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PREFACE

Due to increased agricultural production, irrigated land has increased in the arid and
subhumid zones around the world. Agriculture has started to compete for the water
use with industries, municipalities and other sectors. This increasing demand along
with increments in water and energy costs have made it necessary to develop new
technologies for the adequate management of water. The intelligent use of water for
crops requires understanding of evapotranspiration processes and use of efficient ir-
rigation methods.

The “http://newindianexpress.com/cities/bangalore/Micro-irrigation-to-be-promot-
ed/2013/08/17/” weblink published an article on the importance of micro irrigation in
India. Every day, similar news appear all-round the world indicating that Government
agencies at central/state/local level, research and educational institutions, industry,
sellers and others are aware of the urgent need to adopt micro irrigation technology
that can have an irrigation efficiency up to 90% compared to 30-40% for the con-
ventional irrigation systems. I here share with the readers the news on 17 August of
2013 by Indian Express Newspaper, “In its efforts to increase the irrigated area by ef-
Sficiently distributing the available water in the Cauvery basin, The Cauvery Neeravari
Nigama Limited (CNNL) is planning to undertake pilot projects on micro irrigation at
Jfour places. The CNNL Managing Director Kapil Mohan said, ‘the Cauvery water dis-
putes tribunal has permitted the state to irrigate up to 18.85 lakh acres of land in the
Cauvery basin. Therefore, we have to judiciously use the available water to increase
the irrigated area. In the conventional irrigation method, a lot of water is required to
irrigate even a small piece of land. Therefore, we are planning to undertake pilot proj-
ects to introduce micro irrigation in four or five places in the Cauvery basin.” Kapil
further said that unless the farmers are willing to embrace micro irrigation, it would
be difficult for the project to succeed. Therefore, the CNNL is holding discussions with
the farmers in different villages of the basin to select the villages in which the project
would be undertaken. The CNNL is also in the process of finalizing the technology that
should be adopted while undertaking the pilot project. ‘If everything goes as planned
we should implement the pilot project within this financial year. If the project yields
the desired result, we will think of extending it to the other areas in the basin,’ Kapil
added. According to the official sources, water would be supplied through micro sprin-
klers instead of canals in the micro irrigation system. Therefore, one can irrigate more
than two acres of land through the system with the water that is used to irrigate one
acre of land in the conventional canal irrigation system.”

Evapotranspiration (ET) is a combination of two processes: evaporation and tran-
spiration. Evaporation is a physical process that involves conversion of liquid water
into water vapor and then into the atmosphere. Evaporation of water into the atmo-
sphere occurs on the surface of rivers, lakes, soils and vegetation. Transpiration is a
physical process that involves flow of liquid water from the soil (root zone) through
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the trunk, branches and surface of leaves through the stomates. An energy gradient is
created during the evaporation of water, which causes the water movement into and
out of the plant stomates. In the majority of green plants, stomates remain open during
the day and stay closed during the night. If the soil is too dry, the stomates will remain
closed during the day in order to slow down the transpiration.

Evaporation, transpiration and ET processes are important for estimating crop wa-
ter requirements and for irrigation scheduling. To determine crop water requirements,
itis necessary to estimate ET by on site measurements or by using meteorological data.
On site measurements are very costly and are mostly employed to calibrate ET meth-
ods using climatological data. There are a number of proposed mathematical equations
that require meteorological data and are used to estimate the ET for periods of one day
or more. Potential ET is the ET from a well-watered crop, which completely covers
the surface. Meteorological processes determine the ET of a crop. Closing of stomates
and reduction in transpiration are usually important only under drought or under stress
conditions of a plant. The ET depends on four factors: (1) climate, (2) vegetation, (3)
water availability in the soil and (4) behavior of stomates. Vegetation affects the ET
in various ways. It affects the ability of the soil surface to reflect light. The vegetation
affects the amount of energy absorbed by the soil surface. Soil properties, including
soil moisture, also affect the amount of energy that flows through the soil. The height
and density of vegetation influence efficiency of the turbulent heat interchange and the
water vapor of the foliage.

Micro irrigation, also known as trickle irrigation or drip irrigation or localized ir-
rigation or high frequency or pressurized irrigation, is an irrigation method that saves
water and fertilizer by allowing water to drip slowly to the roots of plants, either onto
the soil surface or directly onto the root zone, through a network of valves, pipes, tub-
ing, and emitters. It is done through narrow tubes that deliver water directly to the base
of the plant. It is a system of crop irrigation involving the controlled delivery of water
directly to individual plants and can be installed on the soil surface or subsurface.
Micro irrigation systems are often used in farms and large gardens, but are equally ef-
fective in the home garden or even for houseplants or lawns. They are easily customiz-
able and can be set up even by inexperienced gardeners. Putting a drip system into the
garden is a great do-it-yourself project that will ultimately save the time and help the
plants grow. It is equally used in landscaping and in green cities.

The mission of this compendium is to serve as a text book or a reference manual
for graduate and under graduate students of agricultural, biological and civil engi-
neering; horticulture, soil science, crop science and agronomy. I hope that it will be a
valuable reference for professionals that work with micro irrigation and water man-
agement; for professional training institutes, technical agricultural centers, irrigation
centers, Agricultural Extension Service, and other agencies that work with micro ir-
rigation programs.

After my first textbook on Drip/Trickle or Micro Irrigation Management by Apple
Academic Press Inc. and response from international readers, I was motivated to bring
out for the world community this series on Research Advances in Sustainable Micro
Irrigation. This book series will complement other books on micro irrigation that are
currently available on the market, and my intention is not to replace anyone of these.
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This book series is unique because it is complete and simple, a one stop manual, with
worldwide applicability to irrigation management in agriculture. Its coverage of the
field of micro irrigation includes, historical review; current status and potential; ba-
sic principles and applications; research results for vegetable/row/tree crops; research
studies from Chile, Colombia, Egypt, India, Mexico, Puerto Rico, Saudi Arabia, Spain,
and U.S.A.; research results on simulation of micro irrigation and wetting patterns;
development of software for micro irrigation design; micro irrigation for small farms
and marginal farmers; studies related to agronomical crops in arid, humid, semiarid,
and tropical climates; and methods and techniques that can be easily applied to other
locations (not included in this book). This book offers basic principles, knowledge and
techniques of micro irrigation management, that are necessary to understand before
designing/developing and evaluating an agricultural irrigation management system.
This book is a must for those interested in irrigation planning and management, name-
ly, researchers, scientists, educators and students.

Volume 1 in this book series is titled Sustainable Micro Irrigation: Principles and
Practices, and includes 16 chapters.

Volume 2 in this book series is titled Sustainable Practies in Surface and Subsur-
Jface Micro Irrigation, and includes 16 chapters consisting of: Wetting Pattern Simula-
tion of Subsurface Micro Irrigation: Part I, Model Development by M.N. El-nesr, S.M.
Ismail, TK. Zien El-Abedin, and M.A. Wassif; Wetting Pattern Simulation of Subsur-
face Micro Irrigation: Part II, Model Validation by M.N. El-nesr, S.M. Ismail, TK.
Zien El-Abedin, and M.A. Wassif; Micro Irrigation in Egyptian Sandy Soil: Hydraulic
Barrier Technique by M.N. El-nesr, S.M. Ismail, TK. Zien El-Abedin, and M.A. Was-
sif; Micro irrigation Design using MicroCAD by M.N. El-nesr, S.M. Ismail, TK. Zien
El-Abedin, and M.A. Wassif; Subsurface Drip Irrigation in Australia: Vegetables by
Viola Devasirvatham; Mechanics of Clogging in Microirrigation System by Vishal
keshavrao Chavan, P. Balakrishnan, Santosh Deshmukh, and M.B. Nagdeve; Water
Movement in Drip Irrigated Sandy Soils by Eric Simonne, Aparna Gazula, Robert
Hochmuth, and Jim DeValerio; Crop Coefficients: Trickle Irrigated Common Beans
by Victor H. Ramirez Builes, Evic W. Harmsen and Timothy G. Porch; Water Require-
ments for Papaya on a Mollisol Soil by Ricardo Goenaga, Edmundo Rivera, and Car-
los Almodovar; Water Requirements for Tanier (Xanthosoma spp.) by Ricardo Goe-
naga; Water Requirements for Tanier (Xanthosoma spp.) on a Mollisol Soil by Ricardo
Goenaga; Water Requirements for Banana on a Mollisol Soil by Ricardo Goenaga,
and Heber Irizarry; Water Requirements for Banana on an Oxisol Soil by Ricardo
Goenaga, and Heber Irizarry; Water Requirements for Plantains on a Mollisol Soil
by Ricardo Goenaga, Heber Irizarry, and Eladio Gonzalez; Drip Irrigation Manage-
ment: Plantain and Banana by Ricardo Goenaga, Heber Irizarry, Bruce Coleman and
Eulalio Ortiz; Biometric Response of Eggplant under Sustainable Micro Irrigation
with Municipal Wastewater Vinod Kumar Tripathi, T.B.S. Rajput, Neelam Patel, and
Pradeep Kumar, and Appendices.

Volume 3 in this book series is titled Sustainable Micro Irrigation Management
for Trees and Vines.

Volume 4 in this book series is titled Management, Performance, and Applica-
tions of Micro Irrigation.
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The contribution by all cooperating authors to this book series has been most valu-
able in the compilation of this three-volume compendium. Their names are mentioned
in each chapter. This book would not have been written without the valuable coopera-
tion of these investigators, many of them are renowned scientists who have worked in
the field of evapotranspiration throughout their professional careers.

I would like to thank the editorial staff, Sandy Jones Sickels, Vice President,
and Ashish Kumar, Publisher and President at Apple Academic Press, Inc., (http://
appleacademicpress.com) for making every effort to publish the book when the di-
minishing water resources is a major issue worldwide. Special thanks are due to the
AAP Production Staff for typesetting the entire manuscript and for the quality produc-
tion of this book. We request the reader to offer us your constructive suggestions that
may help to improve the next edition. The reader can order a copy of this book for
the library, the institute or for a gift from CRC Press (Taylor & Francis Group), 6000
Broken Sound Parkway, NW Suite 300, Boca Raton, FL, 33487, USA; Tel.: 800-272-
7737 or search at Weblink: http://www.crcpress.com.

I express my deep admiration to my family for understanding and collaboration
during the preparation of this three volume book series. With our whole heart and best
affection, I dedicate this book series to my wife, Subhadra Devi Goyal, who has sup-
ported me during the last 44 years. We both have been trickling on to add our drop to
the ocean of service to the world of humanity. Without her patience and dedication, I
would not have been a teacher with vocation and zeal for service to others. I present
here the Hymn on Micro Irrigation by my students. As an educator, there is a piece of
advice to one and all in the world: “Permit that our almighty God, our Creator and
excellent Teacher, irrigate the life with His Grace of rain trickle by trickle, because our
life must continue trickling on...”

—Megh R. Goyal, PhD, PE, Senior Editor-in-Chief
July 14,2014



FOREWORD

Since 1978, I have been a research assistant at Agricultural Experiment Substation —
Juana Diaz, soil scientist, Chairman of Department of Agronomy and Soils in the Col-
lege of Agricultural Sciences at the University of Puerto Rico — Mayaguez Campus;
and President of University of Puerto Rico (February 2011 to June 2013). I was also
an Under-Secretary (1993—-1997) and Secretary of the Puerto Rico Agriculture Depart-
ment (1997-2000). I am privileged to write a foreword for Goyal’s three volume book
series that is titled Micro Irrigation Research Advances and Applications.

I have known Dr. Megh R. Goyal since 1st of October of 1979 when he came from
Columbus — Ohio (later I went to study at the OSU to complete my MSc and PhD
in Soil Fertility during 1981-1988) to Puerto Rico with his wife and three children.
According to his oral story, he had job offers from Texas A&M, Kenya — Nigeria,
University of Guelph and my university. He accepted the lowest paid job in Puerto
Rico. When I asked why he did so. His straight-forward reply was challenges in drip
irrigation offered by this job. With no knowledge of Spanish, Megh survived. He also
started learning Spanish language and tasting Puerto Rican food (of course no meat, as
he with his family is vegetarian till today).

Within four months of his arrival in Puerto Rico, first drip irrigation system in our
university for research on water requirements of vegetable crops was in action. Soon,
he formed State Drip Irrigation Committee consisting of experts from university, sup-
pliers and farmers. He published his first 22-page Spanish publication titled, “Ten-
siometers: Use, service and maintenance for drip irrigation.” Soon, he would have
graduate students for their MSc research from our College of Agricultural Sciences.
I saw him working in the field and laboratory hand in hand with his students. These
students would later collaborate with Megh to produce a Spanish book on Drip Irriga-
tion Management in 1990. I have personally read this book and have found that it can
be easily adopted by different groups of readers with a high school diploma or a PhD
degree: farmers, technicians, agronomists, drip irrigation suppliers and designers, ex-
tension workers, scientists. Great contribution for Spanish speaking users!

Megh is a fluent writer. His research studies and results started giving fruits with at
least one peer-reviewed publication on drip irrigation per month. Soon, our university
researchers will have available basic information on drip irrigation in vegetable and
tree crops so that they could design their field experiments. Megh produced research
publications not only on different aspects of drip irrigation, but also on crop evapo-
transpiration estimations, crop coefficients, agroclimatic data, crop water require-
ments, etc. I had a chance to review his two latest books by Apple Academic Press
Inc.: Management of Drip/Trickle or Micro Irrigation, published (2013) and Evapo-
transpiration: Research Advances and Applications for Water Management, (2014)
and wrote a foreword for both books. I am impressed with professional organization
of the contents in each book that indicates his relationship with the world educational
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community. Now he has written three - volume series on “Research Advances in Sus-
tainable Micro Irrigation,” that is due for out of press in the middle of next year. My
appreciation to Megh for his good work and contribution on micro irrigation; and for
this he will always be remembered among the educational fraternity today, tomorrow
and forever.

Conventional irrigation systems, such as gravity irrigation and flooding tend to
waste water as large quantities are supplied to the field in one go, most of which just
flows over the crop and runs away without being taken up by the plants. Micro irriga-
tion keeps the water demand to a minimum. It has been driven by commercial farm-
ers in arid regions of the United States of America and Israel in farming areas where
water is scarce. Micro irrigation, also known as trickle irrigation or drip irrigation or
pressurized irrigation, saves water and fertilizer by allowing water to drip slowly to
the roots of plants, either onto the soil surface or directly near the root zone, through
a network of valves, pipes, tubing, and emitters. It is done through narrow tubes that
deliver water directly to the base of the plant. Primitive drip irrigation has been used
since ancient times.

Ancient Methods: Centuries ago in the Middle East, farmers developed an effi-
cient way of irrigating trees in desert soil with a minimum of water. If poured directly
on the ground, much water flows away from the plant and seeps beyond the reach of
the roots. To control the flow of water, farmers buried special unglazed pots near the
trees and periodically filled them with water. The water seeped through the clay walls
slowly, creating a pocket of wet soil around the tree. Trees grew as well with the pot
method as in orchards watered by trench irrigation.

Clay Pipes: Predecessors of today’s drip irrigation systems included experiments
with unglazed clay pipe systems in Afghanistan in the late 1800s. Research conducted
by E. B. House at Colorado State University in 1913 showed that slow irrigation could
target the root zone of plants. In Germany during the 1920s, researchers devised con-
trolled irrigation systems based on perforated pipe. None of these systems proved as
efficient as modern drip irrigation technology.

Plastics: In the 1950s, plastics molding techniques and cheap polyethylene tubing
made micro irrigation systems possible for the first time. Though researchers in both
England and France experimented with controlled irrigation, the greatest advance-
ments came from the work of a retired British Water Agency employee—Symcha
Blass. In Israel, Blass found inspiration in a dripping faucet near a thriving tree and
applied his knowledge of microtubing to an improved drip method. The Blass system
overcame clogging of low volume water emitters by adding wider and longer pas-
sageways or labyrinths to the tubing. Patented in 1959 in partnership with Kibbutz
Harzerim in Israel, the Blass emitter became the first efficient drip irrigation method.

Expansion: By the late 1960s, many farmers in Americas and Australia shifted
to this new drip irrigation technology. Typical water consumption decreased from 30
percent to 50 percent. In the 1980s, drip irrigation saw use in commercial landscap-
ing applications. Because the drip irrigation emitter technology focused water below
ground in the root zone, these systems saved labor costs by reducing weed growth.
With drip systems yards and gardens flourished without sprinklers or manual watering.
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Plantations: One of drip irrigation’s bigger success stories involves the sugar plan-
tations of Hawaii. Sugar cane fields require irrigation for two years before harvesting,
and in Hawaii, the hillside fields make ditch irrigation impractical. Producers aban-
doned sprinkler systems in favor of the low-flow drip irrigation methods—a conver-
sion which took 16 years. In 1986, 11 sugar plantations in Hawaii had completely
shifted to drip irrigation. One plantation spanned 37,000 acres of drip-irrigated sugar
cane fields. The total cost of the conversion reached $30 million. Typically, these com-
mercial irrigation systems consist of a surface or buried pipe distribution network
using emitters supplying water directly to the soil at regular intervals along the pipe-
work. They can be permanent or portable.

Many parts of the world are now using micro irrigation technology. The systems
used by large commercial companies are generally quite complex with an emphasis on
reducing the amount of labor involved. Small-scale farmers in developing countries
have been reluctant to take up micro irrigation methods due to the initial high invest-
ment required for the equipment.

Today, drip irrigation is used by farms, commercial greenhouses, and residential
gardeners. Drip irrigation is adopted extensively in areas of acute water scarcity and
especially for crops such as coconuts, containerized landscape trees, grapes, bananas,
berries, eggplant, citrus, strawberries, sugarcane, cotton, maize, and tomatoes.

Properly designed, installed, and managed, drip irrigation may help achieve wa-
ter conservation by reducing evaporation and deep drainage when compared to other
types of irrigation such as flood or overhead sprinklers since water can be more pre-
cisely applied to the plant roots. Some advantages of drip irrigation system are: Fertil-
izer and nutrient loss is minimized due to localized application and reduced leaching;
water application efficiency is high; field leveling is not necessary; fields with irregu-
lar shapes are easily accommodated; recycled nonpotable water can be safely used;
moisture within the root zone can be maintained at field capacity; soil type plays less
important role in frequency of irrigation; soil erosion is minimized; weed growth is
minimized; water distribution is highly uniform, controlled by output of each nozzle;
labor cost is less than other irrigation methods; variation in supply can be regulated
by regulating the valves and drippers; fertigation can easily be included with minimal
waste of fertilizers; foliage remains dry, reducing the risk of disease; usually operated
at lower pressure than other types of pressurized irrigation, reducing energy costs.

The disadvantages of drip irrigation are: Initial cost can be more than overhead
systems; the sun can affect the tubes used for drip irrigation, shortening their usable
life; if the water is not properly filtered and the equipment not properly maintained,
it can result in clogging; drip irrigation might be unsatisfactory if herbicides or top
dressed fertilizers need sprinkler irrigation for activation; drip tape causes extra clean-
up costs after harvest; and users need to plan for drip tape winding, disposal, recycling
or reuse; waste of water, time and harvest, if not installed properly; highly technical;
in lighter soils subsurface drip may be unable to wet the soil surface for germination;
requires careful consideration of the installation depth; and the PVC pipes often suffer
from rodent damage, requiring replacement of the entire tube and increasing expenses.

Modern drip irrigation has arguably become the world’s most valued innovation
in agriculture. Drip irrigation may also use devices called microspray heads, which
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spray water in a small area, instead of emitters. These are generally used on tree and
vine crops with wider root zones. Subsurface drip irrigation (SDI) uses permanently
or temporarily buried dripper-line or drip tape located at or below the plant roots. It
is becoming popular for row crop irrigation, especially in areas where water supplies
are limited or recycled water is used for irrigation. Careful study of all the relevant
factors like land topography, soil, water, crop and agro-climatic conditions are needed
to determine the most suitable drip irrigation system and components to be used in a
specific installation.

The main purpose of drip irrigation is to reduce the water consumption by reduc-
ing the leaching factor. However, when the available water is of high salinity or alka-
linity, the field soil becomes gradually unsuitable for cultivation due to high salinity
or poor infiltration of the soil. Thus drip irrigation converts fields in to fallow lands
when natural leaching by rain water is not adequate in semiarid and arid regions. Most
drip systems are designed for high efficiency, meaning little or no leaching fraction.
Without sufficient leaching, salts applied with the irrigation water may build up in the
root zone, usually at the edge of the wetting pattern. On the other hand, drip irrigation
avoids the high capillary potential of traditional surface-applied irrigation, which can
draw salt deposits up from deposits below.

This three-volume compendium brings academia, researchers, suppliers and in-
dustry partners together to present micro irrigation technology to partially solve water
scarcity problems in agriculture sector. The compendium includes key aspects of mi-
cro irrigation principles and applications. I find it user-friendly and easy-to-read and
recommend being to be on shelf of each library. My hats high to Apple Academic Press
Inc. and Dr. Megh R. Goyal, my longtime colleague.

Miguel A Muiioz-Muiioz, PhD

Ex-President of University of Puerto Rico, USA
Professor and Soil Scientist

University of Puerto Rico — Mayaguez Campus
Call Box 9000

Mayaguez, P.R., 00681-9000, USA

Email: miguel. munoz3@upr.edu

June 14, 2014
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With only a small portion of cultivated area under irrigation and with the scope of the
additional area that can be brought under irrigation, it is clear that the most critical
input for agriculture today is water. It is important that all available supplies of water
should be used intelligently to the best possible advantage. Recent research around the
world has shown that the yields per unit quantity of water can be increased if the fields
are properly leveled, the water requirements of the crops as well as the characteristics
of the soil are known, and the correct methods of irrigation are followed. Significant
gains can also be made if the cropping patterns are changed so as to minimize storage
during the hot summer months when evaporation losses are high, if seepage losses
during conveyance are reduced, and if water is applied at critical times when it is most
useful for plant growth.

Irrigation is mentioned in the Holy Bible and in the old documents of Syria, Per-
sia, India, China, Java, and Italy. The importance of irrigation in our times has been
defined appropriately by N.D Gulati: “In many countries irrigation is an old art, as
much as the civilization, but for humanity it is a science, the one to survive.” The
need for additional food for the world’s population has spurred rapid development of
irrigated land throughout the world. Vitally important in arid regions, irrigation is also
an important improvement in many circumstances in humid regions. Unfortunately,
often less than half the water applied is used by the crop — irrigation water may be lost
through runoff, which may also cause damaging soil erosion, deep percolation beyond
that required for leaching to maintain a favorable salt balance. New irrigation systems,
design and selection techniques are continually being developed and examined in an
effort to obtain high practically attainable efficiency of water application.

The main objective of irrigation is to provide plants with sufficient water to pre-
vent stress that may reduce the yield. The frequency and quantity of water depends
upon local climatic conditions, crop and stage of growth, and soil-moisture-plant char-
acteristics. Need for irrigation can be determined in several ways that do not require
knowledge of evapotranspiration (ET) rates. One way is to observe crop indicators
such as change of color or leaf angle, but this information may appear too late to avoid
reduction in the crop yield or quality. Other similar methods of scheduling include
determination of the plant water stress, soil moisture status, or soil water potential.
Methods of estimating crop water requirements using ET and combined with soil char-
acteristics have the advantage of not only being useful in determining when to irrigate,
but also enables us to know the quantity of water needed. ET estimates have not been
made for the developing countries though basic information on weather data is avail-
able. This has contributed to one of the existing problems that the vegetable crops are
over irrigated and tree crops are under irrigated.

Water supply in the world is dwindling because of luxury use of sources; compe-
tition for domestic, municipal, and industrial demands; declining water quality; and
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losses through seepage, runoff, and evaporation. Water rather than land is one of the
limiting factors in our goal for self-sufficiency in agriculture. Intelligent use of water
will avoid problem of sea water seeping into aquifers. Introduction of new irriga-
tion methods has encouraged marginal farmers to adopt these methods without taking
into consideration economic benefits of conventional, overhead, and drip irrigation
systems. What is important is “net in the pocket” under limited available resources.
Irrigation of crops in tropics requires appropriately tailored working principles for
the effective use of all resources peculiar to the local conditions. Irrigation methods
include border-, furrow-, subsurface-, sprinkler-, sprinkler, micro, and drip/trickle, and
xylem irrigation.

Drip irrigation is an application of water in combination with fertilizers within
the vicinity of plant root in predetermined quantities at a specified time interval. The
application of water is by means of drippers, which are located at desired spacing on
a lateral line. The emitted water moves due to an unsaturated soil. Thus, favorable
conditions of soil moisture in the root zone are maintained. This causes an optimum
development of the crop. Drip/micro or trickle irrigation is convenient for vineyards,
tree orchards, and row crops. The principal limitation is the high initial cost of the sys-
tem that can be very high for crops with very narrow planting distances. Forage crops
may not be irrigated economically with drip irrigation. Drip irrigation is adaptable for
almost all soils. In very fine textured soils, the intensity of water application can cause
problems of aeration. In heavy soils, the lateral movement of the water is limited, thus
more emitters per plant are needed to wet the desired area. With adequate design, use
of pressure compensating drippers and pressure regulating valves, drip irrigation can
be adapted to almost any topography. In some areas, drip irrigation is used success-
fully on steep slopes. In subsurface drip irrigation, laterals with drippers are buried at
about 45 cm depth, with an objective to avoid the costs of transportation, installation,
and dismantling of the system at the end of a crop. When it is located permanently, it
does not harm the crop and solve the problem of installation and annual or periodic
movement of the laterals. A carefully installed system can last for about 10 years.

The publication of this book series and this volume is an indication that things are
beginning to change, that we are beginning to realize the importance of water con-
servation to minimize the hunger. It is hoped that the publisher will produce similar
materials in other languages.

In providing this resource in micro irrigation, Megh Raj Goyal, as well as the
Apple Academic Press, are rendering an important service to the farmers, and above
all to the poor marginal farmers. Dr. Goyal, Father of Irrigation Engineering in Puerto
Rico, has done an unselfish job in the presentation of this compendium that is simple
and thorough. I have known Megh Raj since 1973 when we were working together at
Haryana Agricultural University on an ICAR research project in “Cotton Mechaniza-
tion in India.”
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FOREWORD

In the world, water resources are abundant. The available fresh water is sufficient
even if the world population is increased by four times the present population, that is,
about 25 billion. The total water present in the earth is about 1.41 billion Km?*of which
97.5% is brackish and only about 2.5% is fresh water. Out of 2.5% of fresh water,
87% is in ice caps or glaciers, in the ground or deep inside the earth. According to Dr.
Serageldin, 22 of the world’s countries have renewable water supply of less than 1000
cubic meter per person per year. The World Bank estimates that by the year 2025, one
person in three in other words 3.25 billion people in 52 countries will live in condi-
tions of water shortage. In the last two centuries (1800-2000) the irrigated area in the
world has increased from 8 million-ha to 260 million-ha for producing the required
food for the growing population. At the same time, the demand of water for drinking
and industries has increased tremendously. The amount of water used for agriculture,
drinking, and industries in developed countries are 50% in each and in developing
countries it is 90% and 10%, respectively. The average quantity of water is about 69%
for agriculture and 31% for other purposes. Water scarcity is now the single threat to
global food production. To overcome the problem, there is a compulsion to use the
water efficiently and at the same time increase the productivity from unit area. It will
involve spreading the whole spectrum of water thrifty technologies that enable farmers
to get more crops per drop of water. This can be achieved only by introducing drip/
trickle/micro irrigation in large scale throughout the world.

Micro irrigation is a method of irrigation with high frequency application of water
in and around the root zone of plant (crop) and consists of a network of pipes with suit-
able emitting devices. It is suitable for all crops except rice especially for widely spaced
horticultural crops. It can be extended to wastelands, hilly areas, coastal sandy belts,
water scarcity areas, semi arid zones, and well-irrigated lands. By using micro irrigation,
the water saving compared to conventional surface irrigation is about 40-60% and the
yield can be increased up to 100%. The overall irrigation efficiency is 30-40% for sur-
face irrigation, 60-70% for sprinkler irrigation, and 85-95% for micro irrigation. Apart
from this, one has the advantage of saving of costs related to labor and fertilizer, and
weed control. The studies conducted and information gathered from various farmers in
India has revealed that micro irrigation is technically feasible, economically viable, and
socially acceptable. Since the allotment of water is going to be reduced for agriculture,
there is a compulsion to change the irrigation method to provide more area under irriga-
tion and to increase the required food for the growing population.

The farmers in the developing countries are poor and hence it is not possible for
them to adopt/install the micro irrigation with fertigation though it is economically vi-
able and profitable. In Tamil Nadu — India, the number of marginal farmers (holding less
than 1.0 hectare) and small farmers (holding 1 to 2 ha) has increased from 50,76,915 in
1967-1968 to 71,84,940 in 1995-1996 and area owned by them has also decreased in
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the same period from 0.63 ha to 0.55 ha. In addition, the small farmers category is about
89.68% in 1995-1996 of the total farmers in the state. At the same time if micro irriga-
tion is used in all crops, yield can be increased and water saving will be 50%. In the case
of sugarcane crop, the yield can be increased to 250 tons/ha from the present average
yield of 100 tons/ha, which is highest at present in India. Therefore, to popularize the
micro irrigation system among this group of farmers, more books like this, not only in
English but also in the respective national languages, should be published.

Volumes 1 and 2 in this book series cover micro irrigation status and potentials, re-
views of the system, principles of micro irrigation, the experience of micro irrigation in
desert region—mainly in the Middle East, and application in the field for various crops,
especially in water requirements, like banana, papaya, plantations, tanier, etc. The chap-
ters are written by experienced scientists from various parts of the world bringing their
findings, which will be useful for all the micro irrigation farmers in the world in the com-
ing years. I must congratulate Dr. Goyal for taking trouble in contacting and collecting
papers from experts on their subjects and publishing nicely in a short time.

Professor Megh R. Goyal is a reputed agricultural engineer in the world and has wide
knowledge and experience in soil and water conservation engineering, particularly mi-
cro irrigation. After a big success for his first book titled, Management of Drip/Trickle or
Micro Irrigation by Apple Academic Press Inc., this compendium is unique. Dr Goyal,
Senior Editor-in-Chief of this book series, has taken into account the fate of marginal
farmers and is thus serving the poor. He has contacted/consulted many experts who are
involved in the subject matter to bring the experience and knowledge about micro irriga-
tion to this book. He has also given many figures, illustrations and tables to understand
the subject. I congratulate the author for writing this valuable book series. The informa-
tion provided in this book series will go a long way in bringing micro irrigation the world
especially in water scarcity countries. On behalf of Indian scientists and agricultural
engineers on micro irrigation, I am indebted to Dr. Megh R. Goyal and Apple Academic
Press for undertaking this project.

Professor (Dr.) R. K. Sivanappan,

Email: sivanappan@hotmail.com

Former Dean-cum-Professor of College of Agricultural
Engineering and Founding Director of Water Technology
Centre at Tamil Nadu Agricultural University [TAMU],
Coimbatore — India. Ex-member of Tamil Nadu State
Planning Commission (2005-2006).

Father of Micro irrigation in India as mentioned by Mrs.
Sandra Postel in her book Pillar of Sand — Can the
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Irrigation Miracle Last by W. W. Norton and Company — June 14, 2014
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— Sweden; and conferment of the honorary DSc degree by the
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The micro irrigation system, more commonly known as the drip irrigation system,
was one of the greatest advancements in irrigation system technology developed over
the past half century. The system delivers water directly to individual vines or to plant
rows as needed for transpiration. The system tubing may be attached to vines, placed
on or buried below the soil surface.

This book, written by experienced