Bengal 
Sone 

N.W. Provinces : 
Upper Ganges 

Eastern Jumna 


Punjab : 
Western Jumna 
Bari Doab 

Bombay : 
Nira 

Jamda 
Krishna 
Ekruk Tank 

IRRIGATION SYSTEMS IN INDIA 

Number of acres of crop matured by I cubic 
foot per second 

1885-8(' 1886.87 iS.l7-8S 188S-89 1889-90 

99 78 68 78 52 

171 13 155 168 143 
129 130 lOs 124 153 

96 134 48 107 123 
153 128 125 141 169 

60 61) ... 106 95 

... 24 19 47 33 
22 32 31 25 :16 
28 20 24 41 56 

Source : Irrigation Works in India and Egypt by R.B. Buckley, page 224. 

433 



TABLE 7. DUTIES UTILIZED ON THE UPPER GANGES CANAL
 
IN THE KHARIF SEASON 

1885-86 1886-87 1887-88 1888-1889 1889-90 

(acres) (acres) (acres) (acres) (acres) 

Duty of the canal on 
its discharge at head 78 80 66 73 83 

Duty of the canal on 

its discharge "utilised" 86 100 69 76 90 

Duty of the distribu
taries on their discharge 
at head 88 102 72 76 95 

Base of the above duties 115 days 137 days 103 days IlI days 134 days 

Volume of water in 
cubic feet used (at the 
distributary head) per 
acre 113,260 115,690 122,400 125,450 121,970 

Source : Irrigation Works in India and Egypt by R.B. Buckley, page 228. 

TABLE 8. DUTIES 	UTILIZED ON THE LOWER GANGES CANAL 
IN THE KHARIF SEASON. 

1885-86 1886-87 1887-88 1888-89 1889-90 

(acres) (acres) (acres) (acres) (acres) 

Duty of the canal on 
its discharge at head 4:3 33 41 53 58 

Duty of the canal on 
its discharge "utilised" 69 64 60 72 74 

Duty of the. distribu
taries on their discharge 
at head 	 95 88 102 104 94 

Base of the above duties 115 days 137 days 103 days 111 days 134 days 

Volume of water in 
cubic feet used (at the 
distributary head) per 
acre 	 104,540 135,040 87,120 91,480 121,970 

Source: Irrigation Works in India and Egypt by R.B. Buckley, page 229. 
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for the sefi or hot weather crops, irrigated 
from April to July, consisting of cotton, 
vegetables, summer maize and sugarcane. 

The subject of duties was also studied by 
Bligh in the last century'. He gave figures 
for duty for kharif irrigation varying from 
50 to 100 acres and for rabi from 50 to 250 
acres for Northern India, the loss of water 
between the head of a canal and the fields 
varying from 10 to 20 per cent. Bligh gave 
total water requirements of rice as 5 ft. or G0 
inches, which is in conformity with the 
recent experimentally determined figures for 
U.P. He stressed the importance of irriga-
tion by rotation in minimising losses by 
evaporation and percolation, as was also 
recommended by R. B. Buckley. Bligh's 
figures for water requirements of rice for 
Madras were 5 ft. for monsoon rice crop and 
4 ft. for cold weather rice crop. For Madras 
I cusec irrigate 66 acres of rice and double 
that amount of dry crops. For new tank 
projects in Madras, the duties were taken as 
50 for rice and 100 for dry crops, including 
evaporation and absorption losses, 

REVIEW OF PAST WORK 

Before 1900, the water requirements of 
various crops were being assessed by irrigation 
engineers on field observations and very 
little experimental work wasn conducted.equre-Insubsquet yersstuieswter 
subsequent years, studies on water require-
ments were taken up for three principal crops, 
viz. (i) wheat, (ii) rice, (iii) sugarcane 

Wheat, Earlist work was begun on 

wheat in the Punjab where studies were 
initiated by R.G. Kennedy from 1904.05 to 
1906.077, , . These indicated that there 
was considerable waste of irrigation water 
on the part of the zamindar, particularly 
in the first irrigation mainly due to 
the fact that large compartments (kiaris) were 
made and water was run from one compart-
ment to another. The waste of water could 
be prevented to a considerable extent by 
making the 'kiaris' smaller and supplying 
water directly to each compartment from a 
water-course. Total depth of watering was 

assessed to be 7.90 inches and 10.18 inches 
for three and four waterings on an average. 
Actual water use by the Zamindar indicated 
over-irrigation to the extent of 30 per cent. 

The role of proper land levelling in econo
mical use of water for irrigation was clearly 
brought out. Five to six inches of watering 
were required for a ploughed field with clods 
unbroken but two to three inches sufficed for 
a similar field whose clods were broken an,1 
ground levelled. 

Studies on the average utilisation of canal 
water by the Zamindar were initiated by 
F.W. Woods in the Punjab in 1918. The 
field data was subsequently analysed by B. H. 
Wilsdon and M. L. Mehta of the Punjab" 
Irrigation Research Institute in 192910. For 
wheat, four waterings (including 'rauni' or 
pre-sowing irrigation) were regarded as 
admissible. Actual water use in the fields 
indicated an average waste of 25 per cent of 
water applied for irrigation. The greatest 
waste was found to occur in the months of 
June to September. It was also observed 
that the surplus water was leading to water

logging. A number of measures were sug
gested for the prevention of waterlogging 
including economy of water in the field by 
making proper 'kiaris'. 

Experiments conducted at the BanarasHindu University, Banaras in 1930 indicated 
the total water requirements of wheat to be 
7.35 inches". 

Sir Claude Inglis gave a figure of 180 for 

the duty for rabi for the Deccan in 1917 

Rice. Water requirements of rice were 
taken as 40 inches for the Punjab in 1929 by 
B. H. Wilsdon and M. L. Mehta12 . 

In Madras, experiments were conducted 
at the Paddy Breeding Station, Coimbatore 
during the years 1932 to 1934 for determining 
the quantity of water required for different 
stages of growth for Vallaisimba (white rice-
a special variety) ripening in 160 days with 
a duty of 84.8 acre inches of water"3 . Sea
sonal water requirements of this variety of 
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rice were indicated for various stages of plant 
growth as (i) from preparation of plots to 
planting--25.063 acre inches, (ii) from planting 
to flowering-48.27 acre inches, (iii) from 
flowering to last irrigation-10.89 acre inches, 
total being 84.79 acre inches (including irriga-tion and rainfall). 

Experiments were conducted for a period 
of five years from 1938-39 onwards at Coim-
batore by the Madras Department of Agri-
culture"a. Best yield was obtained with 
continued submergence with 2 inches depth 
of water for which the yield was the same 
as that recorded with applications of 2 inches 
depth at intervals of':3 days and 4 inches at 
6 days. l)uties of rice for experiments con-
ducted at a number of stations in Madras 
from 1938 onwards worked out to 81 for the 
first crop (June-December), 54 for the second 
crop (February-May) at Maruteru, 37 at 
Pattukottai, 51 for single-crop rice at Central 
Farm Coimbatore, for single crop at Siru-
guppa. The duty for rice was found to be 60 
on an average. 

In West Bengal, experiments with the pot
culture technique were conducted on watering 
needs of rice in the Department of Agricul-
ture, Calcutta University by P. K. Sen in 
19:714. Best results were obtained with a 
treatment which was dry germination, satura-
ted during pre-tillering, submerged during
pre-tillering and pre-flowering, saturated again 
during flowering and dry finally during post-
flowering. Boro i.e. spring rice (November-
Anril) gav\e maximum tillering and yield, aris 
i.e. summer rice (April-July) minimum and 
aman i.c. winter rice (June-December) inter-
mediate yield and tillering. 

Sugarcane. Sir Claude Inglis gave a 
figure of (60 for the duty of sugarcane for 
canals in the Deccan in 191712. 

Water requirements of sugarcane were 
taken to be -0 inches with 12 waterings by 
Wilsdon and Mehta for the Punjab in 1929. 

The duty for sugarcane was worked out 
to be 90 on the basis of experiments conduc-

ted by the Madras Department of Agriculture 
from 1938 onwards. 

Pot culture studies were conducted in 
Bombay on water requirements of sugarcane 
in 1938-39 for two types of soils, viz. 
Murum Black nearand Chopan Soil Malegaon ColonyBlack Soil near Pahunya
chiwadill. Water requirements of sugarcane 
were indicated as 101.4 and 92.7 inches for 
the two types of soils. Over-irrigation was 
detectable to the extent of 32 to 34 per cent. 

Other Crops. Among other crops, water 
requirements were given by Wilsdon and 
Mehta for the Punjab in 1929 as (i) cotton 
-20 inches with 1 waterings, (ii) maize-18 
inches with 5 waterings. 

For Madras, calculated duties of water 
were given from 1938 onwards as (i) cotton 

265 (August-March) at Siruguppa and 190 
(6 months duration) at Coimbatore, (ii) ragi 
-126 (July-October) at Siruguppa and 130 
(May-September) at Coimbatore, (iii) sorghum 
-163 (June-September) at Siruguppa and 120 

March-June) for Coimbatore, (iv) groundnut 
- 156 (July-October) at Siruguppa (v) Banaras 

1:6 at Maruteru. 
Soil surveys of N'Iahi Project indicated 

water requirements for Maharashtra as (i) 125 
inches for bananas, (ii) 62 inches for lemons. 

Experiments were conducted in Sind (now 
in Pakistan) from 1940 to 1945 on water 
requirements of cotton and jowar. 
Findings were similar to those for the Punjab 
regarding the economical water use in plots 
irrigated directly as compared to those irriga
ted from adjacent plots. Water requirements 
were found to vary directly with plot size,being minimum for 1/2 acre plots for cotton 
and 1/4 acre for jawar. 

'The practice regarding duties and water 
requirements of crops in Uttar Pradesh is as 
below"7 . 

The average depth per watering at the outlet 
head is taken as (i) rabi--5.25 inches, (ii) sugar
cane--6.50 inches, (iii) rice-7.5 inches. 
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Areas which can be irrigated per cusec week 
corresponding to the above depths are (i) rabi 
-32 acres, (ii) sugarcane- 2 6 acres (iii) rice 
-22 acres. The period for one watering is 
generally fixed as (i) rabi-8 weeks, 6 weeks, 
4 weeks according as the rainfall is below 
40 inches, between 40 and 45 inches, above 
45 inches, (ii) sugarcane-4 to 6 weeks accord-
ing as the rainfall is below or above 40 inches. 
The maximum period of one watering of rice is 

taken as 2.5 weeks throughout Uttar Pradesh. 

RECENT EXPERIMENTAL STUDIES. 

Wheat. In Uttar Pradesh, planned ex-
periments were initiated by the U.P. Irriga-
tion Research Institute in 1942-43 with the 
randomized block system layout, experimenta-
tion being confined to the determination of 
the best combination of the depth of irriga-
tion and interval between irrigation treat-
ments for arriving at the maximum yield'. 
There were a number of experime'ntal stations 
in different climatic and soil zones of Uttar 

Pradesh, viz. Bara Banki, Bulandshar, Atarra,
Baharabd,Danari, her exprimntsBahadrabad, Dhanauri, where experiments 

were conducted from 1942-43 to 1949-50 . 

of nitrogen1960-61 and 1961-62, levels 

were condu57,tedefrom erimen-4ltor1 w49s 
Fom 19to7 heEperiealone.
confined to Dhanauri alone. 

ork wears
For the years 

were 

also studied with respect to levels of irriga- 
tion. The approach has been changed from 
1962-63 by the adoption of the soil-moisture 
deficit aspect inclusive of irrigation efficien-
cies. Empirical formulae for the determina
tion of water requirements from climatologi-
cal data and also evapotranspiration measure-
ments are being taken up. 

Generally, the optimum depth of irriga-
tion was indicated to be 3 inches for Eastern 
and Western U.P., although water depths 
for Dhanauri were slightly lower, being 2.5 
inches, while the corresponding depth for 
Southern U.P. was found to be 4 inches, two 

waterings being given in these experiments 

apart from pre-sowing irrigation plus rain-
fall. The interval between irrigation treat-

ments was found to vary from 4 to 6 weeks. 
The optimum level of nitrogen was found to be 

40 lbs. per acre, 20 lbs. by artificial manure and 
20 lbs. as green manure and compost manure. 
In the course of these experiments, yields as 
high as 26 maunds per acre or 24.07 in 100 
kg. per hectare were obtained. 

Another set of experiments on water 
requirements of wheat along with dosage of 
nitrogen was taken up by the Crop Physio
logy Section of the Department of Agricul

ture, Uttar Pradesh, at seven experimental 
stations during the years 1950-51 to 1953-5410. 

The soil types were mostly loam except for 
Bharari (Jhansi), for which it was parwa. 
The depth of irrigation applied was :3inches, 
wheat grown in the drier parts of the State 
generally required three waterings, whereas 
for wetter places like Gorakhpur, two water
ings were sufficient. 

Experiments were started by the Crop 
Physiology Section of the Department of 
Agriculture, U.P. in 1961-62 on the effect of 
frequencies of irrigation and loses of nitrogen 
oeaenis 2 gt e troetigon s 
mn ohe s apple atien re
ments of 3 inches applied at tillering, pre
heading and milk stages of growth and 50 lbs. 
hednadmiksgsofrwtad50l.
of nitrogen gave best results. The beneficial 
role of nitrogen in economising water use was 
also brought out. 

Water requirements of wheat were found 
to be 36 cm. with three irrigation treatments 
at the Indian Agricultural Research Institute, 
New Delhi'. 

In Gujarat, optimum water requirements 
were found to be IS acre inches with 5 to 6 
waterings for tubewell areas. For the Mahi 
Canal commanded area, optimum water 
requirements were indicated to be 21 inches. 

Rice. Experiments were initiated in 
Uttar Pradesh by the U.P. Irrigation Research 
Institute on water requirements of rice in 
1945. The work was carried out at Nagina, 
Atarra, Tisuhi and Bahadrabad from 1945 to 

1949. In 1961, they were started at Dhanauri. 
The layout was the usual randomized block 
system, the object being the determination 
of the best combination of depth of watering 
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and interval between irrigation treatments 
plus rainfall. In 1961 and 1962 studies, the 
level of nitrogen was also studied along with 
the irrigation treatments. From 1963, soil-
moisture regime concept was introduced along 
with a study of the effect of continued sub-
mergence with depths of 2, 4,6, 8 inches and 
submergence with drainages 

The total watering needs of rice were 
indicated to be 7 ft. for Atarra and Tisuhi. 
For Dhanauri, this figure has been found to 
be of the order of 5 ft. Submergence of 4 
inches with three drainages at pre-tillering, 
pre-flowering and pre-dough stages seems to 
give best results. The optimum level of 
nitrogen has been indicated to be 60 lbs. per 
acre. Yields as high as 38 maunds per acre 
or 35.1,; in 100 kg. per hectare were recorded 
in the experiments conducted so far. 

Experiments conducted at the Indian 
Agricultural Research Institute, New Delhi, 
in 1961) indicated that irrigation at field capa-
city seemed to be the best for maximum 
yield and compared favourably with 6 and 12 
cm. depth of submergence23 . Lower levels 
of soil moisture reduced the yield. Submer-
gence seemed to be beneficial in killing weeds 
which, otherwise, lowered the yield signifi-
cantlv. 

Experiments conducted at the Central 
Rice Research Institute, Cuttack, for the 
years 1953.54, 1958.59, 1959-60 gave indica-
tions that water requirements of rice decreas
ed with manurial applications, a combination 
of ammonium sulphate, farmyard manure 
and superphosphate gave the best yield14 . 

In Bihar, the effect of light irrigations 
in spells of drought was studied on the 
yield of late aman (winter) paddy variety, 
498-2A at the Irrigation Research Station, 
Bikranganj for five years from 1058-59 to 
1902-6326, Total water requirements of 
38 inches were met by 30 inches of rainfall 
and 8 inches of irrigation. The maximum 
yield was 37.5 maunds per acre or 34.71 in 
100 kg. per hectare. 
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In West Bengal, experiments have been 
initiated at the Department of Agriculture, 
Calcutta University"o. Physiological studies 
with the pot culture technique indicated 
osmotic pressures and transpiration rates for 
aus, boro, anman varieties to be in a descend
ing order. In the Kalyani studies in West 
Bengal, best results were obtained by an
application of 16.5 inches in 9 doses, giving 

the highest yield of 40 maunds per acre or 
37.64 in 100 kg. per hectare 26 . 

In Gujarat, three varieties of paddy were 
experimented upon 22' 27. Eight waterings 
gave the best results. For manuring, it was 
found that the yield went on increasing up to 
80 lbs. N per acre, although an economic dose 
was 40 lbs. N per acre. 

In Mysore, studies at the Mysore Engi
neering Research Station showed that the 

application of water for only five days in a 
week gave better yield than continued sub
mergence2". Variations were also noticed 
in water requirements of different varieties 
of rice. 

A study of 100 fields in 10 villages in 
Bangalore District indicated the number of 
waterings required for transplanted paddy to 
be 2329. Total water requirements were 
found to be 59.93 inches or 5 ft., out of which 

rainfall contributed 13.93 inches, the rest 
(46.00 inches) being met with by artificial 
application. 

Work on water requirements of rice was 
initiated at the Hyderabad Engineering 
Research Laboratories in 194830. The 
duty on abi (crops grown from 15th June to 
15th November) and tabi (those grown from 
15th January to 15th May) rice crops was 
given as 174 and 71 as a result of observation 
in cultivators' fields. Water requirements 
were calculated from daily evaporation losses 
to be 39.42 and 43.89 inches for the abi and 

tabi seasons. Adopting water requirements 
of rice to be 42.53 inches and a base of 123 
days, the duty was calculated as 67.38 acres 
per cusec at the field. 



Other crops. For sugarcane, field studies For linseed, work done at the Institute of 
were carried on the effect of heavy irrigation Agriculture, Anand (Gujarat) during the 
in deep soils in Jinti area, Distributary No. years 1959-60 and 1960.61 showed the best 
18, Nira Right Bank Canal in Maharashtra in irrigation treatment to be an interval of 15 
1948-49. Total water requirements of sugar- days and :30 lbs. of nitrogen plus 30 lbs. of 
cane were indicated to be 90 inches, 45 inches P20 5 per acre15. 

being consumed in evaporation and 45 inches 
in transpiration. Over-irrigation was assessed For tobacco, experiments conducted at the 
to be of the order of 20 per cent. A slow Central Tobacco Research Institute, Rajah
but definite rise in the water-table was evident mundry gave best results with one irrigation 
as a result of over-irrigation for which lower of 1 to 1.5 inches around 40 days after plant
depths were recommended 1 . ing 6' 

For Delhi, total water requirements of SCOPE FOR FUTURE 
sugarcane were found to be 163 cm. with 14 The review of work done on water require
waterings21 .	 ments of crops in India, shows that studies 

have been undertaken with diverse approaches 
Gram. In Gujarat, three waterings and techniques. In view of the extreme 

applied after 35, 50 and 65 days from sowing 	 importance of the subject to the country, it 
increased the yield of gram after paddy 	 is impL-ative that maximum utilisation should 
particularly in combination with :10 lbs. of 	 be made of available water supplies with a 

2 - 27P20 per acre .	 view to augment crop production. For this 

an intimate knowledge of water requirements
Potato. Experiments at the Central of principal crops for various regions of India 

Potato Research Institute, Simla have shown is essential. Water requirements have to be 
that 8 to 9 days irrigation interval was opti- studied not only with respect to crop and 
mum for potatoes in north India 2. The results region but also in respect of type of soil and 
of an experiment conducted on the basis of climatic conditions. While the need for a 
soil-moisture regime concept on lateritic soils systematic study of the subject is paramount 
at Kharagpur have shown that 17.5 inches of it is important that thc .echniques should also 
irrigation water or 17.80 inches total water be standardized on an all-India basis. 
were required for obtaining the best yield3 3 . 

While research on the subject is important 
Cotton. In general, irrigation require- and should form the basis of long-term pro

ments of the crop in Gujarat varied between gramme, plans will have to be framed for the 
0 and 10 inches'-2. The low irrigation dissemination of the knowledge gained by 
requirements may be ascribed to high rainfall research to the cultivator whose practices 
during monsoon season and good moisture regarding management of water have to be 
storage capacity of the soil. If rainfall is improved thereby. Wherever tentative data 
included, the water requirements would be is available as a result of preliminary experi
comparable to that in Delhi, which is stated mental findings, such information should be 
to be 980 mm. by Dastane and Mohinder immediately communicated to the cultivator. 
Singh21 . Where no such data is available, fairly reliable 

estimates may be framed by the climatological 
Work done at the Research Station in approach. Improvements can be effected 

Siruguppa (formerly in Madras) in 1942-43 later in techniques and cultural practices 
showed that irrigation alone increased the regarding management of water on the basis 
cotton yield by 37 per cent 34 . When of further research. A closer liaison needs 

combined with application of fertilisers, the to be established between the research and 
yield was raised by 114 per cent over control. extension workers on the subject. 
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Table 9 gives duties of various crops in duties and improve yields in India if experi
different regions of India. Table 10 gives mental techniques are implemented in the 

countrywise yields of various crops. It field and the management of water and land is 
appears that there is ample scope to revise suitably improved. 

TABLE 9. SHOWING STATEWISE DUTIES IN ACRES PER CUSEC FOR
 
DIFFERENT CROPS IN INDIA.
 

Name of crop U.P Punjab West Madras Andhra Orissa Maharashtra Gujarat
Bengal 

Rice 55 0 90 0 60 125 70 70 

Wheat ... 200 120-180 ... ... 200 100-250 100 for Ist 
watering 280 
for subse
quent water
ings. 

Sugarcane 104 ... 180 ... ... 

Cotton ... 100) .,. 180 ... 200 210 210
 

Jowar ... ... ... ... ... 210 210
 

Rabi 128 200 70 180 . 200 12o to 250 120 to 250
 

Kharif . 8 6 h) ... ... ... 100 100
 

to 90.Sources (i)Irrigation (Practice and Desi!'n), Vols. I and IIby K.B. Khushalani, pages 1.17 
(ii) Irrigation Engineering by V. 13.Priyani, pages 25 and 26. 

(iii) A "ext Book of Irrigatiop by Shahane and M.K.R. lyengar, pages 77 to 79. 

TABLE 10. YIELDS OF CROPS BY VARIOUS COUNTRIES IN 100 KG. 
PER HECTARE. 

Name of Cuntry Wheat Rice Cotton Potatoes Tobacco Linseed 

India 7.0 13.0 0-9 71 7.4 2.7
 

Chitia 10.i :4.7 3.7 ... 11.8 
 ...
 

Asia 8.9 10(.5 1.4 91 8.0 2.8 

Dennmark 4.13 ... ... 172 . ]0.0 
West Geimany 33.S ... ... 216 27.1 7.1 

ltaly 18.1 -52.4 3.2 102 15.6 8-4 
Europe 19.:1 44.0 :,).1 145 11.2 4.7 

U.S.S.R. I 1.0 22.1 7.3 91 12.4 2.1 

U.S.A. 14.3 37.5 5.2 196 17.5 4.6 

North & Central 
America 13.6 27.4 5.2 175 15.5 1.9 

South America 11.6 17.9 2.o 63 9.3 7.2 

Africa 7.1 15.2 2.4 85 7.5 5.3 

Australia 11.1 59.5 1.1 120 12.0 4.9 

New Zealand 35.4 ... ... ... 22.1 

Oceania 11.6 42.4 ... 125 14.0 5.6 

World (Total) 12.2 22.0 3.2 111 10.5 4.1 

Note : (1)Source : F.A.O. Production Yearbook 1960,pages 35to 139. 
(2) 100 kg. per hectare is equivalent to 1.08 maunds per acre. 

12.0 
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MANUFACTURE OF SIMPLE TENSIOMETERS AND GYPSUM
 
BLOCKS AND THEIR USE FOR IRRIGATION PURPOSES
 

Sefik 

INTRODUCTION 

In the past, Turkey has imported the 
tensiometers and gypsum blocks used to 

determine moisture tension in soils in labora-
tory and field research conducted by the 
several soil, fertilizer and irrigation research 
institutes and stations maintained by 
TOPRAKSU. 


Those now being used at the Soil and 

Fertilizer Institute located in Ankara have all 
been constructed in the laboratory at the 

institute. The cost of manufacturing the 
devices in the laboratory is one tenth the 
price of importing them. 

TENSIOMETERS 

The construction of a simple tensiometers 

The body of the tensiometer is made of 
yellow brass metal tubing. This is cut in any
desired length depending on the depth at 
which the porous cup is to be placed. Both 
ends of the tube are filed smooth. A hole is 
made about 10 cm, below the upper end with 
an electric drill. A 4 cm. length copper tube 
slightly smaller than the hole is inserted in 
this hole and soldered. A glass tube 6 cm. 
long used as the air trap is cemented at the 
upper end of the body with litharge cement. 
This cementing agent is made using a mixture 
of 100 ml., 1+3 glycerine + water solution 
and 260 gm.of litharge. The same cement 
is also used to fasten the porous ceramic cup 
to the other end of the brass body. The body 
of the tensiometer is then painted. It is very 
important that care is taken not to contami-

by 

Yesilkoy* 

nate the porous cup with paint. As this will 

cause low conductance which slows down the 
response of the tensiometer. 

A soft rubber stopper is used to close the 
glass airtrap. A thin vaccum plastic tubing 
is used as connection material between glass 
manometer and the copper tube. Capillary 
glass tubing is preferred for the manometer, 
because only small amounts of mercury willbe needed. This is important if costs are to 
be kept at a minimum. 

The ceramic porous cup is the most 
important part of a tensiometer. The follow
ing materials in the ratios shown were used to 
make the paste for the porous cups. 

35 per cent illite clay mineral, from Ordu,
Ulubey-Akoluk village. 

40 per cent clay, from Bilecik, Sogut In
hisar country.
 
20 per cent quartz. from Istanbul, Qatalca-

Kabakca village.
 
5 per cent CaCO.
 

The illite is wet sieved through a 200 mesh 
sieve and the clay remaining on the sieve is 
discarded. The same procedure is used to 
prepare the plastic clay. Quartz and CaCO 
are ground until they pass a 200 mesh sieve. 
Materials are then mixed in the above descri
bed ratio and a paste made with water. A 
little of sodium silicate is added as a dispers
ing agent. The paste is transferred to a closed 
porcelain mixture and throughly mixed. After 
mixing, the paste is poured into a porous 
mould made of gypsum. 

• Agricultural Engineer, General Directorate of Soil Conservation and Farm Irrigation (TOPRAKSU) Ankara. 
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After the desired cup thickness of aproxi-
mately 4 mm. is obtained in the mould, it is 
air dried and baked in an oven at 1,000 to 

1,0500C. The strength of the ceramic cup 
as theincreases and its porosity decreases 

temperature of the oven increases, and vice 

versa, 
An important characteristic of the porous 

cup is its air-entry value, which determines its 

7 cm. of mercury, 

usefulness and the working range of the 

tensiometer. This value should. be above 
which is about 0.85 

to deter-atmospheres in Ankara. In order 

mine the air-entry value it is filled with 
distilled water and connected to a mercury 
glass manometer. The porous cup is exposed 
to the atmosphere and the water into the cup 
removed by evaporation. This causes the 
mercury column rise to its maximum height, 
which for a good useable cup, should be 

only few centimeters below the barometric 
reading. 

Porous cup, which have air-entry values 
above 57 cm., are selected and used in making 
tensiometers. 

c
 
a 

14 ~ MERCURY P01 
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FIG. 1. SCHEMATIC OF A SIMPLE 
TENSIOMETER 

Use of the tensiometer 

In practice a holder is necessary to support 

the mercury-pot and glass manometer. A 

small soil sampler is used for installing the 

unit to the active root zone, and the lowest 

part of the hole is carefully bored to secure 

a snug fit between cup theand soil. Boiled waterItis used for filling tensiometer. is 
that mercury columnimportant to note the 

tends to act like a thermometer, and pressures 

merely changesindicated may show in the 

volume of water in the tensiometer caused by 

changes in the temperature. This undesire

able effect may be reduced by painting the 
tensiometers white and placing the holder 
where direct sun-light will not reach the 
mercury-glass manometer. 

These simple tensiometers have been used 
in field and green-house experiments. The 
purpose of the experiments was to determine 
the time for irrigation. The moisture reten

tion curve for soil used in these experiments 
was determined as indicated by Fig. 2. 

A P~, ,SUlIA 40DR OIS 

P 

mc TIENSIOMETERS 

*/.Ot444I/ABLEIPATER I%1 
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FIG. 2. MOISTURE RETENTION 
CURVE 

444 



The moisture content of the soil at various 
tensions was found and plotted on a graph 
paper. The moisture content of air dry soil 
sieved through a 2 mm. sieve was accepted 
as the moisture content of the soil at pF -
7.0 ; the moisture contents at pF 4.19, 2.54, 0 
were found respectively using pressure 
membranes at 15 at. moisture, equivalent 
centrifuge and saturation per cent. 

The graph shows that the available water 
is as 9.8 per cent. "fensiorneters can work up 
to 0.85 of atmospheric pressure, which corres-

ponds in this case, with pF = 2.94 and 18.5 
per cent moisture. 

When the tensiometers are used to 
measure the tension of soil moisture the 
distance from the highest level of mercury to 
the middle of the porous cup (H) Fig. 1, 
should be subtracted from the height of the 
mercury column in the glass manometer (h) 
times 13.6. The later distance is to be taken 
from the surface of the mercury in the 
mercury pot to the highest level of the mer-
cury in the column. 

GYPSUM BLOCKS 

Construction of gypsum resistance units 

Research has indicated that screen type 
electrodes are superior to other designs, hence 
this type was selected. Wire cloth, 30 mesh, 
is cut inch by 1-- inches for electrodes. 
Wire leads are cut any desired length from 
lamp cord having plastic insulation. Wires 
are stripped for 1.8 inch and one end soldered 
to the electrodes. The other end is stripped 
for 1- inch, dipped in a soft solder flux, and 

into a pot of molten solder. This keeps the 
leads from fraying and facilitates attaching tothe resistance bridge. 

A split mold was made of aluminium 
which permits casting 11 units at a time. It 
can be easily taken a part for removal of the 
units. Electrodes soldered to the lamp cords 
are put into the mold with the aid of a pincers, 
The electrodes are spaced 3/16 inch apart 
using spacers, with the large flat surface 
parallel to the largest surface of the block, 
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GYPSUM BLOCK 

They are held in place by clamping the lead 
wires firmly in the holes of the mold which 
have been drilled for that purpose. The 

blocks are cast from a mixture of 130 parts of 
casting plaster with 100 parts of water. The 
material is mixed for one m'inute in a soil 
dispersion mixer then poured into the molds. 
The spacer is removed 30 seconds after the 
plaster is poured -.nd the blocks surfaces are 
smoothed and allowed to harden for half a 

day before they are removed from the cells. 
After removal, they are cured by drying for 
two weeks. They are then immersed in 
distilled water and the resistance read after 
one hour. 

Calibration 

The units must be calibrated to read 
either moisture tension or moisture content. 
When they are calibrated in terms of tension 
they provide an indication of moisture availa
ble to a crop. As available moisture is related 
to the force or tenacity with which water is 
held in the soil, the moisture content need not 
to be determined. -hus a sinile calibration 
curve for resistance units theoretically should 
apply to all soils, regardless of texture, if 
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blocks can be uniformly constructed. Since 

the calibration for tension-resistance relation-

ship needs special use of pressure membrane 

and pressure plates, moisture content-resis-

tance calibration curve was used. All soils nave 

a different moisture retention relation ; hence, 

it is not possible to find a porous block that 

gives a single moiture content-resistance 

relation for all soils. For this calibration a 

special box was made from galvanized material 

with separate cover. Both the cover and the 

body were perforated in order to get moisture 

loss from the box during calibration. 

First, six gypsum blocks were placed in 

the box and their leads brought through the 

small holes in the walls. Then the soii, which 

had been sieved through 2 mm. sieve was put 

in box. A very firm contact must be made 

FIG..1 Tensiomieters before and after completion of 
construction, 

The soil was 

wetted to saturation and left for drying. 

Daily readings in ohms were taken with a 

Bouyoucos moisture meter potentiometer. 

When a reading was obtained soil sample was 

removed from immediately around the block 

and the moisture content determined. Six 

different readings and their moisture contents 

were used to draw a moisture resistance curve. 

The characteristic points in the moisture 

retention curve were determined as described 

for tensiometers. 

Resistance-moisture relationships derived 

between the soil and the units. 

from such calibration should always be 

checked in the field. Under field conditions, 

un;ts respond rapidly to changes in the mois

ture content and are more apt to reflect the 

true calibration curve of ihe soil. 

FIG. 5. The mold, electrodes, and other equipment 
used during casting of gypsum blocks. 
Two blocks already finished on the right. 
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WEED CONTROL PROBLEMS OF IRRIGATION SYSTEMS 
IN TURKEY
 

by
 

Ismail Baykal*
 

INTRODUCTION 

A weed may be defined s a plant which 

grows where it is not wanted. It may be a weed 

in one place and a desirable plant elsewhere. 

For example mustard may be cultivated in 
special fields, but it is considered a weed 
when it grows in a corn field. 

In Turkey some farmers use cattails 

(Typha Latifolia) to build burn roofs. How-
ever, the same plant is considered harmful 

when it grows in a drainage canal. Canal 

weeds increase silting and seepage and harbour 

harmful insects, such as mosquitoes, and 

rodents. Also their seeds arc carried by water 

to cultivated fields and infest them with new 

weeds. 

The problem of weed control in irrigation 

;vstems is very important in the Near East 

and South Asia countries because some 
regions in these countries have tropical or 
subtropical climates, 

THE MOST IMPORTANT CANAL 
WEEDS IN TURKEY 

Because the climatic conditions are 
different in various parts of the country the 
problems of weed control are different. The 
following are the most common weeds in 
Turkey. Although it is not complete, large 
list is given at the end of this paper. 

Typha Litifolia (Cattail) 

Phragrnites Communis (Common Retpd) 

Sparganium Romosum (Burr Reed) 

Cyperus Articularus (Jointed Sedge) 

Carex Spp. (Sedges)
 

Ceratophyllum Demersum L. (Hornwort)
 

Myriophyllum (Parrot's Feather)
 
Ranunculus Spp. (Buttercup Spp.)
 
Callitriche Spp. (Water Starworts)
 

Heteranthera (Mud Plantain)
 

Potamogeton Spp. (Pond Weed)
 

Each kind of weed shows a different reac

tion to chemicals. For example, in the case 

of Potamogeton Perfoliatus positive results 

are obtained in 24 hours by the application of 

-1m p.p.m. of Aromatic Solvent Naphta for 
Potamo45 minutes. On the other hand, 

geton Pectinatus requires 800 p.p.m. of the 
above chemical for a positive result. 

EQUIPMENT FOR APPLYING
 
HERBICIDES
 

Various kinds of herbicides may be appli

ed by sprayers, dusters or fumigant injectors 

for general weed control purposes. In irriga
tion systems, sprayers are used for dispersing 
liquid chemicals (oil, emulsions, or solutions) 
in water which is flowing in the ditches or 
canals. For applying liquid herbicides a high
power sprayer with a long boom is most suita
ble. There are equally spaced nozzles on the 
boom from which liquid chemicals are spray
ed under pressure uniformly over the area. 
For proper application the pressure should be 

between 150 to 300 lbs.j'q. inch. 

*Director, Agricultural Section, Operation and Maintenance Division, General Directorate of State Hydraulic 
Works, Ankara. 

448 



PHENOLOGIC HABITS OF WEEDS 

The reaction of a weed to the application 

of chemicals varies 	according to the stage of
growh or osiiveplat.o th xampe,growth of the plant. For example, positive 

reaction is obtained by the application of 

150 grams of active 2 4-D Acid per decare for yong 
the control of a young water cress, but it 
would require 250 grams of the same chemi-
cal for a mature plant of this kind, and the 
corresponding cost would be about twice the 
cost of the control of the young plants. 

theconrolof ate 	 crssbutit 

INFESTATION DENSITIES 
The size of the infestation area and the 

density of weeds determines the cost of the 
eradication. In order to keep the cost low it 
is preferable to carry out spotted application, 
It is necessary to wash thoroughly those 
weeds which are more resistant to chemicals. 
Chemicals such as Amino-Triazole, Dalapon, 
Region, Gramoxon, and Endothal arc effec
tive, but as these chemicals are expensive, 
they should be applied at the s[pots with the 
highest dosages. 

The sources of infestation and the kinds 
of weeds must be determined. In a new 
irrigation system perhaps only three or four 
kinds of dangerous weeds may be found, but 
other species may invade later. It is necessary 
to know what kinds of weeds may spread 
from the source down the irrigation system 
so preparations may be made beforehand. 

WEED CONTROL IN THE UNITED 
STATES 

Since 1958, the research work being carri-
ed in the United States has been followed. 
Research and practice in the United States 
indicated that Amino-Triazole, 2.4-D Acetic 
Acid, Hydrothal, Endothal, and Dalapon 
are effective for weeds which are resistant to 
most other herbicides. 

For example, it is considered that the 

application of 50 per cent active Amino-
Triazole at 2 kg./decare in early spring and 

1.5 kg./decare in a second application will be 
sufficient during irrigation season. Thesecond applicationan is performed when the 
ewo wt a c hes 10 rtor20 dinhe alp 

new growth reaches 	10 to 20 inches. Dalapon
(which is composed of 85 per cent active 2.2, 

Dichioropropionic Acid)will serve the same 
i tsaofpurpowh Aid the 

purpose when applied in the amounts of 
3 kg./decare in the first and 2 kg./decare in 
the second application. Those are total 
herbicides and should be used far from crop
ped area. 

It is important to use proper methods 
when applying herbicides during the irriga
tion season. The herbicide must kill the 
weeds and the chemical must decompose in 
a short time so that the concerned canal may 
be used safely for irrigation. Good results 
were obtained in the United States against 
chemical resistant weeds by using quick 
action herbicides such as Benoclor 3 C*. 

WEED CONTROL IN TURKEY 
Turkey has 3,700 ki. of irrigation main 

canals. 1,000 ki. of drainage canals, and S35 

kn. of levees, in 	 addition to much greater
lengths as secondary and tertiary canals 

which must be operated and maintained 
properly. Weed Control is also an important 
activity for the improvement of drained and 
reclaimed lands. 

Weed control activities are carried out in 

(a) 	 Investigation : Investigations are 

the areasconducted in 	 problem to 
establish the kinds of weeds causing 
trouble and their degree of infesta

tion. 
(b) 	 Research: By using samples ob

tained during the investigations 
research work is carried out to deter
mine the phenologic habits of the 
weeds concerned, to select the most 
suitable method for controlling them, 

and the most effective herbicide. 

*Benoclor: Chemically it resembles somewhat the 
structure of aromatic solvent naphtha. 
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Some representative results of tests 
are given at the end of this paper. 

consists 
Application 
of the implementation of the findings 
of the above two phases, 

( 	 o) This phase findings 

APPLICATION 

(a) 	 Total Herbicides : Because total 
herbicides are very effective it is 
necessary to apply them at locations 
which are far from the vicinity of 
sensitive cultural crops, and prefera-
bly at drainage systems. When it 
is inevitable to use such herbicides, 
then they should be applied at least 
three months before the growing 
season of sensitive crops. Although 
total herbicides may be used safely 
during the irrigation season on drai
nage systems which are not connect-
ed to any irrigation system below 
and do not have appreciable seepage, 
for crops which are very sensitive, 
such as cotton, the herbicides should 
be applied in early spring or after 
harvest season. 

At the present the two important total 
herbicides used in Turkey Amino-Triazol and 
2-2, Dichloropropionic Acid. Among other 
places, they', were used in the Meric-Evros 
Flood Control Project against cattails, tules 
and sedges in tile amounts of :3 kg./decare and 
t1ood results were obtained. In some heavily 
infested areas in this project a second ap-
plication was used when regrowth was observ-
ed and thus provided weed control for the 
whole year. 

Total herbicides were also used in the 
irrigation systems of the Izmir Region which 
were heavily infested with cattails and com
mon reeds with densities of 200 roots per 
square meter and heights over : meters. In
this 	 case, also 2-2, Dichloropropionic Acidthis cse, withalon c roropion ic Aecid. 
was used with a concentration of 3 kg./decare. 
In one area it was applied with water as inert 
ingredient and in another area with Xylol-
Toluol as activator. 

In the case of water mixture the effect of 
the herbicide was observed within three days
after application. In the second case, appli
cation in the morning produced results by 
the evening of the same day in the form of 
rapid yellowing and withering. Both applica

tions were successful. However, in a highly
infested area regrowth was observed 30 days 

after the application. After the first applica
tion it was necessary to burn the plants and 
make a second application with a concentra
tion of half of the first one. 

Another type of total herbicide was 
applied in the Manisa Region. This consisted 
of the following mixture* 

Gesatop (Simazine 50 WP) 1.25 Kg. 
Gesaprim (Atrazine 50 WP) 1.25 Kg. 
Gramevin (Dalapon) 1.25 Kg. 

D 1 Kg. 
Total of Chemicals 4.95 Kg. 

An amount of up to 4.95 Kg./decare was 
applied. After a strong application the 
effect lasted for 8 to 1)months. 

(b) 	 Selective Herbicides : The side 

slopes of levels are protected by grass 
cover in many instances because this 
provides a faster and less expensive 
protection than riprap or masonry 
lining which would only be used 
where water velocity exceeds two 
meters per second. When grass 
cover is used there is usually the 
problem of eliminating the broad 
leaved and deep rooted plants which 
also grow along with the grass. 
Selective Herbicides eliminate most 
kinds of these without damaging the 
grass. 

*Gesatop 2-chloro-4,6l-Bis (ethvlarnino) -s-triazine 
Co. Geigy.

Gesaprim 2-chloro-O-ethylamino-4. isopropylamino
l,3,5-triazine 

Gramevin 2,2.Dichloro propionic acid Co. Shell 
Co. Dowach. 

Dicopur flussig: 2,4-Dichloro phenoxy aceto acid 
triethanol amin. 
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This is performed by the application of 
a mixture of 2,4-D as an active ingredient. 
A concentration of 150 to 200 grams per 
decare is used. The best example of this 
type of weed control is its application on 170 
kilometers of the levees in the Meric-Evros 

Flood Control Project. 

(c) 	 Aquatic and Semi-Aquatic Her-
bicides : In the application of her-
bicides in irrigated areas the applica
tion usually must be confined to 
non-irrigation season or the effects 
should diminish after application 
so that the culture crops will not be 
damaged. Although there are many 

kinds of powerful herbicides, it be-
came necessary to develop new types 
wvhich, while having fast action, would 
alsohdc omposie v eryfasoo a fter,a pli
also decompose very soon after appli-
cation. For this purpose the Turkishcatin. or urksh-hispurpse he 
staff 	 developed a herbicide consist-

ing of a mixture of Xylol and Toluol 
with an emulsifier. 

This mixture gave good results with a 
concentration between 300 and 400 p.p.m. 

The following formula may be used to 

determine the amount of herbicide required 

for selected application conditions with water 
discharge in the irrigation ditch where the 
herbicide is to be applied : 

I= 60 PQT 

d1 X 10Q 

I=The amount of liquid herbicide (in 
liters) to be applied during the time 

(t) ; 

P=Selected concentration for the her-
bicide in parts per million by volume 
in the following water of the ditch ; 

Q=Water discharge in the irrigation ditch 

(liters/sec.); 

t=Selected duration of application of the 
herbicide (minutes) ;canal, 

d=Density of the liquid herbicide 

(Grams cm'). 


To serve as an example herbicide for use 
against Moses (Chara), and Pond Weeds 
(Potamogeton Pectinatus, Potamogeton 
Natans) was computed 

Herbicide: Aromatic solvent naphtha 

plus 10 per cent duromus oil, density 0.84 

gm/cm 2. 
Concentration desired : 400 p.p.m. in 30 

minutes 

Q--00 liters/sec. 
Solution 

400 	 x 500 x 60 x 30 liters. 
0.84 	X i01l 

In the above example the proper applica
tion of the herbicide was selected as 400 

p.p.m . If a solution of tar oil and benzol is 
to be used the proper concentration would bebetween 200 and 250 p.p.m, which would be 
beee20an 25ppm.wihoudb
more economical where these chemicals are
available. 

However, this was not the case and this 
herbicide was used in the Adana and Tarsus 
Areas where weed densities were between 

800 and 1,000 roots per square meter and the 

lengths of weeds were as much as 8 meters. 

The herbicide was applied at two stations. 
After the first application the concentration 
decreased to 200 p.p.m. 1,500 meters down
stream. This was selected as the site of the 

second application and 200 p.p.m. was applied 

in order to increase the concentration to 400 
p.p.m. again. 

Conclusion: 

Experience in weed control shows that 

the average cost is between 100 to 120 T.L./ 
decare and with selected herbicides or aquatic 
and semi-aquatic herbicides it is between 10a 

to 15 T.L.idecare. 

These are much lo.,.er than the cost of 
mechanical weed control. In a badly infested 

weed control with draglines costs 1,480 

T.L./decare, whereas it costs 120 T.L./decare 
using total herbicides. 
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Mechanical weed control of aquatic weeds 

is not effective because the weeds soon grow 

again and cutting of the weeds causes trans-

portation of the weeds downstream where 

they re-establish themselves and spread the 

infestation. 

In protecting the grass cover on flood 

control levees, manual labour costs are 30 to 40 

T.LIdecare, whereas the cost of applying 

selective herbicides is 10 to 15 T.L./decare, as 

mentioned above. 

Chemical weed control is also ad nta-

geous because it can be accomplishcd in a 

very short time. A dragline may clean a 

meters per day.canal at the rate of 100 to 150 

But a power sprayer can apply herbicides on 
per day. Also the first10 to 15 kilometers 

cost of the spray is much less than that of the 

dragline. 

Today weed control forms one of the 

most important items in the operation and 

maintenance of irrigation systems. The 

General Directorate of State Hydraulic Works 

has engaged in large-scale weed control since 

1958. "Canal Weed Control Laboratories" 
General Directorateare being built by the 

and will b- much useful in the development 

of weed control practice in Turkey. 

APPENDIX "A"
 

RESULTS OF LABORATORY 

RESEARCH 

Test Group No. 1 

Plant : Potamogeton Natans 

Herbicide : 	 Aromatic Solvent Naphtha 
Soluble Oil. 

Date of Application : December 9, 1960 

Procedure: The herbicide was applied 

with the following concentrations on plants in 

two sets of test-tubes. The contact time was 

one hour and the temperature, 20"C. At the 

end of one hour the plants were washed, and 

the contents of test-tubes replaced with clean 

water. 

(A) Date of Observation : December 9, 
1960

(Three hours after application) 

Test Herbicide 
No. p.p.m. 

1 0 
- 600 

S 6o0 

4 800 

5 1,000 

6 1,600 b 
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Observations 

Plant was normal 
Yelowish30 

Platale e e d 

Plant almost dead 

Pale yellow and decaying 

Pale yellow and decaying 

(B) Date of Observation: December 17, 

1960. 

Test Herbicide Observations 

No. p.p.M. 

1 0 Plant was normal 

2 400 Decaying 

3 
4 

600 
Soo 

Decaying
Decaying 

5 1,000 Decaying 

(1 1,6(0 Decaying 

Test Group No. 2 

Plant : Potamogeton Natans 

Herbicide : Copper Sulphate Aromatic 
Solvent Naphtha Soluble Oil. 

Date of Application : January 2, 1961 

Procedure : The herbicide was applied 
with the following concentrations in two sets of 

test-tubes. The contact time was 30 minutes,
and the temperature 30 0C. At the end of 

minutes the plants were washed and con

tents of test-tubes replaced with clean water. 

One day after the application the plants were 

exposed to sunlight for two hours and re

turned to the laboratory. 



(A) Date of Observation 	: January 7, 1961 (A) Date of Observation : March 8, 1961 

Test A.S. CuSO 4 Observations Test Herbicide Observations
 
No. Naphtha p.p.m. 'No. p.p.m.
 

p-p-m 1 0 Plant was normal
1 0 0 	 Plant was normal 2 50 Plant was normal 

2 100 0 Leaves light and 3 100 Plant was normal
 
dark brown
 

3 100 10 Leaves light and 150 Plant was normal
 

dark brown 5 200 Pale yellow 
4 100 .50 	 Leaves dark brown 6 250 Pale yellow 

5 200 0 	 Leaves and body (B) Date of Observation : March 10, 1961 
browvn 

6 200 50 	 Leaves and body Test Herbicide Observations
 
brown 
 No. p.p.m. 

(B) Date of Observation 	: January 18, 1911 1 ) Plant was normal 

Test A.S. CuSO4 Observations 2 50 Pale yellowisli
 
No. Naphtha p~p.m. 3 100 Pale yellowish
 

p.p.m. 
4 150 Pale yellowish

1 0 0 	 Plant was normal 200 Black issh and yellowv,
2 100 0 Upper part decay- decayinged lower part alive 

6 250 Blackish and yellow. 
3 100 10 Blackish brown, decaying 

leaves wrinkled 

4 100 50 	 Blackish and decay. (C) Date of Observation : March 13. 1961 
ing 

200 0 	 Blackish and decay- Test Herbicide Observations 
ing No. p.p.m. 

6 200 50 Blackish and decay- was normal 
ing 

2 50 Starting to decay 
Test Group No. 3 3 100 Starting to decay
 

Plant : Myriophyllum 4 150 Blackish yellow
 

Herbicide : 1/5 Crude Naphtha (Tar 200 Blackish, completely 
Oil) -j- Benzol -1/5 withered 

Date of Application : March 6, 1961. 6 25 U Blackish, completely 

Procedure: The herbicide was applied withered 
with the following concentrations on plants 
in two sets of test-tubes. The contact time Discussion of the Results 
was one hour and the temperature, 20'C. 
At the end of one hour the plants were The results of Test Group No. I indicate 
washed and the contents of the test-tubes that the effective concentration of Aromatic 
were replaced with clean water. 	 Solvent Naphtha starts at 400 p.p.m. 
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In Test Group No. 2, activation of the In Test Group No. 3, use of the residue 
tar oil from the Ankara Works was attemptedeffectiveness of Aromatic Solvent Naphtha 

was attempted by adding Copper Sulphate. and, as may be observed from the tables, 

A solution of 2011 p.p.m. A.S. Naphtha and beginning with a concentration of 50 p.p.m. 

10 p.p.m. Copper Sulphate, gave equivalent this herbicide had sufficient effectiveness. 

results and was more economical. 	 Use of this herbicide in countries which have 
oil industry is strongly recommended. 

APPENDIX "B"
 

LIST OF SOME WEEDS 

Latin name 

Anagallis spp. 

Apium nodiflorum 

Adiantum capillus veneris 

Anagallis arvensia 
Angelica Heterucarpa 
Alisma plantago aquatica
Nelumbo penta pctala 

Chara Nitella ,racilis 
Chara Tolipella prolifera 

ChraToipyll proeram 

Geratophyllum submersum 

Chcnopodium rubrum 

Cardamine hirsuta 

Cardamine amara 

Cyperus lontzus 

Conjugatac spirogyra 

Chcnepodium urbicum 

Carcx Paniculata 

Carex lengus 

Cypcrus olivaris 

Cladium mariscus 

Hippuris vulgaris 

Helosciadium nodiflorum 

Hydrocotyle umbellata 

IN TURKEY 

Common name 

Celery 

Common 
Maindenhair 

Water Plantain 

Galingale 

Lamb's quarters 

Sedges genus 

Clados 
=Mare tail 

horstail 

Umbellifera 

Water penny-

wort 

Latin name Common name 

Iris pseudacorus Yellow flag 

Juncus striatus Arrow Grass 
Fam. 

Juncus alpinus 

Juncus lamprocarpus 

Jussiaea grandiflora 

Juncus acutus 
Lippia repens 

Lemna minor Duck Weed 

Lemna gibba Duck weed 
Limnanthemum nymphoides 

IMyriophyllum exalbescens 

Water Milfoilby Fernald 
Myriophyllum exalhescens 

spicatum. 

'Mentha silvestris 

Milium Sp. 

Nuphar luteum 

Najas major 

Nasturtium officinale 

Potamogeton filiformis Broad leaved 
pondweeds 
genusPotamogeton Alpinus 

Potamogeton Berchtoldii 

Potamogeton Perfoliatus 

Potamogeton Vaginatus 

Potamogeton Caulinia minor 
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Latin name Common name Latin name Common name 

Potamogeton foliasus Rumex conglomeratus Curled dock 

Potamogeton illinoensis 
genus 

Potamogeton densus Stachys hirta Hedge Nettele 

Potamogeton amplifoliuq Stachys alpine 

Potamogeton vulgaris Sagittaria rigida 

Potamogeton crispus 

Potamogeton pectinatus Angel's hair 

(Horsetail moss) 

Crispus holoshoenus 

Scirpus maritunius 

Wood grass 
genus 

Wool grass 
genus 

Potamogeton Natans g en 

Polygonum lapathifolium L. 

Polygonum persicaria 

Phragmytes communis 

Pale smart weed Salvinia natans 

Typha latifolia 

Typha angustifolia 

Cattails 

Cattails 

Ranunculus aquatilis Vorn buttercup Sparganium ramosum 

genus Vallisneria spiralis Eel grass 

Ranunculus montanuS Zanichellia palutris L. 
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METHOD FOR SCHEDULING AND DETERMINING DEPTH
 

OF IRRIGATION EMPLOYING CONSUMPTIVE USE
 

by 

Dr. S. E. 

The scheduling and depth ot application 

of irrigation water on many diversion irriga-

tion systems in India as also in other deve

loping countries of the Near East and South 
East Asian Region is oriented more from the 

stand-point of availability of water in the 

rivers and the canal systems during certain 
periods rather than from the actual require-
ments of the crops concerned. This is not 

to obtaining maximum productionconducive 
benefit from the irrigated agriculture. To 
achieve this latter objective, it is highly 

essential that irrigation systems should be 
designed and constructed to cater for the 

actual irrigation needs of the crops, after 
taking into account various climatic and soil 

factors which influence these needs. On the 

other hand, it is also equally necessary that 

the cropping and the allied agricultural 
afterpractices should be carefully planned 


taking into account the probable pattern of 


supplies in the irrigation systems. In both 


these approaches, it is necessary to have a 


precise appraisal of the optimum irrigation 

paper describes
requirements of crop. This 


and other relevant
how consumptivc use 

work out the optimum
factors can be used to 


depth and scheduling of irrigation for obtain-


ing maximum results. 


Natural Water Supply and Precipitation 

The purpose of irrigation is to supple-


mcnt deficiencies in natural water supply in 


order to grow crops. By far the most common 

form of natural water supply available to 


crops is precipitation. Accordingly it is 


Roy* 

important to understand that following 

characteristics of natural precipitation 

1. 	 the form of precipitation, 

2. 	 the intensity of rain storms, 

3. 	 the distribution, in the crop season 

and throughout the year, 

4. 	 the amount, and 

5. 	 the frequency of precipitation showers. 

If the precipitation occurs in the form of 

rain frequently and at low intensities then 
run-off is low and most of the moisture can 
be stored in the soil available for plants. 

Not all rainfall is effective for meeting 

needs since it often falls in showers ofplant 
uneven intensity, scattered at random through 

a rainy season or two in the year. Other 

factors remaining constant, at higher inten. 

sities, a rainstorm tends to run-off the surface 

to a greater extent causing erosion. This 

factor, together with interception which occurs 

to a greater extent when showers are of a 

lower intensity, chiefly controls the amount of 
rainfall haseffective rainfall. The effective 

to be taken into consideration for designing a 

proper irrigation system, and for adjusting 
the 	time and depth application of supplemen

tary irrigation water. The proportion of rain

fall taken in by the soil is also dependent on 

the infiltration and percolation rate, the slope 

characteristics and the crop cover, besides the 
intensity of rainstorms. 

• Assitant Professor, Agricultural Engineering Department, Indian Institute of Technology, Kharagpur. 
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Because of the time and space variability 
and uncertainty of rainfall, it can best be 
approached using probability. A short period 
of drought may adversely affect crop yields, 
while a severe drought may completely destroy 
a crop. In order of importance, the following 
probabilistic characteristics of rainfall should 
be determined by statistical analysis of exist-
ing data : 

i. 	 Frequency, duration and intensity of 
droughts (sub-normal rainfall spells) 

expected within normal cropping 
seasons. 

ii. 	 Minimum amounts of precipitation 
expected over the growing period and 
the year, in successive weeks, with 
frequencies. 

iii. Intensity distribution of rainstorms. 

Generally, the more humid the region, the 
greater the disparity in seasonal distribution 
of precipitation and intensities at which the 
storms occur and the greater the frequency 
and duration of droughts. Thus probabilistic 
factors become more important in humid 
regions needing supplementary irrigation 
than in arid ones. Precipitation has its greatest 
impact on scheduling and depth of application 
as far as irrigation design and operation are 
incurred. 

As an example, the storm intensity of rain 
showers in Kharagpur, West Bengal is given 
in Table I which also shows the esti-
mated intake for each group of storm intensi-
ties for a paddy cover on 2 per cent slope, 
Almost 30 per cent of the total annual rain-
fall is lost by surface run-off and interception 
fall islotbconditionsrspeofied idtheeptn 
under the conditions specified. Besides these 
losses, if the rainfall polngd occurrederids interlarge amountavove aiy my 
over prolonged rainy periods, there may have 
been considerable deep percolation losses. 

The year to year variation can be discer-
ned from Table 2 which gives the annual 
amount of rainfall for Kharagpur for the year 
1957 to 1963. The standard deviation about 
the mean of 54.02" is 5.94', and the co-efficient 
of variability 11.06 per cent. 

The rainfall distribution by months, aver
aged over the last seven years is presented in 
Fig. 1 and Table 3. This Table and Fig. 1 
also presents the minimum rainfall expected 
in each month, once in 5 years, and cnce in 
10 years. 
Principes for Determining Time of Irriga
tion and Depth of Application. 

Crop growth is dependent on a bio-physi
cal system which consists of the dynamic 

conditions of the crop, the soil and the 

atmospheric environment. It is important 
to take cognition of the inter-relationships 
involved of these three factors. Ideally, 
irrigation should be designed to supplement 
natural soil moisture to maintain an optimum 
moisture regime for crop growth and yields. 

Significance of Soil Moisture - Plant 

Growth Relationships. 

The concept of optimum moisture regime 
is inextricably tied up with plant physiologi
cal processes. A plant requires water to 
maintain turgidity of its cells and their growth. 
The water which maintains turgidity, does so 
through a delicate system of physiologically 
controlled valves - Ideally, the roots must 
take in water at a rate only slightly greater 
than the rate at which stomatul openings 
transpire water through leaves. The diffusion 

pressure deficit (DPD) of plant tissues, there
fore, becomes an important measure of the 
need for water by a plant. The same pressure 
concept may by extended to the soil moisture 
surrounding the crop root system. Plant 
roots can utilise water only if the pF at which 
the moisture in the soil is held is less than 
4.2 or 4.3. Below this the plant is unable to 
maintain the turgidity required by the cells 
for their proper physiological functions, and 
t1he crop permanently wilts and dies. How

ever, before this extreme state is reached, the 
moisture content in the soil may be at suffi
ciently high tension as to effect the plant 
tissues adversely, and thereby detrimentally 
affect crop growth. Moisture in the soil that 
is above field capacity is not retained against 
gravity due to the laxity of surface tension 
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TABLE 1. 	 RAINFALL STORMS GROUPED ON THE BASIS OF INTENSITY 
OF RAINFALL, AND ESTIMATED INTAKE OF EFFECTIVE 
RAINFALL ON 3 PER SLOPE WITH PADDY COVER, AT 
KHARAGPUR, W. BENGAL. 

Amount Estimated 
Intensity No. of storms contributed Effective 

(Inches/hour) per year in groups rainfall 
(inches) (inches) 

0.5 -0-.5 50 11.4 9.1 

*.'1.0 - 1.) 12 4.7 3.6 

2.0 - 2.0 17 15.5 11.3 

3.0 3.0 5 9.2 6.2 

4-0-4.0 8 11.4 6.8 

-5.0 1 1.9 1.0 

Total 93 54.1 38.0 

TABLE 2. 	 ANNUAL AMOUNT OF RAINFALL FOR KHARAGPUR, WEST 
BENGAL SHOWING VARIATION FOR THE YEARS 1957-1963. 

Annual total rain- Annual total rain-Years fall in rums. fall in inches 

1957 1,134.3 44.66 

1958 1,348.6 53.09 

1959 1,601.4 64.05 

1960 1,297.4 51.08 

1961 1,491.6 58.72 

1962 1,385.0 54.53 

1963 1,348.0 50.64 

Average of 7 years 1,372.3 	 54.02 
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forces. The available moisture content is 
the difference between the field capacity and 
the permanent wilting point, 

In the lower ranges of available moisture 
content the extra energy expanded by the 
plant to take in water is such as to inhibit 

maximum crop growth by a reduction in 

turgor pressure within plant cells. Plants 

roots also require a considerable amount of 

oxygen for respiration, which if reduced in 

supply due to an excessive amount of water in 

the root zone, will result in an inhibited rate 
of crop growth. Fig. 2 gives the relation
ship between the moisture content of the soil 

and the rate of crop growth. For most crops 

the optimum growth occurs at about 80 per 

cent of the available moisture content. How-

ever, if the moisture regime is maintained 

above 50 per cent yields are significantly less. 

Effect of Insolation on Transpiration 

Although it is generally agreed that a 

reduction in soil moisture has some effect in 
reducing the rate of transpiration, this is 
controlled by the insolation. High intensity 
of sunlight acts to collapse the guard cells of 
plants and thus close the stomatal openings. 
The rate of transpiration is closely related to 

the vapour pressure deficit in the air when 
tile stomata are almost fully open, as in dull 

cloudy conditions, low intensities of sunlight, 
and at night. However, under the influence 

of bright sunlight, the transpiration rate is 

reduced far below that which may be deter-

mined by normal physical evaporation rate 

calculations based on vapour pressure differen-
tials. The tendency is for vegetation to reduce 

the diurnal, seasonal and annual amplitude of 

variation on water use to make it a more 
steady rate. The moderated consumptive 
use rate is affected simultaneously by many 
complex soil moisture, meteorological, and 

plant physiological factors, thus serving as an 

index that directly incorporates the chief 

factors affecting the water requirement of 

crops. 

Consumptive Use as it Affects Irrigation 

In working out an integrated system 

design, it is essential to give due weight to all 

the complex factors that affect the system. 
This would have become a stupendous 
problem if it was impossible to find a suitable 

index that would be representative of the 
effects of the several complex variables invol
ved. Consumptive use, which is essentially 
the evapotranspiration rate, the rate at which 

wtaer is lost from the soil controll2d by the 
effect of soil factors, crop physiological factors 
and the meteorological factors, is such an 
index. 

The Effective Root Zone 

andQuantitative soil storage capacities 

use of water by crops can best be understood 

in the light of the effective root zone concept. 

After a crop germinates, its root system 

continues to develop both horizontally and 

vertically, depending on the characteristics of 
rooting of the particular species, the soil 

moisture conditions surrounding the roots 

and the mechanical impedance offered by 

the soil. Tap-rooted crops extend more 
vertically whereas fibrous rooted crops such 
as the cereals and other grass family crops 

and tubers such as potatoes and groundnuts, 
rapidly extend their roots morc in the hori

zontal direction, and are thus shallow rooted. 

However, the moisture contents of the diffe

rent layers of the soil exercise an effect on the 
depth of rooting to a greater extent than the 

physical impedance of the soil as manifest by 

the bulk density. The root system of normally 
deep rooted crops may be severely inhibited 
by close proximity of the water-table, so that 

the roots may tend to extend predominantly 
in the upper layers where the oxygen regime 

is more favourable for root respiration. If on 

the other hand, the soil has greater moisture 
content in its deeper layers, at less than field 

capacity, root extension downward is induced 
which not only increases the effective root 

zone pasturage and depth, but also by doing 

so, makes the crop more able to withstand 

drought. 
Rate of Removal of Soil Moisture from 

Various Depths. 
consi-Another factor which enters into 

deration of proper irrigation scheduling and 
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depth, is the fact that the roots of the same 
plant growing in a moist soil will extract more 
water than if it grows in a drier soil. Also, 
the tendency is for the crop to extract 
amounts of moisture in a pattern similar to 
that of its root extension (Fig. 3). The 
tendency for properly irrigated crops is to 
assume the shape of extraction pattern of the 
moist soil curve. The topmost quarter of the 
root zone supplies approximately 40 per cent 
of the total moisture, whereas the successively 
deeper quarter horizons supply 30, 20 and 10 
per cent respectively. The topmost layers get 
wetted to the greatest ?xtent most frequently, 
and the depth of irrigation is generally insuffi-
cient* to reach beyond the effective root zone. 
Thus, shallow rootedness is induced by 
greater frequency of application with less 

depth of irrigation per application, and vice 

versa. Hence, it is generally more efficient to 
apply greater quantitics of irrigation subject 
to the limitation of the water holding capacity 
of the soil. 

The Wrater Reservoir Capacity 

The water holding capacity of soil is 

chiefly a function of its texture and structure. 
TFable- gives approximute vlues for average 

tructural conditions an! may be used as a 

guide for determining the interval and depth 

of irrigation. 

The structui e also affects the water holding 

capacity and the maximum available moisture 
content. The morc developcd the structure, 
the greater is the water holding capacity. and 
the reater is the proportion of this water 
holding capacity in the form of available 

moisture content. Well structured soils have 
lower bulk densities and greater amounts of 
available moisture per foot, than pcoly 
developed soils. 

The depth of tl effective root zone 
depcnds onl factors already described and 

* 	C enerally Scientific Irrigation Practice contemplates 

applicatior 'fsutfficient water to fill the root zom and 
provide adcquatc leaching to maintain a favourable 
salt balance. Soil conservation against salinity should 
be an impiortant obiective of irrigation practice also. 

-Editor 

also on the climate and length of growing 
season. However, for regularly irrigated and 
normal soil conditions. the effective root zone 
for any particular crop tends to be nearly 
constant. Since most crops are grown in 
their particular soil textural preferences, over 
a fairly constant growing period, the effective 
root zone for an irrigated crop can more or 
less be accurately defined. Table 5 gives 
the approximate effective root zone depths 
of some principal crops. 

The amount of available water that is 
retained within the effective root zone depth 
is the water reservoir from which the crop 
extracts water to sustain itself. 

Rainfall entering the soil will first go to 
make up the deficit in the available water 

reservoir, until the effective root zone has 

reached its maximum water holding capacity 
throughout its depth. Any further water 

taken in by the soil appears as deep percola
tion loss. As the plants deplete the available 
moisture, it -hould be replenished at a level 
not materially below 5) per cent available 

moisture in order to sustain optimum crop 

growth. If no natural rainfall occurs, irriga
tion should n.ike up the deficit up to the 
maximum storage capacity of the entire root 

zone, but not beyond*. 

Schecluling and Depth of Application of 

Irrigation. 

A crop requires moisture to germinate. 
Its need for water keeps growing from 
emergence, through its vegetative growth and 
flwering stages. The water needed starts to 
decline at the vet fruit stage and continues to 

do so through its dry fruit stage upto harvest. 
The moisture requirement is essentially the 
consumptive use, which is represented by the 
curve inFig. -. 

The ratio of consumptive use to evapora
tion, which is the co-efficient K, in Blaney 

and Criddle's formula, varies considerably 
with lthe stage of growth, as shown by the 
smooth curve in Fig. 4. Since evaporation
 

* 	Sonca hat more than this is required for leaching to 
maintain salt balance-Editor. 
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TABLE 3. 	 AVERAGE RAINFALL DISTRIBUTION BY MONTHS FOR 
KHARAGPUR, WEST BENGAL, AND MINIMUM RAINFALL 

ONCE IN 5 	YEARS AND ONCE IN 10 YEARS.EXPECTED 

Minimum expected Average monthly rainfall 
rainfall once in 

Month 

5 yrs. 10 yrs. in mm. in inches 

January 0 0 13.3 0.52
 

February 0 0 35.0 1.37
 

0 	 0.54March 0.1 13.9 

April 0.3 0 44.5 1.75 

1.0 0.6 95.8 3.77May 

June 3.1 1.2 197.1 7.76 

July 10.2 8.7 306.4 12.06 

August 7.2 4.7 230.0 9.05 

September 8.7 5.5 309.7 12.19 

4.97October 1.2 1.0 126.3 

0 0.01 0.0001November 0 
-December 0 0 0 

TABLE 4. WATER HOLDING CAPACITY AND MAXIMUM AVAILABLE
 
MAOISTURE CONTENT OF VARIOUS TEXTURAL CLASSES OF
 
SOIL. 

Inches per foot of depth 

Soil texture 
Water-holding Available 

capacity water 

Sandy 1.3 1.2 

Loamy sand 1.5 1.4 

Sandy loam 1.8 1.6 

Fine sandy loam 2.2 1.8 

Clay loam 2.7 2.1 

Clay 	 3.4 2.6 

461 



--

EXIENT OF EXTRACTION 
KEY 

AVERAGE MONTIILY TOTAL, 0 

IMINIuM.URAINFALL EXPECTED 4U 
WET 

mInIIUI RAINFALL EXPECTED 4 IRRIrATED CONDITION 
ONCEIN TEN YEARS. \ 

.- 25 
a 

ONCE III FIVE YEARS. I SOIL UNDER TYPICAL 

320 

300 I 30:. " 
z 

280 II O 

0
 

24__ __ 9 cc201. 

7. 220 i 0 

S200- 75 
7 - DRY SOIL NEAR SURFACE 

CO tIJOI I O N S/ !
,', , UNDER TN'PICAL RAINFED ,
-0.160 6 / to, ; . 

< 140 
---. 

lz/ 
I-. -" . - -"--- .... ... . ... .. . 

"- RATE Or I Rt- C To o r S . ,. I rs: JV-E 

,0- FIG. 3. EXTRACTION PATTERN WITH DEPTH 

6 BO AND VARIATIL..N IN SOIL MOISTURE 

o 2 
CONTENT BY HORIZONS FOR TYPICAL 
IRRIGATED AND RAINFED CONDI

40 TiONS. 

S 0 t -F III A T .M J A 

FLO W~rRITFIG. I. RAINFALL DISTRIBUTION BY MONTHS t6-tA~n', EGEABLERIG DRYFRUITi 
(7 YEAR AVERAGE) FOR KHARAGPUR, I6 E TcFRUIT DR FLUIN 

WEST BENGAL SHOWING EXPECTED I - - - 

, 14MINIMA ONCE IN 5 YEARS AND ONCE 
.0 , FORASSUMEDCROP(AUSKIIARIr - / A PADDY)KIIARADPUR, .IN 10 YEARS. 

CRO 

Or CROP GROWITINC 02 ISAGEMOISTUREJ 

JUL AUGUSrT SEPTEMBER 
cc 

SUMMERT CROP~ U S A 
0 HELD) RELATIVE GRUWVTHI4N PERCENTC AACIVYy--

JUNIE JULY AUGUST SEPTEMBER 
AUS PADDY I ARAGUR 

0 

PfI1M ANENlT FIG. 4. TYPICAL EXPECTED VARIATION OF 
RATIO OF CONSUMPTIVE USE TO 

,EVAPORATION RATES DURING T.E 

RELATIVE STAGES OF CROP GROWTH 
r C oOIL IN THE SUMMER CROPPING SEASON, 

THE KHARIF SEASON,FIG. 2. SHOWING SOIL MOISTURE PLANT U.S.A., AND 
FOR UPLAND PADDY IN KHARAGPUR.GROWTH RELATIONSHIPS. 

462 



integrates several weather factors, this 
dimensionless ratio related to the stage of 
crop growth should be most significant. This 
curve has been shown to be remarkably con-
stant in a certain region of the U.S.A., the 
ratio approaching unity near the peak at the 
beginning of the flowering stage, if instead of 
using the time scale for the abscissa, a scale 
of the relative stage of maturity of growth 
is used. 

This curve has great importance it 
scheduling of depth of applicationri ga

t i eh
tion and gives due regard to both the ph'sio-
logical needs of the plant and the potential 
evaporation rate of the atmosphere. Exam-

pies to employ this conceptual are given 

subsequently. 

Examples to Determine Time and Depth 
of Application of Irrigation. 

Perhaps, the best means of explaining the 

application of consumptive use to design of 
an irrigation system is by concrete examples. 

It is required to work out the scheduling and 

depth application of irrigation and the irriga-

tion system required for a farm near Kharag- 
pur that is to grow 15 acres of upland paddy 

in the kharif season, and 15 acres of potato 

Determination of Amount and Spacing of 
Natural Water Supply. 

The rainfall distribution by weeks is 
preferable for precise scheduling of irrigation, 
Howcver, since no direct consumptive use 
measurement has been undertaken here or 
elsewhere in India, only the rainfall distribu-
tion data by months as given in Table 3, 
comparable to the consumptive use figures 
calculated from meteorological data by 
months, are used. The effective rainfall 
expected in any month during the kharif 
season crop is given in Table fi, which is 
calculated by multiplying the amount of rain-
fall expected each month by the actually 
determined factor of 0.8 for paddy on 2 per 
cent slope. The deficiencies to be met each 
month of a normal season as well as during a 
deficit season expected once in five years 

are given in Table 6 also. Since virtually no 
rainfall occurs during the growing season of 
potato, irrigation must replenish the total 
consumptive use in each month. 

Column .5of Table 6 is obtained by cal
culating consumptive use by the Blaney and 
Criddle method for the months of June, July, 
August and September. Column G, which is 
obtained by deducting this f'orn the net effec

tive rainfall Column :. In a normal year, a 
deficiency of 3-43" Occurs in the month of
August. The minimum expected effective 
rainfall taken in by the soil once in five years 
is presented in column .,and the correspond

dect, in column . altho rrigton 

ing deficit, in coiumn 7. Although irrigation 

of 3.!3"is required normally every year in the 
month of August only, if maximum yields are 
to be assumed, considerably greater deficits 
need to be made Ip if assurance is desired 
aginst droughts having a probability of occurr
ing once in five years. The design for an 
irrigation system which isrequired to make
 
up a deficit t.at is normally only a small 
fraction of the total consumptive use in the 

growing season is best based on the esti

mated deficiencies expected once in five, or 
preferably, once in ten years. Thi. schedul

ing and amount of applic ition per irrigation 

would be such as to make up :he moisture 
content of the soil to field capacity, if the 
available moisture content falls below, per
haps, 75 per cent, so as to ensure optimum 
yields of auts paddy. The deficiency must be 
met whenever required. Hence, flexibility in 
,:me of application should be the chief 
characteristic desired of such an irrigation 
s'stem. 

Determination of Consumptive Use. 

It is beyond the scope of this paper to 
deal with the various methods of determin
ing consumptive use. Usual direct methods 
are both expensive and slow to yield usable 
results. Of the indirect methods that may be 
used in developing countries where meteoro. 
logical stations have less elaborate equip
ment and are few in number, some of the 
simpler consumptive use formulae such as 
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& 	 Criddlethose of Thornthwaite, Blaney 

and Lowry & Johnson are useful. 

The average monthly temperatures utilised 

for the determination of consumptive use 

rates by the Thornthwaite method, and the 

standard deviation of the monthly pairs for 

1902 and 1963, for Kharagpur is given in 

Table 7 . 

The latitude correction for Kharagpur, 

West Bengal, used for consumptive use 

determination by this method and by the 

Blaney & Criddle formula is given in Table 8. 

The heat index in the Thornthvaite 
Method given in column fi, Table 7 is derived 
from the formula 

i 	 (t/s)1 '1  

where (t) is the average monthly temperature 
in 'F. 

isThe annual heat index for Kharagpur 
annual con-

152.14. The proportions of the 

sumptive use for each month is given in 

column 6 of Table 7. It is not possible to 

determine the actual consumptive use figures 

without obtaining the index point for Kharag-

pur, which cannot be ascertained as yet due 

to paucity of data. Indications are, however, 
evident that the consumptive use values 
obtained by this method are lower than those 

obtained by 	 the Lowry & Johnson method 

calculatd below :-

For 	 the Lowry & Johnson method the 

maximum monthly temperatures are used to 

derive the effective day degrees which is sub

sequently used for calculating consumptive 
use by the relationship 

-4- 0.1-56 F 

where U = 	 cosumptive use in acre-feet per 
acre. 

F= 	effective heat in thousand of 

day-degrees. 

The total day-degrees for the year is 

21,148.2. If the general crop seasons for 

Kharagpur are divided as follows 
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Kharif - June to September 

Rabi - October to February 

Zaid March to May, values 
day degrees are presented 
in column 6 of Table 9. 

of 

Thc day-degrees must be determined for 
proporthe actual cropping season, and the 

tion of each month's day.degrees to the 

seasonal total should be determined in order 

to obtain the monthly consumptive use. This 

is done in Table 10 for the aus paddy and the 

potato growing season. The Lowry & 

Johnson method is suitable for estimating 
water requirements in a river basin or in a 

large watershed of a river valley, and may be 

suited for other arid regions. similar to thF 
to yield thewestern portion of the U.S.A. 

a accuracyconsumptive use within reported 
of ± 20 per cent. The values presented here 

are merely to serve as a check against the 

more reliable values obtained through otherfomuae 
formulae. 

The Blaney & Criddle method also utiliscs 

the monthly temperature (t), which when 

multiplied by the per cent day time hours 

(P), yields the monthly consumptive use 

factor (f), as given in the equation below 
t X 1, 

f 100 

The monthly consumptive use factor when 

multiplied by a coefficient (k), obtained from 

observed data, yield (u), the monthly consumptive 	use in inches, 

u = 	kf. 

Since sufficient work has not yet been 
done in Kharagpur so far, to assign reliable 
values for (k), the generalised form of the con

use curve as given in Fig. 4,
sumptive 
obtained from a great deal of data for 

conditions prevailing in the U.S.A., has been 

used to derive the values of(k) employed in the 

of the monthly consumptivedetermination 
use for the potato crop and the aus paddy 

crop in Kharagpur. Preliminary data leads 

to the conclusion that the ratio of consump

tive use to evaporation rate for a kharif crop 



TABLE 5. EFFECTIVE ROOT ZONE DEPTH OF SELECTED CROPS. 

Depth of rooting (in ft.)Crop 

8- 10Alfalfa 
6Cotton 
4Maize 
4Wheat 
4Groundnut 
4Upland paddy 
2Lowland paddy 

TABLE 6. 	 DEFICIT RAINFALL TO BE MET BY IRRIGATION FOR AUS 
PADDY IN KHARAGPUR, DURING NORMAL SEASON AND 
DURING MINIMUM MONTHLY RAINFALL EXPECTED ONCE 
IN THE 5 YEARS. 

Deficit to be met 

Normal Effective Minimum 
rainfall rainfall expected 

Month 
expected taken in 

(in inches) by soil 
(in inches) 

rainfall 
once in 
5 years

(in inches) 

June 7.76 (.22 

July 12.06 9.65 

August 9.05 7.24 

September 12.19 9.75 

Total 41.06 

in North India, as is given by the appropriate 
hypothetical curve in Fig. 4, which is in 

effect the coefficient k in Blaney & Criddle's 

formula is considerably higher than that of a 
summer crop in the U.S.A.* The shape of 

*It is difficult to understand on physical grounds how 
the consumptive use could materially exceed the 

as much as 40evaporation potential, especially by 
the value of the ratio shouldper cent. That is, 	 not 

Blaney & Criddle k' is notexceed unity. The 
fundamentally the ratio of consumptive use to free 
evaporation. It is not non-dimensional, but has the 
dimensions inches (day degrees) (per cent daytime 

In inch units, it may approach unity forhours).
free evaporation-Editor. 

2.48 

8.14 

5.76 

6.96 

the 

Consumptive 
use (Blaney 
and Criddle's 

Method 
(in inches) 

5.48 

9.58. 

10.67 

7.94 

33.-67 

by irrigation 

Normal Once 
Years in 5 

years
(in inches) 

0.74 3.0 

0.07 1.44 

3,43 4.89 

1.81 0.98 

curve has been fitted to that for all crops, 

which is shown by the smooth curve for a 

summer crop in the U.S.A. in Fig. 4. 

Values of monthly evaporation in inches 
per month at Kharagpur are shown in Fig. 5. 

Values of consumptive use computed by 

Blaney & Criddle formula are given in 

Table 11. 

Available Storage Capacity of effective 

root zone. 

root zoneFor calculation of effective 
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AND "HEAT INDICES"MONTHLY TEMPERATURETABLE 7. AVERAGE 
OF USE RATES BY THE

UTILISED FOR DETERMINATION 
METHOD FOR KHARAGPUR, WEST

THORNTHWAITE 
FOR THE YEARS 1962-63.BENGAL, 

Average Monthly Temperature Heat Monthly per
centage Annualaverage
Month 1962 0C. 1963 

Consumptive use1962-63 

January 18.16 18,05 18.45 7.40 4.86 

10.67 7.01 
February 23.15 24.75 23.91 

8.3427.6 12.70
March 27.45 27.8 

30.6 15.05 9.89 
April 30.77 30.27 


May 31.40 30.6 31.00 15.10 9.91
 
9.8730.00 15.0329.95 30.1June 

09.5 15.00 9.84 
July 29.45 29.65 

14.94 9.8229.67 29.3
August 28.9 
15.05 9.5931.37 30.5
September 29.67 

26.3 12.00 7.89 
October 25.87 26.7 

25.7 11.20 7.36
22.97 28.47
November 

5.2520.3 8.0020.35 20.16
December 

152.14 Q = 1.865°C. 
Mean 26.59 27.34 26.9 

C.V. = 6.97 ,o 

WEST BENGALLATITUDE CORRECTION FOR KHARAGPUR,TABLE 8. 
USED FOR CONSUMPTIVE USE DETERMINATION(22.5VN) 

BY BLANEY AND CRIDDLE'S AND THORNTHWAITE'S 

METHOD.
 

Correction for Thorn-Correction for Blaney 
& Criddle's thwaite's Method (30 

Month Method days or 12 hours each) 

(%Daylight hours) Mean possible dura
tion of sunlight. 

0.94January 7.63 
0.898
7.19February 

1.038.40March 
1.068.56April 

May 9.24 1.14 
1.1259.11June 

1.159.35July 


August 9.02 1.12 

September 8.31 1.02 
1.008.13October 
0.92
7.49November 
0.937.54December 
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TABLE 9. 	 MAXIMUM MONTHLY TEMPERATURE, MONTHLY AND 
SEASONAL EFFECTIVE DAY-DEGREES USED IN CALCULA-
TION OF CONSUMPTIVE USE RATES BY THE LOWRY AND 
JOHNSON METHOD, FOR KHARAGPUR, WEST BENGAL FOR 

Month 

January 
February 


March 
April 
May 

June 

July 
August 
September 

October 
November 
December 

TABLE 10. 

Month 

June 

July 

August 
September 

November 
December 
January 


THE YEAR 

Max. 
Tem. 
1962 

25.95 
32.45 

:15.00 
37.65 
36.25 

34.55 

32.55 
33.55 
37.50 


29.55 
33.00 
26.85 


1962-63. 

Monthly 
in 0C 

1963 

25.8 
30.55 

34.7 
37.7 

37.85 

34.2 

33.65 
32.4 
32.25 

29.25 
26.6 
27.2 


1962-1963 
Average

in 0F 

78.62 
88.70 

94.64 
99.86 
98.78 

93.92 

91.58 
91.40 
94.82 

84.92 

85.64 
80.60 

Effective 
Day Degrees

(OF) 

1,446.6 
1,582.0.f 

1,880.0 1 
2,035.8 

2,060.0 

1,857.6 1 
1,844.0 . 

1,841.0 1 
1,884.6 j 

1,639.0 1 
1,609.20 
1,509.0 J 

Total Annual 

Seasonal Effective 
Day Degrees for 

main growing 
seasons
 

Rabi season
 
(continued)
 

5,975.8 Zaid
 
Season
 

7,427.6 Kharit 
Season
 

7,785.8 Rabi 
Season
 

21,148.2 

DERIVATION OF CONSUMPTIVE USE BY THE LOWRY AND 

JOHNSON METHOD FOR AUS PADDY AND POTATO GROW-

ING SEASONS IN KHARAGPUR, WEST BENGAL. 

Effective Day Degrees 
(thousands) OF. Consumptive use 

Crop 

Monthly Seasonal Monthly Seasonal 

5.8" 1
1.8576 1 
1.8840I 7.4272 5.83 I Kharif season 
1.8410 5.83 f aus paddy 
1.8846 j 5.97 J 

6.32 1 	 rabi season1.6092 
6.00 18.14 potato1.5090 4.5648 

1.4466 J 	 5.82 
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depth, it may be assumed that root extension 
takes place at a rate of 1' to 1' per month of 
active growth. If the soil is a fine sandy 
loam and is assumed to be unrestricted for 
both crops, I' per month would be a better 
estimate, particularly in the warm climate of 
Kharagpur. The available storage capacity 
within the effective root zone for aus paddy 
and potato is calculated using 1.8' per foot 
of available water stored for a fine sandy 
loam, as obtained from Table 4. Available 
water storage capacity in the effective root 
zone would be as given in Table 12*. 

10 

9 

8of 

Vamount 

o 	 I 

. 7i 


AA , . s. , o 
FIG. IE-VAPORATION RATES 13Y MONTHS, 

IN INCHES FOR KHARAGPUR. 

The ratio of root dcpth to consumptive 
he rai crontanethundtora con vuse is remarkably constant under normal con

diticns of unrestricted root extension, Hence, 


it would be wasteful and wrong to apply 

equally heavy applications of irrigation at the 

initial stages when both root extension is 


* 	 It is believed the limitations imposed on root growth 
are unrealistic for healthy crops ; further more water 
would move from below by capillary force as the 
upper zone dries out. Practice in the U.S. is to 
utilize the storage capacity of the entire root zone, 
to depths of at least 4 feet, throughout the entire 
growing season, for normal soils. Extensive 
measurements of soil moisture during growing sea-
sons confirms the validity of this approach-Editor 
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limited, and the consumptive use rate is low, 
as at later stages of growth. Initially, also k, 
the consumptive use-evaporation rate ratio is 
low as given in Fig. 4. For maximum crop 
growth both the potato and the paddy crop 
soil should have the moisture depleted at the 
rate of the consumptive use to an extent of 
75 per cent of the available moisture content. 
This ideal may, however, be unfeasible or 
uneconomical to attain. Hence, Table 12 
gives the maximum amount of moisture to be 
depleted from the soil to reach both 75 per 
cent of available moisture content, (AMC) 
and to a more feasible ,50 per cent AMC. 

Determination of frequency of Irrigation 

The maximum safe interval of application 
irrigation be ascertained by dividing the 

of moisture that can safely be deple
ted for each month of growth by the consump
tive use per day, if there is no rainfall. This 
assumption requires that the entire root 
depth should be brought upto the field capa
city at each irrigation, from the level of 
depletion required. Table 13 gives the ideal 
irrigation intervals based on these computa

tions. 

The requirements for paddy crop would 
mostly be met by the effective rainfall. In a 
normal year, the average deficiency expected 
over the seascn is only 0.81". In the first 
two months, the rainfall taken in by the soil 
barely exceeds the consumptive use, and 
there can be little or no carry over into 
August which has an expected deficiency of 
3.43'. Hence, in normal years, a total irriga

tion of 3.43' 	 needs to be given during August.
This irrigation should be applied if no rainfalls in about 11 days. Since it is in the rainy 

ay st ince t is in thiseason, it would be advisable to make up this 
deficit in at least two applications of2.3" depth 

each, or in three applications of 1.2" depth 
each, in order to maintain the available mois
ture content above 50 per cent and consider
ing an overall irrigation efficiency of 75 per 
cent. The amount must be adjusted by 

deducting the effective intake amount from 
any small showers that may 'occur during the 
deficiency period. 



TABLE 11. CALCULATION OF MONTHLY AND SEASONAL CONSUMP-
TIVE USE BY THE BLANEY AND CRIDDLE METHOD FOR 
AUS PADDY AND POTATO. 

Mean Per cent Consumptive Monthly Monthly Seasonal 
Month monthly daytime use consumptive consumptive consumptive 

tem. in °F hours factor use coeff use in inches use in inches 
(t) (p) (f) (k) (u) (u) 

June 86.00 9.11 7.83 0.7 5.48 for 

July 85.10 9.35 7.98 1.2 9.58 aus 

August 84.74 9.02 7.62 1.4 10.67 paddy 

September 86.90 8.31 7.22 1.1 7.94 33.67 

November 78.26 7.49 5.85 0.35 2.05 for 

December 68.54 7.54 5.18 0.85 4.40 potato 

Jantvary 65.12 7.63 4.98 0.90 4.48 10.93 

TABLE 12. MAXIMUM AVAILABLE WATER STORAGE CAPACITY FOR 
FINE SANDY LOAM SOIL FOR AUS PADDY AND POTATO. 

Month of Average Depth Maximum available Maximum per. 
growing of rooting water storage capacity 500 missible depletion 
season (in feet) (in inches) AMC 75', AMC 

1st Month I 	 2.7 1.4 0.7 
1.42nd Month 3 5.4 2.7 


3rd Month 4 7.2 3.6 1.8
 

4th Month 4 9.1 4.5 2.3
 
(paddy only) 

TABLE 13. DETERMINATION OF IDEAL IRRIGATION INTERVALS FOR 
AUS PADDY AND POTATO, IN KHARAGPUR, WEST BENGAL. 

Maximum amount of
 
depletion permissibl t,, Irrigation
 

Consumptive maintain above (in inches) interval (days)
 

Crop Month use
 
Rate day 

' 50 , AMC 	 75 %AMC 50 ' AMC 75 %AMC 

1.4 	 0.7 7.25 3-65Paddy 	 June 0. 116 
July 0.09 2.7 1.4 8.75 4.40 

August 0.343 3.6 1.8 10.50 5.25 

September 1).232 4.5 2.3 19.6o 9.s.O 

0.7 20.9 10.5Potato 	 November 0.067 1.4 
19.00 	 9.5December 0.142 2.7 1.4 

January 0.144 3.G 1.8 25.00 12.5 
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For years of less than normal rain, supple-

mentary irrigation is obviously necessary in 

Kharagpur. Irrigation should be applied at 

an average frequency interval of 10 days, 

although it would suit the soil conditions and 

better if a shorter interval ofplant needs 
application at less depths, was scheduled for 

the earlier stages of growth. This taxes the 

capacity of the irrigation system, and may not 

be practicable, nor econom ical. Rainfall 
so urrin tratedom it w irg tionat juta

The deficiency shouldoccurring at random. 

be supplemented to the extent of the differ-
the effectiveence determined by deducting 

rainfill from the consumptive use over the 
rainfall or irrigationperiod since the last 

application. This frequency could be fixed 

as 10 days to maintain a moisture regime 

above 50 per cent of available moisture con-

tent, or as ( days, for constantly maintaining
above 75 per

the available m oisture content 

cent. 
For the potato crop for which no rainfall 

is expected, an average interval of 22 days 
throughout the season could be scheduled

frm tTO 
frijin the data in Table 13, in order to keep the 
moisture content above a 50 per cent level 
whereas an II-day interval frequency would 

be convenient to be maintained above 75 
per cent. The schedule of irrigation for the 
lower of these is given in Table 14 for the 
22.day frequency, and the Il -day frequency, 

is given in Table 14. 

Determination of depth for application 

Once the frequency has been decided on, 

the cumulative consumptive use for the 

number Ef days since the last irrigation is all 

that is required to determine the depth per 

application. The frequency has already been 
determined in such a manner as not to 

permit the cumulative use to exceed the soil 
moisture deficiency in the effective root zone. 

Ideally, the depth of application should in-

crease in successive fixed intervals as both the 

depth of the effective root zone and the con-

sumptive use rate increases upto at least the 

wet fruit stage. This may be observed in 

Tables 14 and I5, which also give the actual 
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amount to be applied for irrigation, assuming 

75 per cent overall application efficiency for 

the 22-day interval schedule (Table 14), and 

60 per cent efficiency for the 11-day interval 

schedule. Fig. 6 indicates the soil moisture 
zone as thedeficiency in the effective root 

increasing consumptive use extracts water 

from the soil. The figure is thus a diagra

matic representation of Table 14. 

" c .. . I-.... AC, .. 
. 0144. Al.. 

C 4'CIA LS 

. 
" 

-- .,o ,,. 
APPLI E 

6 4.3 

. 

AAPPLIED 

I- 4 L 
5 JA,,UARY 17

UMR... 

. VJ!I TN -. 

FIG. I. SHOWS IRRIGATION SCHEDULE AND 
DEPTH PER APPLICATION FOR 

POTATO CROP IN KHARAGPUR, 
W. BENGAL, FOR 22 DAY INTERVALS 

MAINTAIN MOISTURE REGIME 
ABOVE .3o PER CENT AVAILABLE 
MOISTURE CONTENT. 

The first irrigation is scheduled on the 
eleventh day after planting. It can safely be 
assumed that the moisture content so soon 
after the monsoon, would be quite near the 

field capacity and would be sufficient to take 

care of the emergency stage. The delta 
required to make up the moisture deficiency 

between applications totals 10.9" which is the 

seasonal consumptive use for potato as deter
mined earlier by the Blaney & Criddle 

formuli. It is seen that 14.0" of water at the 

source of supply is adequate to mature the 
crop, assuming a 75 per cent irrigation effici

ency. In order to maintain 75 per cent 
available moisture content, seven irrigations 
sp-iced 11 days apart are necessary with the 

depths of application as indicated in Table 

15. Although the consumptive use as deter. 

mined by the indirect method employing only 
meteorological data remains the same, in 

actual fact it is greater when a higher mois+11re 

-31 



TABLE 14. 	 DEPTH OF APPLICATION FOR IRRIGATION FOR A 22-DAY 
INTERVAL IRRIGATION SCHEDULE FOR POTATOES IN 
KHARAGPUR.
 

Soil moisture Depth per 
Serial order of Schedule date deficiency between Irrigation 

irrigation (days after applications-to at 75 % 
application planting) keep above 50% efficiency

AMC (in inches) (inches) 

Planting date to first irrigation - 0.5 (from carry over) -

First 11 1.1 1.5 

Second 33 2.5 3.4 

Third 55 3.2 4.3 

Fourth 77 3.6 4.8 

Total 	 10.9 14.0 

TABLE 15. 	 DEPTH OF APPLICATION PER iRRIGATION FOR A 1-DAY 

INTERVAL IRRIGATION SCHEDULE FOR POTATOES IN 

KHARAGPUR.
 

Soil moisture Depth per 
Serial order of Schedule date deficiency between irrigation 

irrigation (days after applications- to at 610 o', 
application planting) keep above 75°1, efficiency 

AMC (in inches) (inches) 

Planting date to first irrigation - (.44) (from carry over) ---

First 9 0.53 0.8 

Second 20 0.75 1.2 

Third 31 1.f(W 1.7 

Fourth 42 1.75 2.94 

3.3Fifth 53 2.0 

Sixth 64 2.25 3.7 

Sev4nth 75 2.25 :1.7 

10.93 	 17.3Total: 
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regime is maintained. Also, the irrigation REFERENCE
 

efficiency reduces when it is applied with 1. American Society of Civil Engineers,
gratr amounts.* Hence,reuecyat less 

greater frequency atls mut. ecTransactions. Symposium on "Con
a 60 per cent over all efficiency is used here, 
for calculating the water required at the head, 
which is 17.3" per acre. 

When adequate consumptive use, evapora-
tion and certain other meteorological data, 
become available it would be possible to make 
nomographs to work out the scheduling and 
depth per application for every crop and agro-
climatic-soil region. This would simplify the 

and 	 make it possible for thecalculations 
agriculturists to base the scheduling of irriga-

tion on consumptive use. 

Capacity of Irrigation Systems 

Knowing the amount to be applied, the 

minimum time between applications and the 

area one can design the capacity using simple 
volume-flow relations. For the example the 

maximum demand on the system will be 
based on the lI -day rotation with an appli-
cation of 4". For the 15-acre farm, since I 

cusec equals 1acre-inch per hour. 

Q = ad/t = (15) (4)/(12) (11) 

5/11 cusec 


be availableIt is assumed that labour will 


only 12 hour per dayt. 


In some cases the minimum safe period 

over which the planting may be spread may 
take precedence over the critical irrigation 
period. 
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THE EFFECT OF FERTILIZERS ON WHEAT PRODUCTION 
UNDER IRRIGATED AND DRY FARMING CONDITIONS 

IN TURKEY 

by 

Necdet Yertsever* 

INTRODUCTION In Turkey, under both dryland and irriga

ted agriculture, wheat is one of the principal 

Prolonged cultivation and intensive crop crops grown. Therefore, it is receiving 
production has depleted Turkish soils of special attention. To establish a sound fer
much of their native fertility. Fertilizer use tilizer programme it is necessary to have a 
is a relatively new development in Turkey, valid base for estimating the kind and amount 
and plant nutrients have not been replaced of fertilizer needed for optimum production. 
as fast as they have been removed. Therefore, This paper reports some of the preliminary 
the proper use of fertilizers is receiving data that have been obtained for the fertiliza
considerable attention and study. tion of wheat. 

At present there are no well established SOIL AND CLIMATIC CHARAC
rotations or agricultural practices in general TERISTICS OF THE EXPERIMENTAL 
use, and crop residues are not being returned AREAS 
to the soil. As a result the soils are very low 
in organic matter, and the renewal of plant The Central Anatolia region of Turkey is 
nutrients has depended on the mineral the principal wheat production area of the 
weathering of the soils. Soils have received country. Therefore, most of the experiments 
essentially no maintenance agricultural prac- were carried out in this region. The area is 
tices, and have generally been so heavily a dissected plateau that includes mountains, 
depleted of available nutrients, that today foothill slopes, lake basins, and a few narrow 
they produce only 4 to 5 times the quantity alluvial plains. In the Konya area elevation 
of grain used for seed. Under these condi- is about 900 meters, while in some of the 
tions, increased production depends on im- other experimental areas the elevation may 
proved agricultural management systems, in- vary from 700 to 1:500 meters. The high 
cluding adequate use of commercial fertilizers, elevations, together with mountain ranges 

that surround the area, seriously restricts the 
A second factor responsible for the grow- natural rainfall. Crop production, therefore, 

ing interest in, and the increased usage of, is primarily limited by inadequate moisture. 
fertilizers in Turkey is the increasing conver- Wheat and barley, because of their adapta
sion from dryland to irrigated farming. The bility to semi-arid conditions, are the principal 
development of irrigation system has accen- crops grown in this area. 
tuated infertility of the native soils and the 
need for increased fertilizer usage. Maximum The annual rainfall of about 400 mm. is 
benefits from irrigation depend on sound and not distributed ideally for crop production. 
adequate fertilizer practices. The highest amounts occur during the winter 

* Agricultural Engineer, General Directorate of Soil Conservation and Farm Irrigation (TOPRAKSU). 

474 



and early spring months. Very little rain-
falls during the summer. Therefore, winter 
crops grow fairly well but spring sown crops 
require irrigation for successful growth. 
Under Turkish conditions, dryland farming 
usually involves fallow every other year. 

The Principal soil groups in the Central 
Anatolia region are the red and reddish 
brown soils. These are generally fine in 
texture, medium to shallow in depth, and 
calcareous in nature. They are moderately 
infertile, especially with respect to nitrogen 
and phosphorus, and due to the hot dry cli-
mate are suitable only for the production of 
small grains. Yields fluctuate widely from 
year to year depending on the annual rainfall. 
Under irrigation, cereal grain production is 
especially high, and all crops grow very well 
when the soils are fertilized properly. 
EXPERIMENTAL PROCEDURES 

Experiments were conducted at several 
locations over a period of several years to 
determine the response of wheat to nitrogen, 
phosphorus, and potassium alone and in 
combinations. 

1. 	 Locations :In Central Anatolia, 
Loa exerimentrlaunderunder dryland conditionsconditions nexperimen-

located at Bala, Polatli,tal sites were 
Altinova, Gozlu, Konuklar, Cicekdag, 
and Malya 	State Farms. Under irriga-
tion, experiments were located at the 
Cumra Irrigation Experiment Station 
and 	the Eskisehir Irrigation Research 
Institute. 

2. 	 Experimental Methods. The ex-
perimental plot design is a 4 X 4 X 2 
factorial for nitrogen, phosphorus, and 
potassium, respectively ; with 4 rates 
of phosphorus, and 2 rates of potass-
ium. The treatments were arranged 
in a randomized block design, and 
each treatment was replicated 3 times. 
The dryland plots were 3 X 10 meters, 
or 30 square meters, with a harvested 
area of 2 x 8 meters, or 16 square 
meters. Each location consisted of 96 

plots. The irrigated plots were 2.25 
X 12.0 meters, or 28 square meters 
with a harvested area of 2 X 10 
meters, or 20 square meters. 

3. 	 Fertizer Rates and Method of 
Application The fertilizer rates 

under dryland conditions were as 
follows : Nitrogen at 0, 2, 3, and 4 kg. 
N per decare ; phosphorus at 0, 4, 6, 
and 8 kg. P20 5 per decare, and potas
sium at 0 and 3 kg. K.O per decare. 
Under irrigation the rates at Cumra 
were for nitrogen 0, 3, 6, and 9 kg. N 
were for ton 0, , 6, andper decare, for phosphorus 0, 4, 0, and 
8 kg. P05per decare, and for potas
sium 0 and 4 kg. K20 per decare. At 
Eskisehir the rates were 0, 3, 6 and 
9, 0, 4, 8, and 12, and 0 and 4 kg. per 
decare, respectively, for N, P.0 5 and 
K20. The nitrogen carrier was 21 
per cent ammonium sulfate, the phos
phorus carrier was 16 per cent 
powdered superphosphate, and the 
potassium carrier was 48 to 52 per 
cent potassium sulphate. 
The nitrogen and potassium fertilizers 

were spread broadcast by hand, before 
seeding, while withphosphorusa drill at seedapplied in bandsthe was 

ie ie. 
ing time. 

4. 	 Seeding. In the drying experiments 
soft red wheat, 111/33 was fall sown 
with the actual date of seeding vary
ing slightly depending on climatic 
conditions. Under irrigation the Q, 

93/44 variety of wheat was used. 

5. 	 Irrigation. The plots were flood 
irrigated twice during the growing 
season, and in each case the soil was 
moistened to field capacity. The first 
irrigation was generally done when 
the wheat was in its early growth 
stage, and the second, when the heads 
were just emerging. 

6. 	 Rotation : The experiments under 
dryland conditions were conducted 
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both in a wheat-fallow rotation and 
in a continuous wheat rotation. Under 
irrigation the rotation was sugar beets-
wheat-beans-wheat. The yields report-
ed are those for wheat following beans, 

7. Cultural practices. Standard cultural 
practices for wheat were followed at 
all locations. However, no herbicides 
or insecticides were used. 

8. 	 Harvesting. The outside borders 
were first removed, then the remain-
ing plot was cut by hand and threshed 
in a special plot thrasher. 

9. 	 Soil Samples. Soil samples were col-
tltidfom ten loseag. borpoe 

samples were taken at a depth of 0 to 
20,saple we t 40 cm. Tespofmined.les0, and 20 to y40 cm. The samples 
wler thenanlysedh Inthe SoiladFr-
tilizer Research Institute Laboratory, 
The following analyses were perform-
ed : soil texture, saturation percentage,pH, electric conductivity, total salt,
lime, available phosphorus and potas-
slim, organic carbon, and the carbon-
nitrgnatio ablesn and 1 parn-nit roge n ra tio. Tables I11 an d 12 pre
sent the results of these analyses for 
two different representative locations, 
According to these analyses the soils 
differs from all loams to clay loams in 
texture, with a pH of about 7.5 indi-
cating a high lime content. Available 
phosphorus was low, averaging I to 3 
kg. P,,O, per decare by the Olsen 
method. All the soils were high in 
potass-um. Total salts were very low 
or only a trace. 

EXPERIMENTAL RESULTS 

Each year the grain yields from each loca-


tion were analysed statistically to determine 

whether any significant responses to the 

various added fertilizers had been obtained. 

These results showed that in the Central 

Anatolia region, where a wheat-fallow rota-

tion was practised, only the phosphorus 

treatments gave statistically significant wheat 

yield responses under dryland conditions, 

No response was obtained for either nitrogen 


or potassium (see Table 1). Under irrigated 
conditions both nitrogen and phosphorus 
fertilizers gave statistically significant increa
ses 	in wheat yields, especially when used in 
combination. No statistically significant 
yield increases (see Table 2) were found for 
potassium fertilization. 
DETERMINATION OF PRACTICAL 
FERTILIZER REQUIREMENTS. 

The highest wheat yield, as indicated 
earlier was obtained with phosphorus alone 
under dryland conditions, and 'with phospho
rus, 	and nitrogen under irrigation. However,
simply determining a resporse is not enough. 
The most economical rates of application 

according to the soil needs must be deter-
The objective of fertilizer use by

farmers is an economical response through 
maximum yields. Therefore the relationship 
between increasing fertilizer usage and 
increasing yields must be known. 
incr ini mustbe kno.Determination of the amount of fertilizer 
required for a given condition depends, in 
most instances, on two conditions. First, the 
response of the crop to the fertilizer as determ n d e p r m n al n e n w e t l t 
mined experimentally under known fertility 
conditions ; and second, the relationship be
tween the cost of the fertilizer and the price of 
tke crop. Therefore, the evaluation of the 
fertilizer responses presented here will be 
derived directly from the field experiments. 

To evaluate the relationship between 
fertilizer usage and crop response there are 
four general expressions in common use, 
(1) the Mitscherlich equation, (2) the Cobb-
Douglas formula, (3) the quadratic formula, 
and (4) the square root formula. The quadra
tic formula was found to be the most suitable 
for the data obtained, and gave a standard 
polynomial parabolic curve when expressed as 
the following mathematical function 

Y = a + b x - c X 2 

where Y = Total yield 
x - Amount of fertilizer used 
a = 	Yield without fertilizer 

b and c = Constants showing the 
response to fertilizers with 
increasing yields. 
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TABLE 1. ANALYSIS OF VARIANCE FOR WHEAT YIELDS AND FERTI-

LIZER APPLICATIONS AT THE BALA STATE FARM UNDER 
DRYLAND CONDITIONS. 

Source of variation d.f. SS. MS. 

Total 	 95 186.69 -
Replications 	 2 9.17 4.59 
Treatments (31) (115.49) 3.72* 

N 3 0.44 0.15 
P 3 106.58 35.50* 

K 1 0.38 0.38 
N P 9 2:41 0.27 
N K 3 2.95 0.98 
P K 3 0.35 0.12 

NPK 	 9 2.38 0.26 
Error 	 32 62.03 1.00 

* Significant at the I per cent probability level. 

TABLE 2. 	 ANALYSIS OF VARIANCE FOR WHEAT YIELDS AND FERTI-
LIZER APPLICATIONS UNDER IRRIGATION AT THE CUMRA 
IRRIGATION EXPERIMENT STATION. 

Source of variation d.f. SS. MS. 

Total 95 233.71 
Replications 2 13.01 6.50 
Treatments (31) (187.54) 6.05* 

N 3 142.94 47.65* 
P 3 11.77 3.92* 

K 1 0.09 0.09 
N P 9 9.30 1.03 
N K 3 6.14 2.05 
P K 3 2.16 0.72 

N P K 9 15.14 1.67 
Error 62 58.30 0.78 

* Significant at the I per cent probability level. 

477 



As is well known, yield increments dec-
rease with successively increasing increments 
of fertilizer. 

Dryland Conditions 

In order to use the quadratic expression in 
a practical way the values of a, b and c must 
be determined from the experimental data. 
Using the results obtained under dryland 
conditions in Central Anatolia, and using the 

of least squares, the following values
method 
were obtained 

a 116.38 

b = 12.53457 

c = - 0.90633 

The quadratic formula, then, becomes 
Y = 116.38 + 12.53457 x - 0.90633 x2 

On the bases of this formula the data in 
Table 4 have been calculated, showing the 
total yield, the yield increase (y) for each 
successive unit increments of fertilizer used, 
and the absolute change (or the first derivative 
dy/dx) in yield increase with changes in 
fertilizer increments. The relationship bet-
ween the actual experimental yicld obtained 
and those calculated by the quadratic formula 
used in Table 4, is shown graphically in 
Fig. I. The standaird error has also been 
calculated and is shown under the curve on 
the graph. For the dryland experiments 
conducted in Central Anatolia the standard 
error was found to be ± 2.95 kg./dec. The 
correlation index for the quadratic formula 
was found to be 0.99. 

The optimum rate of phosphorus applica. 
tion for wheat under dry land conditions for 
maximum production was found to be 7 kg.
P.,O5 per decare when the fertilizer is applied 
in bands at seeding time. This rate is not 
the best economic rate which is the rate of the 
point where the last increment of fertilizer 
applied will just produce a profit. Calcula-
tions for this value are shown in Table 5. 

In calculating the data in Table 5, all of 
the production costs have been taken into con-
sideration. Two types of production costs are 

C,'d Of 
w,.*€,11 

y 
I6o 

,o 

140 

30 • Estimated",'_valuesI of Y
/" 

&Group average$ of actual values 

120 
Stoodo error ,y. (0-2.95 
Coreaton ,nd x,. O-.,99

1o 

100 

0 I 3 4 55 66 71 a 

X-Appled -P 0O kg.• per decor. 

FIG. 1. RELATION OF YIELD OF WHEAT OF 
FERTILIZER APPLIED, UNDER DRY 
FARMIG CONDITION IN CENTRAL 
ANATOLIA. 

involved, namely the fixed and the variable 
costs. The fixed costs included such items as 
plowing, seedbed preparation, harvesting, etc. 
Under Turkish village conditions there is no 
extra cash outlay for the family labour used to 
spread the extra fertilizer or harvest the 
increased yields. The variable costs, there
fore, were considered only as those represent
ing the cost of the different amounts of ferti
lizer. 

Table 5 shows that, under the conditions 
of Central Anatolia, the first 1 kg. P20 6 per 

decare which costs 2.75 T.L. gave a yield 
increase of 11.63 kg./dec. of wheat and a net 
return of 8.49T.L. per decare. Each successive 
1 kg.!dec. of P.0 5 fertilizer used gave a 
smaller yield increase and net return. The 
fifth increment, which gave a 4.37 kg./dec. 
yield increase valued at 3.19 T.L., was the last 
successive 1 kg. P205/dec. increment of ferti
lizer in which the values of the increased 
wheat yield exceeded the cost of the fertilizer. 
When 6 kg. P20,/dec. were used, the sixth 
increment gave a yield increase valued at 1.88 
T.L. or 0.87 T.L. less than the cost of the 
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TABLE. 3. WHEAT YIELD RESPONSES* TO PHOSPHORUS FERTILIZER
 
TREATMENTS UNDER DRYLAND CONDITIONS AT EIGHT 
DIFFERENT LOCATIONS, AND FOR SEVERAL YEARS IN 
CENTRAL ANATOLIA. 

Applied P205 kg. per decare 

Place of Years 0 4 6 8 
Experiment 

Yield Yield Yield Yield 
kg./dec, kg./dec. kg./dec. kg./dec. 

Bala 1956/57 155.8 185.8 193.0 187.9 
Bala 1958/59 194.8 210.8 216.7 224.4 
Bala 1959/60 199.3 199.6 208.5 198.4 
Bala 1960/61 152.5 249.6 223.1 247.7 

Average 	 160.6 211.5 210.3 214.6 

Polatli 1957/58 201.0 215.3 248.7 216.8 
Polatli 1958/59 54.2 81.6 99.3 125.1 
Polatli 1959/60 93.0 160.3 182.3 208.2 
Polatli 1960/61 122.0 168.7 148.8 145.8 

Average 	 117.5 156.6 169.8. 174.0 

Konuklar J958/59 59.4 90.0 84.4 102.2 
Konuklar 1959/60 71.0 80.0 99.0 110.0 
Konuklar 1960/61 111.1 132.9 149.8 134.9 

Average 	 80.5 100.9 111.1 115.7 

Malya 1958/59 160.7 196.8 196.4 202.5 
Malya 1959/60 107.7 124.5 152.0 120.5 
Malya 1960/61 84.7 93.5 129.1 119.6 

Average 	 117.7 138.2 159.2 147.5 

Kocas 1959/60 132.8 189.0 
Kocas 1960/61 90.7 119.1 

Average 111.7 154.4 

Alirnova 1960/61 118.1 149.8 
Cicekdag 1960/61 57.9 93.7 
Gzli 165.1 224.5 

General Average 	 116.J. 153.7 

* 	Since no yield responses were obtained for either nitrogen or 
response data -.re reported. 

168.0 185.3 
124.4 145.6 

156.2 165.4 

165.7 149.8 
70.6 74.6 

210.7 274.0 

156.7 169.5 

potassium, only the phosphorus 
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TABLE 4. 	 THE CALCULATED TOTAL YIELDS AND YIELDS CHANGES 
WITH SUCCESSIVE INCREMENTS OF FERTILIZER. DRYLAND 
EXPERIMENTS IN CENTRAL ANATOLIA. 

Under dryland condilions in Central Anatolia
(Y = 116.38 + 12.53 457x -0.90 6 633x2 ) 

Rate of 
applied Total yield Average yield Absolute yield
P205 Y change L ) per change dy/dx, 

kg./dec. kg./dec. increment of per increment 
fertilizer of fertilizer 
kg./dec. kg./dec. 

0 116.38 - 

1 128.01 11.63 10.72 

2 137.82 9.81 8.91 
3 145.83 8.01 7.10 

4 152.00 6.19 5.28 

5 156.39 4.37 3.47 

6 158.96 2.57 1.66 
7 159.71 0.75 -0.15 

8 158.65 -1.06 -1.97 

TABLE 5. 	 CALCULATION* OF THE ECONOMIC OPTIMUM FERTILIZER 
RATE. 

Rate of 
applied
P205

kg./dec. 

Increment of 
fertilizer 
kg./dec. 

Cost of each 
successive 

increment of 
P20, fertilizer 
T.L /kg./dec. 

Average yield 
change A y 

per increment 
of fertilizer 
kg./dec. 

Value of the 
wheat yield

increase 
T.L./dec. 

0 0 

1 1 2.75 11.63 8.49 

2 1 2.75 9.81 7.16 
3 1 2.75 8.01 5.85 

4 1 2.75 6.19 4.52 
5 1 2.75 4.37 3.19 

6 1 2.75 2.57 1.88 

7 1 2.75 0.75 0.55 

8 1 2.75 -1.06 -0.77 

* The prices used for the calculation were those prevailing in 1963, which were 0.44 T.L. per kg. of 
16 per cent powdered superphosphate, and 0.73 T.L. per kg. for soft wheat. 
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fertilizer increment. Thus the economic Yield o 

optimum rate was found to be 5.0 kg. P2 Of Wh 'gIn 

per 	decare. 

Irrigated 	 Condition. 

Wheat under irrigation responded to both 
nitrogen and phosphorus fertilization, as 
shown in Table 2. The experimental data 
showing 	the wheat yield increases for the 


various rates of nitrogen and phosphorus are 
pre s e n t ed in Ta ble 6. F r om th e se d ata , bot h 
the absolute maximum rates and the economic 
optimum rates have been calculated indepen-
dently for each element and are shown in
Tables 7, 	 8, 9 and 10, and Figs. 2 and 3. 

The data show that, under irrigation in 
Central Anatolia, the amount of fertilizer 
required for the maximum possible yield was 
10 kg. P20 6 dec. for phosphorus and 15 kg. 
N/dec. for nitrogen. However, the amounts 
required for the attainm ent of the econom ic 
maximum wheat yields were found to be 7.0 
kg. P20r/dec. for phosphorus and 12.2 kg.
N/dec.for nitrogen. 


CONCLUSIONS 

O n the basis of current prices of fertilizer 


and wheat, the most beneficial kind and 
quantity of fertilizer for use in the Central 
Anatolia region are as follows : 

1. 	 Under dryland conditions and in a 
rotation of cereals and fallow, the 
quantity of phosphorus fertilizer 
req u ire d , w he n b and ed a n d ap plie d at 
seeding time, to produce the maximum 
poss ib le w he at y ield was 7 kg. P 05 
per decare. To produce the optim um 
economic wheat yield, 5.0 kg. P.0 5 per 
decare were required. 

2. 	 Under irrigation conditions in a rota
tion of sugar beets-wheat-beans-wheat 
and with nitrogen applied broadcast 

before seeding, the quantity of phos
phorus required when applied inmaxim um possiblebands at seeding time,w toheatproduceyield thew as 

maxium ossblewhetyeldwasGATED
10 	 kg. P2 0 5 per decare. Under these 
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TABLE 6. RESULTS OF FERTILIZER EXPERIMENT ON WHEAT UNDER IRRIGATION AT TWO 
DIFFERENT LOCATIONS IN CENTRAL ANATOLIA. 

Applied P20 5 kg. per decare Applied N kg. per decare 

Location of Years 
0 4 6 8 12 0 3 6 9 

Experiment 
Yield Yield Yield Yield Yield Yield Yield Yield Yield

kg./dec, kg./dec. kg./dec. kg.jdec. kg./dec. kg./dec. kg./dEc. kg.Jdec. kg./dec. 

Cumra* 1958/59 255.6 292.7 298.0 292.6 - 228-1 278-5 306.9 325-3 

1959160 392.0 406.0 418.0 440-3  328.0 396.0 437.0 490.0 

1962/63 204.3 231-1 231-5 229.3 - 178.1 208.4 246.4 263.4 

Average 284.0 309.9 315.8 320.6 - 244.7 294.3 330-1 361.6 

1958/59 395-0 434-5 - 439.0 481-5 410.5 437.5 438.5 463.5 

1959/60 269.0 336.0 - 371-0 380-0 328-0 334.0 362.0 360-0 

1960161 181.3 219-3 - 238-7 241.3 206-4 216.0 229.6 232-7 

1961/62 299.4 352.9 - 364.2 363.8 295.6 328.1 372-3 384.3 

Average 286.3 335.7 353.2 341.6 310.1 328.9 350.6 360.4 

* Because of wind erosion damage the yields at Cumra for the years 1960/61 and 1961162 have been omitted. 



TABLE 7. CALCULATED TOTAL YIELDS AND YIELD CHANGES WITHSUCCESSIVE INCREMENT OF PHOSPHORUS BASED ON IRRI-GATED EXPERIMENTAL RESULTS IN CENTRAL ANATOLIA. 

Under irrigated conditions in Central Anatolia
Y = 285.81 + 11. 5 53 7 5x - 0.5 7 97x2 

Rate of .......
 
applied Total yield Average yield Absolute yield
P205 Y change Ay per change dy/dx,

kg./dec. kg./dec. increment of per increment 
fertilizer of fertilizer 

kg./dec. kg./dec. 

0 285.81 - _ 

2 306.60 20.79 9.24 

4 322.75 16.15 6.92
 
6 334.26 11.51 4.60 
8 341.14 6.88 2.28 

10 343.38 2.24 0.04
 
12 340.98 -2.40 -2.36 

TABLE 8. CALCULATED TOTAL YIELDS AND YIELD CHANGES WITHSUCCESSIVE INCREMENr OF NITROGEN FERTILIZER BASED
ON IRRIGATED EXPERIMENTAL RESULTS IN CENTRAL 
ANATOLIA. 

Under irrigated conditions in Central Anatolia 
Y = 277.36 + 12.618 22x - 0.3i647x-

Rate of 
applied Total yield Average yield Absolute yield

N Y change Ay per change dy/dx.
kg./dec. kg./dec. increment of per increment 

fertilizer of fertilizer 
kg./dec. kg./dec. 

0 277.36 - _ 
3 311.92 34.56 10.42 

6 339.88 27.96 8.22 
9 361'24 21.36 6.02 

12 376.01 14.77 3.82 
15 384.17 8.16 1.62 
18 385.75 1.58 -0.57 
21 380.73 -5.02 -2.77 
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TABLE 9. CALCULATION* OF THE 
PHATE FERTILIZER RATES. 

Rate of Increment of 
P20 5 fertilizer x 

kg./dec. kg./dec. 

0.. 

1 1 

2 1 

3 1 

4 1 

5 1 

6 1 

7 1 

8 1 

Cost of each 
successive 

increment of 
P205 

T.L./dec. 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

ECONOMIC 

Average yield
change A y 

per increment 
of fertilizer 

kg./dec. 

10.97 

9.82 

8.65 

7.60 

6.34 

5.17 

4.01 

2.87 

OPTIMUM PHOS-


Value of the 
yield increase 

T.L./dec. 

8.23 

7.36 

6.49 

5.62 

4.75 

3.88 

3.01 

2.15 

TABLE 10. CALCULATION* OF THE ECONOMIC OTIMUM NITROGEN
 
FERTILIZER RATES.
 

Rate of Increment of 
N fertilizer x 

kg.!dec. kg./dec. 

0.. 

2 2 

4 2 

6 2 

8 2 

10 2 

12 2 

14 2 

Cost of each 
successive 

increment of 
N 

kg./dec. 

6.10 

6.10 

6.10 

6.10 

6.10 

6.10 

6.10 

Average yield 
change nAy 

per increment 
of fertilizer 

23.77 

20.84 

17.91 

14.97 

12.02 

9.11 

6.18 

* The prices used for the calculation of these data were those prevailing in 1963, 

Value of the 
yield increase 

kg./dec. 

17.83 

15.63 

13.43 

11.23 

9.01 

6.83 

4.64
 

which were 0.44
 
T.L. per kg. of 16 per cent powdered superphosphate, and 0.64 T.L. per kg. of ammonium 
sulphate, and 0.75 T.L.Ikg. for hard wheat. 

484 



same conditions the amount of 
nitrogen required to produce
maximum possible wheat yield
15 kg. N per decage. However, 

the 
was 
the 

amounts of fertilizer required to
produce the economic optimum wheat 
yields were 7.0 kg. P2Or/dec. of phos-
phorus and 12.2 kg. N/dec. of nitro-
gen. 

In comparing the two systems, dryland and
irrigation, it will be seen that only 5.0 kg.
P20/dec. were required to produce the
economic optimum wheat yield under dryland
conditions while 7.0 kg. P20r/dec. were 
required under irrigation. These results 
emphasize the importance of fertilizer under 
irrigation, and the need to understand the 
management systems when making practical
fertilizer recommendations to a farmer, 

For many farmers the amount of money
they have available for the purchase of ferti-
lizer is limited. The analysis of the data
presented here permit the calculatlLn of the
fertilizer amounts that will give the highest
cash return for the money available to purchase
fertilizers. Generally this amount will be
less than the amount of fertilizer required to
produce the economic optimum wheat yields.
For example, under the dryland conditions in 
these experiments a farmer with adequate 
money might apply phosphorus fertilizer at a 
rate of 5 kg. P20 5/dec. at a total cost of 13.75 
T.L. and receive a net return of 29.21 T.L.
Such a farmer will have earned a profit of
29.21 T.L. per decare, but received only about 

2.00 T.L. for each Lira spent on fertilizer. A 
farmer with limited money might apply only
1 kg. P20s/dec. at a cost of 2.75 T.L. and 
earn a net profit of 8.49 T.L. Thus the second 
farmer, while earning over 3.00 T.L. for each
Lira spent for fertilizer is receiving less than 
one-third of the net return possible from 
each decare of land. 

Farmers 'in the Central Anatolia areausually lack either the capital or the credit to
buy sufficient fertilizer to allow them to apply
the rtes required to obtain economic opti
mum yields. They will, therefore, usually 
use fertilizers in amounts somewhat less than
required for maximum returns per decare. 
In practice the amounts of fertilizer required
to produce the economic optimum yield will 
vary with fluctuatioi;l in rainfall, especially
in the dry seasons. Although the rates of 
fertilizer being used by the farmers are lessthan that required to produce the economic 
optimum yields, the farmers are receiving, 
even in dry years, a profitable return on the 
money they spend on fertilizer. This has
been a distinct advantage in the promotion of 
fertilizer use in the Central Anatolia region.

At the present 
 time the Soil and Fertilizer

Research Institute is recommending phospho
rus fertilization at a rate 
 4 kg. P2 s0/dec.
under dryland conditions. Under irrigation,
phosphorus is recommended at a rate of 6 kg.
P2Os/dec. and nitrogen at a rate of 10 kg. N/
dec. While these amounts are somewhat 
lower than justified, they represent practical
rates for fertilizer use under the farming
conditions in Turkey. 
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FERTILIZERS IN RELATION TO EFFICIENT USE OF
 
IRRIGATION WATER
 

by
 

Mukhtar Singh and R. T. Gandhi*
 

SYNOPSIS 

The results of studies having a bearing 

on fertiliser-irrigation relationship are review-
ed with reference to (i) fertilizer effect on the 
absolute and the relative transpiration/evapo-
transpirations (ii) comparative responses to 
fertilizers under irrigation and non-irrigated 
conditions, and (iii) fertilizer and irrigation 
interaction in field experiments including 
varying levels of the two factors. 

The data presented have beeenerally 
drawn from work in India, but reference has 
also been made to related studies elsewhere. 
The main conclusions indicated by the review 

are as follows :sitates 

(1) 	 Transpiration ratio is reduced or 

water use efficiency is raised by 
fertilizers which increase dry matter 

production. The absolute water 

transpired also increases markedly 

under pot culture conditions but to 

a very small extent under actual 

field conditions. Fertilizers, there-
fore make for more efficient use of 

water than suggested by the pot cul-

ture studies. 
(2) 	 The responses to fertilizers are 

generally of a higher order under 

irrigated conditions than under non-
irrigated conditions. 

(3) 	 The response to frequent irrigation 
is generally enhanced by increase in 
the levels of fertilizer application, 
Evidence of positive interaction bet-

ween the two factors in different 
crops, viz. wheat, cotton, potatoes, 
root crops and tobacco, is recorded. 

Thus additional water necessitated 
by frequent irrigations is best utilised 
with higher levels of fertilizers, more 
particularly the nitrogenous ones. 

Irrigation water is an expensive corn
modity and must be used efficiently. Effici
ent use has two broad aspects, viz., (1) reduc
tion of unproductive water losses such as 
deep percolation, run off, and seepage, and 
(2) the economic use of water according to 

crop's requirements consistent with the most 
profitable 	 returns. The first aspect neces

consideration of measures such as land 

preparation, levelling, proper field layout, 

provision of irrigation structures, etc. The 

second aspect requires the consideration of 

optimal levels of associated factors of crop 

production. It is to be normally expected 

that soil and crop management factors which 

ensure the balanced development of plants 

and high crop yields will also make for effi

cient water use. As fertilizer use is one of 

the most important management factors in

fluencing plant grow and yield, its considera
tion assumes special significance in relationteueo 
to irrigation water. 

Considerable data are available from work 
done in India and abroad to throw light on 

the fertilizer-irrigation relationship. The 
results of studies having a bearing on the 
subject are reviewed here. The available 
information with particular reference to Indian 

* Deputy Agricultural Adviser, Indian Council of Agricultural Research, and Agronomist, Indian Agricultural 
Research Institute, respectively, New Delhi. 
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work is classified and discussed under three 
headings : 

the relative transpiration/evapo trans-
piration. 

(2) 	 Comparative response to fertilizers 
under irrigated and non-irrigated 
conditions. 

(3) 	 Fertilizer and irrigation inter-action 
(in field experiments including 
varying levels of the two factors). 

Fertilizer Effect on the Absolute and the 
Relative Transpiration / Evapo-transpira-
tion. 

Pot-culture studies by Leather (1910-11) 
at Pusa, Bihar, with 14 crops showed that 
fertilizers which increased growth expressed 
in terms of dry matter production also raised 
the transpirational water loss. To illustrate, 
his data for wheat and juar are presented in 
Table 1. 

With 10 crops, the increase in dry matter
with N-±P fertilizer was relatively greater 

than in transpiration, inasmuch as the trans-
piration ratio or the unit water requirement 
was reduced in manured series, signifying 
economy in water use through fertilizer treat-
ment. In four crops, however, the transpira. 
tion ratio was not influenced by manuring 
(Table 2). 

Although Leather's work (loc. cit.) indi-
cated decrease in transpiration ratio with 
manuring of rice, experiments by Ganguly 
(1950) in Assam did not reveal such effect, in-
spite of well pronounced effect on dry matter 
and on water transpired. Chaudhry and 
Mahapatra (1963) also recorded no fertilizers 
transpiration ratio of rice in e.:periments ex-
tending over three years. 

It can be generalised from pot-experi-
ments in India that with the exception of a 
few crops, fertilizer application reduces trans-
piration ratio. This is in accord with the 
conclusion emanating from the literature 
review by Briggs and Shantz (1913). 

While the evidence of water economy 
with fertilizer use is convincing recent work 
on water consumption in relation to fertilizer
application do not support the result emanat
ing from pot-culture studies of Leather and 
others that fertilizers increase the absolute 
transpiration markedly. In fact, Penman (1948) 
showed that under conditions of adequate 
moisture supply and complete plant cover 

transpiration is not a function of the yield. 
The radiant energy received per unit area is 
the dominant factor influencing transpira
tion. Schofield (1952) and Weaver and 
Pearson (1950) found little increase in evapo
transpiration by the addition of a nitrogenous 
fertilizer even though the growth of grasses 
was trebled and doubled respectively. The 
apparent discrepancy between results from 
Leather's data and recent studies on water 
consumption in relation to fertilizers may be 
ascribed to over-exposure of plants and 
border effects in pots, resulting in inflation of 
transpiration. 

Carlson et al. (1959) studied the effect
of nitrogen, plant density and irrigation on
evapo-transpiration and yield of corn for two 
earspamNor a ko Applicatio

years at Upham, North Dakota. Application 
of 120 lb. Nlacre induced only a small in
crease in evapo-transpiration as against a 
large increase in dry matter and grain yield, 
especially under irrigated conditions. Treat
ment with nitrogen improved markedly water 
use efficiency defined as the ratio of dry 

matter produced to evapo-transpiration (Haise 
and Viets 1957) under irrigated conditions. 

Comparative Responses to Fertilizers under 
Irrigated and Non-irrigated Conditions: 

Yates et al. (1963) summarised the respon
ses to sulphate of ammonia on wheat under 
irrigated and non-irrigated conditions as 
recorded at experimental farms in India. 

The relevant data are reproduced in Table 3. 

It was concluded that response of irrigated 
wheat was 70 per cent greater than that of the 
non-irrigated crop. These authors also men
tioned that similar results were obtained on 
cultivators' fields. 
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TABLE 1. INFLUENCE OF FERTILIZER APPLICATION ON DRY MATTER 
AND TRANSPIRATION (LEATHER 1910-11) 

Wheat (1906-07) 	 Juar (Sorghum) (1908) 

0 N NP NPK 0 N NP 

Dry matter 3.93 3.23 19.6 13.9 2.25 1.60 7.25 
seed (g.) 

Total (g.) 16.88 15.30 62.2 46.5 13.70 16.50 73.4 

Water trans
pired (kg.) 15.63 15.4 33.7 26.6 5.03 6.66 32.1 

TABLE 2. 	 INFLUENCE OF FERTILIZER USE ON THE TRANSPIRATION 
RATIO OF CROPS (LEATHER 1910-11) 

Transpiration Ratio 

Crops No manure Manured 

Maize 450 330 

Sarson 740 620 

Barley 680 480 

Oats 870 550 

Peas 830 530 

Gram 1,400 1,000 

Wheat 850 550 

Guar 1,100 600 

Rice 1,000 800 

Rahar 1,100 600 

Murwa 250 250 

Kodo 300 300 

Linseed 1,000 1,000 

Juar 400 400 
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Evidence in support of low response to 
fertilizer under non-irrigated conditions is 
also found in the results of experiments under 
Fertilizer Use Project (Anon, 1959), as shown 
in Table 4. 

Thus on medium black soil at Obedul-
laganj, the response of wheat to nitrogen was 
of smaller magnitude under non-irrigated 
conditions but increased with one or two 
irrigations. In other words, irrigation not 
only increased yield but also enhanced the 
response to nitrogen. Phosphate was ap-
parently not limiting in the soil at Obedul-lagai ad trsponeths wa no maked 
laganj and response to this was not marked 
either under irrigated or non-irrigated condi-
tions. 

'Differential response of wheat to N and 
P under irrigated and non-irrigated conditions 
is also illustrated by results of model agrono-
mic experiments at Power Kheda, Madhya 
Pradesh (Anon, 1961, 1962, 1963). The sum-marised results are presented in Table 5. 

An irrigation experiment on cotton con-
ducted at Siruguppa during 1942.43, referred 
to by Raheja et al (1961) also indicated more 
pronounced response to manuring under 
irrigated conditions. 

While bulk of the evidence goes to show 
higher response to fertilizers with irrigation, 
there are instances where fertilizer application 
gave almost similar increases in yield both 
with and without irrigation (Mehrotra and 
Garg, 1963). 

Higher responses to fertilizers under 

irrigated conditions than under non-irrigated 
conditions, implies efficient use of fertilizers 
with irrigation. As a natural corollary to 
this efficient use of irrigation water with fer-
tilizers follows. 

Fertilizer and Irrigation Interaction. 

In this section reference will he made to 
results of experiments where treatments 
comprised varying levels of fertilizer and of 
irrigation (in terms of frequency or depth of 
irrigation), but non-irrigated plots were not 

included. The point of interest in this connec
tion is whether the two factors interacted or 
not, i.e. the response to one was modified by 
the level of the other or they acted indepen
dently. Pertinent to this inquiry are only 
such experiments which showed substantial 
responses (main effects) to both the factors 
individually. 

The results of an irrigation.cum-fertilizer 
experiment on wheat conducted at Lyallpur, 
eP n (on, during 1944-45t coPunjab (Anon, 1945,1945, J946) during 19,44-45 
and 1945-46 under an I.C.A.R. scheme on 
water requirements of crops in the Punjab are 
given in Table 6. 

The response to irrigation frequency im
proved with the increase in the level of 
nitrogen application in both years, although 
the optimum number of irrigations varied inthe two years. Similar interaction trend was 
obtained in recent experiments in U. P. 
(Mehrotra and Singh, 1963). 

Evidence in support of the inter-depen
dence of fertilizers and irrigation frequency 
in wheat is also furnished by the results of 
experiments conducted in Gujarat in recent 
years as reportei by Gopani (1963). At 
Kholwad, Jamnagar, Halwad, Kukda, and 
Pilwai centres, a positive interaction was 
indicated. From thr! results for other centres 
the absence of interaction trend could be 
attributed to little or no response to one of the 

other factor. 

In the scheme of model agronomic experi
ments (Anon, 1961,1962 and 1963), on heavy 
black soil at Power Kheda, Madhya Pradesh, 
the response to frequent irrigations was 
relatively small in magnitude in the absence 

of fertilizers. Increasing levels of nitroge
nous and phosphatic fertilizers were reflected 
in enhanced response to freqt .nt iirigations. 
Th; data ae summarised in Table 7. 

In the experiments under the fertilizer 
use project (Anon, 1959) it was concluded 
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TABLE 3. IRRIGATION AND THE RESPONSE OF WHEAT TO NITROGEN.
 

No. of experiments Response to 20 lbs. N 
Soil type per acre (md. per acre) 

Irrigated Unirrigated Irrigated Unirrigated 

Black soil tract 120 23 2.5 0.2 
Gangetic alluvium 34 14 3.3 2.8 
Indus alluvium 44 22 3.0 2.0 
Overall (unweighted
 
means) 198 59 2.9 
 1.7 

TABLE 4. RESPONSE OF WHEAT TO VARYING LEVELS OF N AND P.
WITH AND WITHOUT IRRIGATION AT OBEDULLAGANJ, 
MADHYA PRADESH (FERTILIZER USE PROJECT, 1959). 

Yield in mds. per acre (three years averages) 

Yield Response to Yield Response to
without without 

N N 
20 lb. N 40 lb. N 20 lbs.P 205 40 lb.P 205 

No irrigation 9.7 + 2.5 + 3.1 11.5 - 1.0 + 1.2 
One irrigation 12.5 + 2.0 + 4.1 13.3 + 1.8 + 2.0 
Two irrigations 12.2 + 4.6 +5.3 15.6 - 1.7 + 1.5 

TABLE 5. RESPONSE OF WHEAT TO NITROGEN AND PHOSPHATE AT 
POWER KHEDA UNDER-IRRIGATED AND NON-IRRIGATED 
CONDITIONS. 

Response in md./acre 

Response to 20 lb. Response to 20 lb.
N/acre. P205/acre 

1956-57 1957-58 1958-59 1956-57 1957-58 1958.59 

Non-irrigated + 1.8 + 0.6 + 2.2 0.0 + 0.9 + 2.2 
Irrigated + 3.1 + 1.3 + 4.3 + 3.6 + 3.2 + 2.6 
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TABLE 6. 	 INTER-ACTION BETWEEN IRRIGATION AND NITROGEN 
ON WHEAT AT LYALLPUR (PUNJAB) (ANON, 1945, 1946). 

Yield of wheat grain (md./acre) 

No. of irrigation
of 3' each. 0 

1944.45 
25 lb.N 50 lb.N 0 

1045-46 
25 lb.N 50lb. N 

per acre per acre per acre per acre 

One irrigation - - - 191 17.9 17"2 

Two irrigations 23.3 26.3 25.0 20.3 22.1 22.8 

Three irrigations 25.9 29.5 31.0 21.8 23.6 22.6 
Four irrigations. 26.1 30.3 31.8 - - -

TABLE 7. INTER-ACTION BETWEEN IRRIGATION FREQUENCY AND 
FERTILIZERS AT POWER KHEDA, MADHYA PRADESH. 

Yield in md/acre (Average of three years 1956.57 to 1958-59) 

No. of irrigations 30 lb. 60 lb. 
of 3" average No N 30 lb. N 60 lb. N No P P20s P205
depth each. per acre per acre per acre per acre 

Two 13.8 18.5 20.8 13.0 19.8 20.3 

Three 14.1 21.3 23.8 14.5 21.8 23.0 

Four 15.5 21.4 25.3 14.6 22.7 24.8 

TABLE 8. INTER-RELATION OF IRRIGATION AND FERTILIZER ON YIELD 
OF WHEAT UNDER INTENSIVE CROPPING {PRASHAR, 1961). 

Grain yield md./acre.
No. & delta of 
irrigations No N 30 lb. N 60 lb. 0 P PK 

per acre per acre 

Two (6.3 in.) 17.2 25.0 27.7 21.7 74.5 24.7 

Three (9.0 in.) 21.7 25.6 31.2 24.7 26.2 27.6 

Four (12.0 in.) 20.3 24.9 29.1 22.1 25.1 27.0 

P=40 lb. P20 5/acre. K=40 lb. K20/acre. 
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that generally the responses to both nitroge-
nous and phosphatic fertilizers were higher 
when applied along with higher levels of irri-gation. 

Although there is considerable evidence 
to demonstrate the association between irriga-
tion frequent and fertilizer use in wheat, there 
are cases where the responses to the two 
factors were additive and the interaction was 
not well marked (Prashar, 1961). 

Cotton 

In the Sudan, Gregory et al (1932) were 
probably the first to demonstrate irrigation 
depth - nitrogenous fertilizer interaction 
which was confirmed by Crowther (1934). 
In the Punjab, heavy irrigations enhanced 
the response to itrogen on light sandy soil 
in a field where cotton was grown after fallow 
but not when it followed toria (Dastur and 
Singh, 1942, 1944). In an experiment under 
the Indian Council of Agricultural Research 
Scheme on water requirements of crops at 
Lyallpur (Anon, 1945, 1946), irrigation fre-
quency and nitrogen reinforced each other 
(Table 9). 

The association between the twvo factors 

was also brought out in some of the experi-
ments at Dhadesugar, Mysore, where moisture 
deficiency is generally severe. On the other 
hand, in the experiment at the Indian Agri-
cultural Research Institute, New Delhi, the 
interaction was generally non-significant as 
the cotton crop was exposed to conditions of 
high water-table and excess water during the 
the period of fruiting and flowering, 

Potatoes. 

That the two factors, irrigation frequency 

and nitrogen, are inseparables, was brought 
out consistently in the experiments at the 
Central Potato Research Station, Patna, con-
ducted by the senior author (unpublished) 
during 1950-51 to ;056-1957. In these ex-
periments, the varying levels of nitrogen 
included the 'zero' level. The interaction 
was also noted in the experiments at the 

Indian Agricultural Research Institute, New 
Delhi, even though the lowest level of nitro
gen was 50 lbs. N per acre (Table 10).The need for frequent irrigations at low 

tension was best indicated at the highest 
levels of nitrogen and potassium. There was 
no interaction between water regime and 
phosphate application in this experiment. 

Pushkarnath et al (1960) and Pushkarnath 
and Swaminathan (1963) also concluded from 

the summarised data of irrigation experiments 
conducted for three years at three centres 
that at shorter intervals of irrigation, the 
responses to nitrogen were significantly 
higher. There was, however, no clear-out 
interaction between potassium and irrigation 
frequency. 

Davenport (1962) studied the inter-relation 
of the two factors in an experiment with four 
water regimes at two levels of nitrogen (with 
and without 60 lbs. N per acre) on three root 
crops (raddish, turnip and best-root) at the 
Indian Agricultural Research Institute, New 
Delhi. Yield increased with the improve

mentssetyi in theh moisture status irgnurptetdwt of the soil con
sistently in the crop treated with nitrogenous 
fertilizer, but the increase was not well pro-

Tobacco 

In an experiment on tobacco (Nicotiana 
rustica) at the Indian Agricultural Research 
Institute, New Delhi, Awatramani (1958) 
found that water regimes resulted in smaller 
variations in yield at lower levels of nitrogen. 
The best response to the moist regime treat
N/acre,ment wasa' with and 160 lb.shownobtainedin Table 11.120 

In the above-mentioned experiment spac
ing was wide (2 x 1 ft.). The experiment was 
repeated for two further years but with 
close spacing of plant (1J ft. X 9 in.), with 
the result that responses to irrigation and 
nitrogen were additive. This might be 
ascribable to closer spacing. Moreover, the 
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_ _ _ _ _ _ _ _ _ _ _ _ 

TABLE 9. 	 INTER-ACTION BETWEEN IRRIGATION AND NITROGEN AT 
LYALLPUR (AVERAGE OF 2 YEARS 1944-45 TO 1945-46). 

Yield of seed cotton in md./acreNo. depth of _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
irrigation 

No nitrogen 40 lb. N 80 lb. N 120 lb. N 

3x3"= 9 in. 10.8 12.4 14.3 14.9 

5x3"=15 in. 11.6 14.2 16.4 18.1 
7x3"=21 in. 12.0 15.4 18.1 18.4 

TABLE 10. INTER-ACTION BETWEEN WATER REGIMES AND FERTI-
LIZERS (NITROGEN AND POTASH) AT DELHI. 

Yield of potatoes in md./acre (1958-59 to 1960.61) 
Moisture tension 
before irrigation
Aver. Delta (in) 50 lb. N 100 lb. N 150 lb. N No K 75 lb. 100 lb. 

K20 K 20 

0.2 to 0.3 Atm. (16.8) 284 307 322 272 313 :329 

0.5 Atm. (13.5) 257 289 259 240 273 293 
Above 0.7 Atm. (12.7) 247 262 261 233 270 267 

TABLE 11. 	 INTER-ACTION BETWEEN WATER REGIMES AND NITRO-
GEN IN TOBACCO CROP- AT NEW DELHI (DATA OF 
AWAT RAMANI, 1958). 

Water remain Yield of cured weight in nid./acre.
Delta 	 Tension before--------.... ..-...irrigation No N 40 lb. N 80 lb. N 120 lb. N 160 lb. N 

18.5 in. 	 Wet (0.2-0.3 Atm.) 12.2 14.4 19.3 22.9 23.1 
17.0 in. 	 Moist (0.3.0.5 Atm.) 14.4 19.8 22.8 25.4 28.5 

15.8 	in. Semi-moist
 
(0.5-0.7 Atm.) 13.3 18.5 20.1 24.4 24.8
 

13.3 in. 	 Dry (above 0.7) 12.2 16.8 21.2 20.8 19.4 
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opportunity of desuckering (foilowing topp-
ing) in tobacco is reduced in frequently irriga-
ted crop. As the combination of frequent 
irrigation and nitrogen induces rapid growth 
of suckers, any delay in their removal would 
adversely effect the cured weight under such 
a treatment combination, and would there-
fore militate against the significance of the 
interaction, 

Sugarcane 

Tile results of experiments on inter-rela-
tion between irrigation and nitrogenous fer-
tilizers in India on sugarcane" have been 
summarised in recent reviews (Raheja et al. 
1961 ; Varma, 1902). Interactions were noted 

in the experiments at Padegaon, Maharashtra, 
and at Pusa and Patna in Bihar. The interac-
tion was non-significant in experiments in the 
Punjab. Mention may also be made here of the 
irrigation experiment on this crop at the Indian 
Agricultural Research Institute, New Delhi 
where three levels of nitrogen (50, 100 and 
150 lbs. N/acre) were included. The exclu1.5bsioof the 'zer eilevels of ntoecwasIfsion o f the ' zero ' l e ve ls of n itro gen w a s 
presumably responsible for the non-signifi, 
cance of the interaction. 

General Discussion 

The relationship between fertilizer appli-
cation and irrigation in crops is essentially 
a corollary to the nutrient-moisture relation-
ship in plants. Irrigation can influence 
reslponse to fertilizers in two ways, (i) by 
increased availability or intake of nutrients 
contained in fertilizers, and (:,,)by improved 
utilisation of the absorbed nutrients. The 
availability of nutrients may not, however, 
be seriusly affected unless the available 
moisture is reduced to very low levels (Rich. 
ards and Wadleigh, 1952). Under non-
irrigated conditions, the moisture status of 
the soil may limit the absorption of nutrients 
to some extent but more particularly their 
expression in growth. Therefore, the appli-
cation of fertilizers may not lead to well 
marked favourable response. The low res-
ponses to fertilizers under non-irrigated 
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conditions as cited in this paper are evidence 
in this direction. Moreover, the low yields 
over a succession of years under unirrigated 
conditions deplete the soil of the plant 
nutrients at a slower rate than under irrigated 
conditions. It is to be expected that because 
of bigger crops with moisture control through 
irrigation, the inherent fertility of the soil is 
depleted at a faster rate inasmuch as, before 
long the nutrients begin to limit production. 
Improved moisture supply without fertilizers 
in a nutrient-deficient soil will merely in
crease evapo-transpiration, as growth and 
consequently the yield is limited by the 
nutrient supply (the principle of limiting 
factors). The application of fertilizers to 
supplement the improved moisture supply 

would, therefore, lead to the coordinated 
development of the plants resulting in higher 
yield, and increased efficiency of water utilisa
tion. It can be concluded from the review 
presented in the preceding pages that there 
is considerable economy in water use with 
fertilizer application. 

the two factors, fertilizers and irrigat o , a t i d p n e t y p l c t o f e o otion, act independently, application of econo
mic doses of the former will be justified over 
a wide range of the levels of tne latter. In 
such cases, the given amounts of water 
application will be used more efficiently with 
fertilizers than without them. The irrigation 
practice will of course depend on the water 
supplies available. If the two factors show 
positive interaction, higher levels of irrigation 
and fertilizers should best be combined to 
achieve the most efficient utilisation of the 
additional water. From the data regarding 
interaction of the factors, referred to in this 
paper, it would appear that the crop receiving 
fertilizers needs to be irrigated more frequent
ly than the one which is not manured. 
Since frequent irrigations increase the evapo
transpiration, it follows that fertilizer applica
tion increases consumptive use. Although 
theoretical considerations as well as empirical 
data suggest that under conditions of com
plete crop cover and ample moisture supply, 
evapo-transpiration is independent of the 
size of a crop (Penman, 1948 and Schofield, 



1952), such conditions will only obtain during 
a part of the life cycle of the crop. In the 
early stages of crop growth, vegetative growth
stimulated by fertilizer application would tend 
to increase transpiration but depress evapora-
tion. The application of fertilizers supplying
nitrogen may also prolong the growing period
in most, if not in all c,-ops. It is, therefore,
lopical to expect that generally, fertilizer 
application would tend to increase evapo-
transpiration. This is also supported by the 
data recorded by Carlson et al. (1959). The 
magnitude of increase in evapo-transpiration 
would, however, be generally small as corn-
pared with the large response to fertilizer in 
growth and yield. The large incrcase in the 
absolute transpiration under pot culture 
experiments (Leather, 1910-11, and Ganguly,
1959) appears to have resulted from the over-
exposure of the plants grown in pots as mentioned earlier. The role of fertilizers in the 
efficient use would,of water therefore, be 
much greater than that suggested by the pot
culture studies. 

In most of the irrigation experiments
conducted in the past, fixed water depths 
were supplied irrespective of the irrigation
interval, instead of shallower applications 
to the soil moisture deficit before irrigation, 
in the treatments scheduled to receive fre-
quent irrigations. Where the interaction 

between the two factors was significant, the 

irrigation requirements of a fertilized 
 crop
computed from such experiments would 

indicate exaggerated values as compared with

those based on soil moisture deficit. 


The absence of fertilizer irrigation interac-
tion, in some cases, on the yield ofthe plant part
of commercial interest, calls for some explana-
tion. As extension growth depends upon mois-
ture supply and meristematic activity dependson 	 nutrients such as Nitrogen (Growther, 
1934), t sc s irge Gowhr1934), favourable interaction in growth or dry
matter production is generally to be expected.
The effect on the final yield of the plant part
of commercial interest would, however, depend 
on the correlation of growth to the yield. 
In crops where a vegetative plant part re-

presents the yield, e.g., in potatoes, tobacco, 
sugarcane, leafy or root vegetables, the occur
rence of a positive interaction is a distinct 
possibility. In cases where vegetative growth 
is stimulated at the expense of the
development of the reproductive rlant 
parts, or where secondary effects such 
as lodging or production of ineffective 
tillers in cereals, suckering in tobacco, shading
due to rank growth in cotton, come into 
play, the interaction in yield of reproduc
tive parts may some times be masked. More
over, as irrigation increases the removal of 
soil nutrients, even from the unfertilised soil,
the interaction between fertilizer and irriga
tion may be obscured within a certain range
of soil fertility. 
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CHAPTER XIII 

FIELD TRIPS
 

AGRA AND 

Field trip to Agra was made on Saturday, 
March 7 via bus. The first stop was to ins-
pect the new GURGAON Canal near Bal-
labhgarh where lining was being installed, 
This canal has a capacity of 1.960 cusecs and 
serves 600,000 acres. Lining cousists of two 
layers of brick tile separated by 1: 3 portland 
cement mortar. The first layer is placed in 
1: 5 mortar and tile spacing is 1/4" to 3/8". 
Laying is by hand. 

The trip also provided for short periods 
of sightseeing both at the tomb of Emperor 
Akbar near Sikandra and the Taj Mahal near 
Agra. Lunch, which was provided by the 
host Government of India, was enjoyed by 
all delegates at the Clark-Shiraz Hotel. 

In the afternoon, a visit was made to the 
Shri Govind Prasad Agarwal Farm near 
Achnera village. This farm is one of the 
most progressive of the area and is a demons-
tration of how modern methods of mechani-
cal farming plus latest information on seeds, 
fertilizer and irrigation, if used properly, 
can increase production tremendously. 

VICINITY 

The farm is surface irrigated from the 
Gapau Tributary with a portion of the field 
ditches lined with brick masonary. A 600 foot 
portion has been lined experimentally with 
mud mixed with bitumen. 

The fiat bed or check basin system of 
irrigation is being used for small grains, corn 
peas and fruit with a furrow system being 
used for potatoes and sugarcane. 

A highlight of this visit was the observa
tion of the border strip method of irrigation 
on wheat. The borders were 30' by 230' and 
were being irrigated by two wooden flumes 
from the field ditch. It was apparent that 
with improved seed, modern methods of cul
tivation, and the improved method of irriga
tion, this field of wheat would yield a high 
return. The farm, in general, presents an 
exceptional opportunity as a demonstrational 
unit to surrounding farmers and it was the 
concensus of all delegates that the visit was 
worthwhile. After refreshments the dele
gates returned to New Delhi. 

ROORKEE AND VICINITY 

At 6.45 a.m. March 12, the delegation Thomson Civil Engineering College is now 
loaded on 3 buses departed New Delhi for part of the Engineering University in 
Roorkee, some 108 miles north and east of Roorkee. Also, the Irrigation Research 
Delhi in Uttar Pradesh State. Overnight Institute and the Central Building Research 
lodging was established at Roorkee so each Institute are located here. 
day's tour started from and ended there. Breakfast for the delegation was arranged 

for at the Wheler Club, located in the canton-

Roorkee is located on the banks of the ment area near Meerut. This is about 42 
Ganga canal, about 20 miles below the canal miles out of New Delhi. This cantonment 
head works at Hardwar. India's oldest college is one of the largest in India and its history 
of Engineering, formerly known as the goes back to the early 1830's. 
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After lunch at the Hotel Polaris, Roorkee, 
the delegation toured on to Hardwar to 
inspect the Ganga Canal Headworks. On 
the way brief stops were made at the 
Dhanauri Experimental Farm and the 
Bahadarabad Hydraulic Research Station. 

The Experimental Farm is an eight-acre 
area for agriculture, operated by the Irrigation 
Research Institute of Roork~ee, to conduct a 
series of experiments on wheat and rice in 
the State of Uttar Pradesh. This is part of 
the scheme for research on minor irrigation 
and water use financed by the Government of 
India through the Ministry of Food and 
Agriculture as part of the Third Five Year 
Plan. 

Experiments were planned upon three
approaches to study water requirements : 

a. 	 Soil moisture deficit ; employing for 
wheat, depletion levels of 20 per 
cent, 40 per cent and 50 per cent. 
When soil moisture depletion reach-
ed any of these levels, irrigation 
was 	applied, 

b. 	 Climatological approach, that made 
use of empirical formulae as Blaney-Criddle, Thornthwaite Lowry-

Johnson, Hargreaves and Van Bavel. 
c. 	 Evapo-transpiration measurement 

during crop growth was being studi-
ed in chambers 8'x8'×8'. These 
concrete-walled tanks were used 
and soil moisture measurements 
were being made in the root zones. 
Water input and outflow studies 
prvieso teingwae souc te 
farm. 

The Bahadarabad Field Research Station 
comprises 70 acres on the left bank of the 
Ganga Canal. The station was started 
in .947 and is an outdoor hydraulic 
laboratory for model studies. A number 
of barrages, spillways, headworks, and other 
structures and models have been studied 
here. The water source from Ganga Canal 
was high enough so that pumping and re-

circulation of water is not necessary. A 
hydro-electric power station of 20,400 kw. 
capacity utilizes the drop in the canal at this 
point to provide power for the surrounding 
area including the hydraulic laboratories. 

The Headworks of the Ganga Canal, 

located near Hardwar are so constructed to 
withstand a maximum flood of 060,000 cusec 
flow. The river is the one of the most sacred 
in India and Hardwar is the centre of Hindu 
pilgrimages to this outflow glacier melt 
from the lofty Himalayas. The width of the 
river at the headworks is 2216.5 ft. Wooden 
drop gates that fold flat to the river bed 
allow by-pass of monsoon floods. Normal 
minimum cold weather discharge is between 
5,000 and 6,000 cusec. The head dischargeof the Ganga Canal was 6,750 cusec. In 1946
this was increased to 8,400 cusec and in 1957 

the capacity was again increased to 10,500 
casec. Ganga Main Canal is 810 miles long 
and 2,266 miles of distributaries deliver the 
water. 

In December 1839, Col. P.T. Cautley
of Bengal Artillery was sent to Hardwar to 
study the quickest means of building an irriga
tion canal from the Ganges River. The cropfailures and following famine, misery such 
as was unknown in civilized Europe, which 
took many lives and sacrifice of a millionsterling for food, changed irrigation from
 
speculation to a question of when it could be
 
ready.
 

A river gauging station was set up. The
 
low flow (December and January) was 
measured at 8,000 cusec, and the safe 
dependable supply was estimated at 7,000 

cusec. The canal capacity was set at 6,750 
cusec. By 1854 the major construction wascompleted and water started, but some work 
continued until 1878-80. It was declared after 
the famines of 1878-80, that the Ganga Canal 
had more than paid for itself in the protection
from famine and its mitigating aspects over 
an area much larger than the canal command 
area. 

On march 13, the delegation travelled by 
bus to Dehra Dun and on to Dak Pathan. 
Near this small colony is the site of a barrage 
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on the River Yamuna for diverting water into 
a lined channel for power generation. The 
site is 75 miles from Roorkee and .some of 
the route climbed by ziz-zag manner over the 
Shivalok mountain range and passed through 
some of India's better forest area. 

The Yamuna Scheme includes a concrete 
birrage across the Yamuna River at Dak 
Pathan, about 2 miles downstream from the 
junction of the rivers Tons and Yamuna. 
The structure will be 1764 feet long with 
a left bank canal with a bed width of 36 ft. 
and cap icity of 7,000 cusec. This canpi drops 
65 feet where a :33.75 kw. capacity power 
house will be installed and near outfall of 
the Ahsan River a second drop of 100 feet 
will provide potential for a power house of 
51.00 mw. capacity. There is no irrigation 
scheme included in the present plan. Stage II 
and stage III of Hydel Scheme was not visited 
as times did not permit the extra travel. 

A walk through tour of the construction 
work in progress on Dak Pathan Barrage was 
very interesting tb the delegation. The 
large amount of hand labour and its organiza-
tion attracted many questions. For a cons-
truction job of this size there were very few 
heavy machines being employed and many 
members of the delegation commented upon 
this observation. The use of steel and form-
ing work was held to the minimum by em-
ploying masonary work and cut stone as well 
as rough stone for building. 

During the stop to inspect the canal 
lining operations, a lot of interest was deve-
loped. Flat burned brick was laid on 
sand bedding. Concrete tiles 12'X12"X2' 
thick are used on the inside and standwich-
ed mortar " to 5/8" was used between the 
brick and tiles. The bed was built up of 4" 
thick concrete in situ. Joints were sealed 
with tar. The concrete tiles were manu-
factured in 5 factories located at convenient 
sites along the canal so as to reduce the 
haulage distance. All tile was cured in 
special tanks for 21 days before drying and 
haulage to placement site. Canal construc-
tion joints were at 33 feet intervals, 

Cost of brick-tile lining on side work was 
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Rs. 150 per sq. ft. and for the bed was Rs. 65 
per sq. ft. 

A brief stop was made at Kalsia, near the 
Canal to rest house to inspect one of the 
oldest canals of India. It is thought that the 
first construction took place between 1628 
and 1659. The canal was abandoned several 
times and restored a number of times. In 
1822, remodelling started and by 1830, it was 
in operation again. Water is diverted from 
the Yamuna River. It had a capacity of 
2,000 cusec but remodelling during 1954.61 
increased the capacity to 4,000 cusec. The 
canal length with branches is 129 miles. 
There are 848 miles of distributaries. 

The delegation arrived back in Roorkee 
for supper and the night stop. 

Upon departure from Roorkee for return 
to New Delhi, on Saturday March 14, a brief 
stop was made at the Irrigation Research 
Institute. This stop proved to be much too 

short as many delegates were extremely 
interested in some of the studies and research 
in progress. 

A stop was made at State Tubewell No. 1, 
some 33 miles out of Roorkee. The State of 
Utter Pradesh has 7,000 state owned and 
operated tubewells each with a capacity of 
about 1 cusec. The Indo-Gangetic alluvium 
has proven a good source of water for tube
well development. Well No 1, was cons
tructed in 1937 to a depth of 305 feet. The 
strainer was set at 107 feet and discharge 
obtained by electric-powered pump was 
34,500 gal. per hour. The culturable com
mand area is 711 acres and one mile of lined 
channel was part of the construction. About 
1 rupee for 16,000 gallons of water is the 
normal charge to the farmer. During the 
26 years of operation the well has operated 
122,544 hours and is still working satis
factorily. 

Lunch was again arranged at the Wheler 
Club in Meerut. The delegation arrived in 
New Delhi on schedule. Everyone was 
somewhat dusty and tired but happy with 
the trip and complimentary toward the efforts 
and arrangements made for them to see some 
of India's irrigation efforts. 
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