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Foreword
India’s heart and soul resides in her villages. Unless rural India 

becomes technology and economically rich, there will be no 
progress. The success rests with the empowerment of rural poor. 

Agriculture plays an important role in the overall economic and 
social well being in the country. Since over 63% population depends 

on their livelihood on agriculture. Of the population engaged in 
agricultural practices irrigation facilities are enjoyed by about 37% 
people. This illustrates the importance and impact of irrigation 

management directly on the lives of a sizeable population of the 
country.

Irrigation is a vital input in Indian agriculture because the 
monsoon rainfall is seasonal, erratic and unreliable. Irrigation water 
at the right time and in adequate quantities is now becoming a 

serious constraint in achieving both higher productivity and stability 
for farming in many parts of the country.

Since the beginning of the existence of mankind, drought has 
affected the human activity in many ways. In order to provide stability 
in agricultural growth, it is essential not only to optimize the use of 

irrigation water but also have equitable supply and inclusiveness in 
society. Irrigated agriculture has ensured food production stability to 
a large extent for the country.

In India nearly 90% of the available fresh water is used for 
irrigation purpose, 6% for industry and 3% for domestic use. The 

competition for fresh water use will increase in the coming decades.
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Until 1966, we were not self sufficient in food grain production as the 

saying goes “We are living from ship to mouth”. The first green 
revolution was ushered in because of the development of new 
technology by our scientists, high receptivity of the farmers and ably 

supported by government policies. Irrigation also played a crusial 
role in it because introduction of high yielding hybrid varieties 
depended on water availability.

Conservation irrigation management is essential for sustainable 
agricultural production. “More Crop Per Drop of Water” demands 

determination, discipline and devotion of all people concerned with 
the agricultural production, viz., the farmers, the irrigation engineers 

and the researchers. Thorough knowledge of various aspects of 

irrigating crops is of prime necessity.

I complement Dr. Y.P. Rao and Dr. S.R. Bhakar for their 

commendable efforts in writing the book “Irrigation Technolology:
Theory and Practice” in a concise and yet in a comprehensive 
manner dealing with various aspects of irrigation including the basic 

soil properties, crop water requirements, and both the design as well 
as evaluation of various irrigation methods. Micro irrigation methods, 
viz., Sprinkler Irrigation and Drip Irrigation have been treated in a 

greater detail keeping in mind their greater importance in the near 
future when the competition for fresh water for various purposes 
such as for industry, domestic supply etc. would increase 

tremendously.

I hope that this book will help the students and researchers as 

well as the practicing engineers.

Dr. S. L. Mehta

Vice Chancellor
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Preface
The importance of irrigation in attaining and maintaining 

sustainable agricultural production in India need not be 
overemphasized. All over India the importance of providing 
adequante quantities of irrigation water to the crop at the right time is 

now being realized in achieving both higher productivity and stability 
for farming.

Essential to good irrigation management is the management of 
water at the farm level. Proper education must be given to educate 
farmers as to how much, when and how water is to be applied on the 

fields. Farmers need to be educated in better management of 
irrigation water on aspects like aeration, moisture availability, water 
needs, drainage and erosion etc. 

Irrigation Engineering or Irrigation Technology is a subject taught 
beginning undergraduate level.

Between the two authors they have some 70 years of exposure 
as students, researchers and teachers at various levels. Both the 

authors studied Postgraduate level Irrigation Engineering at the 
Indian Institute of Technology, Kharagpur. In addition, under the 
sponsorship of the Ford Foundation Dr. Rao had the benefit of 

studying Irrigation Engineering at Purdue University during 1967-68 
and Water Resources Economics at the International School of 
Development Studies at Colorado State University for a period of 

four months in early 1983. During that time he also studied the field 
irrigation of crops through sprinkler and drip in Arizona, California, 
Colorado and Utah States of the U.S.A.

Besides being the Investigators/Investigators-in-Charge of 
various Research Schemes funded by the Government of India and 

the Ford Foundation, they guided 10 Ph.D. Theses and 70 M.Tech. 
Theses and wrote several research papers.

The text is presented in thirteen chapters including Chapter 1, 
Introduction wherein the importance of irrigation is explained with the 
concept of Conservation Irrigation Water Management. Chapters 2 to 
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8 are devoted to Irrigation Water Resources, Irrigation Water 

Measurement, Irrigation Water Distribution, Soil Physical Properties, 
Irrigation Water Requirements, Irrigation Scheduling and Irrigation 
Efficiencies dealing with the various fundamentals concerning the 

soils and crop water requirements with a few examples. In Chapters 
9, Irrigation Methods are explained. In Chapters 10 to 13, the design 
as well as evaluation of the various irrigation methods, viz., Border 

and Check Basin, Furrow Irrigation, Sprinkler and Drip (or Trickle) 
are given. At first, the terminology and the formulae are given. Then 
the design is explained with the help of worked out examples. Finally 

the evaluation is given with the help of necessary forms for 
evaluation. As will be seen, conscious effort is made to include, 
eventhough in brief, several items of useful information. Thus it is felt 

that the book covers all the preliminary items for a good 
understanding of the subject. At the end are given the references in 
several pages.

The authors are thankful to several authors for the inclusion of 
various materials. Last but not the least, the authors are thankful to 

their families for their affection and encouragement. Dr. Rao 
expresses the help rendered by his elder daughter Miss Y. Usha for 
her help in computer editing of the text.

Dr. Y.P.Rao

Dr. S.R.Bhakar
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About the Book
The text of the book “IRRIGATION TECHNOLOGY : Theory and 

Practice” covers in a concise and yet in a comprehensive manner the 
various aspects of irrigation including the basic soil properties, crop 
water requirements, and both the design as well as evaluation of 

various surface irrigation methods, sprinkler and drip irrigation 
methods. Micro irrigation methods, viz., sprinkler irrigation and drip 
irrigation methods,  have been treated in a greater detail keeping in 

mind their greater importance in the near future when the 
competition for fresh water for various purposes such as for industry, 
domestic supply etc. would increase tremendously.

The text is presented in thirteen chapters. In Chapter 1, 
Introduction, the importance of irrigation is explained with the help of 

the concept of Conservation Irrigation Water Management under four 
sections, viz., What the irrigation engineer should know?, What the 
irrigator should know?, What the planner should know? and 

Preliminary considerations. In Chapter 2, Irrigation Water Resources, 
the importance of water resources in India for sustainable food 
production to meet the demand of food grains of ever-increasing 

population has been explained. Thereafter, Farm Ponds, Dug Wells 
and Tube Wells are dealt with under irrigation water resources. 

In Chapters 3, Irrigation Water Measurement, irrigation water 
measurement in small irrigation streams, field channels and in pipe 
flows are explained. In Chapter 4, Irrigation Water Distribution is 

briefly explained. In Chapter 5, Soil Physical Properties, theories of 
infiltration as well as measurement of infiltration are given. Then the 
determination of field capacity, permanent wilting point, soil moisture 

content and hydraulic conductivity are treated. Most commonly used 
evapotranspiration methods are given in Chapter 6, Irrigatiom Water 
Requirements. In Chapter 7, irrigation Scheduling is dealt with. 

Various irrigation efficiencies are explained with suitable examples in 
Chapter 8, Irrigation Efficiencies.

In Chapters 9, Irrigation Methods, types of irrigation methods and 
their role in better use of irrigation water, factors influencing the 
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selection of irrigation method and design of surface irrigation 

systems are discussed.

In Chapters 10 and 11 surface irrigation methods are given. In 

Chapter 10 the design as well as evaluation of border and check 
basin irrigation methods are explained while in Chapter 11, Furrow 
Irrigation, the design and evaluation of furrow irrigation method is 

explained.

Sprinkler Irrigation and Drip (or Trickle) Irrigation, respectively, 

are given in Chapters 12 and 13. At first, the terminology and the 
formulae are given. Then the design is explained with the help of 
worked out examples. Finally the evaluation is given with the help of 

necessary forms for evaluation.

As will be seen, conscious effort is made to include, though in 

brief, several items of useful information. Thus, it is felt that the book 
covers all the preliminary items for a good understanding of the 
subject. At the end are given several references.
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