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PREFACE

Due to increased agricultural production, irrigated land has increased in
the arid and sub-humid zones around the world. Agriculture has started
to compete for 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 irrigation
methods.
Every day, news on water scarcity appears throughout the world, indicating that government agencies at central/state/local levels, 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 conventional gravity
irrigation systems. I stress the urgent need to implement micro irrigation
systems in water scarcity regions.
Irrigation has been a central feature of agriculture since the start of
civilization and the basis of the economy and society of numerous societies throughout the world. Among all irrigation systems, micro irrigation
has the highest irrigation efficiency and is most efficient. Micro irrigation is sustainable and is one of the best management practices. The water
crisis is getting worse throughout the world, including in the Middle East
and Puerto Rico where I live. We can, therefore, conclude that the problem
of water scarcity is rampant globally, creating the urgent need for water
conservation. The use of micro irrigation systems is expected to result in
water savings, and increased crop yields in terms of volume and quality. The other important benefits of using micro irrigation systems include
expansion in the area under irrigation, water conservation, optimum use of
fertilizers and chemicals through water, and decreased labor costs, among
others. The worldwide population is increasing at a rapid rate, and it is
imperative that food supply keeps pace with this increasing population.
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Preface

Micro irrigation, also known as trickle irrigation or drip irrigation or
localized irrigation 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, tubing, and emitters. It
is done through narrow tubes that deliver water directly to the base of the
plant. It supplies controlled delivery of water directly to individual plants
and can be installed on the soil surface or subsurface. Micro irrigation systems are often used for farms and large gardens but are equally effective in
the home garden or even for houseplants or lawns.
Water and fertigation management are important practices for the success of drip/micro/trickle irrigation. Water management is the activity of
planning, developing, distributing and optimum use of water resources
under defined water policies and regulations. It includes: management of
water treatment of drinking water/industrial water; sewage or wastewater; management of water resources in agriculture; management of flood
protection; management of irrigation; management of the water table; and
management of drainage, etc.
Reuse of wastewater in irrigation is being practiced only recently to
solve water scarcity problems in agriculture. Management of water, soil,
crop and operational procedures, including precautions to protect farm
workers, play an important role in the successful use of sewage effluent for
irrigation. Appropriate water management practices must be followed to
prevent salinization, irrespective of whether the salt content in the wastewater is high or low. If salt is not flushed out of the root zone by leaching
and removed from the soil by effective drainage, salinity problems can
build up rapidly. Leaching and drainage are thus two important water management practices to avoid salinization of soils. One of the options that
may be available to farmers is the blending of treated sewage with conventional sources of water, canal water or ground water, if multiple sources
are available. It is possible that a farmer may have saline ground water
and, if he has non-saline treated wastewater, can blend the two sources to
obtain a blended water of acceptable salinity level. Further, by blending,
the microbial quality of the resulting mixture can be superior to that of
the unblended wastewater. Another strategy is to use the treated wastewater alternately with the canal water or groundwater, instead of blending.

Preface

xix

From the point of view of salinity control, alternate applications of the two
sources will be superior to blending.
Our goal is to improve permanently existing land and soil conditions in
order to make irrigation with wastewater easier. Typical activities include
leveling of land to a given grade, establishing adequate drainage (both
open and sub-surface systems), deep ploughing and leaching to reduce
soil salinity.
The procedures involved in preparing plans for effluent irrigation
schemes are similar to those used in most forms of resource planning
and summarized the main physical, social and economic dimensions
(Appendix K in this book).
Adopting a mix of effluent use strategies is normally advantageous
in respect of allowing greater flexibility, increased financial security and
more efficient use of the wastewater throughout the year, whereas a single-use strategy will give rise to seasonal surpluses of effluent for unproductive disposal. Therefore, in site and crop selection, the desirability of
providing areas for different crops and forestry so as to utilize the effluent
at maximum efficiency over the whole yearly cycle of seasons must be
kept in mind.
Among the soil properties important from the point of view of wastewater application in irrigation are: physical parameters (such as texture,
grading, liquid and plastic limits, etc.), permeability, water-holding capacity, pH, salinity and chemical composition. After elimination of marginal
sites, each site under serious consideration must be investigated by on-site
borings to ascertain the soil profile, soil characteristics and location of the
water table. When a site is developed, a long-term groundwater-monitoring program should be an essential feature of its management.
The degree to which the use of treated effluent influences crop selection will depend on government policy on effluent irrigation, the goals of
the user and the effluent quality. Government policy will have the objectives of minimizing the health risk and influencing the type of productivity associated with effluent irrigation. Regulations must be realistic and
achievable in the context of national and local environmental conditions
and traditions. At the same time, planners of effluent irrigation schemes
must attempt to achieve maximum productivity and water conservation
through the choice of crops and effluent application systems.
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Preface

A multiple-use strategy approach will require the evaluation of viable
combinations of the cropping options possible on the land available. This
will entail a considerable amount of survey and resource budgeting work,
in addition to the necessary soil and water quality assessments. The annual,
monthly and daily water demands of the crops, using the most appropriate
irrigation techniques, have to be determined. Domestic consumption, local
production and imports of the various crops must be assessed so that the
economic potential of effluent irrigation of the various crop combinations
can be estimated. Finally, the crop irrigation demands must be matched
with the available effluent so as to achieve optimum physical and financial
utilization throughout the year.
The mission of this compendium is to serve as a reference manual for
graduate and undergraduate students of agricultural, biological and civil
engineering; horticulture, soil science, crop science and agronomy. I hope
that it will be a valuable reference for professionals who work with micro
irrigation/wastewater and water management and for professional training institutes, technical agricultural centers, irrigation centers, agricultural
extension services, and other agencies that work with micro irrigation
programs.
After my first textbook, Drip/Trickle or Micro Irrigation Management
published by Apple Academic Press Inc., and response from international
readers, I was motivated to bring out for the world community this 10-volume 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 any one
of these. This book series is unique because of its worldwide applicability
to irrigation management in agriculture. This series is a must for those
interested in irrigation planning and management, namely, researchers,
scientists, educators and students.
The contribution by the authors to this book series has been most valuable in the compilation of these volumes. Their names are mentioned in
each chapter and in the list of contributors of each volume. This book
would not have been written without the valuable cooperation of these
investigators, many of whom are renowned scientists who have worked
in the field of micro irrigation throughout their professional careers. I
am glad to introduce Dr. Vinod Kumar Tripathi, Assistant Professor and

