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PREFACE

India's agriculture sector consumers over 90 per cent of the total
water resources yet the full potential of irrigation has not been achieved
with increasing demand from other sectors and need to augment food
production, efficient ways to the water resources are being work out.

India draws 80 percent of its irrigation water from ground water
which often Leads to drying up of wells and crates groundwater
shortages. Experts have cautioned that the entire replenishable ground
water of the world could be utilized by 2025 AD.

Due to lack of adequate storage and related infrastructure, around 48
per cent of the rainfall ends up in the rivers due to lack of storage and
related infrastructure.

While efforts are being made to store the runaway water to rivers,
there are studies which say, that the rivers themselves are drying up due
to climate changes. A recent study of 900 rivers in the world has found
that the Ganga is one of the world's rapidly shrinking rivers.

Despite the constraints and problems associated with the scarce
water resource the irrigation potential of India has been increasing over
the years. The irrigation potential created up to the beginning of the first
year plan was only 23 million hectares which has increased to 103
hectares by end of the tenth plan.

The 11th plan envisages creation of an additional potential of 16
million hectares at an estimated required out lay of about 2,10,000 crore
rupees. Since irrigation is a state subject, most of this amount has been
earmarked for financing by states and an analysis of states own
preliminary 11th plan allocations shows that this might actually be
exceed.

Irrigation, is one of the important inputs of agriculture, has
experienced a steedy decline in public investment in irrigation over the
years. A large number of irrigation related projects are facing financial
constraints and the investments already made in these projects are new
treated as ““sunk investments". It is estimated that there were 171 major,
259 medium and 72 Extension, renovation and modernisation (ERM)
ongoing irrigation projects in the country at the end of 8th five year plan.
These projects need timely completion through prioritization of execution
of projects and effective and adequate resource allocation. The effort
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under "Bharat Nirman" is, therefore, directed towards identifying all
such projects and targeting their completion. The government has already
identified major and medium irrigation projects covering four million
hectares as well as minor irrigation projects covering 2.8 million hectares.

In the conventional irrigation methods like flooding, border, furrow
methods as irrigation, the opportune time for infiltration of water is more
at one end where irrigation started and less at another end, leading to
more water intake at another end. In drip irrigation system, distribution
water in all directions of the field is uniform as the opportune time is
same for the entire field.

The micro irrigation technology is yet to become popular in India. It
was introduced in the 1980s. It aims at water conservation. It is the most
important instrument to bring down the severity of drought.

Water co-operative societies have promising future in the command
area of irrigation projects of all kinds. It offers ideal solution of the rather
complex problems as distribution of irrigation water on the basis of
equity. It also makes easy introduction as the discipline of rotational
water distribution and sale of water in bulk on volumetric basis. Water
co-operatives should be encouraged to grow very fast and in great number
with a view to optimize the benefits of irrigation projects and there by
increase the rate of overall status of social life and economic prospects
from good to better and best in days to come.

The key strategy to the irrigation component of the Bharat Nirman
also seeks to reduce the gap in the creation and utilisation of irrigation
potential. For this, it proposes to restore and utilize irrigation potential of
one million hectares in rough extension, renovation and modernisation of
the existing schemes and by introducing more efficient water
management practices in the irrigation command areas.

I, Dr. S.B. Verma, articulate my deep sense of gratitude to my father,
late Baban Pd. Srivastava, Mother Late Mrs. Lalmuni; as well as my wife
Dr. Hema Verma. who although are not alive today but their invisible
soul always inspired me to reach this venture.

The Editor cum Anthologist, Dr. S.B. Verma, is thankful to 'Yojana'
Kurukshetra, Employment News and so on for giving their permission to
reprint the articles published by them.

Sawalia Bihari Verma
Arvind Kumar Shrivastawa
Jeebu Kumar Jha

Place - Shivpuri, Muzaffarpur (Bihar)



CONTRIBUTORS

A. Gayathri
Assistant Professor in Economics,
Distance education,
Annamalai University
Annamalai Nagar, Tamil Nadu

Altaf Hussain
Researcher, University of
Agriculture Science and
Technology, Soil Sciences Division,
Srinagar, Jammu and Kashmir.

Amod K. Thakur
Water Technology, Centre for
Eastern Region
Chandrasekharpur,
Buhbneshwar.

Arpita Sharma
UGC-JRF in Agricultural
Communication, G.B. Pant
University of Agriculture &
Technology, Pantnagar

B. Chandra Sekhar
Divisional Forest Officer,
DWWM, Anantapur

B. Hemalatha
Central Research Institute for
Dryland Agriculture
Santoshnagar, Hyderabad

B. Venktateshwarlu
Central Research Institute for
Dryland Agriculture, Hyderabad

Dhurjati Mukherjee
Freelance Writer, Kolkata

Deepa Kylasam Iyer
Editor, Web Portal based in Peris
for the people of Indian Origin

Dinesh Kumar
Senior Scientist in Agronomy,
Indian Agriculture Institute,
New Delhi

Dr. Achelladurai
Reader in Economics, Adityanagar
College of Arts and Science
Tiruchendry, Tamil Nadu.

Dr. Amrit Patel
Ex. Deputy General Manager,
Bank of Baroda.

Dr. Anita Modi
Head Deptt. of Economics, GSS
Girls PG College, Chirawa.

Dr. Anshu Rahal
Assistant Professor in Animal
Nutrition, College of Veterinary
and Animal Science, G.B. Pant
University of Agriculture and
Technology, Pantnagar

Dr. B. Manihar Sharma
Professor of Life Science,
Manipur University, Imphal.

Dr. Gopal Kalkoti
Professor of Business Economics
Vice Principal and Member Board
of Studies,
Mumbai

Dr. Harender Raj Gautam
Scientists, Deptt. of Mycology and
Plant pathology. Dr Y.S. Parmar
University of Horticulture and
Forestry, Nauni,

Solan, Himachal Pradesh.



vl

Dr. K. Srinivasa Rao
Deptt. of Commerce Vivek vardhini
College of P.G. Studies, Jambagh
Koti, Hyderabad

Dr. L. Rathakrishnan
Professor of RIM
Gandhigram Rural Institute,
Gandhigram

Dr. Manasmani Dev Goswami
Engineer, Water Resource,
Govt. of Assam.

Dr. N.T. Somashekaraiah
Head, Deptt. of Economics, Govt.
First Grade College,
Channarayapatna.

Dr. P. Jayashree
Associate Professor, Deptt. of DOS
in Geography, University of
Masore, Masore.

Dr. R.S. Sapehia
Scientist, Deptt. of Soil Science, Dr.
Y.S. Parmar University of

Horticulture and Forestry, Solan,
H.P.

Dr. Ramu
Project coordinator,
Deptt. of Geography,
Maharaja's College, Mysore

Dr. S. Manicham
Professor of Economics,
Manonmaniam Sundaranar
University, Tirunelveli

Dr. Yashbir Singh Shivay
Scientist in Agronomy, Indian
Agricultural Research Institute,
New Delhi.

Dr. Ajay Kumar
Lecturer in Commerce
Dr. J.M. College, Muzaffarpur
BRA Bihar University,
Muzaffarpur (Bihar)

Irrigation Resources

Dr. Jeebu Kumar Jha
Government Inter College,
(Zila School), Muzaffarpur &
Principal, Santiniketan Senior
Secondary School, Muzaffarpur

Dr. Sanjeet Kumar Gupta
Associate Professor
University Deptt. of Commerce and
Coordinator, NSS programme
DDU Gorakhpur University
Gorakhpur (U.P.)

Dr. Satish Kumar Arya
Lecturer in Commerce
RLGY College, Muzaffarpur (Bih.)

Dr. A.M. Michael
Professor and Project Director
Water Technology Centre, IARI
New Delhi &
Director, IARI, New Delhi
Vice Chancellor, Kerala
Agriculture University, Trichur

D.K. Singh
Indian Institute of Vegetable
Research, Shahan Shapura,
Jakkeni, Varanasi

R.M. Singh
Deptt. of Farm Engineering
Institute of Agriculture Sciences
Banaras Hindu University,
Varanasi

Mihir Shah
Member, Planning Commission,
National Advisory Council
Portfolio of Water Resources

Francis Kuriakose
Assistant Professor in Commerce
and Management,
M.I. College, University of Kerala
Thiruvananthapuram

G. Sheshagiri S. Subhash
Researcher, IIT. Mumbai

I. Satya Sundaram
Research Director in Economics
Machilipatnam, Andhra Pradesh.



Contributors

Jaya Chaterji
Senior Project Officer, India
Sanada Environment Faculty,
Vasant Bihar, New Delhi.

K. Govindappa
Professor, S.K. University,
Anantapur.

K. Perumalammal

Professor of Economics, Alagappa
Got. Arts College, Kalikudi.

K. Ravi Kumar
IAS Officer in Jharkhand

K. Srinivasulu
Scientist, Regional Agriculture
Research Station,
Guntur, Andhra Pradesh

K. Srivani
Assistant Professor in Economics,
Karimnagar, Warangal

K.G. Suresh
Special Correspondent PTI,
Freelance, Journalist.

K.K. Tripathy
Indian Economic Service, Project
Manager, planning commission,
New Delhi.

K.N. Tiwary
Ex. Director, International plant
Nutrition Institute, India

K.P. Manzoor
Assistant Professor in Economics,
Irshadiya College,
Calicut, Kerala

M. Adinarayana
Scientist, Regional Agriculture
Research Station,
Guntur, Andhra Pradesh.

M. Lathika
Department of Economics, NSS
College for Women,
Thiruvananthapuram.

Vil

Nivedita Thapliyal
Social Worker and Researcher
in the Deptt. of Social Work
University of Delhi
Delhi

P. Veerachamy
Assistant Professor in Economics,
Distance Education,
Annamalai University
Annamalai Nagar, Tamil Nadu

Prof. Sawalia Bihari Verma
Professor of Commerce,
SNS College, Muzaffarpur
BRA Bihar University,
Muzaffarpur.

Rajeeb K. Mohanty
Water Technology,
Centre for Eastern Region
Chandrasekharpur,
Bubhneshwar.

Rakesh Tiwary
Soil Science Specialist
SVBP University of Agriculture
and Technology Krishi Vigyan
Kendra, Hastinapur, Meerut.

Sanjay Kumar
Media and Communication officer,
PIB, New Delhi.

Surinder Sud
Agriculture Journalist

Y.S. Ramakrishna
Central Research Institute for

Dryland Agriculture
Hyderabad

Y.S. Shivay
Senior Scientists in Agronomy,
Indian Agriculture Institute,
New Delhi

Y.V.R. Reddy
Central Research Institute for
Dryland Agriculture
Santoshnagar, Hyderabad






CONTENTS

10.

11.

12.

Part - A
Indian Irrigation Potential Strategies

Irrigation Development in India
— Dr. A M. Michael

Irrigation Method in India: An Overview
— Dr. S.B. Verma & Dr. S.K. Arya

Irrigation Requirements of Common Crops
— Dr. A M. Michael

Crop Water Requirement and Irrigation
— Dr. S.B. Verma, Dr. S.K. Gupta & Dr. Jeebu Jha

Micro-irrigation for Sustainable Water Management in Agriculture
— D.K. Singh & R.M. Singh

Water Management for Irrigation in Kerala
— M. Lathika
Need to Augment Irrigation Capacity in Agriculture during Five
Year Plans in India
— Dr. N.T. Samasheharaiah & Dr. Harendra Raj Gautam

Creating New Irrigation Potential to Boost Agriculture
— Dr. Yashbir Singh Shivay & Dr. Anshu Rahal

Turning over Irrigation Management : Prospects and Constraints

— Mamata Swain

People's Participation in Irrigation Management
— Jaya Chaterji

Irrigation System in the Context of PIM in India
— Dr. Ramu & P. Jayashree

On Farm Irrigation : The Science and Management

— Dr. Manasmani Dev Goswami

16

31

58

70

85

105

112

126

135

141

151



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Irrigation Resources

Dynamics of Lift Irrigation
— @. Sheshnagiri & S. Subhash

Irrigation : A Necessary Input to Boost Agriculture
— Dr. Anita Modi & Sanjay Kumar

Development of Irrigation Potential no More or Myth
— K.G. Suresh
Drip Irrigation and Farm Productivity
— K. Srinivasulu & M. Adinarayana
Irrigation and Agriculture

— Surinder Sud

Drip Irrigation System: An Overview
— Dr. A M. Michael

Water Lifts and Pumps : An Overview

— Dr. S.B. Verma, Dr. Ajay Kumar & Arvind Kumar Shrivastawa

Part-B
Strategy for Waste and Dry Land Development

Wasteland Development in Andhra Pradesh
— B. Chandra Sekhar & Prof. K. Govindappa

Wasteland - A Threat to Survival and Quality of Human Life
— Dr. Amrit Patel

Waste Land Development Programme
— Dr. A. Chelladurai & Dr. B. Manihar Sharma
Micro Irrigation and Drought Management
— I. Satya Sundaram & Dr. K. Srinivasa Rao

Dryland Conservation
— Altaf Hussain

Dryland and Wasteland Farming
— K. Srivani & K.K. Tripathy

Dryland Farming : Issues and Strategies
— Y.S. Ramakrishna & B. Venkateswarlu

Development of Dryland Agriculture in India
— B. Hamalatha & Y.V.R. Reddy

155

161

166

173

178

183

200

229

237

244

252

262

271

278

285



Contents

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Land Management can Improve Rural Economy
— Nivedita Thapliyal
Strategy to Develop Degraded Land
— Dr. Gopal Kalkoti
Initiative to Sustain Land Resources Development
— Arpita Sharma
Unirrigated Agriculture: Problems and Prospects
— A. Gayathri & P. Veerachamy

Part-C
Land Use and Interlinking of Rivers for Irrigation

Value Added Fertilizers for Enhanced Productivity
— Surinder Sud, Y.S. Shivay & Dinesh Kumar

Balanced Fertilization : Real Benefits for Agriculture Sustainability
— K.N. Tiwary & Rakesh Tiwary

Land Use and Agrarian Relations
— Francis Kuriakose & Deepa Kylasam Iyer
Land Acquisition in India: Need for a Paradigm Shift
— Dr. L. Rathakrishnan & K. Ravi Kumar

Shrinking Rivers and The Global Water Crisis : Issues and
Solutions

— Manzoor K.P. & Dhurjati Mukharjee

Inter Linking of Rivers

— Dr. S.B. Verma, K. Perumalammal & Arvind Kumar Shrivastawa

Interlinking of Rivers in India : Problems and Prospects
— S. Manichan

Saving Water in Rice Cultivation : Technological Options
— Amod K. Thakur & Rajeeb K. Mohanty

Drainage for Sustainable Agriculture
— R.M. Singh & D.K. Singh

A New Beginning on Water in the 12th Plan
— Mihir Shah

Rivers under threat-Strategies for Safeguard

— Dhurjati Mukherjee

xi

291

296

302

309

321

331

337

346

357

363

369

375

380

410

422






Part - A
Indian Irrigation Potential Strategies






Chapter - 1

Irrigation Development in India

Dr. AM. Michael

First Century A.D. to Middle of 20tk Century

Irrigation development in India in the first to third century A.D. has
been mainly in Southern India which was not influenced by the cultural
ingression of tribes from central Asia. The Sangam Literature gives
detailed description of the Tamil dynasties of pandya, chera, chola,
pallaya, chalukya and Rastitrakuta and their contribution to
development projects. Kings of these dynasties took great interest in
promting agriculture. Situated in the detaic or valley regions, most of
these kingdoms had fertile soil. With the expansion of irrigated
agriculture, South India became the rice bowl of India. Sangam literature
gives descriptions of the sites chosen for storing run-off water. Both tank
and well irrigation were in practice in South India. There are distinct
references to 'lift irrigation', where bullocks were used for lifting water
from deep wells. An important irrigation work has been the construction
of Large embankments (both stone and earth) on kaveri river in the delta
region and the vaigai river to store flood water. Karikala, a chola king
(A.D. 180) constructed a 160km long-embankment along the Kaveri River
primarily to protect his people from recurrent floods. The Grand Anicut in
the Kaveri delta built in the second century A.D. is the first major
irrigation system in the Indian Sub-continent. He also patronized the
construction of a large number of irrigation tanks.

Gupta era (A.D. 300 to 500): The Gupta dynasty made substantial
contribution by promoting irrigated agriculture in their empire. The
Gupta empire extended over almost two-thirds of the Indian sub-
continent. Dykes and embankments were constructed to divert river
water for irrigation. Separate canals for irrigation and drainage have
been reported.

Pallava Kingdom: The Pallava dynasty, founded in A.D. 550
promoted extensive tank irrigation throughout Tamil Nadu. The
Parameswara tank and the. Tiraiyaneri tank were contributions of this
dynasty on irrigation. Vayiramega, Gudimallam and Ukkal tanks were
constructed during the later part of the 8th Century A.D. The large tanks
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at Kanakvallieri Solapuram and Kaveripak were constructed during the
9th century. The Kaveripak tank had a 6.4 km long earth dam and is still
functional. The Chitramegha tank and the Tandalam tank with sluice

gate are other major tanks of this era.
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Fig. 1. Layout of system tanks (chain tanks). Barur Tank Project (1883), Salem
district, Tamil Nadu.

Choldempire (AJD. 985 to 1205): Chola king's are known for their
enormous contribution to irrigated agriculture. It led to unprecedented
prosperity and wealth in the region. Among the famous ancient anicuts
are those in the Thanjavur district. Huge stones were used to build this
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329 km long, 12-18 m broad anicut built near the Srirangam islands. The
Talkad anicut built downstream of the Kaveri river is another important
structure. A number of channels were dug to cover large areas of land on
both sides of the river bank to ensure production of crops throughout the
year.

Chain Tanks of Karnataka and Andhra Pradesh

Tanks for water storage and diversion were constructed in
continuous series like links of an imaginary chain in many of the river
valleys. The Telengana region of Andhra Pradesh was referred to as the
land of thousand tanks. System tanks (chain tanks) are low dams which
are constructed at the upper reaches of a stream to store water; its
overflow is allowed to pass downstream to be stored in the next dam in
the series. Such tanks have become common in Tamil Nadu, Karnataka
and Andhra Pradesh (Fig. 1). Often, the chain tanks are adequate to
cover the whole watershed area. The disadvantage was that during heavy
rains if a breach occurred in an upstream tank, its water would come with
tremendous force to the tanks on the lower reaches which consequently
develop breaches unless the downstream tanks are provided with the
required factor of safety.

Tanks of Tamil Nadu: Though initiated by the Pallava kings, the
chain tanks of Tamil Nadu were extensively promoted by the Chola kings.
Some of the important ones are the Cholavaridhi tank, Sodiy ambakkam
tank and a large number of tanks in Madurai, Salem and other districts
(Fig. 1).

Tanks of Karnataka: A large number of tanks were built in
Karnataka by the Chola kings during the 10th Century A.D. They
constructed tanks at every feasible point at regular intervals along a
stream. Many of these are still in use. The ingenuity and precision with
which the sites of tanks were selected are remarkable. The Pallar valley
tank system had a chain of 1,000 tanks.

The neighbourhood of Delhi had at one time about 350 tanks (large
and small) in use. Some of them like Surajkund are still in good condition.
The greatness of a town or an area was based on the tanks it had for its
use. The states of Andhra Pradesh, Karnataka, Madhya Pradesh,
Maharashtra, Rajasthan, Tamil Nadu and West Bengal are still having a
large number of old tanks. Separate management committees were
formed at the village level to manage the tanks.

Irrigation Development in Northern and Eastern India during the
9th to 12th century A.D.

Rajput rulers were reigning different parts of the Northern and
North-Western India. King Krishnaraja made significant contribution in
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irrigation development. The Bhopal lake built during his period has 647
sq km of surface area and an extensive system of irrigation channels.

Vijayanagara Kingdom (1336 to 1500 A.D.). The Vrjayanagara
Kingdom was established by King Harihara I in A.D. 1336. Large-scale
land reclamation and irrigation works were given boost by the kings. The
most famous of these is the Anantaraja Sagar tank in Cuddapah district
of Andhra Pradesh.

Mughal Period (14th and 18th centuries AD.). Major efforts in
irrigation development during the period was construction of numerous
tanks and dug wells in Peninsular India and Rajasthan by local rulers.
Amongst the Mughal emperors Ferozshah Tughlaq built the Western
Yamuna Canal in A.D. 1355 to carry Yamuna water to his hunting
ground at Safidem in Hisar district (Haryana). The canal was abandoned
after his time. Later, Emperor Akbar renovated the canal in 1568 for
irrigating lands in Hisar district. Emperor Shahjahan restored the silted
and unusable Western Yamuna Canal and took a branch canal to 59
irrigate the gardens in the Red Fort, in Delhi. Emperor Shahjahan built a
180 km canal from Ravi river through the Shalimar Gardens at Lahore. A
branch of this canal carried water to the Golden Temple in Amritsar. A
large part of Punjab and Kashmir were benefited by it. During the British
period, this canal was replaced by the Upper Bari Doab Canal system.
The Eastern Yamuna Canal system was constructed by Emperor
Mohammad Shah in A.D. 1735. The canal was useful during the initial
period, but got silted within a few decades. Development works did not
make any major strides during the second-half of the eighteenth century,
mainly due to the unstable governments in Delhi.

Irrigation Development in the 19th Century A.D.

There was substantial increase in irrigation in India in the
nineteenth century. At the beginning of the 19th century, the net
irrigated area was estimated at 0.8 million ha. This rose to 13.3 million
ha at the close of the century when 16% of the gross sown area of 82.2
million ha was brought under irrigation. Of this, 45% was irrigated by
canals; 35% by wells, 15% by tanks, and 5% by other sources.

Irrigation development in India in the nineteenth century, under the
British rule was essentially a part of the famine relief works. The projects
were designed to provide protective irrigation to as many areas as
possible. The major irrigation projects constructed during the first half of
the nineteenth century included the Kaveri delta system in Tamil Nadu
in 1834 to irrigate 0.6 million ha, the Godavari anicut and canal system
in Andhra Pradesh in 1846 to irrigate 0.4 million ha, and the Krishna
delta system in Andhra Pradesh in 1852 to irrigate 0.5 million ha. The
major credit for the massive delta projects goes to Sir Arthur Cotton, a
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great engineer. Cotton is held in high esteem in India for his spectacular
contributions in irrigation development.

The other major irrigation projects of the 19th century are Upper
Ganga Canal system in Uttar Pradesh commissioned in 1854 to irrigate
0.37 m ha, the Sone Canal in Bihar (1879) to irrigate 0.28 million ha and
the Orissa Canal system on river Mahanadi (1895) - to irrigate 0.1 million
ha. The Upper Ganga Canal, with its headworks at Haridwar was the
largest irrigation canal in the world at the. time of its construction. It had
a carrying capacity of 191 ms3/sec. It was later remodelled to carry a
discharge of 288 m3/sec. The Western Yamuna Canal in Haryana was
remodelled in 1892 to provide an irrigation potential of 0.6 million ha.
The lower Ganga Canal was constructed during 1872-78.

A definite policy for the construction of irrigation works was
introduced in 1854 with the setting up of the Public Works Department
by the then Government of India. The Government of India appointed the
First Irrigation Commission in 1901 to report on irrigation as a 'means of
protection against famine in India'. A few Famine Commissions had been
set up by the government and these Commissions had also recommended
the development of irrigation works to contain the adverse impact of
frequent famine in India. In its recommendations to the Government in
1903, the Irrigation Commission suggested definite policies regarding the
selection, financing and maintenance of productive irrigation works.
Apart from the remunerative works, the Commission recommended the
extension of irrigation as a means of protection against famines in areas
of insecure and precarious cultivation. The Commission observed that
such irrigation works may mnot be directly remunerative to the
Government, but are important to mitigate the miseries caused by
famines.

In accordance with the recommendations of the First Irrigation
Commission, several productive and protective irrigation projects were
undertaken in the early part of the twentieth century. Prominent
amongst them are the Sarda Canal in Uttar Pradesh (1926) to irrigate 0.6
million ha, Ganga Canal with dam and weir on Satluj river (1928) to
irrigate 0.3 million ha in Rajasthan, Damodar Canal (1935) to irrigate 0.1
million ha in West Bengal, Ken Canal (1915) to irrigate 0.1 m ha in Uttar
Pradesh; Nira Left Bank Canal (1906), and Right Bank Canal (1938) and
Pawara Canal (1938) in Maharashtra with a total irrigation potential of
0.1 m ha; Mahanadi Canal (1931) and Kharung Canal Project (1931) in
Madhya Pradesh with a total irrigation potential of 0.2 m ha.

The Triple Canal Project (1905-15), now in Pakistan was the first
large-scale trans-basin diversion of water from one river basin to another.
It comprised of two large weirs and one barrage across three different
rivers and three canals to transfer water from the Jhelum across the
Chenab and Ravi rivers to irrigate desert areas. The Satluj Valley Project
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constructed during 1921-31 was the largest irrigation project of the time.
Major irrigation projects of South India constructed during 1921 and 1935
include the Krishnarajasagar Project with dam on Kaveri, the
Nizamsagar Project with dam on Majira river, a tributary of Godavari in
Andhra Pradesh and the Mettur Dam project with dam across Kaveri in
Tamil Nadu constructed in A.D. 1927. A number of small works which
could be taken up for famine relief in various provinces were
recommended by the Irrigation Commission which gave considerable
importance to the development of private irrigation works including wells
in the tracts affected by famine.

In 1854, two categories of irrigation works were introduced, namely,
minor works and major works. Major irrigation projects constructed
during the second-half of the nineteenth century include the Sirhind
Canal in Punjab (1873-82) consisting of 6000 km of canals to irrigate 1
million ha, the Lower Sohang and Para Canals (1872-77), now in
Pakistan, the Lower Chenab Canal in Punjab, the Lower Ganga Canal,
the Agra Canal in Uttar Pradesh (1873) with its headworks over Yamuna
at Okhla in Delhi to irrigate 0.16 million Jia, the enlargement of the
Eastern Yamuna Canal in Uttar Pradesh to irrigate 0.19 m ha, the
Periyar Dam (1887) in Kerala along with the Periyar Vaigai Canal system
in Tamil Nadu to irrigate 60,000 ha and the Khadakvasla Dam (1869-79)
and the Mutha Canals in Maharashtra. The Periyar Dam project is a
remarkable feature involving the diversion of the west-flowing Periyar
river with its catchment in the high rainfall Western Ghats region of
Kerala to the rain shadow region of Madurai district in Tamil Nadu in the
east.

Irrigation Works in India in the Pre-independence Era of
Twentieth Century

The indispensability of well planned and rapid development of
irrigation was pronounced by the two great famines of 1897-98 and 1899-
1900. The economic considerations were out-weighed for irrigation
development by the need for increasing food production for sustaining the
population.

The result of the large-scale expansion of irrigation works in the
Indian sub-continent during the 19th and the first-half of the twentieth
century has been largely due to the great efforts of irrigation engineers
with the support of the governments, including the rulers of the princely
states. The role of three great personalities are immemorable in the
history of irrigation development during the period. They are Sir Arthur
Cotton, Major P.T. Cautley, both in the 19th century and Sir M.
Visveshwariah in the first-half of the 20th century. Major Cautley, a
British military engineer assumed the major responsibility for the
construction of the Upper Ganga Canal Project in Uttar Pradesh.
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Table 1. Net Area Irrigated in the Indian Union from 1910 to 1950
(Quinquennial average) On ha = million hectares)

Period Gout Total Irrigated
Canals Wells (all sources) area as % q,
m ha m ha m ha Sown area
1910-1 1 to 1914-15 4.4 4.0 14.5 17.9
1915-16 to 1919-20 4.1 4.7 15.7 19.0
1920-21 to 1924-25 4.4 4.7 16.0 17.4
1925-26 to 1929-30 4.6 4.8 16.2 17.1
1930-31 to 1934-35 5.0 4.8 17.1 17.6
1935-36 to 1939-40 5.6 5.2 18.0 18.6
1940-41 to 1944-45 6.0 5.4 19.0 19.2
1945-46 to 1949-50 6.4 5.3 19.4 19.1

(Source: Irrigation Commission, 1972).

Bharata Rathna M. Visveshwariah was largely responsible for the
construction of Krishnarajasagar Scheme in 1911 A.D. on River Kaveri
near the city of Mysore. The dam was the largest reservoir built in India
till then. The scheme created an irrigation potential of 40,000 ha and
provided electricity to the people of Mysore and Bangalore. The project
converted the Mandya district of Karnataka, which was once covered by
shrub forests, into a prosperous region with high-yielding paddy and
sugarcane (Bhavanishankar, 2000). Table 1 presents the irrigation
development in India during A.D. 1910 to 1950.

Classification of Irrigation Works in India

Post-independence development of irrigation works in India were on
the basis of classification of works into major, medium and minor
projects. The classification has changed over the years from the basis of
the extent of culturable command area of the project to that of
expenditure involved in the project and back again to the basis of
culturable command area. During the preplan period (prior to A.D. 1951),
irrigation projects were classified on the basis of culturable command
area of the project. During the period ranging from 1951 to 1978, the
classification was based on the cost involved in the schemes. Since 1978,
the basis of classification of irrigation projects has again been on the basis
of the culturable command area of the project.

Accordingly, irrigation projects in India are presently classified into
the following three categories:

(i) Major Irrigation Projects. All irrigation schemes with a
culturable command area of 10,000 ha or more are classified as major
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irrigation projects. They are essentially surface water projects involving
large-scale storage/diversion works.

(i1)) Medium Irrigation Projects. Projects having a culturable
command area of 2000 ha to 10,000 ha are classified as medium irrigation
projects. Medium irrigation projects are also usually surface water
projects, excepting a few large lift irrigation schemes.

(iti) Minor Irrigation Projects. All irrigation schemes having a
culturable command area upto 2000 ha individually are classified as
minor irrigation projects. Minor irrigation schemes are further grouped as
(a) surface water minor irrigation schemes, and (b) groundwater minor
irrigation schemes.

Jurisdiction of water resources. Under the Indian Constitution,
water is the responsibility of the states. Thus, the federal states are
primarily responsible for the planning, implementation, funding and
management of water resources development projects. This responsibility
in each state is borne by the Irrigation/Water Resources Departments.
The Inter-State Water Disputes Act of 1956 provides a framework for the
resolution of possible conflicts between states on the utilization of water
resources. At central level, there are three main institutions involved in
water resources development and management:

(i) The Ministry of Water Resources: This is responsible for
laying down policy guidelines and programmes for the development and
regulation of the country's water resources. The ministry's technical arm,
the Central Water Commission, provides general infrastructure, and
technical and research support for water resources development at state
level. The Central Water Commission is also responsible for the
assessment of water resources.

(ii) The Planning Commission: This is responsible for the
allocation of financial resources required for various programmes and
schemes of water resources development to the states as well as to the
Ministry of Water Resources. It is also actively involved in policy
formulation related to water resources development at the national level,;
and the Ministry of Agriculture, which promotes irrigated agriculture
through its Department of Agriculture and Cooperation. The research
support at the national level is by the Indian Council of Agricultural
Research. The Central Pollution Control Board is in charge of water
quality monitoring, and the preparation and implementation of action
plans to solve pollution problems.

International water treaties/agreements. Under the Indus Water
Treaty (1960) between India and Pakistan, all the waters of the eastern
rivers, 1.e. the Satluj, Beas and Ravi rivers taken together, shall be
available for the unrestricted use of India. All the waters, while flowing in
Pakistan, or of any tributary which in its natural course joins the Satluj
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main or the Ravi main after these rivers have crossed into Pakistan, shall
be available for the unrestricted use of Pakistan.

India controls the flow of the Ganges River through a barrage
completed in 1974 at Farraka, 18 km from the border with Bangladesh. A
treaty was signed in December 1996, under which Bangladesh is ensured
a fair share of the flow reaching the Farraka barrage, in addition to the
releases during the monsoon seasons. Appropriate agreements exist
between Nepal and India for the exploitation of the Kosi River (1954,
1966) and the Gandak River (1959) (Source: UN Food and Agriculture
Organization (FAQO), 2001).

Irrigation Development in India During the Five Year Plans

The partition of India in 1947 brought about a drastic reduction in
the irrigated area in the post-independent India. A substantial portion of
the irrigated area of undivided India went to Pakistan. In 1950-51, the
net irrigated area was 20.85 million ha and the gross irrigated area 22:60
million ha. The Government of India gave priority to develop new
irrigation projects, realising the urgent need for developing the available
water resources of the country to meet the deficits in food production.

The increase in irrigation potential during the five year plans, which
commenced in 1951 and The Annual Plans was phenomenal and
unprecedented. The gross irrigation potential rose from 22.6 ha in 1951
and was estimated to reach 196.61 million ha in 1997-2012.

National Water Policy

India adopted a National Water Policy in 1987 for the planning and
development of water resources to be governed by national perspectives.
It emphasizes the need for river basin planning. Amongst the priorities in
the allocation of water for various needs, drinking water is given the
highest priority, followed by irrigation, hydro-power, navigation, and
industrial and other uses. As water resources development is a State
responsibility, all the states are required to develop their state water
policies within the framework of the National Water Policy. Since the
adoption of the policy in 1987, a number of new issues and Challenges
emerged in the development and management of water resources.
Therefore, in 2002 the National Water Policy (1987) was reviewed and
updated. The revised National Water Policy (2002) has the following
priorities in water allocation: (1) Drinking water, (2) Irrigation, (3) Hydro-
power, (4) Ecology, (5) Industries, (6) Navigation and other uses.
However, it has been stipulated that the priorities could be modified or
added if required by the area/region specific considerations (Ministry of
Water Resources, 2002). The revised policy has stressed that in the
planning, implementation and operation of a water resource project, the
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preservation of the quality of environment and ecological balance should
be primary considerations. An integrated and multi-disciplinary approach
to the planning, formulation, clearance and implementation of projects,
including catchment area treatment, command area development and the
rehabilitation of the people adversely affected by the project are
envisaged. The drainage system should form the integral part of an
irrigation project right from the planning stage. The involvement and
participation of beneficiaries and other stakeholders should be
encouraged from the project planning stage. Integrated coordinated
development of surface and groundwater resources and their conjunctive
use should be envisaged right from the project planning stage. There
should be periodical assessment of the groundwater potential and its
quality. Exploitation of groundwater should be regulated to prevent its
use to exceed the recharging capabilities of aquifers and ensure social
equity. There should be a close integration of water use and land use
policies. Municipal and industrial effluents should be treated to
acceptable levels and standards before discharging them into natural
streams. Minimum flow should be ensured in the perennial streams for
maintaining ecology and social considerations. Drought-prone areas
should be made less vulnerable to drought-affected problems through soil
moisture conservation measures and water harvesting procedures. The
water sharing and distribution amongst states should be guided by a
national perspective with due regard to water resources availability and
needs within the river basin/sub-basin. Water resources development will
have to be planned for a hydrological unit, multi-sectorally. Watershed
management through extensive soil and water" conservation in the
catchment area, preservation of forests and increasing the area under the
forests are to be given priority. Construction of check dams should be
prompted wherever feasible.

Energy Requirement in Irrigation

Careful planning of energy sources and their efficient utilization are
vital in meeting the water needs of agriculture. Agricultural production in
developing countries has been seriously hampered by the non-availability
of adequate power to lift water for irrigation from groundwater and
surface water sources. In many countries there is lack of co-ordination
between the agencies responsible for the development of water resources
and those vested with energy development and allocation. Energy
requirements in irrigation pumping may be broadly grouped into the
following two categories:

(1) Pumping from wells: Irrigation wells are classified into (i) Open
wells, (i1) Shallow tubewells, and (iii) Deep tubewells. Water is lifted from
open wells by manually operated and animal operated water lifts and
pumps driven by diesel engines and electric motors. Water lifting from
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shallow tubewells and deep tubewells is almost exclusively done by
pumps operated by diesel engines and electric motors.

(2) River and canal pumping: Pumping from canals and river-
pumping for lift irrigation are almost exclusively done by diesel engine or
electric motor driven pump-sets. The development of energy sources,
especially electrical energy should match with the development of lift
irrigation using groundwater and/or surface water sources. Whenever
electric power is available, it is the most convenient and efficient source of
energy in irrigation pumping. The reliability and efficiency of electrically
operated pumping-sets are high, provided they are properly selected,
installed and maintained.

PARTICIPATORY IRRIGATION MANAGEMENT

The traditional systems of irrigation the world over have had a built-
in system of distribution of water among the beneficiaries, thereby
linking utilisation with the creation of irrigation potential. In India, the
management of tanks and small scale river diversion schemes have
involved the irrigators in the maintenance, distribution as well as in
modalilites of conflict resolution. There was an unwritten convention
among the farmers under a tank to use water on a weekly rotation. One
among the beneficiaries acted as the coordinator and leader for water
distribution within the unit. Similarly, supply of water among fields on a
particular day was decided by mutual agreement. The system on the
whole, worked with minimal government intervention.

Against this background, major canal irrigation project planners of
the 20th century did not concern themselves with developing a proper
system of water sharing and infrastructure maintenance at the farm
level. The responsibility of the irrigation department is deemed to end at
the point where water leaves the outlet. The planners and executors of
irrigation projects have tended to focus largely on engineering aspects
with little attention to socio-economic dimensions and modern methods of
water management. There has been a general lack of constructive and
functional relationship between irrigation officials and the farmers. Thus,
the farmer who had the most important stake in the proper management
of irrigation water as the ultimate beneficiary, had little role to play in
the management of irrigation water under the prevailing system. This
realisation lead the government to emphasise the need for the
participation of farmers in the management of irrigation water during the
Sixth Plan and its reiteration during the Seventh Plan. In 1987, the
Ministry of Water Resources, Govt. of India, issued guidelines to state
governments to involve farmers' organizations to take over maintenance,
management of water, allocation, and collection of water charges and to
develop participatory mode of management on distinct segments of the
irrigation system (Joshi, 1997).
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Participatory irrigation management refers to the involvement of
irrigation users in part or all the aspects of irrigation management and at
part or all levels. This implies initial planning and design, construction,
supervision, financing, decisions, rules, operation, maintenance,
monitoring and evaluation of the system. 'All Levels' refers to the full
physical, limits of the irrigation project, comprising of harnessing water
at the headworks, conveyance, distribution, and application systems
(Singh, 1998).

Even though, the intent to create farmers' organizations has been
expressed during the Sixth and Seventh Plans, the visible efforts to
involve farmers in the form of Water. Users' Associations (WUAs) in
different states have been made in late 1980s and early 1990s to manage
irrigation water from outlets, minors, and distributories of the canal '
system. Farmers have also been involved in the management of irrigation
water from tanks, and deep tubewells. These organizations in different
states are registered under State Cooperative Acts or Irrigation
Utilisation and Command Area Development Acts and their variants. The
water users' associations under the participatory irrigation management
system are charged with the responsibilities

(i)  to improve the water delivery service through better operation
and maintenance;

(it) to achieve optimum utilisation of available water from canals,
tanks, and tubewells;

(iti)) to achieve equity in the distribution of water amongst water
users;

(iv) to promote economy in water use and to increase water and
land productivity;

(v) to optimise the conjunctive wuse of precipitation and
groundwater with the water, delivered from the canal system;

(vi) to assist farmers in crop planning, and frequency and duration
of water supply;

(vii) to inculcate a sense of ownership and responsibility amongst
the farmers and to ensure collection of water changes;

(viit) to develop professional relationship between the water users
and state irrigation agencies;

(ix) to generate, local resources in cash, kind or labour for
operation, and maintenance; and

(x)  to assist farmers' association and its members in other spheres
of activities (e.g., agro-industries and marketing) for their
upliftment.

Thus, the water users associations are charged with the respons-

ibilities of integrated management of water, including conveyance,
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distribution and application to optimally utilise the water resources for
enhancing crop production (Singh, 1998).

International Status

Even though the irrigation systems are meant for the farmers, the
countries around the world have promoted the development of irrigation,
projects primarily through the involvement of their governments. Only in
1960s and 1970s, several countries started providing incentives to their
farmers to take over the management of operations and maintenance,
leaving the government organizations to concentrate on the main system.
During 1970s and 1980s, the work on irrigation systems' management in
participatory mode involving farmers began in many countries, like
United States of America, Japan, Italy, Mexico, Columbia, South Korea,
Vietnam, Indonesia, China, Nepal, Pakistan, Sri Lanka, The Philippines,
Turkey, Egypt, Sudan, Jordan, Morocco, Senegal, and. Tanzania, with
varying degrees of success. The United States of America, Philippines,
Mexico, and Turkey have developed their own models of involving
farmers' organizations in the operation, fee collection, maintenance, and
management of either complete irrigation projects or part of the systems
commensurate with their political and socio-economic environment;
(Singh, 1998). The review on irrigation development gives an account of
the efforts to accelerate people's participation in irrigation system
development and management.

DESIGN OF IRRIGATION WELLS

Generally, wells are designed for the purpose of irrigation, drainage,
and domestic and industrial uses. The design of each type of well for each
purpose requires particular attention, taking into account its purpose.
Designing a water well involves selecting the proper dimensional factors
for the well structure and choosing the materials to be used in its
construction. Good design aims to assure an optimum, combination of
performance, long service life and reasonable cost.

The hydraulic and (hydro-geological characteristics of aquifers vary
greatly. Irrigation wells should be designed and constructed to take
advantage of the natural conditions at a given location. When this is
done, and the materials of construction are properly selected an
economical and efficient well structure of long life can be achieved.
Irrigation wells are usually designed to obtain the highest yield available
from the aquifer, and the highest efficiency in terms of specific capacity.
These factors bear directly upon operating costs. Two general principles
influencing the design of both Open wells and tube wells are the water
requirement of the crops to be irrigated and the location of well.
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Water requirement: The yield potential of a well is evaluated on
the basis of hydrological conditions of the area rainfall, runoff and
recharge. When the yield potential of an area is not a limiting factor, a
properly designed irrigation well should provide the required quantity of
water to irrigate the entire area owned by the farmer, keeping in View
the area to be irrigated, cropping pattern, and other needs such as
domestic and livestock requirements.

When the yield potential of a well is more than the field water
requirement of the farm under the control of the well owner, it is always
economical to sell the additional yield to the neighbouring farmer, rather
than limiting the capacity of the well to the requirement of a small or
medium size folding. Often, it is not economical to have separate wells for
individual small holdings. In an area with predominantly small holdings,
it is essential that high discharge irrigation wells are owned jointly by a
group of farmers or by a suitable public agency like the State Tube well
Corporation.

Location of the well: The topography of the farm, the type of water
conveyance system, the method of irrigation to be used, recharge
possibilities of the area, safety of the pumping set and other installations
are the main factors to be considered in deciding the location of the well.
If the general slope of the farm does not exceed, 1 per cent and surface
methods of water conveyance and distribution are to be employed, the
well should be constructed at a higher elevation. If underground pipeline
water distribution is to be used or sprinkler or drip irrigation are used. It
is not necessary to locate the well at a high point. The location at a lower
point of the farm usually facilitates better well yield.

Design of irrigation wells may be broadly divided into:

(1) design of open wells in hard rock areas (consolidated formations)
and unconsolidated, formations and

(it) design of tube wells in unconsolidated formations.
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Chapter -2

Irrigation Methods in India : An Overview

Dr. S.B. Verma and Dr. S.K. Arya

The objective of irrigation is to distribute water over the land in such
a way that it will enter the soil and be stored uniformly within the
potential root zone. It is impossible and impracticable in actual farming
conditions to accomplish fully this objective. The uniformity of water
application along an irrigation run offers a number of problems and many
of the irrigation systems are poorly designed. Either too little or too much
water is applied, water is wasted, drainage problems are created, saline
conditions develop, and excessive soil erosion occurs. Further, the rate at
which water is to be applied, the frequency and period of irrigation
depends upon the properties of the soil, the crop and the climate. While
preparing an irrigation schedule, all these factors must be taken into
account.

The pressure of population and need for additional food supplies are
necessitating a rapid expansion of irrigation throughout the world. Due to
limited supplies available, more effective use of water is becoming
essential. Both the design and the operation of irrigation systems can be
most intelligently done if proper correlation amongst various design
parameters is known.

Irrigation water can be applied below the surface of the soil, at the
surface of the soil or over the surface of the soil. The terms subsurface,
surface, and overhead or sprinkler are used to describe these three types
of irrigations respectively. Sprinkler irrigation involves heavy initial
expenditure and high evaporation losses. Subsurface irrigation is also
very expensive and laying out of pipes present a number of problems.
Surface irrigation is by far the most popular method in our country.
Indian farmers are more acquainted with surface irrigation methods and
can be easily trained to use water efficiently and economically.

1. Types of Irrigation Methods

There are seven basic techniques or methods of irrigation, most of
which have several variations. Each technique and variation has
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characteristics that are adaptable for different locations and crops. The
basic components and operation for each of the seven techniques are:

1.1 Basin

A level area of any size or shape bounded by borders or ridges retains
all the applied water until it infiltrates. Any loss of water results from
either deep percolation or surface evaporation.

1.2. Basin-check

A fairly level area of any size or shape bounded by borders and with
no depressions which cannot be readily drained. The borders (or ridges)
retain all the applied water for a sufficient time to obtain a relatively
uniform depth of infiltration over the area and then the remaining water
is drained off the surface and used to irrigate an adjacent border-check.
Water is lost chiefly by deep percolation and evaporation?!

1.3. Border strip

A sloping area, usually rectangular, is bounded by borders or ridges
that guide a moving sheet of water as it flows down the bordered strip.
There should be little or no slope at right angles to the direction of flow.
The inflow of water is usually cut off when the advancing sheet has
flowed six to nine tenths of the distance down the strip. Water is lost
chiefly by deep percolation and runoff.

1.4. Furrow or Corrugation

A small sloping channel is scraped out of or pressed into soil surface.
For high uniformity of wetting, the irrigation stream should reach the
end of the channel in about one fourth of the time allotted for the
irrigation; but the stream is not shut off until the root zone soil at the
lower end of the furrow is adequately irrigated. Water in the soil moves
both laterally and downward from the channel. Water is lost chiefly by
deep percolation and runoff.

1.5 Sprinkler

Any or numerous devices for spraying water over the soil surface are
called sprinklers. Water discharged from a sprinkler into the air should
infiltrate the soil where it falls but it should not saturate the soil surface.
For high uniformity of wetting, the. spray patterns from adjacent
sprinklers must be properly overlapped. Evaporation, wind drift, and
deep percolation are the chief causes of loss of water.
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1.6. Drip (or Trickle)

A device used in trickle (or drip) irrigation for discharging water at
some very low rate (less than 12 Ips) through small holes in tubing placed
near the soil surface. Water moves through the soil both sideways and
downward away from the point of application to form a bulb of wet soil.
Typically, only a portion of the soil mass is kept quite moist by very
frequent or continuous application. Water loss is mainly by deep
percolation.

1.7 Water Table

In certain areas the water table can be adequately controlled and
periodically raised to sub-irrigate the crop's root zone. Precise control of
the water table requires certain natural conditions-pervious soil, level soil
surface, naturally high water table, and low salinity of water.

Table 1 summarizes and compares the major physical characteristics
that affect the adaptability of each of the seven basic irrigation
techniques.

It also evaluates the probable Potential Application Efficiency of Low
Quarter of a well designed and properly used system, employing each
technique where appropriate. Most systems can be mechanized or even
automated in order to reduce labour. This labour leaves no allowance for
such items as salinity and control of microclimate and taken no account of
costs or personal preferences of the irrigator.

Table 1. Major physical requirements and potential application efficie-
ncies of the low quarter for the basic irrigation techniques

Irrigation Physical requirements at site
method Soil Infiltration Ground  Water Labour PELQ %
uniformity rate slope supply intensity
Basin Uniform Any Level or Large inter- High at 60 to 85
within each graded to  mittent infrequent
basin level intervals
Basin Uniform All but Fairly Large inter- High at 60 to80'
check within each extremes smooth mittent infrequent
basin with no intervals
Border Uniform All but Mild and  Large inter- High at 70 to 851
strip within each extremes smooth mittent infrequent
strip inten/als

Furrow' or Uniform All but very Mild or Medium to  High at 70 to 75!
corrug- along each  rapid contour large inter- infrequent
ation furrow mittent intervals
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Sprinkler Soil may be All but very Any Small High to 65 to-852
intermixed slow? farmable  continuous very low

slope Daily3
Drip or Soil may be Any Any Small Very low 75 to 90
Trickle intermixed farmable  continuous daily

Slope
Water Uniform Level or Large Very low 50 to 90
table within each graded to  relative to
control field level area

1. Value of 90% can be gained under ideal conditions if runoff water
1s reused.

2.  Except for center pivot and traveling sprinklers, which are best
suited to use on soils that have medium and high infiltration
rates.

3. Labour inputs range from high intensity for hand move,
moderate for mechanical move, to low for automatic sprinkler
irrigation systems.

4. Surface soils with medium capillarity must be undertaken with
very pervious sub-soils.

2. Role of Irrigation Methods in Setter Use of Irrigation Water

Considerable amount of irrigation water is not beneficially used for
plant growth, after it is diverted to the individual land holdings from the
turnouts. It is estimated that 30 to 40 per cent water made available at
the field boundary is lost" as deep percolation and / or runoff, while it is
being applied in the field for irrigating the standing crops. This loss can
be minimized to a great extend by following proper methods of irrigation.
A method which is appropriate for the existing field conditions, i.e., soil
topography, crop, available quantity of water, climate, field dimensions,
and farm machinery being used, local customs etc., will greatly reduce the
application losses resulting in better plant growth, improved drainage
due to less percolation losses, besides making it possible to irrigate more
area with the same quantity of water, and will, thus, increase production
per unit of water. Together with the method of application, the quantity
and time of application of water are also very crucial for achieving better
water management at the field level.

Improvements in surface irrigation are most likely to result from a
skilful combination of experience and thorough understanding of the
processes involved.

Surface irrigation is accomplished by one of several application
methods, including borders, furrows, checks and basins. In each case
water moves over the land surface in open channel flow. The water may
be directed in small earth channels called furrows or corrugations or it
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may move as shallow overland flow over a carefully smoothed soil surface
as in border irrigation.

Surface irrigation methods of applying water are widely used in
many parts of the world and will likely remain important as competing
demands for energy discourage the use of energy intensive alternative
methods. Competing demands for both energy and water are already
encouraging efforts to improve the water use efficiency obtainable with
surface irrigation.

Water is lost in furrow irrigation in two ways-it runs off and it goes
too deep. Stopping or reducing theses losses could irrigate more land and
saves labour and energy. In areas where more land is available than
water to irrigate it, the value of this water is measured by how much crop
it can produce and the cost of it and the labour and capital to apply it
ceases to be of dominant economic importance. Efficient irrigation under
such conditions is of great value. For furrow, runoff and uniformity of the
depth of water infiltrated along the furrow are related to the speed of
water entering the lower end relative to know how long it needs to be
there to do a job of soaking in enough water.

This is conveniently expressed as the Advance Ratio (AR), the ratio of
the Time of Advance to the Time of Irrigation.

Border strip irrigation has high potential application efficiency, 80%
plus, but is usually operated at about 50% actual application efficiency.
Further more, it has the dubious distinction seldom realized by its users,
of being the most sophisticated, complicated, least adjustable method. But
when border strip irrigation is used correctly, Actual Application
Efficiency can go above 90% and labour and power requirements are very
low.

The value of water is not its cost, nor the labour to apply it. It is
measured by what the water and labour will produce when water is in
short supply.

Sprinkler and drip (or trickle) irrigation methods are unique in
contrast to surface methods in that they are independent of soil
uniformity and topography in their adaptability. They are also compatible
to a small steady stream of water whereas surface methods work best
with large flows. However regarding adaptability and contrary to popular
opinion, sprinkler has the lowest potential efficiency of any normal
irrigation method. Also it is difficult to modify for drought conditions. The
basic reason for the good reputation it does have is that most systems are
fairly well designed and the design efficiency is presumed to be the
operating efficiency. However, in general the pre nozzle losses are ignored
and the coefficient of uniformity is frequently incorrectly thought of as
being the efficiency of the method. It requires two yardsticks
Management Allowed Deficiency (MAD) and Soil Moisture Deficiency
(SMD). MAD is first expressed as the per cent of the available moisture in
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the root zone that can desirably be used and correlated with the climate
condition. This per cent is often taken as 50% but desirably should often
be 40% to 80% depending on conditions. The second yardstick is how dry
is it the root zone.

3 Factors Influencing Selection of Irrigation Methods

Since the objective is to apply water efficiently to provide favourable
environment for the plants, it is therefore, essential to consider the
factors, which have significant effect in the process of water application.
The important factors affecting this phenomenon are as under:

3.1 Soil

The soil texture, structure, porosity etc. have a great influence on the
water intake (infiltration) and water holding properties of the soil. Light
textured soils with limitations of depth and hard pan will allow moisture
freely to deeper section in a given time period as compared to heavy
textured soils. Likewise, soils having single grain structure will allow
water freely to move downward compared to platy and other structures.
The movement of water over the land surface (in surface irrigation
methods) is also affected by the soil properties. Soil depth is another
important factor, as it affects the land leveling / shaping operations, so
vital for the success of the surface irrigation methods. In shallow soils, it
may not be possible to undertake deep cuts required for leveling fields, as
it might expose the subsoil and render the field infertile for a long time.

3.2 Land Topography

Out of the total volume of water applied at a given point on the soil
surface, water in excess of soil intake rate will remain or flow over the
land surface, depending on the topography or slope of land. More the
slope, more rapid will be the movement of water towards the lower end of
the field. Undulating topography also has its effect on the selection of
irrigation methods. In an undulating field water will stagnate at low
points and at the same time high spots will not receive adequate water. If
this situation cannot be remedied by leveling / shaping because of shallow
soils, it will not be possible to adopt gravity or surface irrigation methods
in such fields.

3.3 Climate

Rainfall, temperature, humidity, wind velocity, radiation, etc., also
have an effect on selection of irrigation methods, because of their effect on
evapotranspiration. Wind velocity and direction as well as temperature
greatly affect the performance of sprinkler irrigation method.
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3.4 Water supply

Water supply in terms of quantity and quality as well as the interval
are important criteria for consideration while selecting appropriate
method of irrigation. If available flow is top small to be used for gravity
methods, pressure methods may be the only solution. Similarly, presence
of salt in water is other factor of importance for selection of appropriate
irrigation methods, since, the accumulation of salts in the root zone will
adversely affect the production. In such a case a method, which will push
the salt out of the root zone should be preferable.

3.5 Crops

Type of crops has very significant role to play in the selection of
irrigation method. The flow of water on the field surface is greatly
influenced by the resistance offered to the flow by the crop (Manning's n)
which in turn depends on crop spread horizontally and vertically, as well
as slowing/planting methods such as broadcasted, drilled, row planted,
etc. The value of crops is also very important. High value crops may
provide enough returns to justify the use of pressure irrigation methods,
such as drip and sprinkler, but the use of these methods for low value
crops may not be economical.

3.6 Farm machinery

In mechanized cultivation the ease of machine operation and
movement should be taken into account, while considering the selection of
method of irrigation. The movement of machinery for operations such as
inter-culture, application of chemical and harvesting, should not get
restricted on account of the method of irrigation.

Other factors of importance which should be given due weightage
while deciding the selection of irrigation method, are field dimensions,
local customs and preference of the farmers.

4 Factors Influencing Planning

The factors required to be considered in planning are soils,
topography, crops to be irrigated, water supply existing facilities and
available construction and farm equipment.

4.1 Preliminary plan
e Locate the high points in a field and determine the direction of
irrigation and drainage.

e Determine soil boundaries, probable crop rotations and
feasibility of land leveling.
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e  Locate field boundaries and farm roads

e From this preliminary plan it should be possible to determine
the best delivery point for the water.

4.2 Planning procedure

After a preliminary plan has been made, studied and discussed with
the farmer, detailed plans for any area on the farm can be prepared. First
select a method of water application for each field and prepare a layout.
Then design the delivery, application, and disposal facilities as well as the
necessary roads.

4.3 Layout

Planning a general layout for subdividing and irrigating the area in
the units of suitable dimensions is the next step. Area delineated
according to slope and soil characteristics provide a basis for selecting the
best field arrangement and for locating field ditches. Consider alternate
layout.

4.4 Application

Design the application facilities. Determine (1) the amount of water
that must be applied in a normal irrigation, (2) the time allowed for
applying it and (3) the rate at which it can be applied. Then determine
the amount of water that must be delivered to field. Plan for land leveling
if it is needed. Locate and design the head ditch or pipe line to fit the
method of irrigation used. Locate and design ditches, pipes, levees and
the other structures needed to apply water to field in the amount and rate
required by the crop and soil.

4.5 Delivery

Plan the delivery facilities so that they permit delivery of water to
the different fields in the volume and rate required by the method of
application-previously selected. Select and design the method of
conveyance either ditch or pipe line. Locate and design all the necessary
grade control or distribution-control structures, including measuring
devices.

4.6 Disposal

Plan for the disposal of any irrigation wastewater and excess rainfall
promptly and safely. Consider recovery of wastewater for reuse. Include
all necessary disposal facilities-channels, pipe lines, tiles, structures and
pumps.
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5 Design of Surface Irrigation Systems

Surface methods are the following types: () Border (i1) Basin (iii)
Furrow or corrugation (iv) Contour ditch (v) Contour levee irrigation.

5.1 Phases of Surface Irrigation

(a) Advance phase: That portion of the total irrigation time during
which water advances in overland flow from the upper field boundary
toward the lower field boundary.
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Fig. 1. Water movement vertically downward.

(b) Storage (continuing) phase: That portion of the total irrigation
time between the end of advance and inflow shutoff. If shutoff occurs first,
this phase is of zero duration.
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(c) Depletion phase : That portion of the total irrigation time
between inflow shutoff and the beginning of recession of the upper field
boundary. This is also known as the recession lag time.
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Fig. 2. Water movement in the soil (a) Water moving on soil surface (b) water
moving in soil profiles
(d) Recession phase: That portion of the total irrigation time
between the beginning of recession at the upper field boundary and the
disappearance of the last water from the field surface.

5.2 Design objectives

A surface irrigation system should be designed rather than merely
built in order to assure satisfactory adoption to the soils, topography and
crops and to guarantee uniform irrigations and high water application
efficiencies using the available stream size and water supply. Ideally, the
system should be capable of repeatedly replenishing the root zone
reservoir uniformly before the soil water has been depleted beyond
specified limits. The available stream size, and the length and grade of
the land units must be combine to achieve these results without excessive
labour, waste of water erosion, and inconvenience to other farming
operations.
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Fig. 3. Surface irrigation problems.

Designing a system implies that the behaviour or performance of the
system can be predicted satisfactorily without trial and error process in
the field. If the intake characteristics are known, the designer then
predicts two major occurrences

(1) the advance of water sheet or furrow flow over the soil surface,
and' the recession of this water sheet or furrow flow the surface. The
water should remain on the surface sufficiently long (required contact
time tc) to allow just the desired amount of water to infiltrate the soil.
The required contact time is obtained using the cumulative intake time
relationship for the soil in question. For maximum water application
efficiency the design objective is to have the actual contact time as nearly
equal to the required contact time as practical. The designer accomplishes
this by adjusting the size of stream, length of run and other variables that
can be manipulated until a satisfactory agreement is reached.

In surface irrigation methods water is applied, to the sloping or level
field surface and it infiltrate into soil while it is advancing or held on the
field surface respectively. The amount of infiltrated water at any point
depends on the duration of time at the point, i.e., the time between the
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advance of water and its disappearance (recession) at that point, which is
known as opportunity time. If the opportunity time is more or less same
through out the field, and the soil is quite uniform, very high distribution
uniformity and application efficiency can be attained. Fig. 3 describes this
phenomenon and various terms associated with surface irrigation.

5.3 Design principles

The design of a surface irrigation system first involves evaluating the
general topographic conditions, soils, crops, farming practices anticipated
and farm operator's desires and finances for the field or farm in question.
Information collected during the preliminary analysis should be sufficient
to permit selecting one or more surface methods that will be most
suitable. Then the basic information that will be needed to design the
selected systems must be secured.

5.4 Design Data

The basic data needed to design a system can be grouped into five
general categories:

Water: Annual allotment, method of delivery (continuous flow,
rotation or demand system, pumped etc.) stream size available at any
time and during peak water use period, quality of irrigation water
expected amount and distribution of rainfall, and irrigation water
requirement including leaching requirement.

Topography: Major land slopes, field sizes and shapes, uniformity of
grades, minor topographic undulations, point of water delivery and
surface drainage characteristics.

Soils: Feasibility of constructing canals and ditches without
excessive seepage losses, structural stability for canals and ditches,
maximum root zone depth, available water holding capacity, effects of
surface flooding such as crusting and cracking cumulative intake as a
function of time and expected variability between irrigations, erodibility,
salt content and internal drainage capacity.

Crops: Types and proportions of each crop to be grown, rooting
depths and allowable soil water deficits at various stages of growth,
anticipated germination problems, relative sensitivity to inundation,
harvesting procedures required, crop rotation systems, and grazing needs.

Other: Availability and cost of labour, financial resources available,
local customs, degree of maintenance anticipated and maintenance
equipment available and construction equipment available to the operator
or through the local contractors.

All of the above items have some bearing on the system selected and
its final design. Overlooking or neglecting to consider any one of them can
impair the effectiveness of the surface method selected.
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At least ten principle criteria are important in the design of a surface
irrigation system. All ten are in turn governed by the overall economics of
the entire farming operation. Thus the design of an irrigation system is
complex and not readily subject to quantitative analysis.

e  Store the required water in the root zone of the soil.
e  Obtain reasonably uniform application of water.
e  Minimize soil erosion.

e  Minimize runoff of irrigation water from the field. Provide for
beneficial use of runoff water.

e  Minimize labour requirement for irrigation.

Minimize land used for ditches and other control to distribute the
water.

e  Fitirrigation system to field boundaries.
e Adapt system to soil and topographic changes.

e  Facilitate use of machinery for land preparation, cultivating,

furrowing, harvesting etc.

The irrigation system designer must consider many soil and
topographic factors in selecting the method of irrigation. The suitability of
each method (surface, sprinkler, and trickle) must be considered for
specific site conditions. Soil and topographic factors that the designer
considers in selecting the systems include:

e  Topographic features such as surface irregularities, steepness of

slope, changes in slope direction.

e Soil features such as water holding capacity, intake rate and
depth.

e  Geographic features such as field shape, natural drains,
buildings, utilities or obstructions. Related factors that may
influence selecting a surface system and land shaping include:

Water supply, quantity, delivery flow rate, delivery schedule and
location.

Labour requirement and availability of labour

e Energy requirement, cost and availability

e  Cost of system installation, operation and maintenance.
e  Available farm equipment.

e  The farmer's preference.

If surface irrigation method is selected, the field surface must be
given detailed consideration. Rarely is it possible to establish a satisfac-
tory surface irrigation system without some land grading to change the
surface topography of a field to a planned grade.



Irrigation Methods in India : An Qverview 29

6 Sub Irrigation

Inherent advantages make controlled sub irrigation an attractive
proposition to the irrigator if he can devise the means of execution. The
advantages are the avoidance of evaporative losses of open water or wet
soil surfaces and the elimination of the impedance caused to cultivation
by pipes and ditches.

Natural sub-irrigation

Natural sub-irrigation is so called because the conditions, which
make it possible, are geographical and topographical. These are near-level
terrain and a deep topsoil of very high lateral permeability at 2 m to 7 m
depth by an impermeable stratum.

Sub irrigation is limited usually to areas where the soils are
relatively permeable for a considerable depth, where surface slopes are
gentle and where natural sub drainage is restricted. It must be practical
to hold the water table. Thus a first analysis is to determine the possible
lateral flow from the area when the water table is at its desired elevation.

From the Darcy's equation of continuity
q=k.1.a=kf/la

where

q=flowinm3/s

k = hydraulic conductivity, m3 m2=m/s

a = the cross sectional area in square meters through which flow
occurs at right angles to it in the direction of flow, and

i=11

Example 1: It is desired to maintain the water table at some
predetermined depth below ground surface in a highly permeable soil
underlain by a restricting layer. The water table roughly parallels the
ground surface, slopes about 1 in 176, and intersects the bottom of a
nearby stream which is the only natural drainage way. The average depth
to shale or tight clay was found to be about 15 m. Assume k for the soils is
0.3 x 10* m/s. Calculate the outflow.

Solution:

Cross sectional area from 1 km long section paralleling the creek and
through which natural drainage from the irrigated area would have to
flow would be 1000 m x 15 in =15,000 m2.

0.3x15,00 0.45 3
= m

: /s=2.561PS
10* x176x1 176
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If this is not considered adequate water removal then some drainage
system must be installed.

The total water requirement for the area is the drainage plus the
consumptive use requirement of the crops grown.



Chapter - 3

Irrigation Requirements of Common Crops

Dr. AM. Michael

Water requirement of crops vary with their type and variety and
stage of growth, properties of the soil and the climate. The tolerance of
the crop to soil moisture stress is influenced by the genetic make up of the
crop, the rooting characteristics and the properties of the stomata. Water
management for efficient water use is profoundly influenced by the
selection of suitable crops and their varieties based on the amount of
water available in the area during different periods of the crop growing
season.

Adequate soil moisture, temperature and air are the essential
requirements for the germination of seeds. The seeds are to be planted at
shallow depth (usually 5 to 7 cm) below the ground surface on firm moist
soil to ensure proper germination. When the soil moisture at the time of
sowing 1s Inadequate a pre-sowing irrigation is necessary. Additional
water over and above the crop water requirements may be necessary for
leaching of excessive salts in order to maintain proper salt balance in the
crop root zone. In wetland rice cultivation, puddling of the seed bed is
necessary to minimize water loss due to deep percolation below the root
zone.

Rice. Rice is the most important cereal crop grown. It is the staple
food for over half of the population of the world. It occupies about 40% of
the irrigated area in India and is grown extensively in other south Asian
countries. It is a semi-aquatic plant and hence its water requirements are
many times more than most other food crops. It is, therefore, a major
consumer of the water and thus needs careful management in order to
increase its efficiency of water use.

Rice is grown under varied soil and climatic conditions and one to
three crops per annum are taken in India and other countries in monsoon
Asia. Though rice could be grown on a variety of soils, it grows best on
clay loams to clays since these are retentive of moisture and have low
percolation rates (1-5 mm/day). It can also grow on soils with relatively
high lime or alkali content. The crop thrives best under conditions of high
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temperature and humidity in North India as well as temperate regions.
At high attitudes, the crop is grown only in the warm part of the year.

The cultural practices of rice vary widely, depending upon the variety
and the local soil and climatic conditions. The conditions under which rice
is grown could broadly be grouped into two, namely, wetland or lowland
rice and upland rice. Floating rice is a particular variety of wetland rice
which is grown in areas subject to deep flooding, with water depths
ranging from 60 cm to 6 m. It is a long-stemmed variety which is sown
before the onset of rains and starts growing quickly with the early rains.
When flooding commences it grows rapidly and the plants float on the
water surface.

Upland rice or dryland rice is directly sown by drilling or by
broadcasting the seeds and it mostly depends on rain as the source of
water. It constitutes only a small percentage (5%) of the total area under
rice. Lowland rice culture is a widely accepted practice for high
production. Under lowland conditions rice is generally transplanted on
puddled soils and land is kept under submerged conditions, covering most
of its growth period by rain and/or irrigation. Puddling reduces
percolation losses, .checks weed growth and regulates soil and water
temperatures.

Wetland rice cultivation has many advantages. Crop growth in the
nursery, which occupies only 5 to 10% of the normal crop area, saves
considerable amount of water and provides the time required to prepare
the seedbed for transplanting. Weed problem is low in a transplanted crop
field. The transplanted crop under predominantly submerged condition
during their growth provides the required environment for growth.

Wetland rice production comprises of the following operations: (i)
Preparation of the rice nursery and sowing good quality seeds, (ii)
Preparation of rice fields (usually level basins in rectangular or contour
benches), (iii) Transplantation of the seedlings when it is about one
month old in the nursery, (iv) Water control, (v) Weeding, (vi)
Fertilization, (vii) Pest control, (viii) Harvesting, threshing and storage.

On germination of the rice seed, the radical (the rudimentary root of
the embryo) develops from the base of the grain, quickly followed by two
additional roots. Subsequently, short lateral roots develop from the nodes
of the stem below the ground level. Tillers are produced at the nodes and
further adventitious roots are produced from the lower nodes and the
plant develops a mass of adventitious roots. The tiller produced directly
from the stem is the 'primary tiller', which is followed by further tillers.
The roots tend to develop horizontally more than in the vertical direction.
Hence, the nutrient uptake of the rice crop is mainly from the top layer of
the root zone. A remarkable feature of the root system of rice plant is that
it does not suffer from lack of oxygen under submerged condition. Using
large basins is most suitable in wetland rice cultivation. For the
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distribution of water between basins, field channels are constructed
between basins to deliver water to individual fields on either side, in case
of gentle slopes (keeping field plots level), and to the down-slope fields in
case of contour channels. The traditional practice of 'field to field'
irrigation, in which water is turned to the adjoining lower basins after
those at higher elevations are filled reduces the water distribution
efficiency substantially and results in loss of fertilizer and nutrients.

In case of individual field plots, the traditional practice has been to
keep the field submerged with water to a depth of about 8 to 10 cm or
more. Field experiments conducted at various locations in India and other
countries on wetland rice reveal that the practice of keeping the soil
under shallow depth of submergence (about 5+ 2 c¢cm water) throughout
the crop growth period is conducive to higher yields. The practice of
shallow submergence directly saves considerable amount of water, as
compared to deep submergence. These results, in general, hold good
under different climatic conditions. The practice of continuous shallow
submergence, however, is possible only when the water supplies are
adequate and assured. Land needs to be scrupulously levelled to facilitate
uniform spreading of water. Weeds, especially the grassy types, need to
be controlled.

Experimental results are available to show that it is not always
necessary to follow the usual practice of continuous submergence. The
practice of intermittent submergence during the critical stages of initial
tillering and /or flowering and maintenance of saturation to field capacity
during the rest of the stages give yields comparable to those obtained
under continuous shallow submergence. The water supplies, if limited,
could be curtailed during the non-critical stages of crop growth. The
shortage of water during initial tillering and flowering reduces the yield
considerably, while the stages of tillering, grain formation and maturity
tolerate water stress to a great extent. The water is drained completely in
about 7 days before harvesting to facilitate the use of mechanical
equipment in, harvesting.

Drainage needs of rice: When continuous land submergence by
ponding is practised, it is necessary to drain the soil either through
horizontal (surface) or through vertical (sub-surface) drainage, once or
twice during the growth period, especially on poorly drained clayey soils
having the rate of percolation less than 2.5 mm/day. This practice is
beneficial in removing the toxic substances such as sulphides and in
supplying oxygen to the root system. The drainage period could last from
four to eight days, depending upon the type of the soil. In case of sandy
soils, the drainage period is about three days while in clay soils it is about
five to seven days. The following growth periods can be identified in a
wetland rice crop:

(i) Growth period in the nursery (usually one month),
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(i1) Vegetative stage. From transplanting to panicle initiation
(initiation of the inflorescence with its main stem and sub-divided
branches). This period may range from 45 days to 90 days, depending on
the variety of the crop.

(iti)) Mid-season stage. From panicle initiation to flowering, and it
includes stem elongation, panicle extension and flowering.

(iv) Late season or ripening stage. Period from flowering to full
maturity (duration about one month).

Transplanted rice may be of short duration, medium duration or long
duration, depending on their growing period in the field after
transplanting. The growth period of short duration rice usually ranges
from 90 to 100 days, medium duration crops 100 to 130 days and long
duration crops 130 to 160 days after transplanting.

Components of water loss in rice culture: Considerable amount of
water delivered to the rice field in wetland cultivation is lost through
deep percolation, evaporation from the water surface in the field and field
channels, seepage from the bunds and field channel embankments,
overtopping of the bunds, breaches and rat holes in the bunds, and runoff
to drains. Vamadevan and Dastane (1968) observed that out of 1960 mm
of water needed by rice, 1200 mm were lost through deep percolation
(about 70%) on the sandy loam soils of Delhi and only 480 mm were
actually used consumptively.

Great economy in water use by rice crop could be achieved if suitable
measures are adopted to reduce the deep percolation losses. Some of the
practices to improve water use in lowland rice are as follows
(Dakshinamurthi, Michael and Shri Mohan, 1973).

1. Selecting heavy soils or those with hard pans in subsurface
depths to reduce permeability.

2. Growing crop in, large blocks instead of in isolated small
holdings

3. Scrupulous land levelling.
4. Puddling to reduce permeability.

5. Compacting soil, embedding polythene, sheet, applying chemi-
cals such as bitumen, asphalt, etc. (these practices, however, are
expensive and are not usually followed.

6. Treating fields, by, adding one to two per cent bentonite with
small quantities of sodium chloride and sodium carbonate.

Wheat : Wheat (Triticcum spp.) is the most widely grown of all the
cereal crops in the world. Wheat is grown in almost all temperate and
most of the sub-tropical zones worldwide. It is also grown in some tropical
countries at higher elevations. Wheat varieties can be broadly grouped
into winter wheat and spring wheat. Winter wheat requires a cold period
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during early growth. Winter wheat has a growing period of 120 to 160
days. For winter and spring wheat, the minimum daily temperature for
growth is about 5°C. The mean daily temperature for optimum growth
and tillering is in the range of 15°C and 20°C. In regions of severe winter
and frost winter, wheat requires a period of dormancy which may extend
up to about 90 days, depending on the temperature conditions.

In India, wheat is grown on an area of about 19-20 million hectares
and nearly 54 per cent of this area is irrigated. The best wheat producing
region in India is the Indo-Genetic plain where cool and dry climate
prevails during the growing season (rabi). Areas that are always moist
and warm are not suited to wheat. Well drained clay loams, loams and
sandy loams are the best soils for wheat. Wheat is commonly sown
around the middle of October under rainfed conditions and around the
middle of November under irrigated conditions. The crop takes 4 months
to mature in the northern region, 3 months in the central, and 3 in the
southern regions.

Wheat farming in India has been almost revolutionised with the
introduction of the high yielding dwarf wheat varieties in mid-1960s.
Thereafter, a number of dwarf varieties have been evolved in the country
which are highly responsive to irrigation and fertilizer applications. A
short, stiff, strong stem is the main advantage a dwarf wheat has over the
taller varieties. The shorter stem allows the plant to utilize irrigation
water without lodging, and results in higher yields. Wheat is grown as an
irrigated crop or rainfed crop, depending on the occurrence of rains during
the growing period. In many temperate regions it is grown as a rainfed
crop. The need for pre-sowing irrigation depends on the adequacy of soil
moisture for germination of the wheat seed.

Considerable research information on the water management of
wheat, using various criteria for irrigation scheduling based on soil, plant
and climatic factors, has been obtained in wheat growing areas
worldwide. The most practical criterion commonly adopted for scheduling
of irrigations to wheat is the one based on the physiological growth stages
critical in demand for water. In wheat, different growth stages such as
crown root initiation, tillering, jointing, booting, flowering, milk, and
dough could be well delineated. Experiments conducted to study the
important stages critical in their demand for water have clearly indicated
that some stages can tolerate moisture stress' to a certain extent. Most of
the workers have observed that in case of dwarf varieties of wheat,
irrigation at the crown root initiation stage (20-25 days after sowing)
resulted in the maximum production per unit of water applied and,
therefore, this stages was considered as the most critical stage for
irrigation. It has been observed that regardless of the depth of planting,
the crown root develops about 2 cm below the surface of the soil. If the soil
zone around the crown is dry at the time of the crown root initiation,
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crown roots do not develop properly and only a few tillers are produced.
An irrigation at the crown root initiation stage stimulates root
development and tillering. The second important stage is that of
flowering which takes place 80-85 days after sowing. Among the other
stages, jointing and milk rank third, followed by tillering stage, and then
dough stage. Irrigation is applied at the initiation of the stage so that the
moisture in the soil is available during the stage in question. In general,
wheat requires 3 to 5 irrigations in North India.

Seminal roots

Fig. 1 Seedling of dwarf wheat showing crown root. Irrigation is critical at the
crown root initiation stage.

There has been substantial contribution by the Plant Breeders of the
Indian Agricultural Research Institute (IARI) and the Agricultural
Universities in Indian since 1980s in developing stress tolerant wheat
varieties which could be grown successfully under limited irrigation and
rainfed conditions. The 'Kundan' variety of wheat developed at IARI in
1980s is recommended for cultivation under limited irrigation conditions
in the northern plains zone of India. It is resistant to soil moisture stress
and is maintaining its resistance since the past 25 years (Pandey, H.N.,
2005). It can be grown successfully with 2 to 3 post-imergence irrigations.

Predominant drought situation prevails in many parts of Central
India where wheat is cultivated under rainfed or limited irrigation
availability. For such situations the TARI Regional Station, Indore has
developed a number of Aestiuum and Durum varieties of wheat.

The Aestiuum varieties can be cultivated under rainfed as well as
under one or two supplementary irrigations after germination and yield
30 to 40 quintals/ ha. The Durum varieties are semi-dwarf and under 2
support irrigations can yield 45 to 50 quintals/ha under October sowing.
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Maize: Maize, also called as corn, is an important cereal crop grown
in climates ranging from temperate to tropical during the period when
mean daily temperatures are above 15°C and frost-free. About half of
maize production in the world is from USA.

Maize is grown almost all over India under varied soil and climatic
conditions. However, it is essentially a warm and humid season crop and
in areas of mild climate it can be grown throughout the year. It grows
best on fertile, well drained loamy soils. In North India maize is grown
mostly during the monsoon period (kharif) of June-October as rainfed or
irrigated and on a smaller scale in the summer season (Feb., Mar.-May/
June) under irrigated conditions. Three crops of maize could be grown in
a year (June-September, October-January and February-May) in
southern India because of favourable weather conditions. Most of the
improved varieties of maize require 100-120 days to mature, except in the
northern hills where they take 10-20 days more.

When maize seed germinates, four seminal roots appear. They are
soon superseded by adventitious roots which develop from the lowest nod
of the stem, below ground level. They begin to spread out laterally in the
upper layers of the root zone soil. Subsequently, they grow downward as
the plant grows. In about 10 to 12 weeks after sowing the entire root zone
of 75 to 120 cm is filled with a mass of fibrous roots. However, a major
part of the maize roots lie within 75 cm from the ground surface.

The irrigation requirements of maize vary with the type of soil and
the season in which they are grown, depending upon the rainfall received.
In regions where rainfall is inadequate maize can be grown with
supplemental irrigation. In northern India, the crop is normally sown
after a pre-sowing irrigations as the, monsoon arrives late. During the
monsoon, supplemental irrigation may be required whenever soil
moisture falls below the desired level. The early vegetative stage (20-40
days after sowing) and tasselling and silking stage (45-60 days after
sowing) have been observed as critical in the demand for water by maize.
Maize is very sensitive to excess water and hence, it is advisable to plant
it on ridges or make ridges in the field after its establishment.

Sorghum. Sorghum (jowar / cholam) is next in area and importance
to rice and wheat/India. It is grown for grain and fodder in the relatively
dry tracts of central and southern India. Sorghum grows best in semi-arid
areas with well distributed rainfall of about 300 to 1000, mm. The
temperature in the growing season should be within the range of 16 to
40°C. Optimum temperature for growth is around 25°C. Sorghum has
many features which make it a drought resistant crop. This is mainly due
to the extensive root system, effective control of ET and stomata with an
ability to recover rapidly after a period of water stress. In dry areas with
low and/or erratic rainfall the crop can respond well to supplementary
irrigation. Under conditions of deficient water supply it is advantageous
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to spread the water application to larger areas of sorghum and provide for
irrigation at the critical periods of growth.

In India sorghum crop is grown mostly as a monsoon season crop
(kRharif, June-November). It is also grown in the October-March season on
the moisture retentive deep black soils of South Gujarat and in those
parts of Andhra Pradesh, Karnataka and Tamil Nadu which benefit from
the North-East monsoon rains. The crop takes 110-130 days for maturity,
depending upon the variety.

Sorghum is grown on a variety of soils ranging from clay to sandy
loam. When grown on clay to clay loams the irrigation requirement is low
and on lighter soils, irrigation requirement is higher. Initial seeding, pre-
flowering, flowering, and grain formation stages coinciding with 2-4, 12-
14, 14-16 and 17 weeks after sowing, respectively have been found critical
for water demand of sorghum.

Pearlmillet: Pear]l millet (bajra) is well suited to warm areas of low
rainfall (200-500 mm). In India it is commonly grown in Rajasthan,
Haryana, Punjab, Uttar Pradesh, Gujarat, Karnataka and Tamil Nadu. It
is mostly grown as a rainy season crop (kharif) under rainfed conditions
and it takes 85-90 days for maturity. Pearl millet is preferred when the
rainfall is inadequate for maize and sorghum, as it is more tolerant to
drought. Observations, However, have revealed that pearl millet (bajra)
responds well to the applications of supplemental irrigations.

The irrigation requirement of the crop vary from 150 to 200 mm in
most parts of India, Experiments have revealed that the crop tolerates
about 75% soil depletion from 0-30 cm depth of soil on heavy clay soils.
On sandy loam soils, however, best yields are obtained with irrigations at
50% depletion level.

Barley: Barley is commonly grown as a rabi crop (October-March)
mainly in the States of Uttar Pradesh, Rajasthan and Haryana. It needs
less water than wheat for its growth. It is grown as a rainfed crop in
areas having rainfall of 400-500 mm in the growing season. In drier areas
the crop needs irrigation for good growth. It is generally grown on sandy
loam soils of medium fertility level. The crop has a moderate level of
tolerance on saline and alkaline soils. The moisture sensitive period
occurs at the end of the shooting stage and during earing. During this
period, drought conditions have their maximum effect in reducing yield,
and irrigations have the greatest effect in increasing yield.

Pulses: Pulses, or grain legumes, by virtue of their deep tap root
system, utilize soil moisture efficiently and require less number of
irrigations as compared to cereals. These crops, therefore, have been
introduced in the cropping pattern in areas with limited water resources.
Legumes in monsoon season (kharif) are normally grown without any
irrigation in most parts of India, unless the rainfall distribution is very
unfavourable. However, legumes grown in winter (rabi) and summer
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seasons depend on irrigation. Most of the legumes do not require
irrigation at the early vegetative stage, as it may do more harm than good
by interfering with the nodulation and restrict oxygen requirement of
roots at this stage. These crops profit from irrigations during flowering
and pudding,

Gram: Gram (Cicer arietinum L.), also known as chick pea (chana),
is extensively grown in northern India in the winter season (rabi) on
alluvial sandy loam to loam soils. In central and, southern India, the crop
is grown on water retentive clay loam soils and hence is not normally
irrigated. The crop is best suited for low rainfall areas. However, it has
been found to respond to irrigation in the absence of winter rains,
especially on the lighter soils of northern India. The crop generally
requires only one or two irrigations when grown in rabi in northern India.
Pre-flowering (45 days after sowing) and flowering (70 days after sowing)
stages have been found to be most responsive to irrigation.

Pigeon Pea; Pigeon Pea [Cajanus cojan (L). Mill sp.], commonly
known as red gram (arhar), is grown in practically every state of India.
The crop can be grown on almost all types of soils, ranging from alluvial
sandy loam to heavy black clay soils. It is mostly grown in the rainy
season (June-November). It is grown as a rabi crop in the south where
mild winter prevails, in which case the sowing is done in September-
October, and harvesting in March-April. The crop benefits from irrigation
if dry spells prevail for long periods. Flower initiation (about 75 days after
sowing) and pod filling (about 100 days after sowing) are found to be most
responsive to irrigation for short duration red gram.

Green gram: Green gram (mung) or mungbean (Vigna radiata), is
cultivated almost all over India. The major producing states being Uttar
Pradesh, Madhya Pradesh, Punjab, Andhra Pradesh, Rajasthan,
Karnataka and Tamil Nadu. It is largely grown as a rainfed kharif crop.
In some parts of Maharashtra, Andhra Pradesh, Karnataka and Tamil
Nadu it is also grown in the rabi season as a second crop. The crop takes
two and half to three months for maturity. In rabi and summer, the crop
needs irrigation for higher production. The crop when grown in rabi or
summer generally requires two to four irrigations for high yields. A pre-
sowing irrigation is generally found to be beneficial.

Oilseeds: Oilseeds occupy approximately 25 per cent of the total
cropped area of India. Like grain legumes pulses, oilseeds are also
efficient in water use and hence require less water for their growth. These
crops are mostly taken as rainfed but their yields could be boosted
substantially if grown under limited irrigation conditions, especially in
the arid and semi-arid areas and on lighter type of soils.

!

Irrigation requirement is mainly based on soil moisture depletion
levels, depending on the rainfall during the growing season. Flowering
and fruiting stages are observed to be most responsive to irrigation.
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Mustard and Rapeseed. These are edible oilseed crops mainly
grown in North India. These are crops of tropical as well as temperature
zones and require cool weather for satisfactory growth. In India, these are
grown in the winter season (rabi), mostly on sandy loam to clay loam
soils. The optimum sowing time for the common varieties is the last week
of September. Sowing after September end will delay flowering and result
in attack by insects. Being a crop with well developed tap root system,
mustard and rapeseed can utilize soil moisture from deep layers in the
root zone and can produce high yields without any irrigation after
germination. The crop has been found to be highly successful in the flood-
prone areas of the Indo-Gangetic plains (covering an area of about 2
million ha) when sown in moist soils in the last week of September, with
yields ranging from 20 to 30 quintals/ha. The technology sponsored by the
IARI, New Delhi, revolutionized mustard cultivation in India in late
1980s. These crops benefit from irrigation if the winter rains are
inadequate. Pre-flowering (about 40 days after sowing) and pod filling
(about 80 days after sowing) stages have been observed to be the most
responsive to irrigation.

Groundnut: Groundnut (Arachis hypogaea), also called peanut, has
high oil content and nutritive value. The oil content varies from 48 to 51%
and the protein content is about 25%. The crop is highly adapted to well-
drained, loose, friable medium textured soils. The growing period of
groundnut ranges from 90 to 115 days for sequential branched varieties
and 120 to 140 days for alternately branched varieties. For optimum
growth of groundnut the mean daily temperature ranges from 22 to 28°C.
The crop yield gets reduced at temperatures above 33°C and below 16°C.
The germination gets delayed at temperatures below 20°C. The crop is
planted with a row spacing of 75 cm to 1 m. Groundnut is moderately
sensitive to soil salinity. Being a legume, groundnut can fix nitrogen from
the atmosphere.

Groundnut is commonly grown in semi-arid regions both under
rainfed and irrigated conditions. It has a well developed tap root system
extending to about 1.8 m depth. The major part of the root system is
within the top 50 to 60 cm soil layer. The flowering period is most
sensitive to water stress. Water deficiency during flowering causes flower
drop and improper pollination. Next is the yield formation period. Water
deficit during this stage results in reduced pod weight. In general, water
deficiency during the vegetative period causes delayed flowering and
harvest, accompanied by reduced growth and yield. To obtain higher
values of total production per unit of water applied it is better to cover
larger areas under the crop and reduce the quantity of water applied,
taking care of the growth periods sensitive to water stress.

Sunflower; Sunflower is an important oilseed crop widely grown as
a rainfed crop and under supplemental irrigation. The crop is photo-
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insensitive and can be grown-in almost any season. It takes about 3 to 4
months for its maturity. Sunflower is sensitive to frost. Mean daily
temperature for good growth is about 18 to 25°C. It is grown on a wide
range of soils. Optimum soil pH is in the range of 6.0 to 7.5. At lower
values liming may be required. Sunflower is particularly sensitive to
boron deficiency. Under erratic and low rainfall conditions, a deep soil
with good water-holding capacity is required. Sunflower has deep root
system which may extend up to 2 to 3 m in deep soils. Hence, the plant
can extract moisture from deep layers.

The water requirement of sunflower is in the range of 600 to 1000
mm, which is high when compared to most crops. The ET of sunflower
may be as high as 12 to 15 mm/day at the flowering stage. Despite the
high water requirement the plant can withstand short periods of severe
water stress. However, severe water stress during the early vegetative
stage results in reduced plant height, but deeper root depth. Adequate
soil moisture during the later part of the vegetative period is necessary
for proper bud development. Flowering period is most sensitive to soil
moisture stress which may result in considerable yield reduction, as only
fewer flowers come to full development. Yield formation stage is the next
most sensitive to water deficit, causing severe reduction in yield and oil
content. Supplemental irrigation is highly desirable during periods of
failure of rainfall at these stages.

Safflower. Safflower (Carthamus tinctorius) is an important oilseed
crop in India, the Mediterranean basin, China, Japan, Mexico and USA.
In India, safflower is grown largely in Maharashtra, Madhya Pradesh,
Chhattisgarh, Andhra Pradesh and Karnataka. The crop is grown in the
winter season (rabi) as a rainfed crop, especially on water retentive clay
soils.

Safflower requires a fertile, fairly deep and well drained soil. The
crop is not suited to lowland humid tropics. It is a draught resistant deep
rooted crop. In deep soils, the roots may grow as deep as 3 m or more. The
crop can withdraw water from depths as deep as their root system.
Safflower is moderately resistant to soil salinity. However, high yields are
produced on soils with neutral reaction. When the pH is lower than 6,
liming may be required. The row-to-row spacing of the crop varies from 50
to 80 cm, with 15 to 35 plants per metre length on each row.

Safflower is susceptible to diseases under excess soil moisture
conditions. Excessive humidity may cause head rot. Heavy rains during
flowering may adversely influence pollination and seed filling. Soil
moisture deficits during the early and late vegetative periods cause
reduction in growth and prolong the growing period. Safflower. is fairly
tolerant to soil moisture stress. However, flowering and yield formation
stages are sensitive to water shortage. The water uptake gets reduced
when about 60% of the available soil moisture has been abstracted. Under
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conditions of limited water availability, the overall production is
increased by increasing the area under the crop and partially meeting the
crop water requirements rather than meeting the full water requirements
over a limited area.

Cotton: Cotton is the most important fibre plant in agriculture. Most
of the cotton grown in the world is rainfed, except in regions with low
annual rainfall where the crop is grown under irrigated conditions.
Cotton crop falls into two groups:

() Gossypium arboreumum, and Gossypium herbaceum: These have
short fibres which have low commercial value and are being
progressively replaced,

(a) Gossypium hirsutum: This has medium length and strong fibres.
Varieties of this type are most widespread in the world.
Gossypium barbadense is a cotton variety of this group with long
fibres which are smooth and fine and of high commercial value.
The Egyptian cotton belongs to this variety.

In northern India, the crop is sown in the month of May after pre-
sowing irrigation and at least two to three irrigations are required prior
to the start of monsoon. During the rainy season, normally no irrigation is
required, unless rainfall distribution is very erratic. In ' central and south
India, sowing is coincided with the onset of monsoon in the month of
June. In parts of Tamil Nadu and Karnataka, the crop is also sown in
August-October as these regions receive rainfall during this period and
the temperature remains high and favourable, unlike the cold
temperatures in northern India.

Cotton 1s very susceptible to frost. The total growing period ranges
from 150 to 180 days. Depending on the variety and temperature
conditions, bud formation takes about 50 to 60 days from planting, 25 to
30 days for flower formation and 50 to 60 days from the opening of flowers
to maturity. The optimum temperature for germination ranges from 18 to
30°C. Temperatures between 27 and 30°C are optimum for boll formation.
Above 38°C the yield gets reduced. Cold and strong winds harm the young
seedlings. Such winds at maturity will blow away fibres from open bolls.

The cotton plant has a deep and extensive root system when grown
on deep, well drained, and fertile soil. The root system develops rapidly,
and within 70'to 80 days may extend to a depth of about 1.8 m and
laterally to the same extent. Rooting depth is affected by soil and
drainage conditions, as well as by irrigation frequency. In general, rooting
depths are shallower on clay soils, or with frequent irrigations. Cotton
can extract most of the soil moisture to the depth of rooting and this
characteristic has an important influence on irrigation of cotton. '

Pre-planting irrigation is important unless rainfall has brought the
soil to field capacity to a depth of about 1 m. This will ensure good
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germination and rapid plant development. Under extremely unfavourable
conditions, a light irrigation after planting may be needed to ensure
germination.

Sufficient water should be added to the soil, either from rainfall or
irrigation, to ensure that the entire root zone is brought to field capacity
early in the growing season; say within 40 days after planting. Cotton is
relatively tolerant to short periods of waterlogging. However, water-
logging and heavy rains may lead to lodging of the plants. The crop is
relatively tolerant to soil salinity.

Adequate soil moisture is needed for rapid growth and good budding
and formation of healthy bolls. However, excess water early in the
growing period will restrict root-and crop development. Cotton requires
adequate water supply, particularly just prior and during bud formation.
Severe water deficits during flowering may restrict the growth, but with
subsequent water application the crop growth recovers. In the vegetative
period, irrigation is scheduled when about 60% of the available moisture
in the top 75 cm of the root zone has been taken up by the crop. During
flowering the soil moisture depletion of about 70% could be tolerated
without adversely affecting the yield.

Irrigation after flowering and fruit setting period is needed only to
supply sufficient soil moisture for fibre and seed development. The soil
moisture levels maintained during the flowering and fruit setting period
are usually adequate for this period. Particular attention should be given
to avoid over-irrigation during this period as this may encourage delay in
opening of bolls. The timing of the last irrigation will depend on the
water-holding capacity of the soil. In general, it is desirable to allow the
cotton crop to mature on stored soil moisture, and extract almost all
available soil moisture at the end of the season. Thus, in north India,
irrigation of cotton on deep loamy soils is not generally needed after late
September, while on drier soils, it may be necessary to irrigate till mid-
October.

Jute: Jute is an important fibre crop of India and Bangladesh. It is
grown on a large scale is West Bengal and to some extent in Bihar. Uttar
Pradesh, Orissa and Andhra Pradesh. The crop requires warm and humid
climate, with temperature ranging from 24°C to 35°C and relative
humidity of the order of 90 percent. The crop requires irrigation if rains
are untimely and not well distributed. Sowing of jute in lowland is done is
February, on midlands in March-April and on uplands in May-June. In
some parts of Bihar and Uttar Pradesh, the sowing may continue upto
mid-July. Irrigation schedules based on the maintenance of a soil
moisture deficiency level of 50 to 60 per cent have been reported to be
most favourable for jute.

Sugarcane. Sugarcane (Saccharum officinarum) is the most
important source of sugar in the world. The crop requires a long, warm
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growing season with a high incidence of radiation and adequate soil
moisture, followed by dry, sunny and fairly cool but frost-free ripening
and harvesting periods. Nearly 70% of the area under sugarcane in India
is irrigated but this constitutes only about five per cent of the irrigated
area of the country. Sugarcane usually occupies the land for about 10 to
18 months and thus necessitates adequate irrigation for realising its
potential yields.

In North India, planting is mostly done with the commencement of
spring season (February-March). In the States of Tamil Nadu and Andhra
Pradesh in the south, planting is done during December-February. In
Maharashtra and parts of Karnataka, the crop is planted in December-
February, October-November and July-August for 12, 15 and 18 months
crops, respectively.

Sugarcane is propagated by planting stem cuttings from mature
plants. Optimum temperature for sprouting (germination) is 32 to 38°C.
Roots emerge quickly from the original cutting. After a time, secondary
shoots emerge quickly from the original cutting, and they send down
shoot roots which eventually develop into a mature root system.

Optimum growth in sugarcane is achieved between 22 and 30°C.
Minimum temperature for active growth is about 20°C. However, for
ripening a relatively lower temperature in the range of 20 to 10°C, which
has a significant influence on the reduction of vegetative growth and
enrichment of sucrose in the cane, is preferable. The growth period ranges
from 9 months with harvest before winter frost to 24 months in Hawaii,
USA. In general, the growing period is between 15 to 16 months. The first
crop is usually followed by 2 to 4 ratoon crops, each taking about a year to
mature. Adequate soil moisture throughout the growing period is
important to obtain high yields.

Sugarcane has an extensive fibrous root system, with roots most
extensive in the upper 60 to 90 cm of soil. Some roots may extend to
depths' as much as 240 cm in well drained, deep loamly soils. Moisture
extraction is greater in 4he upper 120 cm, decreasing rapidly below that
depth. Rooting patterns will vary with soil type and drainage conditions.

Basically, three methods of water application are adopted: furrow,
sprinkler and drip. The frequency and depth of irrigation vary with the
growth periods of the crop. During the emergence and establishment of
young seedlings, light and frequent irrigations are required. During the
early vegetative period, the tillering is in direct proportion to the
adequacy of soil moisture in the root zone, which requires frequent
irrigations. During stem elongation the irrigation interval can be
extended, but the depth of irrigation is increased. The response of
sugarcane to irrigation is greater during the vegetative and yield
formation stages.
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Average soil moisture in the first 60 cm should generally be kept at a
level of above 66 per cent of total available moisture. However, during
winter time in North India, temperatures are too low for growth, and
available soil moisture levels need only to be maintained at about 50 per
cent level in the root' zone. Just before the harvest of the crop, irrigations
may be somewhat delayed as the practice results in the accumulation of
sucrose in the cane.

Sugarbeet. Sugarbeet (Beta vulgaris) It is a sugar enriched root
crop, which provides about 40% of sugar production in the world.
Sugarbeet needs a relatively long growth period, ranging from 140 to 200
days. The crop is grown under a variety of climatic conditions. The
minimum temperature for seed germination is 7 to 10°C. During the
vegetative growth period a higher temperature is preferred. High sugar
yields are obtained when the night temperatures are in the range of 15
and 20°C and daytime temperatures between 20 and 25°C. During tried
later part of the growing period, day temperatures above 30°C decrease
the sugar yield substantially. Sugarbeet is grown in a variety of well-
drained soils with medium to slightly heavy textures. Seeds are planted 1
to 2 cm deep in single or double rows. The row-to-row spacing of the crop
range from 50 to 70 cm. Crust formation on the soil surface during seed
germination can lead to poor crop stand. When the plant attains 4 to 8
leaves, thinning is done either manually or by machines.

Sugarbeet has a relatively high tolerance to soil salinity. However,
soil pH below 5.5 is unfavourable for growth. The process of
photosynthesis results in the formation of sugar in the leaves, a part of
which is utilized in the metabolic processes in the plant and the rest is
stored in the fleshy part of the roots, particularly during the growing
period when the vegetative growth slows down. The sugar yield of the
crop is determined by the size of the roots and their sugar concentration.
With the rapid growth of the storage roots, sugar concentration reaches a
high value, depending on the climatic factors, soil moisture content and
the nitrogen level in the soil. Nitrogen is given in split applications, a
small part at the time of planting and the rest after the thinning of the
crop. However, excess application of nitrogen as well as application
during the late growing season will reduce the sugar yield. Sugar content
is also influenced by the crop variety and plant spacing. Often the sugar
content in the root is greater than 15% of the fresh root weight. When
grown for sugar, flowering and seed formation stages are avoided. When
the crop is grown for seeds several weeks at low temperatures near 4°C
are required to induce flowering.

Three distinct growth stages are recognized in sugarbeet. The first,
ranging from 25 to 35 days is from the time of sowing to the emergence of
seedlings. The second, lasting 75 to 115 days is from the emergence of the
seedling to the point of constant growth. During this period the leaf
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surface develops faster than the root. In the third period, which extends
from 40 to 50 days, the rate of growth is more constant and strong root
develops along with a large canopy of leaves. A well-developed plant has a
deep tap root and a set of well-branched lateral roots which fill the upper
35 cm of the soil, extending to a radius of about 50 cm.

Sugarbeet is grown both under rainfed and irrigated conditions,
depending on the availability of rains. Sugarbeet is particularly sensitive
to soil moisture deficits during the emergence of the seedlings and a
period of about one month after emergence. Frequent light irrigations are
desirable during these periods. On the other hand, over-irrigation will
retard leaf development and can encourage flowering in the first year
(bolting) which is harmful when the crop is grown for sugar. Water
deficits during the mid-growing period (vegetative and yield formation
periods) will adversely influence the sugar yield more than during the
ripening stage. Soil moisture deficits, together with deficiency in nitrogen
towards the end of the growing period, may reduce the growth of roots but
increase the sugar concentration. Thus, except during the emergence and
early growth periods, the crop is less sensitive to soil moisture deficits.

Tobacco: Tobacco (Nicotiana tabacum) is grown under a wide range
of climates. The crop requires a frost-free period of 90 to 120 days from
transplanting to last harvest of leaves. The optimum temperature range
for growth is 20 to 30°C. A dry period is required for ripening and harvest
of leaves. Tobacco is raised in nurseries (soil beds) and is transplanted 40
to 60 days after sowing when the plant is about 15 cm tall.

Tobacco is grown under a variety of soils and climatic conditions.
Cigarette tobacco is normally grown on light soils and mainly in rabi
(winter season) in the southern parts of India. Bidi tobacco is grown as a
rainfed crop during Fkharif and rabi seasons, mostly in Gujarat,
Karnataka and Maharashtra. Hookah tobacco is mostly grown in the
alluvial soils of Uttar Pradesh, Bihar, West Bengal, Haryana and Punjab.

Tobacco when grown on heavy black clay soils normally does not
require irrigation especially in the monsoon season (kharif), but the crop
grown on light soils and during winter season (rabi) requires irrigation.
Furrow irrigation is more efficient than other surface methods of
irrigation.

Tobacco has a well developed tap root with extensive and well
developed secondary roots. However, about 75% of the moisture uptake is
from the top 30 cm of the root zone. When grown under irrigated
conditions tobacco requires careful scheduling of irrigation applications.
In the nursery the seedlings are given light frequent irrigations. After 30
to 40 days of sowing the seedlings require less water in order to obtain
robust plants. The period of maximum water requirement is 50 to 70 days
after transplanting. This is followed by a decrease in water requirements.
Moderate water deficits during the early vegetative period may enhance
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root development. However, water deficits during the mid-vegetative
period (period of rapid growth) may result in reduced growth and smaller
leaves. Severe water deficits during the yield formation and ripening
periods adversely affect leaf weight and chemical composition which will
influence the fire-holding capacity. However, a mild water deficit during
ripening may be favourable as it will restrict the growth of new young
leaves. On the other hand, excess water due to rains or irrigation will
result in leaves of low quality. Waterlogging for two or more days will
severely damage the plant.

Fodder Crops

Important fodder crops of the monsoon season (kharif) are maize,
cowpea, pearl millet and sorghum. The important rabi fodders are oats
and berseem or Egyptian clover. Some fodder crops like napier and
lucerne are grown as perennial crops.

The objective in the irrigation of fodder crops generally is optimum
vegetative growth of a certain quality. Since seed production is not
generally the objective, the timing of irrigation with respect to grain
yields does not apply. For example, in maize and sorghum (jowar) grain
yields are not appreciably affected by early season stress (prior to bloom)
if there is no severe wilting. Such a stress will have a marked affect on
vegetative growth and fodder yield. Lucerne, for example, generally
produces good seed yields only under moisture stress. As a general rule,
optimum forage production is possible only with a continuous high
moisture level. A safe rule to follow is to irrigate so as to keep the
available soil moisture level above 50 per cent at all times.

Lucerne (Alfalfa): Lucerne (Medicago sativa), also known as alfalfa,
1s an important fodder crop of high nutritive value. It is a perennial crop
planted from seed and reaches its maturity in the first year. The highest
yields are obtained in the second year of growth. It is a legume which
grows well on a variety of well-drained soils with pH values above 7.
Lucerne i1s moderately sensitive to soil salinity. When properly
innoculated it develops nitrogen fixing bacteria in the root nodes. It is a
dense crop grown in closely spaced rows. It is cut for fodder several times
during each growing season and may remain productive for 3 to 7 years or
more. Lucerne is also grown as a short season annual crop.

An important feature of the crop from the point of view of irrigation
is the well-developed tap root system. The tap root penetrates up to 4 m
in deep soils. To stimulate growth, lucerne is to be irrigated frequently.
Root development is adversely affected by dryness. To promote growth,
irrigation i1s normally applied just after each cutting. Adequate soil
moisture is maintained in the root zone throughout the growing period by
irrigation when the rainfall is inadequate: However, excess irrigation may
cause reduced soil aeration which is harmful to the crop.
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Vegetable Crops

Vegetables form an important component of human diet, supplying
major amounts of vitamins A and C and numerous nutrients, protein and
fat. Vegetable crops are grown over a wide variety of soils and climatic
conditions. One or the other vegetable crop is grown at any time of the
year, depending upon the availability of irrigation water. The important
monsoon season (kharif) and summer vegetable crops are lady finger,
tomato, brinjal, clusterbean, sweet potato, and cucurbitaceous crops. The
important winter (rabi) vegetables are cabbage, cauliflower, kholkhol,
beetroot, radish, turnip, carrot, potato, onion and leafy vegetables like
lettuce and spinach. Most of the vegetable crops are of short duration and
quick growing in habit and need frequent irrigations for their maximum
production. The irrigation requirements will vary, depending upon the
duration of the crop and the season when grown.

Vegetable crops include perennials such as asparagus (Asparagus
officialis) which have extensive and deep root system and hence are
draught resistant. Another perennial vegetable crop is globe artichoke
(Cynara scolymus), which also has extensive root system but requires
frequent irrigations throughout the year. Soil moisture deficiency, high
temperature particularly during the time buds are forming, results in
loose buts which are not marketable. The crop does not tolerate
waterlogging. Almost all other vegetable crops are seasonal. They include
potherbs or greens, including spinach, and kole which are shallow rooted.
The salad crops include lettuce, celery, endive, and parsley which are
relatively long season crops with shallow root system's. Soil crust on the
soil surface adversely affects the emergence of seedlings of lettuce. The
other group of important vegetable crops are the crucifers, namely
cabbage, cauliflower, broccoli and brussels sprouts. Important root crops
amongst the vegetable crops are beets, carrot, radish and turnip which
are rapid growing crops which readily respond to irrigation. Bulb crops
include onions and garlic. Beans and green peas are the prominent
legumes amongst the vegetable crops. Solanaceous vegetable crops
include tomatoes which are deep rooted with high water requirements
and high yields. Cucurbits include cucumbers, muskmelon, watermelon,
pumpkin and squash which are crops with medium or deep root systems.

Adequate soil moisture availability in the root zone is of prime
importance in the cultivation of vegetable crops. In arid and semi-arid
climates irrigation is a basic requirement in the cultivation of vegetable
crops. Supplemental irrigation is common in most climatic regions,
including humid and sub-humid regions. In surface irrigated crops,
furrow irrigation is usually preferred. Under conditions of limited water
availability both the drip and sprinkler methods of water applications are
suitable, though during the recent times drip irrigation is preferred in
many situations.
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The water requirement of vegetable crops and the frequency of
irrigation vary with the type of crop, soil and climatic conditions.
However, as a general rule, applicable to most of the vegetable crops, the
available soil moisture in the crop root zone should be replenished when
50% off it has been depleted. Specific characteristics of some of the
common vegetable crops influencing irrigation are presented in the
following pages.

Cabbage: Cabbage (Brassica oleragea) requires a cool climate for
growth. The total growing period depends on the growing season. Spring
season crop usually has a growing period of 90 days, while autumn crop
has an extended growth period up to 200 days, depending on climatic
conditions, the variety of the crop and the date of planting. Normally, the
growing period ranges from 120 to 140 days. Most varieties can tolerate
short periods of frost. Optimum growth occurs at mean day time
temperatures around 27°C. Mean relative humidity may be in the range
of 60 to 90%. In general, heavy loam soils are preferred. Under heavy
rainfall conditions, sandy and sandy loam soils are preferable as they
have better drainage properties.

Cabbage has an extensive shallow root system. The majority of the
roots are in the top 40 to 50 cm of the root zone. The transpiration of the
crop increases with the increase in the growth, with the peak towards the
end of the growing season. During the vegetative period, the development
of the crop is slow and the water requirements low. During the yield
formation stage, which is the period of rapid growth, the availability of
adequate moisture in the root zone is important. Depending on the
climate, stage of development of the crop and soil type, the frequency of
irrigation varies from 3 to 12 days.

Carrots: Carrots grow best in deep sandy and sandy loam soils.
Heavy, compacted and cloddy soils hinder smooth development of carrots.
The crop requires adequate soil moisture throughout the growing season.

Pea: Pea (Pesum sativum) is grown both for fresh and dried seed.
The crop varieties range from tall, climbing plants to small bush types.
Bush type plants have shorter growings-period. Pea prefers cool climate
with Optimum mean daily temperatures around 17°C, with a minimum of
10°C and a maximum of 23°C. Young plants can tolerate light frost, but
flowers and green pods are injured by frost. Peas are grown on well-
drained soils with pH in the range of about 5.5 to 6.5. Peas have tap root
systems with many lateral roots. Root depths range from 1 to 1.5 m.
However, moisture uptake is usually limited to the 60 cm to 1 m depth of
the rootzone. The sensitive periods for soil moisture deficits are flowering
and yield formation. For high yields soil moisture depletion should not
exceed 60% of the total available moisture and 40% during flowering and
yield formation periods.
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Radish: Radishes are very short season crops, maturing in 4 to 6
weeks. They are. grown on a variety of soils. Since the crop is very
shallow rooted, frequent irrigations are required. The top 15 cm of root
zone should be maintained at about 0.3 atmosphere tension.

Onion: Onion is the most important bulb crop grown under a variety
of climates from temperate to tropical. The crop flourishes in mild
climates without extremes of temperature and without excessive rainfall.
During the initial growth period, cool weather and adequate soil moisture
are advantageous for the proper establishment of the crop. During the
crop ripening period, warm, dry weather is desirable for high yields of
good quality bulbs. The mean daily temperature for optimum growth of
the crop ranges from 15 to 20°C. The length of the growing period varies
with the climate, but usually ranges from 150 to 175 days, from sowing to
harvest. The crop is usually grown in the nursery and transplanted after
30 to 35 days. Direct seeding is also practiced. The optimum soil
temperature for germination is 15 to 25°C. For bulb production the plant
should not flower, as it adversely affects the yield. For the initiation of
flowering, temperatures lower than 14 to 16°C and low humidity are
desirable. Onion is sensitive to soil salinity. Optimum pH is in the range
of 6 to 7. Onion, like most other vegetable crops, is sensitive to soil
moisture deficits. The crop is shallow rooted with roots concentrated in
the top 30 cm of the soil, requiring frequent and light irrigations. When
the soil is kept relatively wet, root growth is reduced and this favours the
enlargement of the bulb. Irrigation is discontinued when the crop
approaches maturity.

The growth periods of onion crop are the establishment period,
reckoned from sowing to transplanting which takes 30 to 35 days, the
vegetative period comprising 25 to 30 days, the yield formation (bulb
enlargement) period of 50 to 80 days and the ripening period of 25 to 30
days. Onion is most sensitive to soil moisture deficit during the yield
formation period, particularly rapid bulb growth which occurs about 60
days after transplanting. It is also equally sensitive during the planting.
For a seed crop, the flowering period is very sensitive to soil moisture
deficit. However, over-irrigation will reduce growth and yield. Frequent
irrigations are required to prevent cracking of the bulb and to ensure
good quality bulbs.

Potato: Potato (Solanum tuberosum) is grown in most regions
throughout the world, but is particularly important in the temperate
climates. The optimum mean temperatures are around 18 to 20°C.

Night temperatures below 15°C is desirable for tuber initiation.
Temperatures below 10°C and above 30°C adversely affect growth. Potato
varieties can be grouped into early (90 to 120 days), medium (120 to 150
days and late (150 to 180 days). Early varieties are bred for temperate
climates with long day lengths of 15 to 17 hrs, while late varieties result
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in good yields under long and short day conditions. For tropical climates
varieties tolerant to short days are required.

Potato is grown in 3 or more year rotations with other crops such as
maize, bean and lucerne to maintain soil productivity, to check weed
growth and prevent crop damage due to insects, pests and diseases,
particularly soil-borne diseases. Potato requires well drained soils with
adequate aeration, with pH ranging from 5 to 6. Under irrigations, the
crop is grown on ridges. The crop is moderately sensitive to soil salinity.

Potato requires adequate soil moisture for optimum growth. The
available soil moisture should not be depleted beyond 30 to 50%. Soil
moisture depletion more than 50% reduces the yield of the crop. Soil
moisture deficits during the period of stolonization, tuber initiation and
yield formation are particularly sensitive to potato. Early vegetative and
ripening stages are relatively tolerant to potato. However, there is
considerable variation between varieties in crop response to soil moisture
availability. Potato has a shallow root system and about 70% of the total
moisture uptake is from the top 30 cm of the root zone and nearly 100%
from the top 40 to 60 cm of the root zone. Under irrigated conditions,
irrigation scheduling should be based on avoiding soil moisture deficits
during the periods of stolonization and yield formation. To obtain water
savings greater level of soil moisture depletion can be allowed during the
ripening period. This will also help in advancing the maturity of the crop.

Tomato: Tomato (Lycopersicon esculentum) is the second most
important vegetable, next only to potato. It is a rapidly growing crop with
a growing period of 90 to 150 days. The crop is neutral to day length.
Optimum mean daily temperature is in the range of 18 to 25°C with night
temperatures between 10 and 20°C. The crop is sensitive to frost. The
crop can be grown on a wide range of soils but prefers well-drained light
loam soils with pH from 5 to 7. Waterlogging induces diseases,
particularly bacterial wilt.

The seed is usually grown in nursery plots and seedlings are
transplanted after 25 to 35 days. Tomato is moderately sensitive to soil
salinity. The most sensitive period to salinity is during germination and
early vegetative periods. The plant produces flowers from bottom to top.

The growth period of tomatoes are recognized as follows: nursery
stage (25 to 35 days), flowering stage (20 to 30 days), yield formation stage
(20 to 30 days) and ripening stage (15 to 20 days). Highest yields are
obtained by frequent, light irrigations. Tomato is most sensitive to soil
moisture stress during and immediately after transplanting, during
flowering and yield formation. Soil; moisture deficit during the flowering,
period causes flower drop. Moderate moisture deficit during the
vegetative period enhances root growth. Tomato has fairly deep root
system. In deep soils roots may penetrate up to 1.5 m. About 80% of the
soil moisture uptake is from the top 50 to 60 cm of the root zone soil. For
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high yields of good quality, tomato needs controlled supply of water
throughout the growing period. However, excessive irrigation during the
flowering period induces flower drop and reduces fruit set. It may also
lead to excessive vegetative growth and delay in ripening. Highest
demand for water is during flowering. Irrigation during and after fruit set
should be limited to the extent that it will not induce stimulation of new
vegetative growth at the cost of fruit development. Furrow irrigation is
the most commonly adopted method of surface water application. The
crop is highly, smutted to drip irrigation. With drip irrigation even
moderately saline water could be used to irrigate the crop. However,
tomato is not suited to sprinkler irrigation. Under sprinkler irrigation
fruit set may be reduced with an increase in fruit rotting.

Fruit Crops

Fruit crops may be of evergreen type or deciduous type. The
deciduous trees shed their leaves during winter and remain dormant for
3-4 months. A typical example is the grapevine. Amongst the evergreen
fruit trees are citrus, mango, banana, olive, pineapple, papaya and date
palm. All fruit crops require adequate soil moisture during their
establishment period of three to four years. Soil moisture should be
maintained above 50% availability in. the surface 1 m depth of soil. Later,
on full development, the crops may be irrigated when two-thirds of
available soil moisture is depleted during blossoming, fruit setting and
fruit enlargement periods. At other periods and during dormancy in the
case of deciduous trees, irrigations may be applied when the soil moisture
depletion reaches below 30% of the available soil moisture in the root
zone. Papaya and banana are shallow rooted and comparatively short
lived species. They need to be irrigated when the available moisture in
the top 30 cm soil layer is depleted to about 75 to 80 per cent of
availability. This will amount to irrigations at 8 to 12 day intervals
during rainless periods in a tropical climate. Date palm can withstand
high temperature and low humidity but needs irrigations during
flowering and fruiting stages to obtain good yields.

Banana: Banana (Musa spp.) is an important tropical fruit crop. A
mean daily temperature of about 27°C is optimum for banana. The
growth gets restricted when temperatures fall below 16°C. Banana plant
is multiplied by planting suckers which originate from the underground
stem (corm or rhizome) which bears several sprouts or suckers which are
removed for planting, except for one or two which provide the ratoon crop.
Nutrients must necessarily be applied at the time of planting and at the
start of the ratoon crop. The plant has a sparse, shallow root system. The
feeding roots are mostly spread laterally near the surface. The root depth
is usually limited to about 75 cm. In general, the soil moisture uptake is
from the top 80 cm of the root zone.
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The growth of the banana plant can be distinguished into vegetative
stage (from planting to shooting) which takes about 7 to 9 months and
flowering and yield formation stages (from shooting to harvest) which
take about 2 to 3 months. The number of ratoons varies with the variety.
The average life of a ratoon plantation is over 3 years. Some varieties are
replanted after each harvest. In irrigated plantations ample and frequent
supply of water is necessary. Water deficits in excess of 35% adversely
affect growth and yield. Establishment period, early phase of the
vegetative period and flowering period are vital in terms of water
requirement. Water deficit during the yield formation period adversely
affect the fruit size and quality. Under limited water availability, the
total production will be higher when full water requirements are met over
a limited area than when it is met partially over a large area. This is
unlike many other crops described earlier. Furrow and basin methods are
the commonly adopted methods of surface irrigation in bananas. Both
drip and sprinkler methods of irrigation are suitable in bananas. Drip
irrigation results in considerable savings in water.

Citrus: Citrus is a widely cultivated perennial fruit tree of various
species, including orange (about 70% of the total citrus crop), lemon,
grape fruit and mandarin. Citrus is cultivated up to 1800 m altitude in
the tropics and 750 m in the sub-tropics. For large scale cultivation the
crop 1s usually not suited to the humid tropics. Optimum daily
temperatures for growth are in the range of 23 to 30°C. There is a great
reduction in growth at temperatures above 38°C and below 13°C. Strong
wind is harmful to citrus, as they cause drop of flowers and young fruits.

Citrus is grown in well-drained deep soils which allow the tap root to
penetrate to depths of 1 to 2 m. Most citrus species develop a single tap
root. The lateral roots are spread laterally and form the feeding roots.
Light, and medium soils without impervious layers and not subject to
waterlogging are preferable. The soil pH in the range of 5 to 8 is
preferred. Citrus is sensitive to high concentration of salts in the soil. The
plant is propagated by bud grafting.

Adequate soil moisture is necessary for unrestricted growth of citrus.
Water deficit retards growth and induces leaf curl and drop; young fruits
fall and mature fruits are of inferior quality. Water deficits are avoided
during periods of vigorous vegetative growth. However, prior to flowering,
and fruit set too vigorous and luxuriant growth may impair production of
high quality fruits. The flowering period is highly sensitive to soil
moisture stress.

Citrus plant requires well planned irrigation scheduling. The plant
requires good aeration and over-irrigation is harmful, particularly in
young trees. Too frequent and heavy irrigations will affect root develop-
ment and yield as well as leaching of nutrients. Surface irrigation of
citrus are by furrow and basin methods. Both sprinkler and drip methods
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of irrigation are suitable and will result in uniform distribution of water
and savings in water. Sprinkler irrigation is helpful in protecting the crop
from frost.

Grape: Grape is an important fruit crop requiring a long, warm, dry
summer and cool winter. Grapes are adapted to a wide range of well-
drained soils. Largest vines and high yields are obtained in deep, fertile
soil. Grapes are moderately sensitive to soil salinity.

Most grape varieties are propagated by cuttings grown in nurseries
to produce roots. Grape vines are deep rooted with roots penetrating to
depths of 2 to 3 m. Grapes can adjust moderately to limited water supply.
Prior to and during flowering adequate soil moisture is essential for
flower development. During the vegetative period, flowering and early
yield formation stages soil moisture depletion should not exceed 0.35 to
0.45 when the ET is 5 to 6 mm/day. Later in the growth period, moisture
depletion can be at a higher level, while towards and after harvest a high
level of soil moisture depletion is required.

When the rainfall during the growth period is insufficient, irrigation
should be scheduled to fill the root zone to field capacity at regular
intervals, particularly during the periods when the crop is sensitive to
moisture stress. In such situations irrigation should be applied before the
vegetative growth starts. In shallow and light soils properly scheduled
irrigations are required till harvest. Furrow method of surface irrigation
is common in grape cultivation. Drip irrigation is the most suitable
irrigation method under limited water availability. Sprinkler irrigation
may also help in protecting the crop against frost. However, sprinkling
during the ripening period increases the chance of bunch rot.

Pineapple: Pineapple (Ananas comosus) is grown mainly in regions
with high relative humidity. For good growth pineapple requires a mean
daily temperature of 22 to 26°C. Mean daily maximum and minimum
temperatures are 30 and 20°C, respectively for the whole growing period.
Pineapple can grow on a wide range of soils, but well-drained sandy loam
soils are most suitable. The lime content of the soil should be low. The
crop is sensitive to waterlogging.

Pineapple is usually grown in double rows on raised beds. The plant
population is about 50,000/ha. Shading is sometimes used to protect the
crop from scorching when temperatures and radiation are high. The
growing period, from planting to harvest, ranges from 1 to 2 years and in
ratoon crops 9 to 18 months, depending on the planting material and
climatic conditions. The root system of pineapple is shallow and sparse. In
deep soils the maximum root depth may be about 1-m, but roots are
generally concentrated in the top 30 to 60 cm from where the full water
requirements are extracted by the plant. Flower initiation is induced by
low temperature, water deficit or hormone sprays. Hormone spray results
in uniform fruiting and harvest periods.
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Pineapple can tolerate long dry periods due to its ability to retain
water in the leaves, which is used by the plant during periods of water
scarcity. However, pineapple is sensitive to soil moisture stress,
particularly during the vegetative period. Soil moisture deficits retard
growth, flowering and fruiting. However, soil moisture deficits during
flowering is less harmful. On the other hand, it may hasten fruiting.
Frequent irrigations or rains at the time of harvest may cause poor
quality of fruits, and make the crop susceptible to fungal attack, causing
heart rot. Under deficient water availability, irrigation scheduling is
based on preventing water deficits during the period of vegetative growth.
Water supply can be restricted during the period of ripening. Soil
moisture depletion up to 75% of the available level can normally be
allowed, except during the vegetative growth period. About a month prior
to harvest, irrigation is discontinued. Furrow, sprinkler and drip methods
of water application are suitable in pineapple cultivation. Pineapple fruit
contains about 80 to 85% water and 10 to 14% sugar. Frequent irrigations
prior to harvest decrease the sugar content.

Spices and Condiments

Important crops in this group are turmeric, ginger, cardamom,
cumin, coriander, betal vine, black pepper and chillies. Only limited
information is available on the water management practices of these
crops. Turmeric, ginger and chillies should be grown on broad ridges and
irrigated to maintain over 50 per cent of available moisture in the zone of
maximum root spread which is the top 60 cm layer of soil. Coriander and
Onion are winter crops and need irrigation at intervals of 10 to 12 days on
light soils and 15 to 20 days on heavy soils. The water requirements of
these crops are around 500 to 600 mm.

Lawns and Gardens

In parks and gardens, seasonal flowering plants need to be irrigated
frequently to maintain the surface 30 cm soil layer moist. These plants
should receive irrigations at an interval of five to eight days depending
upon the severity of the climate. A lawn may be irrigated at an interval of
eight to ten days in summer and 15 to 20 days during winter to maintain
its good growth. In lawns, one has often to resort to surface irrigation
methods and hence proper consideration should be given to levelling at
the time of planting to ensure that water will spread uniformly. The
young shrubs and live-fences should be irrigated along with the lawns.
Fully developed ornamental trees may be able to tap deep percolated
water and hence no special care may be necessary for their growth.

Plantation Crops

Apple, coconut, date palm, arecanut, black pepper, cocoa, coffee, tea
and rubber are amongst the major plantation crops grown in many
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regions of the world. There are many other fruit crops and spices which
are important in specific regions. Plantation crops are usually high price
crops. Many of the plantation crops are developed in favourable
environments so that irrigation may not be a major limiting factor in
their production at the global level. However, most plantation crops
respond well to irrigation during periods of water scarcity at specific
growth periods.

Coffee: Coffee crops are normally of two species, namely, Coffee
Arabica and Coffee robusta. Only Coffee Arabica is irrigated on a signif-
icant scale. Coffee Robusta commands a much lower price in the world
market and is usually grown in hotter and wetter areas. Coffee Arabica
provides the highly aromatic variety, forming the bulk of the commercial
blends of coffee, which is usually grown in moderately high altitudes.
Mean monthly minimum temperature for coffee plantations is 10°C. .

Coffee varieties have a vigorously developed root system and can
withstand soil moisture stress to a great extent. Properly controlled
irrigations, however, increase the yield and bean quality of Coffee
Arabica. Limited soil moisture availability controls flowering and hence
better period of Picking. Continuous replacement of soil moisture through
irrigation is not advisable in the monsoon regions. Amongst the surface
methods of water application, furrow irrigation (usually contour furrows)
is preferred. Both sprinkler and drip irrigation are suitable. Drip
irrigation is preferred in. regions with limited water availability.

Tea: Tea (Thea sinensis) is one of the important crops of India and
Sri Lanka which together produces over half of the world production. It is
also grown in many regions of the tropics and sub-tropics under cool and
high altitude conditions.

The major root system of tea plant is in the top 70 cm of the soil.
Irrigation is highly desirable in regions with prolonged drought periods.
Sprinkler and drip methods of water application are suitable in tea plant-
ations. Furrow irrigation, particularly contour furrows is also suitable.

Cocoa: Cocoa (Theobroma cocoa) is a tree crop grown in wet, tropical
lands around the world. The climatic requirements are high humidity and
comparatively high temperature. Cocoa is a shallow rooted plant with
most of its active roots spread in the top 60 cm of the soil. The crop is
sensitive to soil moisture stress. Soil moisture stress below 60% of the
field capacity moisture level affects the plant growth. Furrow irrigation is
the most commonly used surface irrigation method. Drip irrigation is
suitable and will result in substantial savings in water.
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Chapter - 4

Crop Water Requirements and Irrigation

Dr. S.B. Verma & Dr. Jibu Jha

The estimation of the water requirements (WR) of crops is one of the
basic needs of crop planning on the farm and for the planning of any
irrigation project. Water requirement may be defined as the quantity of
water, regardless of its source, required by a crop or diversified pattern of
crops in a given period of time for its normal growth under field
conditions at a place. Water requirement includes the losses due to
evapotranspiration (ET) or consumptive use (Cu) plus the losses during
the application of water (unavoidable losses) and the quantity of water
required for special operations like land preparation, pre-sowing
irrigation and transplanting. It may thus we expressed as follows:

WR = ET or Cy + application losses + special needs.

Water requirement is, therefore, a 'demand' and the 'supply' would
consist of contributions from any of the sources of water, the major source
being the irrigation water (IR), effective rainfall (ER) and soil profile
contributions (S) including that from shallow water tables. Numerically,
therefore, water requirement is given as:

WR=IR+ER+S (1)

Irrigation Requirement

The irrigation requirement of a crop is the amount of water to be
supplied by irrigation to a disease-free crop growing in a large field with
adequate soil water and fertility and achieving full production potential
under the prevailing soil and climatic conditions. Irrigation requirement
includes the evapotranspiration of the crop (E7c) (or consumptive use
Cu), maintaining a favorable salt balance within the root zone of the crop.
Irrigation requirement does not include the water which is available to a
crop through precipitation, soil moisture 'storage and soil moisture
accretion through capillary movement of groundwater or seepage from
such surrounding areas.
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With the estimated value of ETc the irrigation requirement of a crop
can be computed, adopting the following relationship (using identical
units of depth, i.e., mm/cm/inches):

1=ETc-P+RO+DP + L+ D:(Qt- 9) 2)
in which,
/ = Irrigation water requirement
ETc = Evapotranspiration of the crop
RO = Runoff from the crop field from irrigation and/or rainfall
DP= Deep percolation in the field from irrigation and/or rainfall
L = Leaching requirement
D, = Depth of the crop root system of
Qr Root zone soil moisture content at field capacity level
Qr = Root zone soil moisture content prior to irrigation.

The field irrigation requirement of a crop, therefore, refers to the
water requirement of crops, exclusive of effective rainfall and contribution
from soil profile, and it may be given as:

IR=WR-(ER + S) .(3)

The farm irrigation requirement depends on the irrigation needs of
individual crops, their area and the losses in the farm water distribution
systems, mainly by way of seepage. The irrigation requirement of an
outlet command area includes the irrigation requirement of individual
farm holdings and the losses in the conveyance and distribution system.

Field Water Balance

The water balance of a field is an itemized statement of all gains,
losses, and changes of storage of water occurring in a given field within
specified boundaries during a specified period of time. The task of
monitoring and controlling the field water balance is vital to the efficient
management of water and soil. A knowledge of the water balance is
necessary to evaluate the possible methods to minimize loss and to
maximize utilization of water which is so often the limiting factor in crop
production.

Gains of water in the field are generally due to precipitation and
irrigation. Occasionally, there may be gains due to accumulation of runoff
from higher tracts of land, or to capillary rise from below (especially
where a water table is present at some shallow depth). Losses of water
include surface run-off from the field, deep percolation out of the root zone
(drainage), evaporation from the soil surface, and transpiration from the
crop canopy. The change in storage of water in the field can occur in the
soil as well as in the plants. The total change in storage must equal the
difference between the sum of all grains and the sum of all losses.
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Accordingly, the water balance equation may be stated as follows:
(Gains) - (Losses) = (Change in storage)
(P+1)-R+D+E+T)=(AS+AV) .(4)

In which, P is precipitation, I= irrigation, R runoff from the field, D
downward drainage out of the root zone, E evaporation from the soil, T
transpiration by the crop canopy, A S the change in soil water content of
the root zone, and AV the change in plant water content. All of these
quantities are usually expressed in terms of water depth per unit of land
area (ha-cm) or units of depth (cm).

An important consideration in water balance studies is the period, or
time interval, for which the balance is made. Too short a period might be
impractical, while too long a period might mask the occurrence of short-
term critical stages. At such critical stages as flowering and fruit-set even
temporary imbalance in crop-water status can be have a lasting effect. It
1s necessary to ensure that the crop water balance is maintained positive
continuously during the growing season.

Measurements of field water balance is usually conducted by the use
of weighing or floating lysimeters. However, they cannot be used when
the mixed nature of the species composition, the spatial distribution of
the vegetation, the characteristics of the root systems, the size of plants,
or other factors make it impossible to simulate the natural environment
in the lysimeter itself. In such cases,, determination of soil water storage
at different points in the community provide the only means for
evaluating the water balance.

Effective Rainfall

In its simplest sense, effective rainfall means useful or utilizable
rainfall. Rainfall is not necessarily useful or desirable at the time, rate, or
amount in which it is received. Some of it may be unavoidably wasted
while some may even be destructive. Just as total rainfall varies, so does
the amount of effective rainfall.

The term effective rainfall has been interpreted differently by
specialists in different fields. To a canal irrigation engineer, the rain
which reaches the storage reservoir directly and by surface runoff from
the surrounding area is the effective portion. Geo-hydrologists would
define as effective rainfall that portion of rainfall which contributes to
groundwater storage. Agriculturists consider as effective that portion of
the total rainfall which directly satisfies crop -water needs. In the field of
dry land agriculture, when the land is left fallow, effective rainfall is that
which can be conserved for the following crop.

Thus, it may be seen that even though the concept is the same in all
the above cases, the values of effective rainfall are different for different
agencies for the same total rainfall. Since there are such varied-
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interpretations of what may be regarded as effective rainfall, it is difficult
to develop a definition to suit all the interested disciplines. Rainfall which
is ineffective according to one may be effective according to another. From
the point of view of the water requirement of crops, the Food and
Agricultural Organisation of the United Nations (Dastane, 1974) has
defined the annual or seasonal effective rainfall as that part of the total
annual or seasonal rainfall which is useful directly and/ or indirectly for
crop production at the site where it falls, but without pumping. It
therefore includes water intercepted by living or dry vegetation, that is
lost by evaporation from the soil surface, the precipitation lost by
evapotranspiration during growth, that fraction which contributes to
leaching, percolation or facilitates other cultural operations either before
or after sowing without any harm to yield and quality of the principal
crops. Consequently, ineffective rainfall is that portion which is lost by
surface runoff, unnecessary deep percolation losses, the moisture
remaining in the soil after the harvest of the crop and which is not useful
for next season's crop. The growing season is counted from the start of the
first tillage operation until the harvest.

The above concept of effective rainfall is suggested for use is planning
and operation of irrigation projects. The irrigation water supply in a given
year should be planned to complement rainfall. Since annual rainfall
varies from year to year, an irrigation project is to be planned based on
data, over a long period to calculate the effective rainfall on the basis of
probability of occurrence.

Factors Influencing Effective Rainfall

(i) Rainfall characteristics: A soil has a definite and limited
infiltration and moisture holding capacity. Hence, greater amount and
intensities of rainfall normally reduce the effective fraction of rainfall and
increase runoff. A well distributed rainfall in frequent light showers
increases the effective rainfall and is conducive to crop growth than heavy
downpours. In India the intensity, frequency and amount of rainfall are
high during July and August and hence the effective fraction is low. From
November to April most of the rainfall is effective due to its low intensity,
frequency and amount.

(ii) Land slope: The slope of the land has a profound influence on
the time available for the rain water to infiltrate into the soil (infiltration
opportunity time). Water stays longer on flat and levelled land and thus
has a longer opportunity time than on slopping land where there is a
rapid runoff.

(iii) Characteristics of the soil: The soil properties influencing
infiltration and moisture retention influence the effective fraction of
rainfall. High values of infiltration rates- and hydraulic conductivity of
the soil enhance the infiltration and reduce runoff. The moisture content
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of the soil at the time of occurrence of the rain (initial moisture content),
affects the effective rainfall considerably. The higher the moisture
content, the lower the infiltration rate and higher the surface runoff
which reduces the effective rainfall.

(iv) Management practices: Any management practice which
influences runoff, infiltration, hydraulic conductivity or evapotranspir-
ation also influences the degree of effective rainfall. Bunding, terracing,
contour tillage, ridging and mulching reduce runoff and increase effective
rainfall.

(v) Crop characteristics: Crops with high water consumption
create greater deficits of moisture in the soil. The effective rainfall is
directly proportional to the rate of water uptake by the plant. Crop
characteristics influencing the rate of water uptake are the degree of
ground cover, rooting depth and stage of growth. Soil moisture stored in
deeper layers can be tapped only when roots penetrate to these depths.
Deep-rooted crops, therefore, increase the proportion of effective rainfall
in a given area.

(vi) Carry-over soil moisture: It is the moisture stored in the crop
root zone between cropping seasons or before the crop is planted. This
moisture is available to meet the consumptive water needs of the crop.
The contribution of a fairly good rain occurring just prior to sowing may
be equivalent to one full pre-sowing irrigation. An additional benefit of
excess pre-sowing season rain is the leaching of salts accumulated in the
root zone in the summer season. Carry-over of soil water is of great
importance in rainfed farming in water scarcity areas.

(vii) Groundwater contribution: Soil moisture contribution from
the groundwater table is determined by the depth of groundwater below
the root zone and the capillary and conductive properties of the soil.

Measurement of effective rainfall: Evaluation of effective rainfall
involves the measurement of rainfall and/or irrigation losses by surface
runoff, percolation beyond root zone and soil moisture use by crops.
Precise measurements are often made by weighing type lysimeters.

Groundwater contribution: The contribution to the root zone soil
moisture from the groundwater table is determined by the depth of
groundwater below the root zone, the capillary and conductive properties
of the soil and the soil moisture content in the root zone. Both the rate
and the distance of water movement are important criteria. For heavy soil
the distance of movement is high and the rate low, while for light
textured soil the distance of movement is low and the rate high.

Surface and sub-surface in- and out-flows: Computation of
surface inflow normally does not apply, except for areas subject to
occasional flooding. Under efficient irrigation practices surface outflow is
small. Management losses and waste of water due to technical faults are
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normally accounted for in irrigation efficiency. Sub-surface inflow is only
of local significance in areas where there is upward movement of water
from deeper subsoil caused by seepage from reservoirs and canals. Sub-
surface inflow may also occur locally on or near the toe of sloping lands.

Deep percolation: Deep percolation is that amount of water which
passes below the root zone of the crop and can continue for a long time
after field capacity has been reached in the crop root zone, following
irrigation or heavy rain. Total water loss by deep percolation in irrigated
conditions can account for 20% or more of the total amount of water
applied. However, soil water movement in arid below the root zone, after
an initial downward outflow, can later be reversed to an upward inflow
from the wet sub-soil to the drying root zone above.

Net Irrigation Requirement

The net irrigation requirement is the depth of irrigation water,
exclusive of precipitation, carry-over soil moisture or groundwater contri-
bution or other gains in soil moisture, that is required consumptively for
crop production. It is the amount of irrigation water required to bring the
soil moisture level in the effective root zone to field capacity (Fig. 1).
Thus, it is the difference between the field capacity and the soil moisture
content in the crop root zone before starting irrigation.

This may be obtained by the relationship given below:
d= Z (Mfcz—sz)

100
In which,

d = net amount of water to be applied during an irrigation, cm

AD; 6)

Mz = field capacity moisture content in the ith layer of the soil, per
cent

Mbi= moisture content before irrigation in the ith layer of the soil, per
cent

Ai= bulk density of the soil in the ith layer
D= depth of the ith soil layer within the root zone cm, and
n =number of soil layers in the root zone D.

In drawing up the seasonal or monthly net irrigation requirements
for a given crop or cropping pattern the main variables composing the
field water balance include:

(1) crop water requirements as determined by climate and crop
characteristics, ETc

(it) contribution from precipitation, and groundwater, and
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(iii) carry-over of soil moisture. The deficit in the soil water balance is
met by the net irrigation requirement.
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Fig. 1. Concept of gross and net irrigation requirements.

Gross Irrigation Requirement

The total amount of water applied through irrigation is termed as
'gross irrigation requirement'. In other words, it is the net irrigation
requirement plus losses in water application and other losses. The gross
irrigation requirement can be determined for a field, for a farm, for an
outlet command area or for an irrigation project, depending on the need,
by considering the appropriate losses at various stages of growth of the
crop.

Gross irrigation requirement (in field)

Net irrigation requirement

Field efficiency of system

For example, if the net amount of irrigation is 8 cm and the field
efficiency is 75 per cent, the gross amount of water to be applied to the
field is

8
0.75

The gross irrigation requirement (IR) at the field head, for instance,
can be determined as follows:

=10.66cm
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(6)

IR = i d
T E (application)

IR = seasonal gross irrigation requirement at the field head (cm)
d = net amount of water to be applied in each irrigation (cm)
E(application) = water application efficiency, and

n =number of irrigations in a season.

Irrespective of the method of irrigation, no system is 100 per cent
efficient and not all the water applied during an irrigation enters the soil
and is held in the root zone. Unavoidable losses are caused through
seepage and leaks in the water conveyance system, non-uniform
distribution of water over a field, percolation below crop root zone and
wastage due to surface runoff at the end of borders and furrows. In case of
sprinkler irrigation, additional losses may be caused by evaporation from
the spray and by the retention of water on the plant foliage.

Irrigation frequency. Irrigation frequency refers to the number of
days between irrigations during periods without rainfall. It depends on
the consumptive use rate of a crop and on the amount of available
moisture in the crop root zone. It is a function of crop, soil and climate.
Sandy soils must be irrigated more often than fine-textured deep soils.
Moisture-use rate varies with the kind of crop and climatic conditions and
increases as the crop grows larger and the days become longer and hotter.
In general, irrigation should start when about 50 per cent and not over 60
per cent of the available moisture has been used from the zone in which
most of the roots are concentrated. The stage of growth of the crop with
reference to the critical periods of growth is also kept in view while
designing irrigation frequency.

In designing irrigation systems, the irrigation frequency to be used is
the time (in days) between two irrigations in the period of highest
consumptive use of the crops grown. Irrigation frequency depends on how
fast soil moisture is extracted when a crop is transpiring at its maximum
rate. The average moisture-use rate during this period is used to plan
irrigation systems. For an irrigation system to be adequate, it must have
sufficient capacity to supply the water required during this period. The
design irrigation frequency may be computed as follows:

Design frequency (days)
Field capacity of the soil in the effective crop root zone.
Moisture content of the same zone

at the time of starting of irrigation

"~ Peak period moisture use rate of crop

Irrigation period. Irrigation period is the number of days that can
be allowed for applying one irrigation to a given design area during the
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peak consumptive use period of the crop being irrigated. It is the basis for
irrigation system capacity and equipment design. The irrigation system
must be so designed that the irrigation period is not greater than the
irrigation frequency.

Irrigation period

Net amount of moisture in soil between start of

_ Irrigation and lower limits of moisutre depletion

Peak period moisture use rate of crop

IRRIGATION SCHEDULING

Irrigation scheduling is the process of determining the time to
irrigate and how much water is to be applied (irrigation depth) in each
irrigation. Proper scheduling is essential for the efficient use of water and
other inputs in crop production. Irrigation schedules are planned to either
fully or partially provide the estimated water requirement of the crop.

Amount of water to apply per irrigation. With full irrigation the
amount of water required per irrigation is computed as follows:

1 = Di(fc - fm ) irrigation efficiency )
in which,

D, = Depth of root zone

fe = Soil moisture content at field capacity

fm = Soil moisture content prior to irrigation.

Full irrigation: This provides adequate water to meet the entire
irrigation requirement and is aimed at achieving the maximum
production potential of the crop. Excess irrigation, however, reduces crop
yields by adversely influencing soil physical properties like soil aeration,
soil temperature and the microbial activities in the soil. Full irrigation is
justified when there is no scarcity of water and the cost of irrigation is
low.

Deficit irrigation: This meets the water requirement of crops only
partially. It is economically justified when reducing the amount of
irrigation supply below the full level causes production costs to decrease
faster than the decline in the value of crop harvest. Deficit irrigation is
practiced when there is water scarcity or when the irrigation system
capacity is limited. With 'deficit' irrigation the crop root zone is not
always filled to the field capacity moisture content level. In locations with
appreciable amounts of precipitation during the irrigation season, it is
possible to fill the root zone only partially so that some precipitation can
be stored in the crop root zone. The recent concepts on the management of
'deficit irrigation', i.e., replacing only a part of the water that is used by
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the plant and achieving maximum possible production per unit quantity
of water and/or land require careful analysis and planning. For example,
it has been observed that the yield and fruit quality of matured apple
trees are not affected by partial replenishment of the water used during
the period prior to fruiting. Full replacement is required during' the
period following fruiting. Many research studies indicate that with
increasing water shortage globally it may be more economical to plan
irrigation systems to obtain economical crop production per unit of land.
However, care should be taken to ensure that there is no water shortage
during the 'critical stages' in the growth of the crop.

Ideally, the irrigation depth and/or the irrigation interval vary with
the stage of growth of the crop. At the beginning of the growing season
the depth of irrigation is kept low, but the applications are frequent. This
is due to the low value of ETc of the growing seedling and their shallow
root system. During the mid-growth stage of the crop the depth of
irrigation is increased and irrigations are given less frequently.
Controlling irrigation depths is not difficult under sprinkler and drip
methods of irrigation. However, with surface irrigation methods the scope
for changing irrigation depths is limited. The amount of effective rainfall
which may occur during the crop season is deducted from the amount of
irrigation water estimated to be applied in the irrigation which follows.
Alternatively, provision may be made to allow for the precipitation which
is expected during the crop growing period.

Irrigation Indices

Scientific irrigation must be based on an understanding of the soil-
water-plant-atmospheric relationship. Irrigation needs of crops depend on
the evaporation demand of the ambient atmosphere, soil-water regime in
the crop root zone and the plant foliage.

Visual plant symptoms: Visual symptoms in plants to decide on
the time to irrigate are changes in the colour of plants, curling of the
leaves and tendencies of wilting. These are observed by looking at the
crop as a whole and not individual plants. When the crop comes under
water stress the appearance changes from vigorous growth to retarded
growth. Under conditions of water stress the number of emerging leaves
get reduced, and often there is a marked change in the colour of the leaf
which gets darker and sometimes grey. Successful interpretation of crop
stress requires keen observation and experience in crop fields. However,
symptoms may sometimes be misleading due to changes in crop varieties
and nutritional disorders as well as insect and pest incidence. Another
limitation in resorting to the appearance of crop foliage is that by the
time the symptoms are evident irrigation has already been withheld for
too long a period for most crops and the yield losses have become
substantial.
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Plant water content and water potential: The status of water in
the plant is generally indexed from the measurement of leaf-water
content and leaf-water potential. Their values at any time of the day will
depend on the lag between the evaporative demand of the atmosphere
and the moisture uptake rate by the crop. When their values fall below
certain critical limits specific to the plant species and their growth stages,
important physiological and growth factors are adversely affected. Hence,
these values can serve as reliable indicators for irrigating crops.

Plant temperature: Almost the entire radiation energy received on
the leaf surface during the daylight hours is utilized for evapotrans-
piration (ET). The remaining energy, if any, is used to heat the leaf
tissues and the ambient air. When ET reduces due to water deficit in the
plant, the energy saved in the process is partly used to raise the leaf
temperature. Many investigations have shown that the leaf canopy
temperature is a sensitive index in crops like soybean, oats, barley,
lucerne (alfalfa), wheat, sorghum and maize (Prihar, S.S. and Sandhu,
B.S., 1987).

Soil-water regime: A commonly recommended method to decide on
irrigation schedules is soil moisture measurements in the field. When the
soil moisture content has dropped to a certain critical level, say about
50% of field capacity level in the crop root zone, irrigation is applied.
Normally irrigation is not delayed beyond 60% field capacity moisture
content.

Irrigation schedules based on prediction of ET: Irrigations can
be suitably scheduled on a farm if the allowable maximum water
depletion in the crop root zone and the evapotranspiration (ET) for short
periods during the growing period are known.

Irrigation scheduling based on pan evaporation: Prihar et al.
(1974) suggested a 'practical approach' relating irrigation requirement to
the cumulative evaporation during a time period as measured In a
standard open pan. The relationship is expressed as IWEpan in which IW
is the depth of irrigation water and Epen is the cumulative open pan
evaporation. The rainfall during the period, if any, is subtracted from the
value of Epan. The validity of the procedure will depend on the proper
installation of the evaporation pan and the rain gauge and the precision
in measurements of pan evaporation and rainfall. Further, the suitability
of the method is situation-specific arid limited to the particular variety of
a crops.

General Guidelines on Planning Irrigation Schedules

The characteristics of different soil groups and soil depth influencing
irrigation scheduling are as follows:
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(i) Shallow and/or sandy soil: In sandy soils in general and soils
with limited depth (due to the presence of hard pan close to the ground
surface) the soil moisture holding capacity is low. These soils require
frequent irrigations and the amount of water applied in each irrigation is
kept low.

(ii) Loamy soils: Loamy soils can store more water than sandy soils
or shallow soils. Hence, irrigation is applied less frequently with larger
depth of water in an irrigation.

(Hi) Clayey soils: The moisture holding capacity of clayey soils is
more than loamy soils. Hence, irrigations are less frequent and the
quantity of water in an irrigation is higher.
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Chapter - 5

Micro-Irrigation for Sustainable Water
Management in Agriculture

D.K. Singh and R.M. Singh

Agriculture is the largest user of fresh water for irrigation to fulfill
the increasing demand of food, feed, fiber, fuel and other need of ever-
increasing population. Water availability to agriculture is characterized
by declining in share with time, over exploitation, improper
mismanagement, deterioration in quality as well as environment. This
could be addressed using sustainable management of irrigation water. As
per the Brundtland Commission report of United Nations, sustainable
development i1s the development that meets the needs of the present
without compromising the ability of future generations to meet their own
needs. Sustainable water management aims to improve water
productivity, availability and quality over an area. Improved and efficient
irrigation techniques and practices enhance water application efficiencies,
and thereby reduction in associated damage to environment, which
include water logging, soil salinity, runoff and leaching of nutrients and
other chemicals polluting water sources, and over exploitation of ground
water. Micro irrigation systems have been characterized to be the most
efficient irrigation techniques. These have efficiencies even more than
90%, doubled water productivity with improved quality of produce,
reduced runoff and leaching of nutrients and chemicals to water sources.
Application of fertilizer through drip irrigation called furtigation could be
adopted for efficient use and saving of fertilizer, fertilizer savings of 20-
60% and 8-41% increase in yields of horticulture and vegetable crops has
been realized through furtigation. Micro irrigation is getting popularity
having large potential due to its being economic feasible, widely accepted
in society and environment friendly. Therefore, micro irrigation systems
could be used for sustainable water management.

Introduction

National Water Policy of India (2002) emphasizes that water is a
prime natural resource, a basic human need and a national asset. The
planning and management of this resource and its optimal, economical
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and equitable use has become a matter of the utmost urgency. The fresh
water is essential for sustaining all forms of life. Agriculture is the largest
user of fresh water for irrigation. Water is being over exploited to fulfill
the increasing demand of food, feed, fiber, fuel and other need of ever-
increasing population. Also, conventional water management has been
characterized to pose problems of water logging, increased salinity and
alkalinity of soil, depletion of ground water table, salt water intrusion in
ground water due to poor drainage and irrigation water management.

Improper use and mismanagement of available water, climate
change, urbanizations and increasing population are considered as the
main causes of increasing water scarcity. The increasing population and
urbanization force the greater need of water for domestic consumption.
Access to water 1s so crucial to human well-being and development that
has now become a main concern for the global community. To emphasize
the need for immediate action, year 2003 was designated as the
International Year of Freshwater by the United Nations to provide an
opportunity to raise awareness, motivate people, and mobilizes resources
in order to manage water in a sustainable way. This paper presents
prospects of micro irrigation for sustainable management of water.

1. Water Associated Crisis

The four main factors of population growth, urbanization, increased
consumption and climate change are responsible for aggravated water
scarcity (IPCC, 2007). Water scarcity is defined as per capita supplies less
than 1700 ms3/year (IPCC 2007). It has been assessed that one in three
people are already facing water shortages. About 1.2 billion, people which
is around one-fifth of the world's population live in areas of physical
scarcity, while another one quarter of the world's population which is
around 1.6 billion people live in countries lacking the infrastructure to
take underground and rivers water, thus facing an economic water shor-
tage. The Water use in the world (2005) presented in Table 1 indicates
two-third of total water is utilized in agriculture (Comprehensive
Assessment of Water Management in Agriculture, 2007).

Table 1. Water use in the world (2005)

Activities Water
Agriculture 67
Household 9
Water supply 8
Electricity and gas 7
Manufacturing 4
Mining 2
Others 3
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The nature of rainfall in India is characterized as erratic with uneven
distribution over space and time. Only about 62 mha, which is around
44% of the cropped area is irrigated. There is a need to bring more
cropped area under assured irrigation to increase agriculture productivity
and production. The ultimate irrigation potential of the country has been
estimated to be about 140 mha out of which about 76 mha could be from
surface water and about 64 million hectare from ground water sources.
The per capita water availability, in terms of annual average utilizable
water resource of India, which was 3450 m in the year 1951, was 1250 m
in 2005 and would reduce to 760 m" in the year 2050, placing it in the
category of water stressed country. The water demand will increase in
future (Figure I).
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Agriculture water demand.
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Year

Figure 1: The annual agriculture water demand in India is projected to increase
at rate of 2.4% during 2005 to 2030. The water demand will be double by 2030.

The National Commission for Integrated Water Resources
Development (CIWRD) has assessed that about 83% of water is used for
irrigation and remaining for domestic, industrial and other purposes. It
has assessed the projected demand as 1180 billion cubic meters for the
high demand scenario for the year 2050. The share of irrigation water in
the overall demand has been estimated to reduce from the present level of
about 83% to about 69% by the year 2050.

The run off from farm, untreated municipal sewage, domestic
wastewater, agricultural run off, industrial effluents, fertilizer runoff,
manure form livestock, all introduce pesticides, sewage and nutrient in
the water. Also, some chemicals such as fluoride, arsenic, lead, nitrate,
chlorinated solvents, petrochemicals contribute to water contamination.
The use of contaminated water for drinking purpose leads to several
diseases. The poor quality water causes water borne diseases such as,
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typhoid, cholera, and dysentery due to bacterial infections. These cause
heavy economic loss to the individual and nation as a whole.

2. Sustainable Water Management

More and more water is required to fulfill the needs of food, feed,
fiber, and energy through agriculture for increasing population. Its
availability to agriculture is declining day by day. Also, over exploitation,
improper use and mismanagement have led to deterioration of quantity
and quality of water as well as environment. It is causing many problems
to the society and responsible to loss of man, money and quality nature.
This issue could be addressed with proper understanding of the problem
and posing the best solution and planning through sustainable
management to prevent irrigation water crises for present and future
generations.

2.1 Sustainability

Sustainability is the capacity to endure. Sustainability interfaces
with economics through the social and ecological consequences of
economic activity. It is the potential for long-term maintenance of well
being, which has environmental, economic, and social dimensions.
Sustainability was one of eight goals in Millennium Development Goals
agreed at the United Nations Millennium Summit in September 2000.

2.2 Sustainable development

The use of resources in a way to meet human needs for the present as
well as future generations while preserving the environment may be
referred as the Sustainable development. The Brundtland Commission
report of United Nations in 1987, defines sustainable development as the
development that meets the needs of the present without compromising
the ability of future generations to meet their own needs. It is
environmentally friendly forms of economic growth activities (agriculture,
logging, manufacturing, etc.) that allow the continued production of a
commodity without damage to the ecosystem (soil, water supplies,
biodiversity or other surrounding resources) (www.ecokids.ca/pub/
eco_info/glossary/index.cfm).

Sustainable development requires balance between the economy,
ecology and society for present and future generations. It could be broken
into three main parts viz. (i) environmental sustainability, (i1) economic
sustainability, and (iii) social sustainability.

2.3 Sustainable Development Models

In concentric circles model of sustainable development, three
constituent parts of economy, society and environment could be
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represented as concentric circles (Ott, 2003). If society and environment
development are considered then it is only bearable development. It is
equitable if together social and economic development is taken care of.
However, it is viable if environment is considered along with economic
development. Sustainable development 1is achieved if all three
developments are in balance, emphasizing sustainable development: at
the union of three constituent parts (Adams 2006 and IUCN 2006).

The economic development, social development, and environmental
protection are interdependent and mutually reinforcing pillars of
sustainable development. Strong foundation is required to balance three
pillars for stability of sustainable development. Ethics and strong
commitments should be treated as the foundation to the pillars of the
sustainable development (Singh 2011).

3. Sustainable Water Management Model

The sustainable water management can be achieved by using
appropriate techniques of water management to improve water
productivity, and availability over an area for irrigation. A conceptualized
model for sustainable water management could be visualized with its
three constituent parts, the users, available water and environment all
represented by circle and interacting each other (Singh et al., 2009).

The constituent parts interact in such a way that users are affected
and affecting the available water in a closed system of environment which
is affecting both the users and available water and vice versa. The circle
represented for user is expanding because of increasing population and
the other circles remain same. The circle represented for available water
remains same if assumed that quantity of available fresh water remains
same in hydrologic cycle over a long period of duration. The circle
represented for environment remains same under sustainable condition.

4. Strategies for Sustainable Water Management

The available water is utilized by the users, the ever increasing
population. However, the water resources of country have not been
hardnessed adequately. On the one hand, most of the rainwater flows into
sea without being harnessed and on the other hand, ground water is
depleting due to its over-extraction. The following points need to be taken
care of:

@®  Reduction of water losses involved during the course of water
use or consumption to enhance the availability and productivity
of water. It could be achieved through:

(a) Use of improved irrigation technology/systems

(b) Improving irrigation efficiencies, water use efficiencies and
water food print.
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(¢) Optimum utilization of water
(d) Adoption of precision agriculture using GIS, RS and GPS.

(e) Adequate drainage to improve soil health and soil water
plant interaction.

(i1) Enhancing the availability of both surface stored water and the
ground water storage through the process of water harvesting,
and conservation.

(i11) Practicing the artificial ground water recharge: it will enhance
the availability of water to present and future generations
without the compromising their ability to meet their own water
demand.

5. Irrigation Methods

Several methods of irrigation from traditional surface flooding to
modern drip irrigation systems have been evolved. Each irrigation
method has its own advantages, disadvantages and suitability to various
soil, crop, climatic and socio-economic situation.

The traditional surface irrigation poses numerous problems such as;
soil salinity; seepage, conveyance and evaporative losses; higher energy
cost; faster soil erosion; more wastage of fertilizer and other nutrients.
Surface irrigation methods also result in higher weed population;
increased operational difficulties and cost; uncontrolled, unmeasured and
uneven water supply.

Surface-irrigation methods are supply driven rather and driven and

cause mismatch between the need of the crop. These are also associated to
increased disease and increased cost of cultivation due to low production.

Irrigaticn Methods

Traditional surface! ] Modern/
gravity flow . pressurized flow
Sprinkler &« ¥ » Micro 11|
L F
Basin Perforated pipe Surface drip
Border Rotating head Subsurface drip
Furrow | Micro sprinkler |

Figure 2. Methods of irrigation are classified as traditional which flow under
gravity and modern, called pressurised irrigation, that consists of sprinkler and
micro irrigation.
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6. Micro irrigation system

Micro irrigation system refers to low-pressure irrigation system that
spray, mist, sprinkle or drip. It is the precise, slow and frequent
application of water to the plants in the form of discrete drops, continuous
drops or tiny streams, through the devices called the drippers or emitters
or applicators located at selected points along water delivery lines called
as laterals. It provides irrigation with high frequency application of water
in and around the root zone of plants. It consists of network of pipes along
with appropriate emitting device, control system, fertigation and
filtration system and other fittings.

Emitting devices are to dissipate pressure and discharge water in
micro irrigation system. These allow a small, uniform flow of water at a
constant rate. Drip irrigation uses drippers as water emitting device.
These are drippers, micro sprinkler, sprayers and mist according to
requirement of crops. The water is also applied below the soil surface if
emitting devices are buried in soil, called subsurface drip. The drip
irrigation is also termed as trickle irrigation. Use of micro sprinklers is
also getting popularity. However, drip irrigation; lateral placed at soil
surface consists of the maximum area under micro irrigation

6.1. Suitability of Drip irrigation

Drip irrigation is adopted extensively in areas of acute water scarcity
and especially for crops such as Coconut, Grape, Banana, Ber, Citrus,
Sugarcane, Cotton, Maize, Tomato, Brinjal and plantation crops. It is
suitable to almost 80 crops in different soil and agro climatic conditions.

6.2. Advantage of drip irrigation

Drip irrigation offers several advantages over traditional irrigation
methods.
Less weed growth: restricted weed growth to wetted areas only
Uniform and controlled water distribution closer to plant roots
Partial soil wetting: only to crop root zone
Moisture always at or near field capacity in the root zone
Less fertilizer/ nutrient loss due to localized application
High water distribution efficiency
Permits use of poor quality water

0 3 & O &~ W DN

Recurrent irrigation is easily accomplished and has the effect of
keeping soil moisture between field capacity and saturation

9 Soil factor plays less important role in frequency of irrigation
10  Levelling of the field not necessary
11 No soil erosion
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12 Cultural operations are possible even during irrigation Low
labour cost

13 Possibility of regulating variation in water supply.
14  Simultaneous of application water and fertilizer i.e. fertigation.

15 Low water delivery rate, low water pressure, precise placement
of water.

16 Minimum application, field runoff and deep percolation losses.

6.3 The limitation of drip irrigation

The drip irrigation has the following limitation:
1 Higher initial cost can be more than overhead systems
2 Durability of the components

3 Plant Performance: Studies indicate that most plants grow
better when leaves are wetted as well

4 Poor system and crop performance if system not designed
properly

5 Skilled persons are required to operate and maintain the drip
system

6 Regular maintenance is required

7  Power source is required for operation of the system and
automation except for the systems operated with gravity

8 Susceptible to crop damage in case of system failure for more
than 3-5 days

9 Micro climate can not be controlled.
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Figure 3 : Moisture availability to crop with different irrigation methods.
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6.4. Moisture availability to crop

More than 80% of worlds irrigated land is under surface irrigation
methods, yet its field level application efficiency is often only 40-50%. In
contrast micro irrigation may achieve field level application efficiency of
80-90%, as surface runoff and deep percolation losses are minimized
(Heerman et al., 1990 and Postel, 2000). The moisture availability to crop
under different irrigation methods has been depicted in Figure 3.

Moisture availability to the crop through drip irrigation remains near
to the field capacity and nearly uniform as compared with sprinkler and
surface irrigation methods, which imposes less stress to the plants and
results higher crop yield.

6.5. Enhanced productivity and water use efficiency

Using micro irrigation, water can be applied to crops efficiently with
enhanced water use efficiency. Thus the micro irrigation may allow more
crop cultivation per unit applied water, and allow crop cultivation in an
area where available water is insufficient to irrigate through other
irrigation methods. Fertilizers and chemicals could also be applied
efficiently using this irrigation method. It has potential to save water and
fertilizer with enhanced crop production.

Micro irrigation could utilize the marginal quality water also. The
relative advantage of using MIS over conventional method of irrigation
for some crops (INC ID, 1994) has been presented in Table 2.

Table 2: Advantage of micro over conventional irrigation of crops

Crop Yield, t/ha % Yield % Water Increase in
Conventional Drip increase saving water use
efficiency, %
Banana 57.5 87.5 52 45 176
Chilly 4.2 6.1 44 63 219
Grapes 26.4 32.5 23 48 136
Sweet Lime 100 150 .50 61 289
Pomegranate 55 109 98 45 167
Tomato 32 48 SO 31 119
Water Melon 24 45 88 36 195
Sugarcane 128 170 33 56 204

6.6. Potential of drip irrigation

Use of efficient pressurized irrigation systems such as drip and
sprinklers irrigation can be used to improve water use efficiency
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including water saving and increased yield. In India, more than two
million-hectare land under vegetables and high value crops is being
irrigated through pressurized irrigation system with efficiencies of 60-
95%. Pressurized irrigation includes sprinkler as well as micro irrigation
consisting of micro sprinklers, subsurface drip and drip irrigation. Micro
irrigation is growing fast in India. About one million-hectare land under
vegetables and high value crops is being irrigated through drip irrigation
in India during 2008 (Table 3).

Table 3. Area under Micro irrigation (ha)

State Drip Sprinkler Total
Rajasthan 15248 684748 699996
Maharashtra 462240 207205 669445
Haryana 6243 512657 518900
Andhra Pradesh 317935 182260 500195
Agartalla 169795 216978 386773
Gujarat 158727 128942 287669
Tamilnadu 124951 26739 151689
West Bengal 123 150020 150143
Madhya Pradesh 12518 104049 116567
Chhattisgarh 2627 44763 47391
Orissa 3361 23187 26548
Uttar Pradesh 10577 10555 21132
Punjab 10427 10276 20702
Kerala 14119 2516 16635
Sikkim 80 10030 10110
Nagaland 0 3962 3962
Goa 762 332 1094
Himachal Pradesh 116 581 696
Arunachal Pradesh 613 0 613
Jharkhand 133 365 498
Bihar 107 180 287
Grand Total 1310956 2320586 3631542

(Source : NCPAH, New Delhi)

Government has planned to cover 14 M ha area under micro
irrigation during XI Plan. The drip irrigation has vast potential in the
country as depicted in Table 4. Net potential area for drip irrigation is
estimated to be 21.27 mha for the country (Narayanamoorthy, 2004).
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Table 4: Potential of drip and sprinkler irrigation (area in mha)

State Drip Sprinkler Total
Utter Pradesh 3.35 10.53 13.88
Maharashtra 4.11 3.30 7.41
Madhya Pradesh 1.19 5.98 7.17
Rajasthan 1.86 4.01 5.87
Punjab 0.65 3.57 4.22
Others 0.84 3.04 3.88
Haryana 1.03 2.75 3.78
Karnataka 2.02 1.47 3.49
Bihar 0.84 2.44 3.28
Andhra Pradesh 2.16 0.99 3.15
Gujarat 2.04 0.89 2.93
West Bengal 1.12 0.99 2.11
Kerala 1.69 0.25 1.94
Tamil Nadu 1.37 0.21 1.58
Orissa 0.84 0.42 1.26 3.56
Others 1.89 1.67

Total 27.00 42.51 69.51

To increasing the efficiency of water use and enhanced crop yield the
area under micro irrigation is further likely to increase. The drip
irrigation can be made more applicable for irrigating a wide range of
agronomic, horticultural and fruit crops by installing the laterals below
the soil surface, called subsurface drip irrigation.

6.7 Fertigation

Application of fertilizer through the drip irrigation system is called
fertigation. It is the most advance and efficient practice of fertilization.
Fertigation combines the two main factors in plant growth and
development, water and nutrients. Fertigation is the most efficient
method of fertilizer application, at it ensures application of the fertilizers
directly to the plant roots (Patel & Rajput, 2001a). In fertigation,
fertilizer application is made in small and frequent doses that fit within
scheduled irrigation intervals matching the plant water use to avoid
leaching. Fertilizer use efficiency upto 95% can be achieved through drip
fertigation (Table 5).
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Table 5: Fertilizer use efficiency

Nutrient Fertilizer use efficiency (%)
Soil application Drip Drip and fertigation
N 30-50 65 95
P# 20 30 45
K 50 60 80

6.7.1. Advantages of fertigation

Fertigation has the following advantages:

e Less labour, equipment and energy needed for receiving, storing
and fertilizer application

e  Reduced soil compaction

e  Prevents damage to crop during delivery

e No restrictions or limitation on application timing

e  Accurate and uniform distribution for superior efficiency

e  Application restricted to most active root zone which reduces
waste

e Adaptability of nutrients supply to the growth curve resulting in
better crop response

e  Split applications for better control of run-off and leaching into
groundwater.

e Extremely efficient method of accurately delivering uniform,
minute quantities of minor elements

e  Complete adaptability to automation.

e Can be wused for other purposes, i.e. pestigation, soil
amendments, maintenance

e (Can overcome negative effects of saline/waste water.

6.7.2. Response of Fertigation to crops

Significant savings in the use of fertilizers and increase in yield of
various crops have been reported by researchers (Table 6) (Anonymous,
2001) (Patel and Rajput, 2001a, 2001b, and 2002). The research
conducted at various places on fertigation indicated that crop yields were
substantially increased from 26-40% in pomegranate, 11-41% in straw
berry and 8 - 31% in grape.
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Table 6: Response of crops under fertigation

SI. No. Crop Saving in fertilizer, % Increase in yield, %
1. Okra 40 18
2. Onion 40 16
3. Banana 20 11
4. Castor 60 32
5. Cotton 30 20
6. Potato 40 30
7. Tomato 40 33
8. Sugarcane 50 40

6.7.3. Potential of fertigation

Studies revealed significant fertilizer savings of 20-60% and 8-41%
increase in yields of horticulture and vegetable crops. Fertigation could be
adopted for increased yield and fertilizer saving. It is the essence of drip
irrigation. Fertigation is a must in order to realize the full potential and
benefits of drip irrigation system. With increasing area under drip
irrigation in India, there is tremendous opportunity of using fertilizer
through fertigation system for many crops.

7. Conclusions

The sustainable water management approach can be used to address
the issues of irrigation water crises for present and future generations. It
can be achieved by using appropriate techniques of water management to
improve water productivity, and availability over an area for irrigation.
Improved and efficient irrigation practices may be adopted to enhance
water application efficiencies, and thereby reduction in associated
damage to environment due to water logging, soil salinity, runoff and
leaching of nutrients and other chemicals polluting to water sources, over
exploitation of ground water. Micro irrigation systems have been
characterized to be the most efficient irrigation techniques. These have
efficiencies even more than 90%, doubled water productivity with
improved quality of produce, reduced runoff and leaching of nutrients and
chemicals to water sources. Fertigation could be adopted for efficient use
and saving of fertilizer. Fertilizer savings of 20-60% and 8-41% increase
in yields of horticulture and vegetable crops has been realized through
fertigation. Micro irrigation is getting popularity with large potential area
because of being economic feasible, widely accepted in society and
environment friendly. Therefore, micro irrigation systems could be used
for sustainable water management.
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Chapter - 6

Water Management for Irrigation in Kerala

M. Lathika

Despite Kerala's bounty of natural wealth, the state finds itself
increasingly under pressure in the two vital resources of land and water.
Efficiency in their use is, therefore, very important.

Traditionally, the crop choice of the farmers in Kerala had a strong
association with the physiographic nature of the land they cultivate and
the suitability of the crop to the land. The water rich valleys (0 - 7.5 m
altitude) were earmarked for moisture loving, submergence tolerant crops
like paddy, sugar cane, etc. In the lower slopes (of 7.5-75.0 m altitude),
where the water table is fairly high, but the soil is drained, annual/
seasonal crops like tapioca, plantains, vegetables, etc. and perennial crops
like coconuts, rubber, pepper, cashew, arecanut, etc, are preferred. The
perennial cash crops of tea, coffee (Robusta variety), pepper and even
coconuts, rubber, etc, dominate the high land (75-1,000 m) regions. Hogh
ranges (700-1,500 m) are devoted to crops like cardamom, coffee (Arabia)
and tea (GOK 1998; GOK 2003; Rao 2003). Land utilisation in Kerala has
undergone drastic changes, as much of the land hitherto engaged for
water intensive foodgrain production has been either converted to suit
human needs other than cultivation or is increasingly employed for crops
demanding less water. This must have a direct repercussion on the
intensity of water use for agriculture. A vast pool of the state's scarce
financial resources is being used for improving irrigation. It is reported
that the state has already (up to the Tenth Plan) spent more than Rs. 38
billion on irrigation, flood control, command area development (CAD) and
anit sea erosion (GOK 2003; GOK 2007). A large chunk about 70%) of this
sum had been allocated exclusively to major (with cultivable command
area greater than 10,000 hectares) and medium (with command area
greater than 2,000 hectares) irrigation systems.

This paper seeks primarily to assess the water resources of the state
and the total water requirement of crops. It them examines critically,
with the continuing shift of crop area in favour of cash crops, if the
strategy of pumping more funds into the irrigation sector still stands to
reason. The subject of the paper is confined to the water needs of only
agriculture.
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The paper is organised into four sections. Section 1 is an appraisal of
the water resources of the state. The cropping pattern in the state
practised over different periods has been analysed in Section 2. Assess-
ment of the water requirement of various crops cultivated in Kerala,
across the Plan periods since 1980-81, is made in Section 3. Section 4
seeks to ascertain, in the light of the changed cropping pattern, whether
the irrigation infrastructure built up over the years yielded returns,
especially with regard to the financial efficiency parameters. The study
relies solely on secondary data available from various government
agencies.

1. Rainfall and Water Resources

Owing to the high precipitation rate in Kerala, the region has gener-
ally been regarded as water surplus. The parameters that determine the
availability of water in the state the presented in Table 1.

Table 1. Water Resources of Kerala as Compared to India

Parameter Kerala India
Geographical area (sq km) 38.864 32,87,732
Population 2001 Census (mn) 31.84 1,028,61
Population 2006 (mn, projected) 34.20 1,094.1
Total rainfall and snowfall (bem, 2003) 88.45 4,057,35
Surface and replenishable groundwater 70.17 1,869
(or, water potential of river basins, bem)
Water that can be put to beneficial use 42.67 1,122
Of which : Surface flow 34.77 690
replenishable ground flow 7.90 432
% to total 60.82 60.03
Per Capita annual availability of utilisable water (m3) 1.248 1.026

Source : Complied/computed from Gol 2006; GoK 2003; Tata 2001.

The total surface and replenishable groundwater in Kerala is
estimated to be 70,165 million cubic metres (mcm) (GOK 1998; GOK
2007). But only about 60% of it could be put to beneficial use, as the rest
of the available resources are lost as run off causing heavy floods many a
times (GOK 1998; GOK 2001a; GOK 2003). The groundwater resource
available in Kerala is estimated at 7,900 mcm (GOK 2005). The per capita
utilisable water availability from both surface flow and replenishable
ground flow comes to 1,340 m3 (as on 2001), which is seen reduced to
1,248 m3 by 2006. Thus, the region, according to international standards,
is under “water stress".
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As per a rough estimate (as of 1974) of the projected demand for
water, Kerala would require around a total of 49,700 mcm of water (GOK
1998). Agriculture requires 30,000 mem and domestic requirements work
out to another 7,500 mcm. Kerala with its long coastal belt stretching to
over 590 km has to spend a significant proportion of its water resources
for preventing salt water intrusion. It is estimated that this needs
another 12,200 mem. The utilisable water resources as per the earlier
assessment are above 42,000 mem. The surface water balance does not,
therefore, suffice to meet the demand for water in Kerala.

Kerala receives about 3,000 mm of rainfall annually, which is almost
three times that of India (1,170 mm). The 41 west flowing rivers (of more
than 14 km long) run to a total distance of 3,092 km across the length and
breadth of Kerala and each kilometre of these rivers, on an average, has a
gross catchment area of 11.33 km2 (computed from GOK 2003). The three
other rivers draw from a total catchment area of another 2,866 sq. km of
Kerala before they join the Cauvery in the east. As per the state public
works department estimates (1974), of the total annual yield of 77,883
mcm of water flowing through these 44 rivers 70,165 mcm is available in
Kerala with only 42,672 mcm that could be utilisable in the state alone
(GOK, 2001a).

The crop season wise average rainfall experienced in the state as well
as in India as a whole has been computed from the month-wise data for a
long period of 135 years (from 1871 to 2005) and is presented in Table 2.

Table 2. Average Seasonal Rainfall (in mm) in MET Subdivisions in
Kerala and India (Period : 1871-2005)

Season Seasonal Rainfall Monthly Rainfall (mm)
(N =135)
Kerala India Kerala India

Kharif (May-Oct.) 2168 901

Virippu (18) (10) 434 181
Rabi (Nov-Jan) 491 132

Munadakan (30) (26) 123 33
Other (Feb-Apr) 164 54

Punja (42) (29) 55 18
Total 2822 (14) 1088 (9) 236 91

Source : Indian Meteorology Department.
Values Within parenthesis are the respective coefficient of variation (N=135).
Seasons given in Italics are the season name in local language.

This table shows the richness of Kerala in rainfall. Kerala receives
more than three-fourths of the total annual down-pour during virippu/
kharif season, which is, by its quantity, 2.41 times that of India. The
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mundakan/rabi season, as compared to the major season kharif, is dry.
The variation of rainfall over the years is larger in Kerala, with a higher
coefficient of variation (cv) that that of the whole of India for all the
seasons. Over the 135 years for which data is available, Kerala
experienced normal rainfall (+10% of the average of 135 years) in only 20
years. India as a whole also had normal rains in about 21 years.

The rainfall diversity has a spatial dimension as well. Table 3 shows
the average monthly rainfall by districts, during the nine years up to
2004. Except for the district of Idukki, all other districts experienced a
lower average rainfall in 1996-2004, when compared with the normal
rainfall figures supplied by the meteorology centre, Thiruvanantha-
puram. The districts of Kozhikode (27%) and Wayland (35%) had huge
deficits of rainfall during this period. The state, as a whole, had about
12% less rainfall than the normal during the period. Table 3
demonstrates not only that the rainfall during the period was far short of
the normal, but also that the deviation varied vasty from region to region
and also from month to month. This calls for an effective conservation of
water during the water plenty days and its judicious use during the dry
periods. The construction of dams would thus be justified.

Table 3. Spatial and Temporal Distribution of Rainfall (mm) in Kerala -
Average of 1996-2004
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Thiruvana- 10 28 25 122 196 281 182 154 204 341 183 56 1,782 2.204 -20.46

nthapuram
Kollam 11 47 47 161 255 391 310 274 219 476 170 58 2,419 2.555 -6.65
Alappuzha 21 51 60 175 291 504 416 342 270 431 175 47 2,783 2,965 -7.62

Pathana- 20 43 43 156 300 552 445 362 273 428 165 53 2,840 3,134 -10.63
mthitta

Kottayam 15 27 62 143 284 555 493 387 279 426 151 51 2,873 3,130 -9.27
Idukki 5 28 47 158 287 695 786 631 332 472 179 52 3,672 3,379 7.84
Ernakulam 8 25 24 107 321 662 610 432 298 430 159 54 3,130 3,274 -4.73
Thrissur 0 21 8 66 237 646 579 393 247 368 91 25 2,681 3.262 -17.14

Palakkad 1 16 24 79 153 445 457 310 144 279 118 22 2,048 2,390 -15.19
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Kozhikode 2 8 14 74 237 743 664 396 198 322 91 29 2,778 3,668 -27.29
Malap- 3 8 13 80 271 713 613 386 204 366 132 37 2,826 2,906 -2.65
puram

Wayanad 12 28 102 161 522 570 418 153 249 96 37 2,354 3,591 -35.14

0 3 35 300 1,023 874 563 176 312 58 23 3,371 3,681 -6.42

6

Kannur 4 1 4 47 253 927 816 532 172 338 92 36 3,222 3,465 -7.36
Kasargod 4
8

Mean 23 29 108 253 619 558 399 226 374 133 41 2,770 3,108 -11.74
Normal 15 17 40 113 263 697 765 439 252 297 166 43
Deviation -45 39 -27 -5 -4 -11 -27 -9 -10 26 -20 -5

Subdiv 11 17 35 112 244 687 636 377 224 286 156 37 2,822
normal

Source : Compiled/computed from GoK, Statistics for Planning, various issues.

2. Crops of Kerala

As already noted, owing to the location of Kerala, the soil and
climatic conditions are highly suitable for a multitude of crops, that too,
round the year. The crops can attain their full yield potential only with
supply of water in addition to what is rendered by rainfall or a gravity
driven rainwater runoff, as even in Kerala, intolerably long dry spells are
the norm rather than the exception in all seasons. Even so, despite the
high potency for water conservation (due to high annual rainfall) and the
longer wet spells (than the average Indian level) in Kerala, the area with
irrigation facility still hovers around 14.7% (2002-03) of the gross cropped
area of the state - a level far below the average for India (38.7%). The
traditional farmers on their part, choose the cropping pattern to suit the
rainfall rhythm experienced during various months of a year.

Water intensive crops enjoy increasingly less preference in Kerala.
Unlike other Indian states, more than 70% of the total area under
cultivation comprises “orchards" (GOI, 2005), which demand much less
water per day of the crop than that is required by wetland crops like rice,
sugar cane, etc. Many of these crops flourish well under rainfed manage-
ment itself, though watering them during dry spells of the year would
enable them to attain their potential yield.

The suitability of a crop to a region depends on various soil and
climate parameters of the region. The regions that are found to be ““most
suitable (S1)", lees suitable (S2)" and “‘least suitable (S3)" for cultivation
of each of the major crops separately are reported to have been identified
based on the parameters of the region, namely, elevation, rainfall temp-
erature, humidity, physiography, slope, soil depth, soil texture, presence
of stones and rocks and soil drainage. These variables are very crucial in
determining the irrigation needs of crops as well. The yield potential of
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the crops in respect of these suitability regions are also seen estimated, as
a “first approximation" (KSLUB 1997). These are given in Table 4.

Table 4. Area and Yield Potential of Crops under Different Suitability

Regimes
Crop Area (ha) Suitable under Current Yield Potential Water Use
(2005-06) (Tonnes/ha) Efficiency
Yield 2005-06
Tonnes/ (kg/ha as a
ha Ratio of mm
of Water)
S1 S2 Total S1 S2 S3 min max
Rice 1,25,496 2,76,742 4,02,238 2,285 6 4.5 3 1.43 2.29
Pepper 1,22,140 94,552 216,692  0.368 1.2 0.9 06 031 0.74
Ginger 14,567 11,395 25,962 4.604 20 15 10 3.84 6.58

Cardamom 78,325 39,483 1,17,808 0.236 0.5 0.35 0.3 0.13 0.19
Banana 1,26,325 30,835 1,557,160 8.010 40 30 20 364 6.68
Cashew 71,131 53,969 1,25,100 0.872 1.2 0.9 0.5 0.73 0.97
Pineapple 23,950 7,420 33,370 6.681 60 45 30 6.68 9.54
Tapioca 1,563,755 1,11,630 2,65.385 28.367 35 25 17.5 40.52 56.73
Vegetable 24,158 2,196 26,354

Coconut 3,68,230 5,72,230 9,40,460 7,046 14,000 10,500 7,000

Tea 51,860 25,430 77,290 1.609 2 1.5 1 0.89 1.29
Coffee 73,0.50 4,215 77,625 0.711 0.8 0.6 0.4 0.40 0.57
Rubber 3,23,141 1,05,047 4,28,188  1.495 1.5 1.25 0.75 0.83 1.20
Arecanut (not available) 1.099 1 0.75 0.5 061 0.88
Total 15,56.128 13,35,144 28,91,272

% to GCA 52 45 97

(2005-06)

Coconut yield is in number of nuts per ha.

S : Computed by author. Minimum value corresponds to upper limit of water requirement
of the crop and the minimum value to the lower limit.

Source : Compiled from KSLUB 1997. Data on productivity: Economic Review, 2007.

Table 4 shows the potential of agriculture in Kerala. More than half
of the current gross cropped area is classified as highly suitable for crop
growth. The yield levels of the crops in 2005-06 are also shown. It can be
discerned that the yield levels in Kerala are very low, except for a couple
of crops, even with regard to the national standards. While the yield of
coconuts in Andhra Pradesh (in 2005-06) was 8,577 nuts and in Tamil
Nadu 13,133 the yield in Kerala was as low as 7,046 nuts, against the
national average of 7,608 and the highest yielding state (Maharahstra)
with 15,189 nuts.
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The yield of rice in Kerala, though slightly better than that of
average Indian level (2.047 tonnes), has been stagnant and is range
bound for some years now (GOK 2007a). The only crop that is seen
steadily improving its performance is rubber. Table 4 also provides the
yield potential of crops under the three crop suitability regimes. These
estimates are perceived, as noted above, as approximates projected with
reference to given and limited information available. But these estimates
categorically assert that the yield performance, barring a few crops like
rubber, tapioca and arecanut are staggeringly low.

Given the suitability conditions prevailing in the state for almost all
these crops, an urgent evaluation of the factors that hampered the yield
growth in Kerala is called for.

In this paper, we address the issues related to irrigation of crops in
Kerala. The “water efficiency" (WUE) of a crop which is defined as the
ratio of the yield (kg/ha) and water requirement (mm) of the crop is also
computed and presented in Table 7. Interestingly, the tapioca, with WUE
of 56-73 kg/ha mm is found to be the most water efficient crop in Kerala,
followed by pineapple (9.54 kg/ha mm) and banana (6.68 kg/ha mm). The
spice crops like cardamom (0.19 kg/ha mm) and coffee (0.59 kg/ha mm),
for which the economic part constitutes only a very small proportion of
the total biological yield naturally turned out to be the least water
efficient crops in the state.

At the outset, let us examine the effectiveness of irrigation of crops,
as evident from the secondary data available. Trendata on yield for the
irrigated and unirrigated crop is available for paddy. We have, therefore,
analysed the yield of paddy in Kerala under irrigated and non-irrigated
conditions to ascertain the relative yield efficiency of irrigation. The
seasonwise data of paddy yield corresponding to the 10 years up to 2005-
06 1s used for this analysis (source of data : GOK 2007). Two factor
analysis of variance was done on the data. As the yield performance in a
season cannot be considered independent of the previous season's
performance, the Analysis of Variance, ANOVA, in split plot fashion is
attempted, with season in the sub-plot (Gomez and Gomez, 1984),
following the linear fixed effect model for ANOVA (Das and Giri 2003).

Vi = M+ a;+b; + 6 + ey, with ey ~
N (o, 02} where,
p = number of irrigation status (here, “irrigated" and un-
irrigated"),
q = number of seasons (sub-plots),
r = number of years (replicates), and
1i=1,2,...p;;J=.,2,...,q;k=1,2,...,r
u = general mean, ai = effect due to ith level of ““irrigation status",
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bj = effect due to jth season,
9;; =1nteraction between ith level of irrigation status and jt level of
season, and

eijk = second error term. The two seasons for the same irrigation
status (sub-plot in the same main plot) being correlated, say with

a coefficient p, they are related with E (eijk , eijk) = po®.

The results are presented in Table 5.

Table 5. Mean Paddy Yield (Kg ha-l) under irrigated and unirrigated
Conditions (10-years Till 2005-06). By seasons

Autumn Winter Summer Mean
Irrigated 3,508.7 3,241.1 3,748.9 3,499.6
Unirrigated 3,036.8 2.864.2 3,163.2 3,0214
Mean 3,272.8 3.052.7 3,456.1

Fi.1s for irrigation (I) = 17.81**, Fa.36 for season (S) = 6.10** Fa.36 IxS = 0.04
CDos) = Irrigation = 238.03; Season = 231.00

Source of data : GoK 2007.

The table shows that irrigation has a great effect on enhancing the
yield levels (F = 17.81, p < 0.01). Irrigation pushed up the yield by about
one-sixth (about 500 kg per hectare) of that of the unirrigated level. The
effect of irrigation was visible, irrespective of the seasons. Irrigating in
summer, fetches the highest marginal yield though summer paddy in
Kerala extends to less than 30% of the acreage of that in the winter.
Summer is the best yielding season for paddy and winter yields the least.
Note that the Kharif season is the wettest season in Kerala, both in
quantity of rainfall and in the number of rainy days, with more than half
the days turning out to be wet.

The spatial extent of occupation of the crops and area under
irrigation of major crops of Kerala are furnished in Table 6. To gauge the
shift in cropping pattern, the area growth and the share of these crops in
the gross cropped area (GCA) corresponding in 1980-81 and 2005-06 are
also given in the table. Kerala utilises about four fifths of its non forest
area for cultivation. The striking feature of the trend in cropping pattern
(during the period 1990-91 to 2005-06) was that while some crops lost
heavily in area, some other crops still managed to improve their acreage
considerably. During the 15 years, paddy lost its area at an annual
exponential rate of 5.21%. Area shrinkage was rapid for ginger (-3.26%)
and tapioca (-2.81%) also. Tapioca and ginger are crops of high WUE.
Paddy was the crop that suffered the most. This table also reveals that
Kerala has experienced major shifts in its cropping pattern. A shift from
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foodgrains to certain plantation crops notably rubber, arecanut and
banana is conspicuous. Tapioca being the crop of highest WUE, a crop
that almost matches its potential yield level and a crop that proved to be
a crop in need, especially for the poor when they struggled to meet their
energy requirements at times of price escalation for foodgrains, this
debacle of tapioca would spell disaster for a state like Kerala, which is
perhaps the highest food insecure state in India.

Table 6. Area (ha) under Crops and Area irrigated@

Crop Crop Area Crop Areas as % of Expon- Crop Area Area Crop
(ha) 5- GCA ential (ha) Irrigated Area
year 1980-81  2005-06 Growth of Irrigated as % of Irrigated
Average Area (5-years Crop Area as % of
2005-06 (from Ending (5-year Gross
1990-91 to 2005-06) Average Area
2005-06) Till 2005- Irrigated
06)
(NSA) 21,68,196  75.56 72.57 -0.33
Paddy 2,97,187.6  27.79 9.08 -5.21 1.78.716.6 57.90 37.12
Pepper 2,15,698.8 3.75 7.92 1.69
Ginger 9,499.2 0.44 0.31 -3.26
Cardamom 40,798.2 1.87 1.28 -1.57
Banana 1,11,144.2 1.71 3.87 4.35 28,473.8 25.56 5.91
Cashew 86,293.8 4.90 2.66 -2.19
Tapioca 98.626.6 8.49 3.13 -2.81 1.631 1.65 0.34
Coconut 9,00,223.4  24.02 29.62 0.23 1,567,424.6 17.38 32.7
Arecanut  99,789.8 2.12 3.56 3.63 33.927.6 33.33 7.05
Tea 36,855.4 1.31 1.15 0.52
Coffee 84,375.2 1.45 2.79 0.36
Rubber 4,80,885.6 7.16 16.27 1.00 40.121.5 8.34 8.33
Vegetables  52.502 0.51 1.56 0.25 13,400.2 19.32 2.78
(Others) 4.73.879.6 14.35 16.81 1.40 277.29.6 8.33 5.76
(GCA) 29,87,759 100 100 2012 4,81,424.9  16.03 100

@Some cells in the table are left blank as the respective data is seen missing in the
departmental publications, possibly because the values are negligible. However, others
would include these also. Two major crops that miss the table are mango and pineapple
which occupy about 2.9% and 0.4% of GCA, respectively.

Source : GoK 2005, Statistics for Planning 2005, Department of Economics and Statistics.
GoK (2007), Economic Review (various years). State Planning Board.
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The crop which claimed 8.49% of GCA in 1980-81 was prevailing only
in 3.13% of the GCA in 2005-06. Ginger, cardamom, cashew, etc. had
experienced a slump in acreage and share in GCA. However, banana,
coconut and cash crops like tea, coffee and rubber took no retreat in their
acreage over the period. Rubber, which takes a tally of 16.27% of GCA in
2005-06 had a share of only 7.16% in 1980-81.

Similarly, area under banana (4.35% of GCA) and arecanut (3.63% of
GCA) expanded substantially during the period. With practically no
growth in GCA in Kerala, it follows that the gain in acreage under one
crop should be at the expense of other crops. There are already reports
that some crops gained in area in Kerala really at the expense of cereals
or cereal substitute crops (Lathika et al., 2004; Jeromi 2007), making the
already fragile food security system of the state more vulnerable. The
table also shows that the utilisation of irrigation facilities also varied
widely across crops, both in area irrigated as percentage of crop area and
the crop area irrigated as percentage of gross area irrigated in the state.
Though paddy occupied only about 9% of the GCA (as of 2005-06) of the
state, it claimed about 37.12% of the total area irrigated. As paddy is a
highly water demanding crop, it is natural that the larger area (about
60%) of the crop could be brought under irrigation. Coconut which claims
30% of the total irrigated area of the state. Thus these two crops
appropriate about 70% of the total irrigation. This seem quite puzzling for
many reasons. In Kerala, homesteads are the most prevalent form of
garden land use, where the households are surrounded by a multitude of
crops of diverse utility and economic value interspersed without following
any crop geometry of sorts. When as irrigation facility reaches the area of
the homestead, it is well high impossible that the facility is used only by
one or two crops in the mix. It might be that the irrigation status of only
these limited crops is being reported. This calls for a thorough re
estimation of the total area really brought under irrigation, under all
crops. For a real evaluation of the irrigation projects in Kerala this deems
highly inevitable. This might also be a limitation of this study.

3. Water Requirement of Crops

Water plays an important role in all plant functions, the main being
the photosynthetic activity - the process of using solar energy that is
absorbed by the chlorophyll of plant leaves to generate carbohydrates and
sugars for its own consumption by splitting weather into hydrogen and
oxygen.

The net assimilates in the plants are free for consumption by the
higher species. Agriculture is all about optimising the quantity and
quality of these balance assimilates of plants to suit the need regime of
the respective farmers. The total quantity of water that is needed by the
plants for its growth and other functions and the water that is wasted
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through evaporation from around the plant constitute what is called the
Consumptive Use (Cu) of the plant. As the metabolic process needs very
little water (less than 1% of the whole water that is passed through it),
the other two water needs, namely, evaporation and transpiration -
jointly called evapotranspiration (ET) - amount almost fully to the total
requirement of water by the plant. Though consumptive use covers
exclusive needs for the crop growth, some field operations like land
preparation and desalination also demand water. The total volume of
water that is required at the field level must account for the application
losses also (ICAR, 1987; Reddi and Reddy 2006). Application losses vary
between types of irrigation and texture and structure of soil. The total
annual water requirement of various crops in Kerala has been computed
using the “per hectare water requirement" values collected from
literature. Some assumptions and approximation are made for the
purpose, which are listed under the respective table. As only the range of
water requirement is available in the literature, considering the wide
spectrum of situations for the crops, we have adopted both the limits
(lower and upper) of the quantity of water per hectare that is required, for
computation of the total water need for agriculture.

Table 7. Range of Water Requirement (Million M) of Crops in Kerala Per
Season in the Initial Year of Various Plan Periods, by Crops

Crop Water Range of total Annual Water Requirement in the State
Require- (Million M) in the year

ment (mm)* 1400 a7 1985.86  1992-93  1997-98  2005-06

Paddy» 1,000 - 1,600  8,017-  6.783-10,852 5,413-8.661 4,308-6.893 2,757-4,412
12,827

Pepper® 500-1,200  540-1,297 608-1,459  891-2,138 902-2,164 1,203-2,887

Gingerb 500-700 63-69 78-100 77-108 62-86 46-65

Cardamom  1,250-1,800 676-973 758-1,091 546-786 511-736 486-700

Banana and 1,200-2,200 591-1,084 636-1,166 781-1,432 968-1,774 1,411-2,587
other

plantains
Cashew? 900-1,200 1,271-1,695 1,240-1,653 1,009-1,345 852-1,136 7217-969
Pineapple 700-1,000 35-46 40-53 44.58 82-109 115-153
TapiocaP 500-700  1,225-1,715 1,015-1,420  709-993 607-850 475-665
Vegetablec 500-700 73-103 143-201 247-346 188-264 236-331
Coconutd 1,250-1,800 8,662-12,4738,809-12,684 10,788- 11,054- 11,249-
15,535 15,918 16,199
Tead 1,250-1,800  471-679 435-626 433-623 433-623 438-631

Coffeed 1,250-1,800  522-752  821-1,182 1,050-1,512 1,038-1,494 1,058-1,524
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Rubberd 1,250-1,800 2,584-3,720 4,129-5,946 5.322-7,664 5,816-8,375 6,180-8,899
Arecanut 1,250-1,800 766-1,102  734-1,056  793-1,142  917-1,320 1,353-1,948

(Others)e 700-1,000 2,897-4,139 2,587-3,696 2,057-2,938 2,386-3,409 3,485-4,978
(All crops) 28,393- 28,816- 30,160- 31,069- 31,219-
42,694 43,195 45,281 46,504 46,948

$ : Compiled from various technical sources. Certain modifications made to suit Kerala
conditions in consultation with irrigation experts.

a : For paddy, special needs on account of nursery and pudding/transplanting are also
accounted.

For other crops, apart from ET values, 75 mm required for pre-sowing irrigation (medium
soils).

b : As the water requirement of these crops was not directly available from data, the
quantity required for related crops (in terms of the relevant parameters) is substituted.

¢ : Water requirement values of tomato, brinjal and bhindi assumed for this. Area data was
not available for a couple of years; it would thus figure in only under others.

d : Values of plantation crops, as given in Reddi and Reddy 2006 are used.

e : Water requirement is assumed as applicable for a moderately water demanding crop.
Source : Computed from data of area from GoK, Statistics for Planning, various years.
GoK, Economic Review, various years.

Table 7 provides the quantity of water requirement for various crops
at the initial year of all five year plans since 1980-81. The most striking
feature of the results is that while paddy which needed more than 28% of
the minimum total water requirement during 1980-81, the need for it in
2005-06 was only 8-83% of the minimum total water requirement for the
whole gross area under cultivation in Kerala. It may be noted that the
area under paddy the crop that demanded maximum water for its growth
and is sensitive to water stress is still on the decline. On the other hand,
water requirement of coconut and almost all cash crops recoded a sharp
rise. The water demand for banana and vegetables also shot up
tremendously. Note that requirement increases in proportion to area and
the economic net returns of a few crops like rubber is almost inelastic to
irrigation. But since in Kerala, crop shifts are largely in favour of cash
crops which demand less quantity of water than that demanded by water
intensive crops like paddy, and since most of the farmers of cash crops are
still in the habit of using the monsoon rainfall, the real use of the costly
irrigation water might have come down considerably. This calls for a
serious rethink of expenditure on irrigation systems in Kerala over the
years.

4. Irrigation Infrastructure and Economic Efficiency

Table 8 provides the public expenditure at current prices on both
types of irrigation - major and minor and other public demands of water
like anti sea erosion, CAD, etc. Irrigation systems received very little of
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public money till 1980. Starting from a meagre amount of Rs 51 million in
the First Five Year Plan, it skyrocketed to Rs. 3,020 million in the Sixth
Plan. The Sixth Plan envisaged some major projects like Meenachil,
Vamaanapuram, Kakkadavu, Chaliar, etc, with an original estimate of
Rs. 350 million, Rs. 198.2 million, Rs. 133.5 million and Rs. 106.1 million,

respectively.

Table 8. Expenditure Incurred on Irrigation and Allied Sectors during
Various Five Year Plans (in Rs. Million)

Plan Expenditure at Current Prices Total % of
Irrigation Projects Flood Anti CAD Total 1rrigation Expen-
. Projects diture of
. . . Con- Sea Irrig-
Major Minor Minor irol  E G (at 1993-94 India
ro ro- ation
& SWD GWD . . Prices) (1993-94
sion Projects
Med- Prices)
ium
1(1951-56) 51.1 51.1 791.13 1.16
II (1956-61) 89.24 22.62 18.94 111.86 1,5653.59 2.07
111 103.1 56.47 6.3 45.7 159.57 1,817.36 1.57
(1961-66)
Annual Plans 101.5 65.3 10.98 12.37 166.8 1,309.9 1.69
(1966-69)
v 289.2 112.2 1.08 15.8 54.01 402.48 2,5621.78 1.67
(1969-74)
V (1974-78) 751.3 126.67 7.34 22.83 45.41 885.31 3,478.61 2.16
Annual Plans 723.5 105.53 5.25 31.3 36.91 834.28 2,886.78 2.55
(1978-80)
VI 2,620.7 340.9 58.44 53.08 126.03 8.36 3,020.24 7,102.64 2.63
(1980-85)
VII 3,019 357.22 89.08 81.32 98.23 147.58 3,465.3 5,921.55 1.93
(1985-90)
Annual Plans 1,345.9 283.97 66.15 61.29 95.31 151.05 1,696.02 2,157.17 1.64
(1990-92)
VIII 5,869.3 1286.4 313.99 406.01 725.94 477.8 7,469.77 6,745.32 2.33
(1992-97) 9
X 7,033 2258 328.92 338.42 500.89 328.06 9,619.92  6,536.74 1.58
(1997-02)
X (2002-07) 6,000 2050 500 8,050.0
Total 27,996.5,220.3 870.25 2,837.0 1112.8 34,087.46
(Up to X Plan) 84 6 6

Source: GoK Steering Committee reports on water resources, 1998 & 2003; CWC 2006
SWD : Surface water development, GWD : groundwater development.
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The Eighth Plan witnessed a major revision of cost estimates of
pending projects. Kallada project started with an original estimate of Rs.
132.8 million in 1961. This remains still an unfinished project. But, till
the end of the Eighth Plan this project had taken a huge sum of Rs.
5,051.5 million (about 40 times as that of the original estimate). It
envisaged a net command area of 92,800 ha (GOK 2003). But the actual
area realised is still in question. Chaliar project cost was later revised to
6,450 million. Such unduly delayed projects not only put a heavy financial
stress on the exchequer, but also cast a shadow on the efficacy of the
already built up component of the project as it remains unutilised. Till
date, the total expenditure for irrigation, flood control and anti sea
erosion works and for CAD, comes to more than Rs. 38,000 million and
the major and medium projects alone appropriated about three fourths of
it. Yet, the minor irrigation projects could achieve a comparable irrigation
level. Up to the fourth year of 10th Five Year Plan (that is, as on 2006),
47% of the total achieved irrigation in the state was solely from the minor
irrigation projects (GOK 2007). However, the real cost incurred will be a
more useful measure to compare the cost increase across various plans.

The table furnishes the cost at 1993-94 prices also. It could be seen
that only one third of the total cost incurred up to March 2002 (worked
out to about Rs. 43,000 million on irrigation projects alone) was spent
during the first half of the study period (from 1951-52 up to 1978-80).
There has been a steady growth in expenditure on irrigation projects ever
since. During the 10 years since 1992-93, about one third of the total cost
was spent. But the period since 1992-93 saw a steep fall in the area under
the most water demanding crop, namely, paddy and a slight decline
(-0.33%) in the net sown area (NSA) (Table 6). However, the expenditure
by both the central and state governments on irrigation as a share of total
plan outlay is reportedly on the decline (GOK 2007) over successive plans.
Thus, this table brings two points to the fore. One, minor irrigation
projects received a much smaller share of the pie though their achieve-
ment levels were comparable with that of the major and medium projects,
and two, the expenditure pattern saw a sudden surge upward in the post
1980 phase of growth, during which the cropping pattern in the state took
a tilt towards plantation/cash crops that demand very less water
compared to water-intensive food crops like paddy.

In this context, the financial efficiency of irrigation projects in Kerala
could be a very relevant issue that should be examined. The salient
information regarding the efficiency of irrigation projects in Kerala, as
compiled from the Central Water Commission publication (2005), is given
in Table 9.

Certain other parameters which are computed from this data are also
furnished. For a comparison, the data related to India is also provided. It
could be seen from Table 9 that the potential created up to the end of the
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Ninth Plan was substantial both in respect of the major projects and the
minor projects. Till this period, 55.60% of the ultimate potential has been
utilised by major and medium projects in Kerala. This is largely
comparable with that of India (53.04%).

Table 9. Financial Efficiency of Irrigation Projects of Kerala and India

Item Kerala India
1 Ultimate irrigation potential (000 ha)s 1,000 58.465

1.1 Major and medium : surface water

1.2 Minor : Surface and groundwater 1,679 81,543
2 Potential created (000 ha) up to IXth Plan 609 37.046

2.1 Major and medium : surface water

2.2 Minor : surface and groundwater 640 56.900
3 Potential utilised (000 ha) up to IXth Plan# 556 31,010

3.1 Major and medium : surface water

3.2 Minor : surface and groundwater 603 49,408
4 Potential created as % of ultimate potential 60.90 63.36

4.1 Major and medium : surface water

4.2 Minor : surface and groundwater 38.12 69.78
5 Potential utilised as % of ultimate potential 55.60 53.04

5.1 Major and medium : surface water

5.2 Minor : surface and ground water 35.91 60.59
6 Profit/Loss 22,329 9,60,079

6.1 Capital outlay (up to 2002-03) Rs Mn

6.2 Working expending and interests (year 2002-03) 833 1,48,152

6.3 Gross receipts - year 2002-03 37 7834
7 Expenditure per hectare of potential created 17,878 10,219

7.1 Capital outlay (upto 2002-03) (Rs.)

7.2 Working expenditure and interests (Rs)- 666.93 1,576.99

year 2002-03

7.3 Gross receipts (Rs) - year 2002-03 29.62 83.39
8 Recovery of working expense to gross receipts (%) - 4.44 5.29

year 2002-03 (%)

$ : Irrigated potential of Kerala estimated by the State Irrigation Department is
around 1.5 million ha, out of which 0.90 Mn ha is projected for minor irrigation
sources (GoK 1998).

# Data on area brought under irrigation, as provided by the state agencies are much
lower if these are accounted for, the per hectare achievement will further shoot up.

Source : Compiled/computed from CWC 2005.
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But the potential created and utilised by minor projects, which is
below 40% of the ultimate potential, is strikingly lower than that of India.
The area created and utilised (in hectares) is higher for minor projects in
Kerala, as it is so for India as a whole. However, when it comes to cost,
the capital expenditure per hectare of irrigation potential created in
Kerala is higher than that for all of India. While it is Rs 17,878 in Kerala,
it is just Rs. 10,219 for India, as a whole. The gross recipes per hectare till
this period is just Rs. 29.62 which is about one third of the national
receipts in that account. The working expenses are also substantially
lower in Kerala. The percentage recovery of working expenses to the gross
receipts was 4.44%, against the national tally of 5.29%. In short, Kerala's
efforts in utilising the surface water and groundwater are not gratifying,
and whatever potential created in Kerala cost it heavily, in terms of
capital costs, in comparison with the all India Level. Considering the fact
that only about one fourth of the total cost was spent on minor irrigation
projects and that the achievement rate of these projects was reported to
be comparable as that of the major/medium ones, it could be safely
concluded that the minor irrigation projects are cost effective. The social
costs of major irrigation projects are also put at very high levels (Thukral
1992; IIT 2008). There is great potential yet to be created in Kerala for
minor irrigation projects. All these warrant a serious relook at the socio-
economic benefits these projects originally envisaged and that the
proposals for minor projects merit greater consideration. However, the
conclusions on the basis of an assessment of financial efficiency should be
corroborated with field data on irrigation of crops. An attempt is made
towards this end, in the next section.

The actual marginal cost incurred during a plan period per hectare of
the irrigation area added during the period is estimated. In order to
assess the real achievements of irrigation in terms of the total require-
ment of water, an index, named in this paper as “water requirement
realisation index (WRRI)", is computed, using the formula.

2wy Aj,

WRRI =% x100; where wx is the per hectare water
2w AR
k

requirement of ki crop (Table 10), A;, and A; are area under irrigation

actually realised under the crop and area put under cultivation.

Thus, WRRI, by definition, gives the ratio of total water actually
required for the irrigated area under all crops to the total water actually
needed if all the area under cultivation of those crops were irrigated.
These estimates are presented in Table 10.
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Table 10. Extent and Efficiency of Irrigation in Kerala over the Plan

Period
Plan Total Irrigation Marginal Cost Water Requirement
Area Area Added for Irrigation Realisation Index
Irriga- during the (at 1993-94 (WRRI) %
ted (ha) Period (ha) Prices) Rs/ha Maximum Minimum
Up to Annual Plan  3,80,926 3,80,926 37,695 15.65 14.97
(1978-80)
VI (1980-85) 3,99,152 18,226 3,89,698 16.53 15.84
VII (1985-90) 3,84,5661 -14,591 - 16.41 15.84
Annual Plan 3,87,411 2,850 7,56,900 15.47 14.87
(1990-92)
VIII (1992-97) 4,58,569 71,158 94,794 18.47 17.93
IX (Exp : up to 4,32,217 -26.352 - 16.77 16.68

3/2002) (Provisional)

Source : Computed from data source as given in tables above.

The values of WRRI are computed, both with the minimum
requirement level and with the maximum levels. These estimates are
presented in Table 10. As was already noted, despite heavy expenditure
already incurred on irrigation during various five year plans, the total
area brought under irrigation does not appear to be satisfactory. At the
end of the Seventh Plan and the Ninth Plan (up to March 2002), it
recorded even a negative growth (as the reported area under irrigation
declined during the period). The expenditure incurred up to the annual
plans 1978-80 (from 1951-52) was modest (Rs. 37,695 per hectare). The
marginal expenditure just took a vertical escalation thereafter. This was
the period when the acreage of paddy, the most water demanding crop of
the lot, commenced its slide steeply down. During the annual plans 1990-
92, it ran to about Rs. 7,567,000 per hectare. We have already seen in an
earlier section that there was an advantage of about 500 kg of paddy
(Table 5) on irrigating the paddy crop. But considering the whopping
expenditure per hectare of added irrigation area, it should be a straight
conclusion that major irrigation projects are, in no way, cost-effective.

The change in cropping pattern made the scene still worse. Where
the minimum rate of water requirement (per hectare) is concerned, the
level of irrigation for the crops was met, up to 1978-80 plan years, to the
extent of only 14.97%. Though it increased to 17.93% during the Eighth
Plan, the next plan period witnessed a considerable decrease (to a level of
16.68%). In terms of the maximum rate of irrigation also, it recorded
slight declines in each plan period under consideration, except for the
Eighth Plan.
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The whole scenario on the realisation of water requirement of crops
in Kerala is captured in Figure 1.

Having spent such large sums on irrigation, it is quite disturbing
that there is no great improvement in the achievement levels of
irrigation. However, these estimates in the study did not consider the
socio-economic benefits other than crop irrigation. It might even be that
all the area under crops that have benefited has not been brought under
the data coverage of the government publications. For instance,
cardamom is a crop that is yield sensitive to irrigation. Knowing it well,
the farmers do not, as a practice leave the crop fully to the benevolence of
rain. But no government publication is seen to report irrigation under
cardamom. It could be that the data on irrigation area reflect only the
acreage under the command area of the projects.

In some of the areas of irrigation projects in Kollam and
Thiruvananthapuram districts, it was observed that the residents in the
command area of the projects, as a whole, appeared to be happy as they
felt that the irrigation canals, when charged, have elevated the water
table, saving the wells around from going dry. It can be concluded with
sufficient confidence, that even after accounting for these benefits, that
the irrigation facilities already in place in Kerala have not been
adequately utilised and that a little increase in irrigation that was really
achieved (as per the available data) is not commensurate with the heavy
increase in the costs of the irrigation projects of Kerala.

5. Conclusions

Public investment in irrigation was very much needed in India, more
so in the infancy of the centralised planning process. Kerala also
embarked on a series of large budget irrigation projects right from the
First Five Year Plan period. This was greatly justified even in a wet
tropical region like Kerala, where irregularity in rainfall was the norm
and the domestic production of food could hardly meet just one sixth of
the requirement of the population and achieved yield levels fell extremely
short of the potential levels projected. Irrigation systems in Kerala are
becoming heavily expensive and water is now much more precious.
However, the land brought newly under irrigation is too small, to enable
the state to recover the huge cost already incurred. Therefore, the fact
that the domestic production of foodgrains registered a sharp decline
owing to the rapid shrinkage in area and that the irrigation
infrastructure remained grossly underutilised even by other crops,
warrants a fresh look at the whole agenda of development of major
irrigation facilities in the state.
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NOTES

1. coconutboard.nic.in, as on October 2008.

GoK, 2006; Rubber Board, various issues; GoK, Statistics for
Planning, various issues.

3. Rainfall received during the first crop season (kharif) is more
than sufficient to meet the water requirement. Thirty seven per
cent yield variability in paddy during kharif can be explained,
based on pre- monsoon and monsoon rainfall. However, the pre
monsoon showers during April to May are very important as it
may hamper proper germination of seeds. the wet spells are
detrimental for the stage from flowering to maturity (Rao, 2003).

4. The crops in a crop mix atypical the homesteads of Kerala will
share the common resources of land and atmosphere including
the water that is used for the evaporation and the water that is
wasted through seepage and application losses in the field.
Therefore, the estimate on the total water requirement of all
crops in Kerala, computed in the paper as the sum total of
requirements of individual crops, may be on the higher side.
However, with the kind of data on irrigation and crop acreage as
is available from published sources, only the method of
estimation that is adopted in the paper seems feasible.
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Chapter -7

Need to Augment Irrigation Capacity in
Agriculture

Dr. N.T. Somashekaraiah & Dr. Harendra Raj Gautam

The outstanding feature of Indian agriculture is its dependence on
rainfall. Due to unequal distribution of rainfall during the year and its
variation from year to year in respect of quantity, incidence and duration,
the Indian agriculture gets affected. Hence the development of irrigation
was accorded priority in the India's Five Year plans.

Considerable amount was spent for the development of irrigation in
the Five year plans. Irrigation accounted for an expenditure of Rs. 456
crore during the first five year and the irrigation potential created was of
the order of 3.66 million hectares.

The expenditure on major, medium and minor irrigation projects
during second & Third Five Year plans was Rs. 522 crore and Rs. 909
crore respectively. An irrigation potential of 2.83 million hectares and
4.52 million hectares has been created during the second and third Five
year plans respectively.

Total outlay for irrigation in the Eleventh Plan (2007-12) has been
kept at Rs. 2,32,311 crore (at current prices). Substantial expenditure has
gone in for developing the major and medium irrigation potential
especially the major river valley projects like the Bhakra Nangal Project
(Punjab), Beas Project (Punjab and Haryana), Hirakund Dam Project
(Orissa), Damodar Valley Corporation (Bihar and West Bengal),
Nagarjunasagar Project (Andhra Pradesh and Karnataka) etc. However,
minor irrigation continues to occupy an important place as its share in
the total irrigation potential of 102.8 million hectares created upto the
end of Tenth Plan (2006-07) was 58.8 per cent (60.4 million hectares).

The expenditure in annual plans (1966-69) and Fourth Five Year
Plan (1969-74) accounted for Rs. 760 crore and 1,750 crore respectively. A
total irrigation potential of 3.49 million hectares and 7.10 million
hectares has been created in the annual plans and the Fourth Five Year
Plans.

The expenditure in the Fifth Five Year Plan was Rs. 3,073 crore and
7.92 million hectares of irrigation potential has been created. An account
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of Rs. 2,553 crore has been spent on irrigation in the annual plans of
1978-79 and 1979-80. A potential of 4.48 million hectares was created in
the annual plans of 1978-1980. During the Sixth Five Year Plan, the total
expenditure on irrigation was Rs. 9,318 crore and a potential of 11.30
million hectares has been created in the Sixth Plan.

During the Seventh Five Year Plan, the total expenditure on
irrigation was 14,360 crore and the potential of 13 million hectares has
been created in the eleventh Plan. The outlay on major, medium and
minor irrigation projects during Eighth and Ninth Five Year Plans was
Rs. 36,649 crore and Rs. 63,682 crore (including flood control) crore
respectively. An irrigation potential of 95.40 million hectares has been
created during 2000-2001. The outlay on irrigation and flood control in
the Tenth Plan (2002-2007) was kept at Rs. 95,743 crore.

It has been estimated that India has around 166 million hectares of
agricultural land out of which 140 million hectares of land would
ultimately be irrigated. By 2000 only 95 million hectares were provided
irrigation facilities. That leaves still 45 million hectares of potential
irrigation for the successive five year plans. According to the irrigation
Commission, the cost of exploiting this potential would workout at Rs.
30,000 crore (at 1980-81 prices); it would cost more than Rs. 75,000 crore
now (in current prices). As the financial resources available to the
Government are limited, the Seventh and Eighth Plans took up only a few
major and medium projects but laid emphasis on the completion of
ongoing projects.

In order to expand irrigation facilities, the Government of India has
adopted the following programmes.

(a) NABARD has set up Rural Infrastructure Development Fund
(RIDF) under which loans are granted to States for speedy
completion of minor irrigation projects.

(b) The Government of India has launched, since 1996-97, a
programme called ““Accelerated Irrigation Benefit Programme"
(AIBP) under which the Centre is providing additional Central
assistance by way of loans to the States for early completion of
selected large irrigation and multi purpose projects. AIBP was
specifically started because a large number of river valley
projects both major and medium have spilled from plan to plan,
mainly because of financial constraints of state government.
Some of these projects were in an advanced stage of construction and
could provide irrigation benefits in four or five agricultural seasons. The
completion of these projects, however, was beyond the resources
capability of the State Governments.
Under AIBP, funds were provided to the States in the form of Centre
loan assistance. The Central Government also introduced in February
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2002 a Fast Track Programme for completion of some irrigation works in
two or three working seasons with full Central modified, with the
adoption of a grant component - i.e. 30 per cent grant for General
Category States and 90 per cent grant for Special Category States.

Between 1997 and 2004, the Government of India has released Rs.
14,670 crore as loan assistance under AIBP for 181 irrigation works and
3,810 minor irrigation works. So far 28 projects have been completed and
irrigation potential of 2.2 million hectares has been created up to March
2003.

Under Accelerated Irrigation Benefit Programme (AIBP), the State
Governments were provided Rs. 24,867.4 crore as Central Loan Assis-
tance (CLA)/grant for 229 major/medium irrigation projects and 6,205
surface minor irrigation Schemes up to January 29, 2008. So far 91 major/
medium and 4,605 surface MI Schemes have been completed. In the

current year, as on January 29, 2008, Rs. 3,127.5 crore has been released
for AIBP.

To cover a larger area under irrigation, the Government sanctioned a
National Project for Repair, Renovation and Restoration of Water Bodies
directly linked to agriculture, in January 2005 with an estimated cost of
Rs. 300 crore to be shared by the Centre and States in 3:1 ration. The
water bodies having cultivated command areas of more than one ha and
up to 2,000 ha were included under the pilot scheme in one or two
districts in each State. The Scheme was approved for 26 districts in 15
States. Central share of Rs. 179.3 crore has been released to the States
till November 30, 2007, covering 1,098 water bodies. The physical work
for restoration has been completed for 733 water bodies and the work is in
progress in the remaining 365 water bodies.

Following the pilot scheme, restoration of water bodies has also been
taken up in States having considerable number of water bodies with the
World Bank assistance. The World Bank Loan Agreement has been
signed with Tamil Nadu for Rs. 2,182 crore to restore 5,763 water bodies
having a cultivated command area (CCA) of 4 lakh ha. The Rs. 835 crore
Andhra Pradesh Community Based Tank Management Project was
signed with the World Bank in June 2007 for restoration of 3,000 water
bodies with a CCA of 2.5 lakh ha. The project of Karnataka was signed for
Rs. 259 crore with World Bank in November 2007 for restoration of 1,225
water bodies involving a CCA of 0.52 lakh ha. The proposals from Orissa
and West Bengal Governments have also been submitted to the World
Bank.

Irrigation in the 11th Plan

The 11th Plan envisages creation of an additional potential of 16
million hectares at an estimated required outlay of about Rs. 2,10,000
crore. Since irrigation is a State subject, most of this (about Rs. 172,000
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crore) has been earmarked for financing by States and an analysis of
State's own preliminary 11th Plan allocations shows that this might
actually be exceeded. Further, although financial resources appear
adequate except in some poorer States, guidelines for the Accelerated
Irrigation Benefits Programme (AIBP) have already been changed to
expand its scope and to increase the Central share for selected areas.

The Government has also been creating irrigation potential through
public funding and assisting farmers to create potential has been created
through major, medium and minor irrigation schemes. The total
irrigation potential in the country has increased from 81.1 million ha in
1991-92 to 102.8 million ha in 2006-07. The potential created so far is
estimated to be 73.5 per cent of the ultimate irrigation potential (Table 1).
Of the total potential created, however, only 87.2 million ha (84.9 per
cent) is actually utilised.

Table 1. Irrigation Potential Created and Utilised 2002-2007 (Million

hectares)
Source Potential Potential Per cent
created utilised utilisation
Major and Medium Irrigation 42.4 34.4 81.3
Minor Irrigation 60.4 52.8 87.4
Total Irrigation 102.8 87.2 84.9

Source : Ministry of Finance, Economic Survey 2007-08

Irrigation is one of the six components for the development of rural
infrastructure under the Bharat Nirman and aims at creating the
irrigation potential of 10 million ha by 2008-09. The target under Bharat
Nirman is to be met largely through the completion of ongoing major and
medium irrigated projects/schemes. During 2005-06 and 2006-07, 1.68
million ha and 1.94 million ha of irrigation potential, respectively, is
reported to have been created.

Of the 182.7 million hectares of land used for cultivation, only about
62 million hectares is currently irrigated; the rest depend entirely on
monsoon rains. Hence, from the agriculture sector's point of view
enlarging the cropped area under assured irrigation is critical for the
economy. India's agricultural sector currently uses about 90 per cent of
total water resources. Irrigated agriculture has been fundamental to
economic development, but unfortunately caused groundwater depletion.
India draws 80 per cent of its irrigation water from groundwater. As
water scarcity becomes a bigger and bigger problem, rural and farming
areas will most likely be hit the hardest. India receives an average of
4,000 billion cubic meters of rainfall every year. Unfortunately, only 48
per cent of rainfall ends up in India's rivers. Due to lack of storage and
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crumbling infrastructure, only 18 per cent can be utilized. Rainfall is
confined to the monsoon season mainly from June to September, when
India gets, on an average, 75 per cent of its total annual precipitation.
Once again, due to India's storage crunch the government is unable to
store surplus water for the dry season. The latest official figures show
that more than 60 per cent of India's 62 million irrigated hectares is fed
by groundwater. According to two independent studies which used
satellite data from GRACE (the Gravity Recovery and Climate Experi-
ment) indicate that northern India was losing more groundwater than
anywhere else in the world except for the Arctic ice sheets. One of the
studies put the annual net groundwater loss in Punjab, Haryana and
Rajasthan at 109 cubic km, which is roughly equivalent to 109 billion
tonnes. The water table has dropped dramatically in many areas and this
is one of the main problems Indian agriculture face today.

In order to augment the depleting ground water resources, it is
essential that the surplus monsoon runoff that flows into the sea is
conserved and recharged to augment ground water resources. Ground
water storage that could be feasible has been estimated as 214 billion
cubic meters (BCM) of which 160 BCM is considered retrievable. Central
Ground Water Board has prepared a conceptual plan for artificial
recharge to ground water for the country. Out of total geographical area
of 3,28,7263 sq. km. of the country, an area of 4,48,760 sq. km. has been
identified suitable for artificial recharge. The total quantity of surplus
monsoon runoff to be recharged works out as 36.4 BCM.

Rainwater harvesting is of course a focus area for sustainable
agricultural production but attention should also be paid for efficient
management of the available water resources. Even if 5 per cent of
annual rainfall were harvested properly, that will produce a substantial
quantum of water to the tune of 900 million litres. There are two main
practices of rainwater harvesting. In the traditional method, storage of
rainwater is done on the surface for future use in the form of under-
ground tanks, ponds, check dams, weirs etc. Other method is a new con-
cept of rainwater harvesting where different type of structures like pits,
trenches, dug wells, hand pumps, recharge wells, recharge shafts, lateral
shafts with bore wells and spreading techniques are generally used.
Rainwater harvesting saves water, improves soil moisture, improves the
quality of water, allows drought proofing, prevents flooding, saves energy
required to lift water, reduces soil erosion and above all it is an ideal
solution of water problem in areas having inadequate water resources.

Several measures for development and management of water
resources are undertaken by the respective State Governments with a
view to optimally utilize the available resources which include creation of
storages, restoration of water bodies, rain water harvesting, artificial
recharge to ground water and adoption of better management practices
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etc. Storage capacity of about 225 billion Cubic Metre (BCM) has been
created so far. The total estimated storage capacity of the various projects
under construction is about 64 BCM as per present assessment. Further,
the State Governments have identified various other schemes for

investigation and planning and the estimated storage for such schemes is
about 108 BCM.

The Central Government has implemented a scheme since 2008 in
which 4,455 million wells will be dug up for recharging groundwater in
110 blocks of the identified states for the benefit of farmers. The scheme
has been implemented before monsoon of 2008. The Artificial Recharge of
Ground Water Through wells scheme was launched keeping in view the
concerns of over exploitation of groundwater resources in the country as
well as to ensure sustainable water resource management and irrigation
facilities in the affected rural areas. About 80 per cent of these
groundwater stressed areas over exploited, critical and semi critical areas
are located in hard rock areas in the states of Andhra Pradesh, Gujarat,
Madhya Pradesh, Maharashtra, Rajasthan and Tamil Nadu where rapid
decline of groundwater levels have been observed on long term basis. It is
a state sector scheme and will be implemented by the respective state
government in association with the Panchayati Raj Institutions (PRIs),
the Central Groundwater Board, the NABARD and NGOS. The farmer
who has dug well in their agricultural land in the identified areas is
beneficiary for the scheme.

The Artificial Recharge of Ground Water through wells scheme was
launched keeping in view the concerns of over exploitation of
groundwater resources in the country as well as to ensure sustainable
water resource management and irrigation facilities in the affected areas.
The scheme approved for a total cost of Rs. 1,798.71 crores with 100 per
cent subsidy to marginal and small farmers and 50 per cent subsidy to
other farmers. The Central Ground Water Board has prepared a Manual
and subsequently a Guide on Artificial Recharge to Ground Water which
provide guidelines on investigation techniques for selection of sites,
planning & design of artificial recharge structures, economic evaluation &
Monitoring of recharge facility. These are of immense use to States/U.T.s
in planning and implementation of recharge schemes for augmentation of
ground water in various parts of the country.

The Union Ministry of Water Resources constituted a standing sub
committee for assessment of availability and requirement of water. They
have put forward a multi pronged approach highlighting the need for
completion of storage dams, interlinking of rivers, recycling of domestic
water and of industrial used water, desalination of sea water and artifici-
al recharge of ground water. A committee on Artificial Recharge of
Groundwater has also been constituted. Availability of irrigation water is
an important factor in increasing the food grain production but



Need to Augment Irrigation Capacity in Agriculture 111

availability of water is decreasing each day due to overuse of under-
ground water. The Central Ground Water Board has identified 1,065
assessment blocks as over exploited or critical. The strategy proposed for
water recharge is to divert rain water into dug wells. Indian Council of
Agricultural Research (ICAR) has set up one teaching cum demonstration
model of water harvesting in each of 32 selected State Agricultural
Universities and ICAR institutes to train 100 trainers and 1000 farmers
every year.

Irrigation accounts for an enormous portion of the World's water use.
Thus, more efficient utilisation of even a small amount of irrigation water
would free large amounts of water for other uses. Experts recommend
that we should ensure that our old water recharge systems are sustained
and enhanced, new recharge systems are developed, harvest water where
it falls, regulate groundwater use and massively promote conservation
methods like drip irrigation and rice intensification. In Australia, water
consumption in agriculture has been reduced by 30 per cent in the past 20
years by good agricultural practices. There is need to encourage modern
methods of irrigation like drip irrigation. Micro management is also
needed for efficient use of the irrigation water. Farmers should avoid one
time flood irrigation in their fields and instead should give more number
of irrigation at intervals for higher output. Weeds should be managed
effectively in annual and perennial crops. Moisture conservation
techniques like mulching should also be used in crops. Waste water of
kitchen and toilet can also be recycled and channelled for farming or
charging of the underground water resources. Irrigation efficiency can
also be improved by computer controlled systems that supervise soil
moisture and provide water only when necessary. Farmers can switch to
more water efficient, drought resistant and salt tolerant crop varieties.
Moreover, farmers can use organic farming techniques which result in
higher crop yields per hectare and require only one fourth of the water
and commercial fertiliser of conventional farming. Better farming
techniques, such as leaving crop residue on fields and ground cover on
drainage ways, intercropping, use of mulches, and low volume or drip
irrigation, could reduce these water losses dramatically. Thus, there is
need to efficiently conserve the available water resources and use them
judiciously with modern technological tools.



Chapter -8

Creating New Irrigation Potential to Boost
Agriculture

Dr. Yashbir Singh Shivay & Dr. Anshu Rahal

Efficient use of water resource is basic to survival of the ever
increasing population of a country, this is especially very crucial for India,
where we are having less than 5% of the world's water resources and
more than 18% world's population. Irrigation is one of the most important
inputs required at different critical stages of plant growth of various crops
for optimum production. The Government of India has taken up
augmentation of irrigation potential through public funding and is
assisting farmers to create potential on their own farms. Substantial
irrigation potential has been created through major and medium
irrigation schemes. In arid and semi-arid climatic conditions, the timing
and amount of rainfall are not adequate to meet the moisture
requirement of crops. Therefore, supplementary irrigation is essential to
raise the crops, necessary to meet the needs of food and fiber for the
growing population. Scientific irrigation water management provides the
best insurance against weather induced fluctuations. This is the only way
in which we can make our agriculture profitable and sustainable in the
coming decades. The on farming irrigation management for different
crops including efficient use of poor quality waters is an essential
component of water management in irrigation command areas. It is felt
necessary to include complete information on surface and sub surface
drainage. The information pertaining to net sown area, gross sown area,
net irrigated area and grass irrigated area over the period of time in India
is given in The Table 1.

Water resources

Precipitation is the main source of renewable water supply. India
receives a total annual rainfall of 400 km3 with a variation of 100 mm per
annum in western most regions to 1100 mm per year in eastern region.
The water resources of the country, which occur as natural runoff in the
rivers, are estimated to be 18,697 km3 considering both ground water and
surface water contributions. Due to various constraints of topography,
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distribution over time and space, 1,122 km3 water can be put to beneficial
use, 690 km3 of which is due to surface water resources.

Irrigation potential

The total ultimate potential was earlier estimated at 113.8 million
hectares, which has now been revised to 140 million hectares. The share
of major and medium schemes that are surface water based is 58.5
million hectares, whereas that of minor schemes, based on surface water
is 17.4 million hectares. The ground water based minor irrigation
schemes are expected to contribute 64 million hectares compared with the
earlier estimates of 40 million hectares.

Table 1. Cropped and irrigated areas from 1951 to 2008-09 in India

Year Area (million hectare)

Net sown area Gross sown Net irrigated Gross

area area irrigated area

1950-51 118.75 131.89 20.85 22.56
1960-61 132.20 152.82 24.66 27.98
1970-71 140.27 165.79 31.10 38.19
1980-81 141.93 176.75 40.50 51.41
1990-91 141.98 182.24 49.87 65.68
2000-01 141.10 187.94 54.68 75.14
2005-06 141.46 193.32 60.79 84.26
2008-09 141.36 195.10 63.20 88.42

Command area development

There has been large scale irrigation development but there was
short fall in utilization of the potential created. To focus attention on
efficient utilization of the created resources, a multi disciplinary agency,
the command area development authority was constituted in 1974-75.
The command are development programme broadly covers :

(a) On farm development works;

(b) Introduction of rotational system of water distribution within the
out let common (warabandi);

(c) Adoption of suitable cropping pattern roistering of irrigation
system;
(d) Development of ground water for conjunctive use;

(e) Arrangement and supply of agricultural inputs and services
including short term credit;
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(f) Development of necessary infrastructure in the shape of roads,
markets and ware housing/cold storages.

Command area development programme has been implemented in
more than 100 irrigation projects with good results.

Basin-wise water resources

Monsoonal climate causes a highly skewed distribution of the
resource availability and calls for its conservation in soil profile, aquifers,
ponds, lakes, reservoirs and rivers for use during the lean period.

India is a very fortunate country to have many rivers whose total
catchment's area is estimated to be 252.8 million hectares. Central water
commission, Government of India, has divided the whole country in 20
river basins comprising 12 major basins, each having catchment's area
exceeding 20,000 km2 and 8 composite river basins combining suitably
together 1l the other remaining medium and small river systems.

Major basins are : 1) Indus; i1)) Ganga-Brahamputra Meghna; 1i1)
Godavari; iv) Krishana; v) Cauvery; Mahanadi; vi) Pennar; vii) Brahmani-
Baitarni; viii) Sabarmati; ix) Mahi; x) Narmada and x1) Tapi.

Likewise 8 composite river basins are : i) Subarnarekha-
combining subarnarekha and other small rivers between Subarnarekha
and Baitarni; ii) East flowing rivers between Mahanadi and Pennar; iii)
East flowing rivers between Pennar and Kanyakumari; iv) Area of inland
drainage in Rajasthan desert; v) West flowing rivers from Tapi to Tadri;
vi) West flowing rivers from Tadri to Kanyakumari; Minor rivers draining
into Myanmar (Burma) and Bangladesh. Catchments area and water
resources potential of these basins is given in Table 2.

Table 2. Basin wise water potential in India

S.N. River basin Catchment Water resources
area (km?2) (km?/year)

As per Central As per
Water Comm- NCIWRDP

ission 1993 1999

1. Indus 321,289 73.31 73.31
Ganga-Brahamputra-Meghna

2.  Basin Ganga 862,769 525.02 525.02
3. Brahamputra sub-basin 197,316 537.24 629.05
4.  Meghna (Barak) sub-basin 41,157 48.36 48.36
5. Subarnarekha 29,196 12.37 12.37
6. Brahmani-Baitarni 51,822 28.48 28.48
7. Mahanadi 141,589 66.88 66.88
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10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.
21.
22.
23.

24.
25.
26.

217.
28.

Godavari
Krishna
Pennar
Cauvery
Tapi
Narmada
Mahi
Sabarmati

West flowing rivers of Kutch and
Saurashtra including Luni

West flowing rivers south of Tapi

East flowing rivers between
Mahanadi and Godavari

East flowing rivers between
Godavari and Krishna

East flowing rivers between
Krishna and Pennar

East flowing rivers between
Pennar and Cauvery

East flowing rivers south of
Cauvery

Area of North Ladakh not
draining into Indus

Rivers draining into Bangladesh
Rivers draining into Myanmar

Drainage areas of Andman,
Nicobar & Lakshadweep Islands

Total
Approximately Say

312,812
258,948
55,213
87,900
65,145
98,796
34,842
21,674
334,390

113,057
49,570

12,289

24,649

64,751

35,026

28,478

10,031
26,278
8,280

3,287,260

110.54
78.12
6.32
21.36
14.88
45.64
11.02
3.81
15.10

200.94
17.08

1.81

3.63

9.98

6.48

8.57
22.43

1,869.37
1870

115

110.54
69.81
6.32
21.36
14.88
45.64
11.02
3.81
15.1

200.94
17.08

1.81

3.63

9.98

6.48

8.57
22.43

1952.87
1953

Total surface water resources of the country (yearly average streams
flow) are about 1,869 km2. Due to uneven distribution of rainfall, both
spatial and temporal, only 37% (690 km?3) of the surface renewable water
resources are estimated to be potentially utilizable. This low proportion is
primarily due to low potentially utilizable water resources in the Meghna
Brahamputra river basins. The Brahamputra River covers only 7.6% of
the geographical area, accounting of 31% of the total renewable water
resources.
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According to Central Water Commission, potential utilizable for
India are 690 km3 of the surface water and 432 km3 of the ground water
(total 1,122 km3 or BCM).

Water availability

India's total renewable per caput water resources in 1985 were 2,011
m3 which stands at 1,820 m3 on 31 March 2001 (Table 1). The total
renewable water resources per person, excluding those people in the
Brahamputra river basin, are only 1,345 m3. About 103 million people
living in the basins of Sabarmati, Kutch and Saurashtra and basin
between Pennar and Kanyamkumari have per caput total renewable
water resources below 500 m3. More than 90 million people living in the 4
basins of Pennar, Tapi, Cauvery and east flowing rivers between
Mahanadi and Pennar have per caput total renewable water resources
below 1,000 m3. The per caput renewable water resources in Indus,
Ganga, Krishna and Subarnarekha basins are less than 1,700 m3.

Table 3. Per capita water availability in India

Year Population Per capita water availability
(million) (cubic metre)
1951 361 5,177
1955 395 4,732
1991 846 2,209
2001 1,027 1,820
2025 1,394 (projected) 1,341
2050 1,640 (projected) 1,140

Water demand

Country's water demand is dominated by irrigation needs. The total
water demand for agriculture, domestic and industrial sectors of India in
1995 was estimated to be about 650 km3; of this about 90% is withdrawn
for agriculture sector. Different demand scenarios up to year 2050 AD
have been estimated by the Ministry of Water Resources and the
demands as projected for different years are given in Table 4. There will
be a large gap even at the aggregate level between the water availability
and requirement by 2050 AD, when the population of the country is
expected to stabilize. The entire replinshipable ground water is also
assumed to be utilized by 2025 AD. Therefore, to bridge the gap between
water availability and requirement, inter basin water transfers by
interlinking of rivers may be a viable alternative, which would also take
care of the requirement of the water short areas, including drought prone
areas.
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Table 4. Estimates of future water demands (BCM) under different
scenarios

Category Year 2010 Year 2025 Year 2050
Low Medium High Low Medium High Low Medium High
Irrigation 489.0 536.0 556 619 688 734 830 1,008 1,191

Domestic  39.4 41.6 61 47 52 78 59 67 104
Industrial 37.0 37.0 37 61 67 79 69 81 116
Total 5565.4 614.6 6564 727 807 881 958 1,156 1,411

Irrigation demand

Irrigation demand of a region depends upon the areas irrigated with
surface water and ground water, different crop water requirements and
irrigation application efficiency. Irrigation demand may be worked out as
given in Table 5.

Table 5. Irrigation with surface and ground water

Surface irrigation Ground water
area irrigation area

Irrigation Crop water +

demands requirements
Surface irrigation Ground water
efficiency irrigation efficiency

The irrigation demand ranges from 193 m3 per person in
Brahamputra basin to 1,617 m3 per person in Indus basin. Irrigation
efficiencies range from a low of 31% whereas most of the area is surface
irrigated to a high of 62% (where most of the area is irrigated from
ground water). Irrigation is the largest sector of water demand and
irrigated agriculture shall further be called upon to produce a sizable
portion of the food grains requirements for the growing population.
Considering the rapid changes in the dietary habits and standard of
living of the Indian population, it may be difficult to make correct
estimates for future food grain requirements have been given in Table 6.

Table 6. Future food grains and water demands for irrigation under
different scenarios

Year Low Water Medium Water High Water
demand requirement demand requirement demand demand
scenario (BCM) scenario (BCM) scenario (BCM)

(Mt) (Mt) (Mt)
2010 249 489 265 536 271 556
2025 322 619 349 686 365 734

2050 469 830 539 1,008 605 1,191
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Irrigation

Irrigation is the artificial application of water to partially meet the
crop evapo-transpiration requirements. It is essential for sustaining crop
productivity in many regions of the country mainly because the rainfall is
inadequate and unevenly distributed to meet crop water demands.
Irrigation water is a costly and scare input, and it is becoming more
difficult to increase the area under irrigation to meet the demand for food,
fodder and fiber for growing human and livestock population. The
competing demands of water for other uses viz. urbanization and
industrialization are also restricting the availability of water for crop
production. Therefore, it is essential to optimize the use of water
according to availability on sustainable basis in the decline water table
areas, and to allow minimum loss of water by efficient water management
techniques in areas where water table is continuously rising.

Irrigation requirements of some important crops

Irrigation requirement at the field level refers to the amount of
water, exclusive or precipitation, required to mature the crops (Table 7).
It is usually expressed in depth at the given time. It thus, includes the
amount of water needed to meet the losses through evaporation and
transpiration, both occurring simultaneously and hence termed evapo-
transpiration (ET), application losses and the special needs. It does not
include transit losses.

Table 7. Irrigation requirements of some important crops

S.No. Crops (Kharif) Crop duration Irrigation requirement
(days) (mm)

1. Rice 130-140 700-800
2. Sorghum 110 150

3. Maize 110 150

4. Sugarcane 330 700

5. Summer pulses 70 210

6. Pearl millet 90 150

7. Sunflower 110 210

8. Cotton 180 280

9. Wheat 135 350
10. Berseem 200 800
11. Potato 110 450
12. Lentil 135 150

=
bl

Mustard 150 150
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14. Barley 125 210
15. Soybean 90 350
16. Chickpea 150 150

Types of Irrigation

Various types of irrigation techniques differ in how the water
obtained from the source is distributed within the field. In general, the
goal i1s to supply the entire field uniformly with water, so that each plant
has the amount of water it needs, neither too much nor too little.

1. Surface Irrigation

In surface irrigation systems water moves over and across the land
by simple gravity flow in order to wet it and to infiltrate into the soil.
Surface irrigation can be subdivided into furrow, border strip or basin
irrigation. It is often called flood irrigation when the irrigation results in
flooding or near flooding of the cultivated land. Historically, this has been
the most common method of irrigating agricultural land.

Where water levels from the irrigation source permit, the levels are
controlled by dikes, usually plugged by soil. This is often seen in terraced
rice fields (rice paddies), where the method is used to flood or control the
level of water in each distinct field. In some cases, the water is pumped,
or lifted by human or animal power to the level of the land.

2. Localized Irrigation

Localized irrigation is a system where water is distributed under low
pressure through a piped network, in a pre determined pattern, and
applied as a small discharge to each plant or adjacent to it. Drip
irrigation, spray or micro-sprinkler irrigation and bubbler irrigation
belong to this category of irrigation methods.

3. Drip Irrigation

Drip irrigation, also known as trickle irrigation, functions as its
name suggests. Water is delivered at or near the root zone of plants, drop
by drop. This method can be the most water efficient method of irrigation,
if managed properly, since evaporation and runoff are minimized. In
modern agriculture, drip irrigation is often combined with plastic mulch,
further reducing evaporation, and is also the means of delivery of
fertilizer. The process is known as fertigation.

Deep percolation, where water moves below the root zone, can occur
if a drip system is operated for too long of a duration or if the delivery
rate is too high. Drip irrigation methods range from very high tech and
computerized to low tech and labor intensive. Lower water pressures are
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usually needed than for most other types of systems, with the exception of
low energy center pivot systems and surface irrigation systems, and the
system can be designed for uniformity throughout a field or for precise
water delivery to individual plants in a landscape containing a mix of
plant species. Although it is difficult to regulate pressure on steep slopes,
pressure compensating emitters are available, so the field does not have
to be level. High tech solutions involve precisely calibrated emitters loca-
ted along lines of tubing that extend from a computerized set of valves.

4. Sprinkler Irrigation

In sprinkler or overhead irrigation, water is piped to one or more
central locations within the field and distributed by overhead high
pressure sprinklers or guns. A system utilizing sprinklers, sprays, or guns
mounted overhead on permanently installed risers is often referred to as
a solid set irrigation system. Higher pressure sprinklers that rotate are
called rotors and are driven by a ball drive, gear drive, or impact
mechanism. Rotors can be designed to rotate in a full or partial circle.

5. Center Pivot Irrigation

Center pivot irrigation is a form of sprinkler irrigation consisting of
several segments of pipe (usually galvanized steel or aluminum) joined
together and supported by trusses, mounted on wheeled towers with
sprinklers positioned along its length. The system moves in a circular
pattern and is fed with water from the pivot point at the center of the arc.
These systems are common in parts of the United States where terrain is
flat.

6. Lateral move (side roll, wheel line) Irrigation

A series of pipes, each with a wheel of about 1.5 m diameter
permanently affixed to its midpoint and sprinklers along its length, are
coupled together at one edge of a field. Water is supplied at one end using
a large hose. After sufficient water has been applied, the hose is removed
and the remaining assembly rotated either by hand or with a purpose-
built mechanism, so that the sprinklers move 10 m across the field. The
hose is reconnected. The process is repeated until the opposite edge of the
field is reached. This system is less expensive to install than a center
pivot, but much more labor intensive to operate, and it is limited in the
amount of water it can carry. Most systems utilize 4 or 5-inch (130 mm)
diameter aluminum pipe.

Sub-Irrigation

Sub irrigation also sometimes called seepage irrigation has been used
for many years in field crops in areas with high water tables. It is a
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method of artificially raising the water table to allow the soil to be
moistened from below the plants root zone. Often those systems are
located on permanent grasslands in lowlands or river valleys and
combined with drainage infrastructure. A system of pumping stations,
canals, weirs and gates allows it to increase or decrease the water level in
a network of ditches and thereby control the water table.

Manual Irrigation using buckets or watering cans

These systems have low requirements for infrastructure and
technical equipment but need high labor inputs. Irrigation using watering
cans is to be found for example in peri-urban agriculture around large
cities in some African countries.

Automatic, non-electric irrigation using bucklets and ropes

Besides the common manual watering by bucket, an automated,
natural version of this also exist. Using plain polyester ropes combined
with a prepared ground mixture can be used to water plants from a vessel
filled with water. the ground mixture would need to be made depending
on the plant itself, yet would mostly consist of black potting soil,
vermiculite and perlite. This system would (with certain crops) allow you
to save expenses as it does not consume any electricity and only little
water (unlike sprinklers, water timers). However, it may only be used
with certain crops (probably mostly larger crops that do not need a humid
environment; perhaps e.g. paprika's).

Irrigation using stones to catch water from humid air

In countries where at night, humid air sweeps the countryside,
stones are used to catch water from the humid air by condensation. This
is for example practiced in the vineyards at Lanzarote.

Dry terraces for irrigation and water distribution

In subtropical countries as Mali and Senegal, a special type of
terracing (without flood irrigation or intent to flatten farming ground) is
used. Here, a stairs is made through the use of ground level differences
which helps to decrease water evaporation and also distributes the water
to all patches (sort of irrigation).

Sources of Irrigation Water

Sources of irrigation water can be groundwater extracted from
springs or by using wells, surface water withdrawn from rivers, lakes or
reservoirs or non conventional sources like treated wastewater,
desalinated water or drainage water. a special form of irrigation using
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surface water is spate irrigation, also called floodwater harvesting. In
case of a flood (spate) water is diverted to normally dry river beds (wadi's)
using a network of dams, gates and channels and spread over large areas.
The moisture stored in the soil will be used thereafter to grow crops.
Spate irrigation areas are in particular located in semi-arid or arid,
mountainous regions. While floodwater harvesting belongs to the
accepted 1irrigation methods, rainwater harvesting i1s wusually not
considered as a form of irrigation. Rainwater harvesting is the collection
of runoff water from roofs or unused land and the concentration of this
water on cultivated land. Therefore, this method is considered as a water
concentration method.

Problems in Irrigation

1. Competition for surface water rights.
2.  Depletion of underground aquifers.

3. Ground subsidence
4

Under irrigation gives poor salinity control which leads to
increased soil salinity with consequent builds up of toxic salts on
soil surface in areas with high evaporation. This requires either
leaching to remove these salts and a method of drainage to carry
the salts away or use of mulch to minimize evaporation.

5. Over irrigation because of poor distribution uniformity or
management wastes water, chemicals, and may lead to water
pollution.

6. Deep drainage (from over irrigation) may result in rising water
tables which in some instances will lead to problems of irrigation
salinity.

7. Irrigation with saline or high sodium water may damage soil
structure.

The central government initiated the Accelerated Irrigation Benefit
Programme (AIBP) from 1996-97 for extending assistance for the
completion of incomplete irrigation schemes. Under this programme,
projects approved by the Planning Commission are eligible for assistance.
Under the AIBP, Rs. 50,380.64 crore of central loan assistance (CLA)/
grant has been released up to 30 November 2011. As on 31 March 2011,
290 projects were covered under the AIBP and 134 completed. During
2010-11, an irrigation potential of 566.24 thousand ha is reported to have
been created by states, from major/medium/minor irrigation projects
under the AIBP, while the higher irrigation potential would help
augment production and productivity, assured remuneration from such
production is vital for development of agriculture. The government has
also been creating irrigation potential through public funding and
assisting farmers to create potential on their own farms. Substantial
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irrigation potential has been created through major, medium and minor
irrigation schemes. The total irrigation potential in the country has
increased from 81.1 million ha in 1991-92 to 102.8 million ha in 2006-07.
The potential created so far is estimated to be 73.5 per cent of the
ultimate irrigation potential (Table 8). Of the total potential created,
however, only 87.2 million ha (84.9 per cent) is actually utilized.

Table 8. Irrigation potential created and utilized (million ha)

1991-92 1992-97 1997-02 2002-07 Annual rate of growth (%)

Eighth Ninth Tenth Eighth Ninth Tenth
Plan Plan Plan Plan Plan Plan

Cumulative potential created (million ha)

Major and  30.7 33.0 37.1 42.4 1.4 2.4 2.7
medium

Minor 50.4 53.3 56.9 60.4 1.1 1.3 1.2
Total 81.1 86.3 94.0 102.8 1.2 1.7 1.8
Cumulative potential utilized (million ha)

Major and  26.3 28.4 31.0 34.4 1.6 1.7 2.1
Medium

Minor 46.5 48.8 50.0 52.8 0.9 0.5 1.1
Total 72.9 77.2 81.0 87.2 1.2 1.0 1.5
Per cent utilization

Major and  85.6 86.3 83.7 81.3

Medium

Minor 92.4 91.5 87.9 87.4

Total 89.8 89.5 86.2 84.9

The pace of creation of additional irrigation potential came down
sharply from an average of about 3 per cent per annum during 1950-51 -
1980-90 to 1.2 per cent, 1.7 per cent and 1.8 per cent per annum,
respectively, during the Eighth, Ninth and Tenth five year Plan periods.
The rate of growth of utilization of the potential created declined to 1 per
cent per annum during the Ninth Five Year Plan period and improved to
1.5 per cent per annum during the Tenth Five Year Plan Period. The
average annual rate of utilization remained lower than the average
annual addition to the irrigation potential resulting in the cumulative
utilization witnessing continuous erosion. This not only amounts to an
inefficient use of funds, but also a forgone income from irrigated lands.

Responding to the continuous decline in the rate of creation in
irrigation potential, the Central Government initiated the Accelerated
Irrigation Benefit Programme (AIBP) from 1996-97 for extending
assistance in completion of irrigation schemes which had remained
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incomplete (Table 9). Under this programme, the projects approved by the
Planning Commission were eligible for assistance. Further, the
assistance, which was entirely a loan from the Centre in the beginning,
was modified with inclusion of a grant component from 2004-05. The
AIBP guidelines were further modified in December 2006 to provide for
90 per cent of the project cost as grant to special category States,
DPAP/Tribal areas and KBK (Koraput, Bolangir and Kalahandi) districts
of Orissa.

Table 9. Performance of AIBP Projects (Rs. Crore and area thousand ha)

Year Central loan Total potential Total potential
assistant/grant created under created
released AIBP
1996-97 500.0 74.5 560.0
1997-98 952.2 182.0 645.2
1998-99 1,119.2 259.0 592.2
1999-2000 1,450.5 223.2 666.0
2000-2001 1,856.2 528.8 983.5
2001-02 2.602.0 442.8 1,214.6
2002-03 3,061.7 456.0 812.0
2003-04 3,128.5 447.0 1,004.0
2004-05 2,867.3 496.0 1,000.02
2005-06 1,900.3 600.0 1,500.02
2006-072 2.302.0 932.0
Total 21,739.9 4,641.3
afistimated

Under AIBP, the State Governments were provided Rs. 24,867.4
crore as CLA/grant for 229 major/medium Irrigation projects and 6,205
surface Minor Irrigation (MI) Schemes up to January 29, 2008. So far 91
major/medium and 4,605 surface MI schemes have been completed. In the

current year, as on January 29, 2008, Rs. 3,127.5 crore has been released
for AIBP.

To cover a larger area under irrigation, the Government sanctioned a
National Project for Repair, Renovation and Restoration of Water Bodies
directly linked to agriculture, in January 2005 with an estimated cost of
Rs. 300 crore to be shared by the Centre and States in 3 :1 ratio. The
water bodies having cultivated command area of more than one ha and up
to 2,000 ha were included under the pilot scheme in one or two districts in
each State. The Scheme was approved for 26 districts in 15 states.
Central share of Rs. 179.3 crore has been released to the States till
November 30,2007, covering 1,098 water bodies. The physical work for
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restoration has been completed for 733 water bodies and the work is in
progress in the remaining 365 water bodies.

Following the pilot scheme, restoration of water bodies has also been
taken up in States having considerable number of water bodies with the
World Bank assistance. The World Bank Loan Agreement has been
signed with Tamil Nadu for Rs. 2,182 crore to restore 5,763 water bodies
having a cultivated command area (CCA) of 4 lakh ha. The Rs. 835 crore
Andhra Pradesh Community Based Tank Management Project was
signed with the World Bank in June 2007 for restoration of 3,000 water
bodies with a CCA of 2.5 lakh ha. The project of Karnataka was signed for
Rs. 259 crore with the World Bank in November 2007 for restoration of
1,225 water bodies involving a CCA of 0.52 lakh ha. The proposals from
Orissa and West Bengal Governments have also been submitted to the
World Bank.

Irrigation is one of the six components for the development of rural
infrastructure under the Bharat Nirman and aims at creating the more
irrigation potential in the coming time to mitigate the drought situations
whenever it is being experienced and increased agricultural production to
feed the burgeoning population in India.



Chapter -9

Turning over Irrigation Management :
Prospects and Constraints

Mamata Swain

In recent years proper utilisation of natural resources like land and
water has become a matter of grave concern for policy makers and
planners (Vaidyanathan, 1994). To meet the swelling demand for food due
to growing population and in the face of scarcity of cultivable land, huge
public investments are made on irrigation sector which is land
augmenting in nature. It needs no emphasis that irrigation is a critical
and crucial input required for agricultural production inasmuch as
availability of irrigation water enables the use of other yield enhancing
inputs like High Yielding Varieties of seeds, chemical fertiliser, organic
manure and above all adoption of improved agronomic practices. Irriga-
tion increases crop production by increasing crop yield, cropping intensity
and making possible cultivation of high value and remunerative crops.

However, mere provision of irrigation facility to land does not ensure
enhanced agricultural production. The productivity impact of irrigation is
critically dependent on the way water is applied and utilised. The quality
of irrigation service in terms of adequacy, timeliness, equity, depen-
dability, predictability and convenience in its supply remarkably
determines the yield from irrigation commands. For obtaining optimum
yield water should be provided in time and in adequate quantity
according to the crop water requirement of plants at its various growth
stages, as water stress affects crop yield adversely. Irrespective of the
location and size of the farm, water should be allocated equitably among
the headenders and tailenders and also large farmers and small farmers.
For planning the cropping pattern, farmers need to know in advance the
timing and quantity of water supply. Water should be provided in a
dependable, predictable and convenient manner without any uncertainty
in its quantum of delivery and timing. Quality in irrigation service should
be maintained over time and should be stable and sustainable in the long
run.

In India in the post independence period, a major thrust has been
given on creation of irrigation infrastructure by constructing big dams,
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reservoirs and canal networks. Though use of irrigation along with HYV
seed and chemical fertiliser has considerably increased agricultural
productivity and helped India in attaining self sufficiency in food
production, overall performance of irrigation sector is considered sub
optimal, inefficient and inequitable falling far short of expectations.
Irrigation canals have remained exclusively managed by hierarchical
government departments in a top down approach.

ACTIVE PARTICIPATION OF WATER USER

Irrigation has been considered as a technical enterprise aiming at
construction of hardware like dams, reservoirs, weirs, barrages, canals
etc. without scant regard to the software component or the socio-economic
aspects and management part of the system. The role of the water user
who is indeed the main protagonist in irrigation has not been pondered in
their real dimensions and potential. The role of the farmer has been
traditionally viewed as more passive than active in decision making in
irrigation. His contribution to the overall success of irrigation in
achieving substantial increase in food production has been traditionally
underestimated. New trends advocate much more active participation of
the water user in irrigation water management.

In a bureaucratically managed canal irrigation system it is extremely
difficult on the part of irrigation technocrats to provide irrigation service
catering to the need of numerous marginal and small farmers having
fragmented land holdings scattered over extensive irrigation commands.
Due, to rigid procedures followed in a bureaucratically managed system
which lacks flexibility, the irrigation engineers are not in a position to
take immediate decisions on the basis of observation of field conditions.
Also, they lack knowledge and information on local resources and socio-
economic conditions.

Due to highly subsidised water rates the irrigation sector is incurring
use financial losses and is solely dependent on budgetary allocations. In
the face of resource crunch and the inability of the irrigation sector to
raise resources internally, it is becoming increasingly difficult to operate
and maintain the extensive surface canal systems. In the absence of
proper maintenance and repair, the conditions of irrigation structures
have deteriorated. Irrigation departments do not have the resources to
renovate, rehabilitate and modernise the existing physical structures.
Also, a major chunk of operation and maintenance expenses is meant for
meeting establishment costs which mostly include salary bills of the
employees. A very own proportion is spent on works component. On the
one hand the irrigation agency lacks the resources to repair the derelict
irrigation systems, on the other the water users consider the can I
structures as state property and its repair and upkeep is st te's
responsibility. As a result, the operation and maintenance to the created
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physical structures have suffered causing system inefficiency. Water
users also oppose any attempt to increase water rates as irrigation service
is not satisfactory. Thus a improve the quality of irrigation service due to
paucity of finance; and farmers are not ready to pay higher water rates as
irrigation service is poor.

PARTICIPATORY MANAGEMENT

As an escape from this impasse the government is introducing far
reaching irrigation sector reforms by bringing about institutional and
organisational changes (Subramanian, 1997; Mitra, 1996). Of late, most
of the state governments in India have taken policy decision to introduce
Participatory Irrigation Management (PIM) and turning over the
management of tertiary segment of the canals like minor/sub-minors/
distributaries to Water Users Associations (WUAs). It is contemplated
that WUAs will be entrusted with the responsibilities of operation and
maintenance of the tertiary units, distribution of water among water
users and collection of water rates. The irrigation agency will make bulk
sale of water volumetrically to WUA at minor/sub minor level and
retailing of water to farmers will be the responsibility of WUA.

National Water Policy of India adopted in 1987 clearly envisages that
Farmers should be involved progressively in various aspects of
management of irrigation system, particularly in water distribution and
collection of water rates. Recognising the need for systematic involvement
and participation of farmers in irrigation management, the Government
of Orissa in the state water policy, 1994 has incorporated the objective of
handing over of operation and maintenance of irrigation systems to the
users in due course. Under the World Bank assisted Water Resources
Consolidation Project under implementation in Orissa attempts are under
way to motivate farmers to form Water Users Association, so that the
operation and maintenance of the downstream part of the system can be
turned over to WUAs (Swain and Kar, 2000). The major functions of the
WUASs will be to operate and maintain the distributory/minor canals, to
ensure equitable water distribution among the WUA members, to collect
irrigation fees and to advise the department on main system operation.
To start with under the mandale of World Bank few pilot projects had
been undertaken by Department of Water Resources in Rushikulya
(Distributory, No. 11), Ghodahada, Derjang and Aunli irrigation
commands to implement the System Improvement and Turnover (SIFT)
programme. Since 1996 Government of Orissa is taking steps to form 723
WUASs or Pani Panchayats in 33 major and medium irrigation projects
covering 3,32,000 ha. Of these 161 Pani Panchayats covering 74,000 ha.
in 14 major and medium irrigation projects have already been registered
and the operation and maintenance of the canals have been turned over
to water users. The work of motivation and formation of Pani Panchayats
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have been entrusted to Water and Land Management Institute,
Command Area Development Agency, Nabakrushna Choudhury Centre
for Development Studies and some NGOs.

An attempt is made here to analyse the evolution of concept of Parti-
cipatory Irrigation Management in context of India and its Ideological
basis. The benefits of PIM to farmers as well as irrigation agency have
been outlined. The possible difficulties that will be encountered in imple-
menting irrigation system turnover to WUA in specific socio-economic
context of Orissa are highlighted. Lastly a new approach for
implementing PIM is indicated.

EVOLUTION OF CONCERN OF SYSTEM TURNOVER

In India the concept of PIM has evolved gradually through three
distinct phases (Maloney and Raju; 1994 : 16). In 1980s the concept was
in its nascent stage limiting to farmers participation through their repre-
sentatives. It was felt then that in the decision making process of
irrigation development, the views of farmers should be taken into account
and they should be consulted in planning, design, construction, operation
and maintenance of the system. However, mere farmers representation in
scheme level committees could not yield much result. In the latter part of
1980s it was realised that farmers cannot have much stake in irrigation
management without a formal structure/forum to express their views.
Therefore, the catchword become Farmer's Organisation. It was recogn-
ised that for effective functioning the organisation needs to have the
following four characteristics :

e Spontaneous support of the farmers under local leadership.

e Structured role to play.

e Authority to make and implement decisions at appropriate levels.
e Responsibility to raise its funds and manage its affairs.

In various states like Andhra Pradesh, Tamil Nadu and Maharashtra
thousands of outlet associations/chak committees had been formed only in
pen and paper but actually most of them became dysfunctional after a
short period. By 1990s it became apparent that the concept of farmers
organisation is not sufficient. Therefore, a radical concept of Farmer
Management and System Turnover has evolved in which it is envisaged
to entrust the WUAs with the responsibility of operation and mainte-
nance of minor/distributory, allocation of water among farmers and
collection of water charges from water users.

IDEOLOGICAL BASIS OF IRRIGATION SYSTEM TURNOVER

The concept of system turnover to water users is grounded in
laudable ideologies like Democratisiation, Decentralisation. It is now
widely recognised that the farmers who are the end users of irrigation
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water should participate in its management starting from planning,
design, and construction to operation and maintenance of the system.
Farmers have sufficient and accurate knowledge on their local resources
like land and water. Existing social capital which includes local
knowledge, skill, community network and kinship ties should be utilised
in the management of irrigation systems. As the irrigation service is
meant for the farmers and farm production, their views should be given
due importance in the management of irrigation. The water users should
have their say in the decision making process. It is difficult on the part of
irrigation agency to look into the individual problems of numerous
farmers and supply irrigation service catering to their specific needs.
Therefore, it is proposed to delegate some work responsibility to Water
Users' Association and management of the downstream part of the
system should be turned over to water users. This attempt to decentralise
irrigation management and empowerment of water users will undoubtdly
bring about improvement in irrigation service by substantially reducing
transaction costs of getting accurate information, negotiation and
enforcement of contract cost (Baland and Platteau, 1996). The irrigation
executives can devote their time for effective management of main canal
system and other technical matters in which they have competence and
comparative advantage.

In the era of liberalisation, delicensing and decontrol there is a
growing realisation that the unnecessary bureaucratic control in
management of irrigation system at tertiary levels should be reduced to
improve irrigation efficiency and to check corruption and rent seeking
behaviour. Usually the farmers believe that the canals belong to the
government and they are the beneficiaries of the system. They do not
have any role and responsibility in upkeep of the physical structures. In
the changed institutional context irrigation will be considered as a
common pool resource and will be managed by the farmers community
(Sengupta, 1991; Singh, 1994) and its maintenance and sustainability
will be the responsibility of the WUAs. The WUAs will be required to
raise funds for the purpose. As public canals will be managed by WUAs, it
1s sometimes termed as privatisation as in Egypt. The WUA can raise
funds by selling water, taking up commercial activities and from
membership fees, share capital and subsidy.

BENEFITS OF FARMERS MANAGEMENT

Benefits that will accrue to farmers and irrigation agency due to
farmers participation in irrigation management have been recorded by
several authors (Singh, 1991; Maloney and Raju, 1994) which are
mentioned below.
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Benefits to Farmers

Better water management at the tertiary level;

Farmers flexibility in use of water, choice of crops and land use;
More crop and more income;

Optimal use of water in agriculture;

Ensuring equity in water allocation;

Helping resolve disputes on water distributions;

Encouraging community responsibility for the management of
assets;

Forum for facilitating effective communication between farmers
and government departments;

Better collection of irrigation fees;
More economic use of water, less wastage;
Better maintenance reduction in the cost of irrigation;

Encouraging collective management of agricultural input supply
and marketing of agricultural produce;

Less waterlogging because of careful use of water;
Less opportunity for corruption; and

Better mutual trust and understanding between farmers and
officers.

Benefits to Irrigation Agency

Improved relations with client farmers; less mistrust;

Reduced complaints on inequitable distribution of water between
head reach and tail end,;

Increase in irrigation efficiency, job satisfaction;

More time to attend to technical matters and wusing their
expertise;

Less bothering about unauthorised outlets, obstructions and
maintenance problems;

Improvement of credibility of the irrigation agency and irrigation
officers; and

Better collection of water rates and saving on maintenance cost.

PROBLEMS IN ORGANISING FARMERS

Though the irrigation agency in Orissa has taken a policy decision to
encourage farmers participation and attempts are under way to motivate
farmers to form WUASs, the farmers response in this regard is not up to
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the satisfaction. The success of any organisation depends on seven
fundamental factors as follows :

(1) Felt needs;

(i) Common interest;

(i11) Collective effort;

(iv) Effective leadership;

(v) Bureaucratic commitment of the agency involved;

(vi) Political will of the party in power;

(vi1) Financial viability; and

(vii1) Legal support.

To remove the inequity and inefficiency in irrigation water use, the
farmers should feel the necessity of forming an organisation or associ-
ation as a remedial measure. It is also important that majority of water
users should strive collectively for the formation of WUA. For motivating
and organising the farmers there should be capable and popular leaders.
The leader should be acceptable to the water users and trust worthy. The
irrigation officials should have bureaucratic commitment to the cause of
organising farmers to form WUA and to decentralise and delegate power
to them. The political party in power should provide all out support for
implementing the programme successfully. The WUA should be financ-
ially viable by raising its own resources from different sources. There
should be necessary amendment of irrigation rules and acts to
incorporate the role of WUASs in irrigation management.

Farmers will come forward to form WUAs and will be ready to take
up the additional responsibility, if they are convinced that the benefits
due to participatory management will exceed their costs of participation.
As most of our farmers are not educated and lack vision to comprehend
the future benefits due to participation, special care should be taken
while motivating the farmers. They are to be convinced that the benefits
due to participation will be substantial, tangible, quick yielding and
sustainable. Otherwise the farmers will not evince interest in a
programme introduced and implemented through a government agency.
Though water is the most crucial input required for plant growth, the
productivity impact of irrigation depends on use of other yield enhancing
complementary inputs like HYV seeds, fertiliser, manure and modern
agronomic practices. Therefore, other agricultural inputs should be made
available to the farmers in time and as per requirement through WUAs.

It is also argued that in the specific socio-economic context of a caste
and hierarchical society whether such collective effort will be forth-
coming. Our society is a heterogeneous and hierarchical society having
several caste and class cleavages. There are also political differences. The
farmers having different political affiliations may have conflicts in
interest and differences of opinion. It is a fact that it takes a long time to
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change peoples attitude and to create awareness about the importance of
forming association for better water management. One must have the
patience and perseverance to achieve the objective. A learning by doing
approach should be followed to determine the model and modalities of
forming WUA.

As a matter of fact in agriculture co-operative efforts are necessary,
as there are several externality effects. If farmers at head reach use
excess water, tailenders face water scarcity; if there is pest attack in one's
field, the neighbouring field is affected. Therefore, a rational economic
response is to internalise such externalities by making coalition or
forming an association.

The WUASs need to have reliable sources of income, otherwise they
can hardly be sustainable. Different categories of income to WUAs are :

e Sale of water;

e Sale/leading out common property resources;
e Fees and contributions;

e (Commercial operations;

e Maintenance Contracts; and

e Subsidies.

THE RIGHT APPROACH

While introducing an institutional change in the management of an
infrastructure, which is a vital ingredient for agricultural production and
a common property resource, a careful and cautions approach should be
followed. Therefore, few suggestions are made for propagating and imple-
menting the idea of WUAs and system turnover.

(1) Select few projects in good operating conditions and preferably
small projects having moderate water scarcity in the commands;

(1) Undertake a feasibility study; Examine the castel, class conflict,
groupism, political differences and history of confrontation and
conflict if any;

(i11) Examine whether any indigenous community irrigation prac-
tices are prevalent in the area and exploit the possibility of
using existing social capital. If it is seen that organisation of
farmers is possible then a well designed strategy should be
adopted;

(iv) A clear picture of government's intention and outline of the
programme should be given to the farmers;

(v) As it is a new concept needing enough experimentation and
experience before finalisation of its content and constituents in
greater detail, the irrigation agency is not in a position to spent
out the different components of the programme in concrete
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terms; the farmers should be informed accordingly. Otherwise
frequent changes in the provisions will give a confusing picture
to the farmers and they will lose confidence in the irrigation
authority;

(vi) There should not be any haste and rigid time bound and target
achievement objective. Such stipulations dilute the real content
and intention of implementing the programme;

(vi1) A detailed action plan should be prepared in consultation with
the water users through Participatory Rural Appraisal method;
(ix) After getting confidence and sufficient experience a model by

law, Memorandum of Understanding and necessary amendment
in Irrigation Act should be made.

REFERENCES

Baland, Jean-Marie and J.P. Platteau (1996). Halting Degradation of Natural
Resources : Is there a role for Rural Communities? Oxford : FAO and
Clarendon.

Gooneratne, W. and S. Hirashima (1990). Irrigation and Water Management
in Asia, New Delhi, Sterling.

Govt. of India, Ministry of Water Resources (1987). National Water Policy.

Govt. of Orissa (1994). State Water Policy of Orissa.

Maloney C. and K.V. Raju (1994). Managing Irrigation Together : Practice
and Policy in India, Sage : New Delhi.

Mitra, A.K. (1992). Joint Management of Irrigation Systems in India -
Relevance of Japanese Experience, Economic and Political Weekly, Vol.
27, No. 26, June 27, pp. A-75-A.82.

Mitra, A.K. (1996). Irrigation Sector Reforms - Issues and Approaches',
Economic and Political Weekly, Vol. 31, No. 13, March 30, pp. A - 31-37.

Sengupta, N. (1991). Managing Common Property : Irrigation in India and
the Philippines, Sage : New Delhi.

Singh, K. (1994). Managing Common Pool Resources : Principles and Case
Studies, Delhi : OUP.

Singh, K.K. (1991) (ed.), Farmers in the Management of Irrigation Systems,
New Delhi : Sterling.

Subramanian, A. et a., (1997) (eds.), User Organizations for Sustainable
Water Services, World Bank Technical Paper No. 354.

Swain Mamata and D.K. Das (1999). Emerging Trends and reforms in
Irrigation in India : A Perspective of Orissa, New Delhi : MD.

Swain Mamata and G.C. Kar (2000) (eds.), Farmer and Local Participation in
Irrigation Management, New Delhi : Commonwealth.

Vaidhyanathan, A. (1994). Better Resource Management for Poverty Alleviat-
ion, Economic and Political Weekly, Vol. 31, No. 23, pp. 1397-1404.



Chapter - 10

People's Participation in Irrigation
Management

Jaya Chatterji

The past decade has witnessed a considerable amount of interest and
action in the irrigation sector around the country. There have been
widespread discussions, field level demonstrations have been undertaken,
an institution has been set up specifically to further the cause and
legislative action has been undertaken in a number of States.

There 1s all round agreement that efficiency, equity and
sustainability will be best served if the irrigation system is managed by
the users. A number of States have also passed Acts that promote
management of irrigation systems by the water users.

The issue at present is the strategy to operationalise the Acts. How is
management to be transferred? What will be the role of different
agencies? Is there a common understanding of the changed roles and
more importantly, do the different bodies have the requisite capacities to
undertake these roles effectively?

Much of these strategies are based on what has been demonstrated
or planned for in projects supported by India Canada Environment
Facility. These projects are in Tamil Nadu and in Madhya Pradesh and
this paper will therefore rely of the experiences from these two projects.

OVERVIEW OF THE IRRIGATION SECTOR

In India, about 80% of the accessible fresh water is used for
agriculture. However, some of this is often used for household use, for fish
production and for drinking water for livestock.

With rising population and increased industrial activity, there is a
rising competition for scarce water and pressure to use water more
efficiency and productivity.

The total cultivable area of the country is 142 mha. The irrigation
potential, by the end of 2000 was about 90 mha. At the time of
Independence, it was 22 mha. India has the second largest irrigated area
in the world after China.
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Under the Five Year Plans, huge investments were made in the
construction of large irrigation projects. The thrust on the high water
consuming high yielding varieties of the 1960s gave an impetus to this
strategy. Since the Government constructed and owned the irrigation
infrastructure, it inevitably took over the management responsibilities
also. Farmers were completely excluded from the operations, maintena-
nce and any other management decisions. For a very small cost, the farm-
ers received irrigation water that raised the productivity of their land.

Over time, with the government failing to set aside sufficient funds
for repairs and maintenance and the limited funds being managed by the
centralized irrigation bureaucracy, the irrigation infrastructure went into
a downward spiral of disuse and neglect. Year after year the agitation of
farmers for timely supply of water and for repairs of the system become
stronger. Larger farmers and those with nexus with the irrigation
department managed to access more than their share of water. An
assessment by the Government of India in 1995 indicated that the
irrigation sector faced problems related to poor management, corruption,
deteriorating physical infrastructure, lack of adequate financing, social
inequity in access to water and lack of incentive to use water optimally.
The extremely low cost of water encouraged wastage which in turn
deprived those at the tail end of the system.

PROBLEMS WITH THE IRRIGATION SECTOR IN INDIA

The focus of the irrigation departments has been on construction and
little or no maintenance work has been undertaken. This has led to ever
increasing gaps in irrigation potential created and actual utilization.

Madhya Pradesh, for example, has a total irrigable area of 6.72 MHA
and so far irrigated potential of 1.97 Mha has been created. However,
actual utilization is only 0.98 Mha or about one half of the potential
created. This includes irrigation schemes constructed after independence
as well as tanks constructed during the Chandela reign in medieval
period of history (about 900-1000 years ago).

Maintenance has been deferred for a long time and in some cases, as
in the Chandela tanks, restoration has never been attempted.

Increasing levels of corruption has led to water being appropriated by
the better off, more powerful farmers. The culture of might is right
prevails. There is increasing level of conflict among farmers and between
farmers and the irrigation department.

Tampering with the system is rampant with farmers breaking canals
to access water in quantities beyond their legitimate share.

Lack of accountability of the irrigation department officials has led to
poor water management, and to unreliable delivery of water both in
quantum and in timeliness. The tailenders rarely get water and when
they do, it is not timely.
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Water rates for irrigation is extremely low and recoveries are poor,
resulting in insufficient revenues to meet the operations and maintenance
costs. In fact, currently, establishment cost of the Water Resources
Department (WRD) in Madhya Pradesh exceeds the revenue from water
charges by a large margin. Thus, whatever maintenance is attempted is
met out of State Government's own budgetary resources. The precarious
fiscal condition of the State Governments has resulted in the annual
budgets of the departments being used more or less entirely for meeting
administrative costs. The entire system is slowly collapsing.

There is no incentive for the farmers to use water judiciously. No
extension advise is provided to the farmers.

The net result has been a decline in net irrigated area, low cropping
intensities and low farm yields.

Changes Required

An organization of farmers with legal status must be transferred the
rights to manage the irrigation system.

Such an organization should function in a democratic and
economically efficient manner. The needs of the tailenders and small
landholders should be taken into consideration. The requisite capacities
will have to be built to take on the new responsibilities. A sense of
ownership of the system and its management has to be instilled.

Such an organization should aim at optimum management of water.

The irrigation Department must reorient itself to deal on an equal
footing, with a vibrant and dynamic farmers organization. At present,
there is resistance from the staff to the change in role from an executing
agency to that of a facilitator.

The irrigation infrastructure should be repaired and rehabilitated.

Potential for Bringing about the Required Changes

There are various positive elements that can facilitate the required
change in Madhya Pradesh. At the same time, there are also sone
negative elements. These are listed below :

Positive Elements

There 1s political will and support for participatory irrigation
management and for handing over of the management rights to the
WUASs. This had led to rapid progress in forming the WUAs, conducting
elections and in imparting training to the office bearers.

There is a core group of senior officials in the Irrigation Department
who are convinced about the need for this transfer. This group is
responsive to the demands of the newly formed WUAs.
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The officers who are to participate in the initiative to hand over
management have been chosen with care. Thus, 120 officers have been
chosen from about 5000, based on their performance track record.

A massive awareness raising programme has been initiated amonst

the WUA members.

The Weaknesses

Initially it is the big, powerful and more articulate farmers who are
seen to come forward in the WUAs. A concerted effort has to be made to
ensure that the tailenders and small farmers find a voice in the decision
making bodies. This will be a critical element in determining whether any
real change takes place after the transfer to the farmers organization -
the WUAs - or whether the net result is that the Irrigation Department
officials are displaced by the bigger farmers.

After four years, the process of participation in Madhya Pradesh has
not reached member farmers in an adequate way and is largely limited to
the presidents of the WUAs. Decisions are not broad based and respon-
sibilities are concentrated in the hands of very few individuals. There
continues to be a lack of sense of ownership over the system, amongst the
general farmers. If this continues, the efficiency of the system will fail to
improve and the possibility of overcoming the weaknesses of the
centralized management will be low.

No role whatsoever has been envisaged for women in the
management.

The junior hierarchy of the irrigation department has not awakened
to the new role for handover. Attitudinal changes and acquisition of
participatory skills is required.

The take over of the management of the irrigation system is largely a
government led initiative so far. It needs to be transformed into a people
led movement.

How the Changes can be Brought About

Organization of Farmers

A number of States have passed legislation promoting transfer of
management to farmers organizations. These States include Andhra
Pradesh, Madhya Pradesh, Rajasthan, Karnataka, Tamil Nadu and
Orissa. Most of them have three tiers - the Water Users Association
[WUA] at the unit farmers level, Distributory Committee consisting of a
federation of WUAs and Project Committee consisting of a federation of
Distributory Committees. There are, in some instances, a State level
Committee consisting of Distributory Committees.
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Most of these States, notably Andhra Pradesh and Madhya Pradesh
[MP], have conducted election to the Executive Committees of the various
tiers. MP has proceeded to impart training to the Executive Committee
members of the 1470 WUAs that have been formed across the State. The
training has focused on the legislation and the rights and responsibilities
of the WUASs. No training or reorientation has been planned or considered
necessary for the functionaries of the Irrigation Department.

Capacities of the WUA Members

The WUAs are expected to have organizational, management,
financial and social capacities to successfully manage the irrigation
system. The WUAs have to function democratically and be sensitive to
the needs of the weaker members.

The approach so far has been to entrust the function of building
capacities to the Irrigation Department. However, the officials of the
Department themselves lack the skills they are expected to transfer to
the members of the WUAs. Hence in Madhya Pradesh, although the
willingness was there, the ability was lacking and no progress could be
made on this.

The strategy followed in the project supported by India Canada
Environment Facility is to provide continuous capacity building support
through capable and experienced non government organizations (NGOs).
This is to be supplemented by training on specialized aspects, undertaken
by experienced institutions or individuals.

The NGOs would train and the members of the WUAs and the
Irrigation Department staff would learn, by doing. This would be followed
by the NGOs supervising and providing corrective measures. Lastly, the
NGOs would gradually withdraw and the WUAs and the Irrigation
Department would take over.

With back - stopping services provided by the NGOs, the WUAs
would be persuaded to meet regularly. All information especially those
relating to financial matters and physical repairs progress, would be
shared publicity and regularly. Once the system is established, it will be
difficult to discontinue it.

Participation in the functioning of the WUAs will be broad based by
assigning responsibilities to groups of people at the minor level and to
individuals within that group. In exposure visits, in training, in
representations, in short, in every activity, it will be ensured that sincere
and capable persons are involved and not necessarily the office bearers.

All major decisions will be taken by general bodies and through open
participation. For example, the question of where repairs would be
undertaken and how would be decided through a ““walk through' of the
system and an open discussion. The need to make an equitable

distribution of water will be repeatedly emphasized.
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It has been observed that farmers who can access the water
appropriate as much as they can, beyond what is required by the crops, to
insure against non availability at a later stage. To ensure that the
farmers are ready to consider more judicious use is : (i) to announce the
total availability of water for the season, at the beginning of the cropping
season, (il) ensure a cropping pattern in tune with the availability of
water (i11) promote water conserving technologies that lead to higher
production, and (iv) promote the use of low cost equipment that will assist
the farmers to monitor soil moisture water.

The above interventions is a necessary condition that will release
water that could be used to provide water to the tailenders and small
farmers.

Another important requirement is to raise the cost of using water.
Water charges need to be linked to the quantum used, rather than be
levied on an acreage basis. If the WUAs are entrusted with the full
responsibilities of maintaining and operation the system, they may find it
viable to raise the water charges to at least the physical and managerial
cost of providing it. Since passing the legislation in 1999, the government
of Madhya Pradesh has raised the water rates by more than three times.

CONCLUSION

Till recently, the irrigation Department has strictly retained
management in its hands. The mounting conflicts in distribution of water
and the rapidly deteriorating condition of the system have been party
responsible for the desire to hand over the management to the water
users. It is partly governed by political expediency.

However, whatever the motivation, the trend towards transfer of
management has started. To ensure that the transfer is real and not one
of substituting the Irrigation Department officials by the bigger farmers,
concerted efforts of the right kind has to e undertaken. There are
challenges in this that will require a committed senior bureaucracy to
overcome.



Chapter - 11

Irrigation System in the Context of PIM in
India

Dr. Ramu & Dr. P. Jayashree

No living being, including plants can survive without water. Yet,
many that have grown up in cities tend to take water for granted. Water
is an elixir of life on earth. It is vital for the existence of all life forms and
for all activities of human beings. Water resources have been the most
exploited natural system since man strode the earth as colossus from the
dark ages. It is supplied for purposes of drinking, irrigation and
industrial uses. One critical problem confronting mankind today is how to
manage the intensifying competition for water between expanding urban
centres, traditional agricultural activities and in stream water uses
dictated by environmental concerns.

In the agricultural sector, the prospects of increasing the gross
cultivated area are limited by the dwindling number of economically
attractive sites for large scale attractive sites for large scale irrigation
and drainage projects. Over the last century, the global population has
tripled, and water consumption has increased threefold (UNESCO, 2005).
Water use in India is no exception to this general trend. The main cause
of the increase are growing population and rising food demand. In an
agrarian economy like India, the importance of water for agricultural
productivity hardly needs any emphasis. India faces the dauting task of
increasing its food production by over 50 per cent in the next two decades,
and reaching towards the goal of sustainable agriculture requires a
crucial role of water (Kumar 1998).

The concept of Participatory Irrigation Management (PIM) is closely
linked to the concept of Irrigation Management Transfer (IMT). Indeed,
IMT is a subset of PIM. IMT can be defined as the transfer of
responsibility and authority for irrigation system management from
government agencies to water users associations, or other private sector
entities. This is a broad and rather vague definition. IMT may include
transfer of decision-making authority (or governance). It may include
transfer of ownership of scheme infrastructure (which is normally
considered privatisation). It may include transfer of water rights from
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government to water users associations. Or it may only include turning
over to water users a part of the management responsibilities, such as
water delivery, canal maintenance and fixing the water fees, while final
approval of operation and maintenance (O & M) plans and budgets are
subject to government approval (FAO, 1999).

PIM may include the reordering of control over (claims to) water, the
redefinition of boundaries and domains of governance and the
construction of new entities (users, WUAsS, etc.). There is however a large
variety in the number of functions that can be transferred, the degree of
transfer of the different functions, and the organisational setup aimed at
after transfer. This is due to the fact that participation in irrigation
management by water users can take a wide variety of forms. Farmers
can be involved in various system management functions including
planning, design, operation, maintenance, rehabilitation, resource
mobilization, and conflict resolution. Moreover, they can be involved in
these functions at various system levels; from the field channel to the
entire system.

Almost all irrigation systems show some involvement of water users
in the system management. When people speak of introducing PIM, they
are usually referring to a change in the level, mode, or intensity of user
participation that would increase farmer responsibility and authority in
management processes (Svendsen et al., 2000).

Since 1985 Ministry of Water Resources has been inspiring farmers
participation in water distribution and management of tertiary system in
the projects covered under the Centrally Sponsored Command Area
Development Programme.

Recognising the need to provide legal backup to PIM in the country,
Ministry of Water Resources commissioned an NGO, “Society for Peoples'
Participation in Ecosystem Management (SOPPECOM); Pune to suggest
suitable amendments in the existing irrigation acts which could be
recommended to States for incorporation in their State Irrigation Acts.

SOPPECOM has been in the forefront of work relating to PIM and
has successfully pioneered many action research programmes on
formation of WUAs. The suggestions of SOPPECOM were circulated to
States during June 1998. Conferences at National, State and Project
levels have been organized for creating awareness on Participatory
Irrigation Management amongst farmers and officials. Ministry of Water
Resources has been organising National level training programmes on
PIM in various parts of the country for CAD functionaries. In addition,
matching grant is also being provided to States for organizing State and
project level training programmes for farmers and field functionaries.

In this paper, the aim is primarily to explore the irrigation and
drainage system in the context of participatory irrigation management
(PIM) in India with trends in irrigation and drainage.
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Irrigation Scenario in India

In the last forty years, the share of Indian agriculture in gross
domestic product has decreased, but extensive use of HYV seeds, modern
irrigation tech, and fertilizer have contributed in increasing the
agricultural productivity and achieving self sufficiency in meeting food
demand. Given increasing trend of population, policy makers find it
imperative for India to achieve higher agriculture production and
continue to meet the food security objective of the country; and indicated
that irrigation will play a key role in future in achieving higher yield and
sustaining the food security (Persaud et al., 2003). During the last fifty
years, gross irrigated area (GIA) of India has increased more than three
folds from 22 to 76 million Hectares. Gross irrigated area is a
straightforward multiplicative function of net irrigated area (NIA) and
irrigation intensity (IRI), and thus the relevant equation which may arise
is regarding the contribution of net irrigated area (NIA) relative to the
irrigation intensity (IRI) in increasing the GIA.

There are state wise variations in irrigation; the level of irrigation is
measured in terms of irrigation intensity and irrigation ratio, defined as
NIA/NSA. Latest research shows high proportion of irrigated land of more
than 70% in agricultural states like Punjab, Haryana and Uttar Pradesh
where agriculture constitutes more than 30% of the state GDP. Among
the southern states, proportion of irrigated land i1s below 30% in
Karnataka and Kerala; while in Andhra Pradesh and Tamil Nadu,
NIA/NSA is above 40%. Among the western states, Maharashtra has the
lowest proportion of irrigated land where only 17% of the net cropped
area 1s irrigated. Most of the eastern states are well endowed with
irrigation where average NIA/NSA is 0.40. In the north-eastern state of
Assam; however, less than 10% of net cropped area is irrigated. Many
climatic factors like rainfall, drought affects irrigation.

Many states register a decrease in irrigation intensity (IRI), and
much of the decrease are noticed in states like Himachal Pradesh, Orissa,
Tamil Nadu and Maharashtra. In these states, the proportional irrigated
area is not high except in Tamil Nadu. The opportunity cost of increasing
the irrigation intensity is higher than increasing the net irrigated area.
As a result, NIA has increased in these states with the development of
minor irrigation. In West Bengal, however IRI has increased by 39% in
the post 1997 period. One may argue that the higher opportunity cost of
increasing the extensive margin leads to higher irrigation intensity. The
alternative hypothesis is that high endowment of irrigation land
increases the reliability of irrigation water and induces higher irrigation
intensity. Hypothesis testing is done using regression. Increase in
irrigated area could be the cause of higher irrigation intensity. We also
hypothesize whether endowment of irrigated area is factor in the
marginal effect on irrigation intensity.
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Groundwater Irrigation

Groundwater irrigation in India developed during the period of green
revolution and contributed much in increasing the gross irrigated area of
the country. In the last five decades, groundwater irrigation has
increased from 5 million hectares to 35 million hectares. The proportional
area of groundwater to the net irrigated area has increased by 25% alone
during the period 2000-2005. In the past, surface water irrigation played
a significant role in increasing the net irrigated area. However, from mid
sixties, the proportion of surface water to net irrigated area has decreased
and in the last decade alone it has decreased largely by 23%. This is
largely due to incompletion of planned irrigation projects and poor
maintenance of the existing surface irrigation infrastructure. State wise
there is wide variation in the source of net irrigated area.

In the northern and western states, the proportion of groundwater
irrigation to net irrigated area is more than 70% in the post period 2000
while the share of groundwater and surface water is equal in the
southern zone during the same period. Groundwater expansion growth is
higher in the states like Assam and West Bengal. Assam has abundant
and untapped ground water potential and the state Government has
prioritised massive irrigation facility with the concept of Participatory
irrigation Management.

Groundwater expansion growth rate is insignificant in Bihar while in
Karnataka a decline in the proportion of groundwater irrigated area is
observed NIA has increased by 10% the decline in groundwater propor-
tion causing a declined in groundwater level. Groundwater accounts for
67% of the net irrigated area. Groundwater expansion has been growing
at an exceptional rate in the recent decades. More reliable water delivery
and declining extraction costs due to advances in technology and, in many
instances, government subsidies for power and pump installation have
encourages private investment in tube wells.

Groundwater irrigation, due to its lesser variation in its supply and
higher the reliability in irrigated water supply, reduces the risk of invest-
ment in labour, seed, fertilizers, pesticides and other inputs and induces
farmers to increase the irrigation intensity. Some states has experienced
fast decline in groundwater level which leads to lower productivity of
water and cause a decrease in irrigation intensity. Irrigation intensity is
lower among southern states where the groundwater depletion problem is
severe.

Mechanization

The mechanization involves judicious application of inputs by using
agricultural machinery/equipment e.g. hand tools, bullock drawn equip-
ment, power driven machines including the prime movers for performing
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various operations required for crop production activities. The mechani-
zation ensures reduction of drudgery associated with various farm
operations as also economize the utilization of inputs and thereby
harmessing the potential of available resources. The adoption of
mechanization is linked with endowment of irrigation.

The states with adequate irrigation facilities, the mechanization have
progressed at faster rate in comparison to States that have scant
irrigation facilities and dependent on monsoon. Irrigation reduces the
farmers risk in investment on land and thus encourages adopting
mechanization to increase production. Mechanization is a key factor,
which can help in increasing the cropping intensity under irrigated
conditions. The hypothesis 1is that higher proportional irrigated area
encourages farmers to adopt mechanization, which facilitates in
increasing the irrigation intensity.

Objectives and Necessity of PIM

1. To create a sense of ownership of water resources and the
irrigation system among the users, so as to promote economy in
water use and preservation of the system.

2. To improve service deliveries through better operation and
maintenance.

3. To achieve optimum utilization of available resources through
sophisticated deliveries, precisely as per crop needs.

4. To achieve equity in water distribution.

5. To increase production per unit of water, where water is scarce
and to increase production per unit of land where water is
adequate.

6. To make best use of natural precipitation and ground water in
conjunction with flow irrigation for increasing irrigation and
cropping intensity.

7. To facilitate the users to have a choice of crops, cropping
sequence, timing of water supply, period of supply and also
frequency of supply, depending on soils, climate and other
infrastructure facilities available in the commands such as
roads, markets cold storages, etc. so as to maximize the incomes
and returns.

8. To encourage collective and community responsibility on the
farmers to collect water charges and payment to Irrigation
Agency.

9. To create healthy atmosphere between the Irrigation Agency
personnel and the users.
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Provision in National Water Policy (2002) & PIM Acts

Following modifications were made in the National Water Policy
(2002) regarding the participatory approach to water resources
management :

“"Management of the water resources for diverse uses should
incorporate a participatory approach by involving not only the various
governmental agencies but also the users' and other stakeholders, in an
effective and decisive manner, in various aspects of planning, design,
development and management of the water resources schemes. Necessary
legal and institutional changes should be made at various levels for the
purpose, duly ensuring appropriate role for women. Water Users
Association and local bodies such as municipalities and Gram Panchayats
should particularly be involved in the operation, maintenance and
management of water infrastructures/facilities at appropriate levels
progressively, at appropriate levels progressively, with a view to
eventually transfer the management of such facilities to the user
groups/local bodies.

Recognising the need for sound legal framework for PIM in the
country, the Ministry brought out a model act to be adopted by the State
Legislatures for enacting new irrigation acts/amending the existing
irrigation acts for facilitating PIM. In accordance with the model act eight
State Governments, namely, Andhra Pradesh, Goa, Madhya Pradesh,
Karnataka; Orissa, Rajasthan, Tamil Nadu and Kerala have enacted new
acts. The legal framework provides for creation of farmers organisations
at different levels of irrigation system as under :

(a) Water Users Association (WUA) : will have a delineated
command area on a hydraulic basis, which shall be administratively
viable. Generally a WUA would cover a group of outlets or a minor.

(b) Distributaries Committees : will comprise of 5 or more WUAs.
All the presidents of WUAs will comprise general body of the
distributaries committee.

(c) Project Committee : will be an apex committee of an irrigation
system and presidents of the Distributaries committees in the project
area shall constitute general body of this committee.

The Associations at different levels are expected to be actively
involved in: 1. Maintenance of irrigation system in their area of operation;
2. Distribution of irrigation water to the beneficiary farmers as per the
warabandi schedule; 3. Assisting the irrigation department in the
preparation of water demand and collection of water charges; 4. Resolve
disputes among the members and WUA; monitoring flow of water in the
irrigation system etc.



Irrigation System in the Context of PIM in India 147

Constraints In Implementation of PIM (Issues)

Lack of legal back up and policy changes : In many states, there
is no or very little legal back up and clearcut policy decision at the
Government level to take up PIM, which is a big impediment in
implemention of PIM. For the actual irrigation management transfer and
operation of PIM in an irrigation project, policy changes and legal back up
are essential. This is important for distributing required quantity of
water at minor/Distributory take off points, taking up correction of
system deficiency, claim to get the maintenance funds proportionate to its
portion transferred to associations, collection of water charges and
retaining some portion of it for WUAs functioning, fixation of water rates,
incentives to farmers, resolution of conflicts etc. Clarity on legislation is
also required in certain States.

System deficiency : In older projects, there are many problems like
deterioration of old control and measuring structures, leakages and
seepage at various places, erosion of banks and beds, siltation and weed
infestation. These are serious problems, hindering farmers to take over
the system management on technical and financial considerations.

Uncertainty of water availability : This is another important
aspect, as farmers will understandably be reluctant to take on the
responsibility for managing the system unless deliveries of water are
made reliable, flexible, practical and responsive to need. The engineers on
their part may not be confident about ensuring supply of the requisite
quantity of water to be WUAs, as would be obligatory in terms of the
MOU signed between Irrigation Agency and WUA.

Fear of financial viability: Maintenance and operation of the
system demands huge finances. Farmers have got the apprehension that
in absence of surety of finance, it would be difficult for them to fulfill the
requirement of funds for operation and maintenance. They feel that when
Government is not able to handle the system with huge money available
with them, how farmers would be able to do justice?

Lack of technical knowledge: Apart from the financial
uncertainty, lack of technical input is one of the inhibiting factors to take
over the system. When Government, having such qualified and senior
Engineers, finds it difficult to manage the system, how untrained and
uneducated farmers would be able to take up such a highly technical
operation and maintenance work of big irrigation systems.

Lack of leadership : On account of limited exposure of the farmers
to the rest of the world and PIM in particular, potent leadership is
lacking, rather on account of limiting knowledge. At times so called local
leaders give the negative or unclear version before other farmers which
further create misunderstanding among the farmers bringing them
sometimes into a fix.
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Lack of publicity and training : Seeing believes; and knowledge
brings confidence in people. This aspect is lacking and there is a
constraint to adoption of PIM.

Demographic diversity : Due to variation in economic, ethnic,
education levels etc. diversity of farmers, PIM is taking much time in this
country. To handle this aspect deep study, analysis and solution need be
found out.

Mega irrigation projects : World scenario gives an indication that
there are smaller projects in the countries of the world, where irrigation
project transfer has taken care for PIM. In India, there are huge projects
having very large distribution system and cultivable common area
sometimes more than 20 lakh hectares. Larger the project, complex would
be its maintenance, operation and management aspects and so the
formation and functioning of farmers associations for different necessary
activities.

WUAs v/s Panchayats : In many of the areas, where WUAs have
been formed, there is a clash of interest among Panchayats and WUAs on
who 1s to own the system, particularly when watershed schemes are being
handed over to the Panchayats. PIM in efficient systems : Some of the
northern States have raised apprehensions that when their systems are
runnin very efficiently, why not PIM should form an integral part of the
system of distribution already in operation.

Future Prospects of Pim

It has now been realised that without active participation of
beneficiaries, the irrigation systems cannot be managed efficiently. The
experience shows that wherever farmers have been actively engaged, the
overall management of irrigation system and the water use efficiency
have significantly improved. The legal framework, which has been esta-
blished in various States, will ensure systematic involvement of benefici-
aries in the management of irrigation system at various levels. There has
to be however, a provision for adequate financial support to these organi-
zations to carry out their responsibilities. The PIM acts of various States
do have provisions for the financial management of these associations.

For example acts of Andhra Pradesh and Madhya Pradesh
Statesmention that the funds of the farmers organizations shall comprise
of the following :

(1) Grants and commission received from the State Government as a
share of the water tax collected in the area of operation of the
farmers organization.

(i1) Such other funds as may be granted by the state government
and central Government for the development of the area of
operation.
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(i11) Resources rose from any financing agency for undertaking any
economic development activities in its area of operation.

(iv) Income from the properties and assets attached to the irrigation
system.

(v) Fees collected by the farmers organization for the services
rendered in better management of the irrigation system.

(vi) Amounts received from any other sources; and investment of
private sector in distribution and ancillary/extension services.
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Chapter-12

On-Farm Irrigation : The Science and
Management

Dr. Manasmani Dev Goswami

International Water Management Institute's IWM) Water Scarcity
Study (1998), revealed that by 2025, 1.8 billion people would live in
countries or regions with absolute water scarcity. Today most countries in
the middle East and North Africa are identified as having serious water
shortage. After two decades, these countries will be joined by Pakistan,
South Africa and large parts of India and China. People will not have
sufficient water resource to maintain their current level of per capita food
production from irrigated agriculture, even at high degree of irrigation
efficiency, and also to meet reasonable water needs for domestic.
Industrial and environmental purposes. The IWM) report clarifies that to
meet the 2025 water demand primary water supply. The irrigation sector
by far the largest water user today will still account for 69 percent of the
total primary water supply. The primary water supply to irrigation must
be increased by 17 per cent to meet the food needs.

New technologies have been developed to conserve and use water
effectively. On farm development in a comprehensive manner is being
taken up for the irrigation projects in developing countries like India.
This includes providing separate irrigation and drainage channels,
judicious distribution of water by constructing measurement, controlling
and regulation structures, minimising the water losses by lining the
channel or conveying the water through pipes etc. However, the
inadequate design and operation of main system and the poor irrigation
layout at the farm level are the technical ills of irrigation management.
This leads to water loss to and unequal distribution. The adverse effects
are water logging, salinity and low productivity. Researchers often
suggest that to cope with demand for water, production should be
increased through optimum utilisation and by studying water production
functions; new technologies have to be developed for maximising water,
use in areas of assured irrigation, coastal, bill and well irrigated area;
need of human resource development; assessment of surface and
groundwater resources to take up development activities.
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On farm Irrigation

Irrigation is the artificial application of water to soil for the purpose
of crop production. The application is meant for supplementing the water
available from rainfall and the contribution to soil moisture from ground
water. The On farm Irrigation deals with the science of water application
inside the farm. The amount and the timing of rainfall in earth are not
adequate to meet the moisture requirement of crops and irrigation is
essential to raise crops necessary to meet needs of food and fiber.
Scientific management of irrigation water provides the best insurance
again weather induced fluctuations. Today, the world caters for rapid
expansion of irrigation to cope with demands of growing population. In
the present day profitable agriculture, the integrated policy for water
resources management should also underline the additional requirements
of the growing industry, human and livestock consumption, provide for
flood control etc.

Whatever be the source of water in irrigation fields, the efficiency of
the system depends on the application of sound principles in design and
construction of the utilisation structure, usually the well, and the
characteristics of the water lifting device in relation to the source of
water. Devices for irrigation range from age old indigenous water lifts to
highly efficient pumps. Pumps operated by electric motors or engines
show prominence in large scale farm irrigation. Shallow tube wells with
low to medium centrifugal pumps are used in small holdings and shallow
iso bath region. Deep tube wells with submersible pumps are used in
large holdings irrigation where ground water table is very deep. Canal
irrigation can command huge network of farms.

Water Requirement and irrigation Efficiency

For on farm irrigation management with reference to crop planning,
the estimation of water requirement of crops is of prime importance. The
crop water requirement is defined as the quantity of water, regardless of
its source, required by a crop or diversified pattern of crops in a given
period of time for its normal growth under field conditions at a place.
This includes the losses due to evapo-transpiration or consumptive use
plus the losses during the application of irrigation water (unavoidable
losses) and the quantity of water required for special operations such as
land preparation, transplanting, leaching etc. The irrigation demand,
however, refers to the crop water requirement, exclusive of effective
rainfall and contribution from soil profile. The irrigation requirement of
an outlet command area includes the irrigation requirement of individual
farm holdings and the losses in the conveyance and distribution system.

The design of the irrigation system, the degree of land preparation

and the skill of the irrigation are the principal factors influencing
effectiveness of irrigation. The irrigation efficiency indicates how
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efficiently the available water supply is being used based on different
methods of evaluation. The ratio of crop yield to the amount of water
depleted by the crop in the process of evapo-transpiration is termed as
crop water use efficiency. On the other hand, the ratio of crop yield to the
total amount of water used in the field is termed as field water use
efficiency. Of the two indices, the concept of crop water use efficiency is of
fundamental interest while field water use efficiency in of greater
practical importance.

Status

It is necessary to have a thorough knowledge about physical and
chemical characteristics of the soil meteorological behaviour and
economical conditions of the inhabitants before putting a land under
irrigation in order to avoid hazards of developing waterlogging. Salinity
and alkali problems. The physical status is viewed from the point of
texture, permeability, non capillary porosity, water table depth, soil
depth, topography, water holding capacity etc. The chemical status of
land are characterised by soluble salt content, exchangeable sodium and
pH.

Loamy soil texture is ideal for irrigation. Clayey texture hinders
leaching and results in poor aeration, while sandy texture increases
water application losses. High values of water holding capacity, depth of
soil and non capillary porosity are desirable characteristics from both
irrigation and drainage points of view. Higher content of soluble salts in
soil results in salinity problems and those of exchangeable sodium in
alkali problems, pH value beyond 9 is undesirable on account of alkali
hazards. Neither is the pH below 4.5 good as availability of nutrients to
plants becomes a limiting factor.

Irrigation Methods

The type of soil, the topography of the land, the water supply and the
crop to be irrigated determine the right method of irrigation to be used.
Whatever be the method of irrigation, the design of the system is
necessary for the most efficient use of water by the crop. In the surface
method of irrigation, water is applied directly to the soil surface from a
channel at the upper reach of the field.

Water may be distributed to the crops in border strips, check basins
or furrows. Two general requirements of prime importance to obtain high
efficiency in surface method of irrigation are properly constructed. Water
distribution system will provide adequate control of water to the fields
and proper land preparation to permit uniform distribution of water over
the field. In the sprinkler method of irrigation, water is sprayed into the
air and allowed to fall on the ground surface somewhat resembling
rainfall. WIth careful selection of nozzle sizes, operating pressures and



154 Irrigation Resources

sprinkler spacing, the amount of irrigation water required to refill the
crop root zone can be applied nearly at a rate to suit the infiltration rate
of the soil, thereby obtaining efficient irrigation. The drip irrigation
method is becoming increasingly popular in areas with water scarcity and
salt problem. The plants are watered with the help of emitters or drippers
frequently and with a volume of water approaching the consumptive use
of the plants where conventional losses such deep percolation, runoff and
soil water evaporation are minimised.

Irrigation Scheduling and Management

The farm irrigation requirement depends on the irrigation needs of
individual crops which are characterised by critical stages of growth, and
the requirement regarding the number of irrigations and their timings
vary widely for different crops. Excess water in the root zone or inversely
shortage of water during the most sensitive time of crop growth is
harmful and affects the production. Therefore, the right amount of water
at right time in right technical direction is essential for best farm output.
The irrigation management to evaluate scheduling has therefore great
importance.

Rice occupies more than 40 per cent of the irrigation area in India. It
is a semi aquatic plant and hence its water requirements are many times
more than other food crops. It i1s a major consumer of the water resources
of the country and thus needs careful water management in order to
increase its efficiency of water use. The irrigation scheduling for some
common crops are wheat which has the time of sowing from 5th to 15th
November and water requirement approximately 45 cm will have number
of irrigation as 25th, 45th, 70th, 90th, 105th, 125th and 140th day
reckoned from the date of sowing its critical stages of growth are crown
root, initiation, tillering, jointing, booting, flowering, milk and dough
stages. Potato which has sowing time normally 3rd week of October and
45 cm crop water requirement will have the irrigation on 1st, 13th, 25th,
37th, 49th, 65th, 80th, 97th, and 109th day after sowing. The scheduling
of irrigation and the management in the field should be done by the
farmers themselves. They should acquire the technical know-how about
on-farm irrigation system, water use and distribution and particulars of
crops. A group of farmers having representatives from different sections/
categories may form water users association at field level to monitor
judicious use of water and functioning of the farm irrigation system.



Chapter - 13

Dynamics of Lift Irrigation

G. Sheshnagiri & S. Subhash

One of the implicit assumptions for the advocacy of irrigated
agriculture is that water is perse beneficial to the farmers as it increases
the productivity of land and incomes. So, no farmer would abstain from
the use of water, when it is available in adequate quantities. Of late it is
suggested, if the management of water allocation and distribution is done
by the farmers themselves at the tertiary and quaternary levels of the
canal system, benefits to farmers would be greater than they are at
present. Today most public irrigation systems are managed by the
bureaucracy right from head works to the farm gate. Experience shows
that bureaucratic management at the tertiary level is inefficient and
mismanagement due to inadequate and untrained manpower, inadequate
physical system, and paucity of knowledge of modern irrigation methods
on the part of irrigators. In order to improve the efficiency and better
management sixth and seventh five year plan emphasized establishment
of water users association like water user co-operatives societies.

The purpose of this study is to examine peoples participation in the
management of Lift Irrigation Co-operative Society in Vyara Taluka, in
Gujarat State, a tribal dominated area, to draw out lessons for
community management of small lift irrigation project. The study is
important because it deals with :

(1) The poorest among the poor who are not in a position to invest
on a lift irrigation.

(2) People whose idiom and world view are not in tune with the
dominant civic culture, its technology, its people, its pace or
institutions but who need to be helped if co operative
management is to succeed.

BACKGROUND OF THE STUDY

The study was carried out to examine the impact of lift irrigation on
tribals of Panihari village in Vyara Taluka. The study being an
explorative and qualitative as a methodological tool used, was carried out
in this tribal, village with formal, as well as informal unstructured and
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focused interview with adopters and non-adopters of the lift irrigation
scheme and Participatory Research Appraisal techniques.

OBJECTIVES

The main objectives of the study are:
e To identify the institutional interventions.
e Empowerment of tribals.

e Social and Economic Impact of the lift irrigation scheme and that
on tribals livelihoods.

e To find the scope and limitations of replication of this successful
Lift Irrigation (LI) scheme in other parts of the country.

PROFILE OF THE VILLAGE

Panihari village forms a part of Taluka Vyara, District Surat. The
total population according to census of 1991 was, 1,957 of which male
consists of 1,039 and 918 females. There are 450 families residing in the
village, the area of the village is 369.22 hectares and connected by road.
The village has one primary school and health centre each. The farming
area is 316.39 hectares and has a minor canal passes through the village.
The area under irrigation with private water facilities was 5 hectare. The
cultivated idle land is 105 hectare (1991 census). The land, which cannot
be used for cultivation is 59.12 hectares.

Description of the Lift Irrigation Scheme

Gujarat Water Resources Development Corporation Limited
(GWRDC) under the control and guidance of irrigation department,
Government of Gujarat, undertake the projects of medium and major Lift
Irrigation schemes. In the beginning, the farmers were not having facility
of irrigation from canal. So therefore it was decided to provide irrigation
facility by implementing Lift Irrigation schemes. Government of Gujarat
selected 78 Lift Irrigation Schemes, one such major project was Ukai Dam
on Tapti river in Southern Gujarat which had an irrigation potential of
14965 hectares on Ukai Left Bank Main Canal, the scheme which had
taken up by the GWRDC. The Pilot Irrigation Scheme selected to initiate
the project was the scheme at the village Panihari. The scheme benefited
the farmers of Panihari and Bharatpur villages having gross command
area of Lift Irrigation Scheme is 478 acres.

The command area was divided into number of blocks, varying from
8-20 hectares of land. RCC pipelines were laid to carry the water from the
main lift to the field. The scheme started operation in the year 1980
under the management of GWRDC. Initially only few farmers came
forward to avail the scheme. Realising the benefits accruing to the other
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farmers, the number of farmers using the scheme has increased over the
years.

The Lift Irrigation Scheme operated by GWRDC, started running
into problems because of inefficient service, meanwhile the farmers of the
area demanded to run the scheme on their own through a co-operative
society in the place of GWRDC. The LI Scheme of Panihari was transfer-
red to the management of Co operative Society in the year January 1998.
At present the Co-operative Society is able to run the scheme successfully,
which consists of 100 adopters. The Co-operative Society also undertakes
the distribution of seeds, fertilizers and agricultural implements to its
members. This society charges Rs. 2.50 for 10,000 liters of water.

INTERVENTIONS IN THE AREA

To execute Lift Irrigation System in the area there arose a necessity
of intervention by different agencies to achieve efficient and speedy
services to adopters of this scheme. In the Panihari LI Scheme the
agencies that had intervened were GWRDC and Vyara Taluka Western
Command Area Water Distribution Co operative Society Ltd, Panihar.
These two agencies play important and distinct role. GWRDC, being the
sole authority of water and canal, maintains the LI scheme. Co-operative
society has taken up the responsibility of distribution of water and
agricultural kit. The core function of the Co-operative Society being water
distribution was the focus of the study. It was found that Co-operative
which is supposed to act as multi/purpose Co-operative society, and multi
functions such as providing credit to farmers and educating and
motivating farmers to take up new technologies in the farming was
involved only in water distribution. But the society was unable to play
these kind of roles due to agreement with GWRDC it has entered,
accepting that it will not take up any other activity other than water
distribution and distribution of agricultural kit. Another important note
to be taken into consideration is that the rates of water distribution
between the GWRDC and Co-operative society are totally different, the
Co-operative Society charging higher rate than the GWRDC.

ADOPTERS AND NON-ADOPTERS

All the adopters of LI Scheme are members of Co-operative society.
The adopters are mainly small, medium, and marginal farmers. Non
adopters are those who are financially weak and low motivated farmers
who either lease out their land to the large farmers and they get the one
third of the produce from the cultivator. There are 10 women farmers on
the LI scheme. Women farmers are facing difficult in cultivating land
due to many reasons like new agricultural practices and financial
difficulties.
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IMPORTANCE OF LIFT IRRIGATION ON LIVELIHOODS OF
ADOPTERS AND NON-ADOPTERS

The impact can be summarized as given below :

o Social Sustainability in which the marginal farmers start playing
important role in the day to activities in decision making process.

e Financial Sustainability, which the tribal farmers got through
the LI Scheme, by increasing the incomes.

e Under the Technical Sustainability, promotion of indigenous and
new technologies with respect for and sensitivity to existing
practices, strong and targeted capacity building programme.

e Asset generation and human capital development, level of
participation and expansion of choice.

e Stability of the farming system increases the freedom of farmers
to take decision regarding the crop pattern (Cash Vs. Subsistence
Crop or Market or Subsistence Crop).

e The farmer also has the facility of Agricultural Produce
Marketing Committee to sell their produce in a regulated market.

e Families and households have been enable to fulfill social and
family obligations such as marriage of children, providing
hospitability to household/village and community guests.

There have also been general improvements related to heath,
sanitation, housing, common facilities as also an improvement in the level
of food security especially for the marginalized groups in the village.
Feeling of empowerment, general, improvements in self esteem,
confidence, and ability to innovate. Reduction in the social distance
between groups of different social status, feelings of social isolation both
within the community, as well as with reference to the wider world has
decreased. The community has become more socially inclusive, with
greater interaction between members of different social categories. It was
also observed in order to educate their children, some women farmers
who leased out their land, sending the children to school to educate them,
which reveal's the level of awareness about the importance of education.

The Economic impact could be traced out to the extent that their
incomes have increased considerably, with supplementary income by
Animal Husbandry which has made them to afford many basic things to
their life such as an vehicle, RCC House, Telephone, etc. To conclude, the
LI Scheme has revolutionized the livelihoods of tribal farmers by giving
them social and economic status in the society for further progress.
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PROBLEMS FACED
Rotation System

This is the system evolved by the GWRDC to meet the demand of
water to farmers by fixing the time and allotting that time to a particular
time so that that farmer can make use of the water when their turn
comes, however, several farmer are facing the water shortage due to long
gap during which the crop in his field may worsen resulting in low yield,
and hence some of the rich farmers have their own tube-wells, mean
while small and marginal farmers continue to face this problem. Some of
the suggestions to the problem evolved during our course of study is that,
some of the farmers can be made in a group and ask them to grow same
crop, the success of this observation depends on land size, since many
small farmers are growing the rice and groundnut. To add, Government
of Gujarat has recently directly GWRDC not to release water for paddy
and groundnut in hot season, which has further exacerbated the
situation.

Conflict among Farmers

The first come first serve basis in the distribution of water has
created minor conflicts among the farmers. Many farmers believe that
they are discriminated because of the rotation system. Conflict arises due
to the blockage of main pipes through which water passes to the kundi or
outlet. Young farmers do this usually, and the co operative is not taking
any action by making the pipes fool proof.

Politicisation of the Co-operative Society

Many farmers complained abut the politicisation of the society due
to which their grievances are not met in time, due to which several
farmers are suffering from water shortage. The farmers are divided on
political lines in the society leading to minor conflict at the personal level
and at societal level.

Non-availability of Credit

Since the co-operative has entered into an agreement with GWRDC
that it will not venture into any other activities other than water
distribution and distribution of agricultural kit, the small farmers are
badly hi due to the non availability of credit and hence the society can
change the contract with the government and can provide the credit to
the farmers.

Lack of Extension Facilities

The farmers especially small farmers in the village are not using the
HYV seeds which show the laxity on the part of the any of the agricul-
tural university or agricultural department to promote extension progra-
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mmes in this village. If rejuvenated, many farmers lives can be improved
considerably by adopting new technological practices in agriculture.

REPLICATION AND RECOMMENDATIONS

Replication of this scheme which is successful at Panihari Village, if
implemented after a brief survey and profile of farmers and their land, so
that benefits can be quantified. The LI should be implemented in the
area where the farmers are open to new methods of farming and techno-
logy. To make water distribution system effective it should be taken up by
a neutral body to avoid inefficiency and corruption on one side and
politicisation on the other side.

CONCLUSION

Water Co-operative societies have promising future in the command
area of irrigation projects of all kinds. It offers ideal solution of the rather
complex problem as distribution of irrigation water on the basis of equity.
It also makes easy introduction as the discipline of rotational water
distribution and sale of water in bulk on volumetric basic. Water co
operatives should be encouraged to grow very fast and in great number
with a view to optimize the benefits of irrigation projects and there by
increase the rate of overall status of social life and economic prospects
from good to better and best in days to come.



Chapter - 14

Irrigation : A Necessary Input to Boost
Agriculture

Dr. Anita Modi & Sanjay Kumar

Agriculture is the backbone of our country. Development prosperity
and stability of agriculture depend on the efficient management of soil
and water systems. In the context of water systems, irrigation is a pre
condition for the success of agriculture. The importance of irrigation in
agriculture i1s also amply clear from the fact that a major chunk of
available water in the world is used in the agriculture sector. At the
global level, 65 percent of the total available water is used in agriculture
sector, 23 percent in industries and the remaining 8 percent is used for
domestic and other purposes. Again, the need of excessive water for the
production of agricultural output is quite obvious from the fact that about
1000 tones of water is required for the production of one ton of wheat.
Thus, assured irrigation system is essential for the generation output,
employment, and income and capital formation in agriculture.

Water More Valuable Than Land

In our country, about 83 percent of the available water is used for
irrigation in agriculture. It is estimated that the demand of water for the
purpose of irrigation will further increase. The significance of irrigation in
our country also enhances because of the fact that 58 percent of our
population depends on agriculture and its related activities for their
livelihood. Highlighting the importance of irrigation Sir Charles Treve-
lyan has aptly remarked, “‘irrigation is everything in India; water is even
more valuable than land." Irrigation is not only an insurance against the
vagaries of nature but also helps in raising the productivity of land.

Since independence, emphasis has been put on the expansion and
development of irrigation infrastructure to boost agriculture production.
The actual irrigation potential created has rises from 22.6 million
hectares in 1950-51 to around 102.8 million hectares in 2006-07. About
42.4 million hectares of irrigation potential has been created through
major and medium projects whereas over 60.4 million hectares through
minor irrigation projects. It is noted that about 74 percent of the total
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exploitable irrigation potential has potential from all available sources is
estimated about 139.9 million hectares, in which the estimated share of
major and medium projects is about 58.3 million hectares and 81.6
million hectares through minor irrigation projects.

Our government has implemented many policies to assure water for
irrigation in agriculture. National Water Policy was adopted in 1987 to
control the excessive exploitation of water and conserve the water sources
and resources so that the development of agriculture can be ensured. In
the same way, Bharat Nirman Yojana was initiated for the period 2005-
06 to 2008-09 for the infrastructural development of rural areas. In this
program, irrigation is considered as the main component of agriculture.
The target was laid down to create irrigation potential of 10 million
hectares.

Irrigation Potential

Despite the achievements in the irrigation system, there are some
critical issues which should be analyzed. First of all, the under utilization
of existing irrigation system is a cause of concern. It is estimated that
about 85 per cent of the created irrigation potential is actually been
utilized and the rest is lying idle. According to official estimation, the
actual utilization of created irrigation potential is about 87.2 million
hectares only. The main factors responsible for this dismal picture of
under utilization are poor maintenance and operation of irrigation proj-
ects, lack of complementary facilities like field distribution system, water
control structures, leveling of land, roads, credit, and marketing and
proper water drainage system. It is also observed that inadequate water
conveyance system is also causing the problems of wastage of water,
water logging, floods and salinity.

It is urgently required to implement the multi cropping system and
alternative cropping pattern for deriving the maximum benefits from
large scale investment in irrigation system. It is found that most of the
irrigated area is under the single crop system. In Ninth Five Year, to
lessen the gap between created irrigation potential and its actual utiliza-
tion, Commands Area Development Programme, Institutional reforms
and participation of farmers in management of irrigation projects etc.
have been adopted. It is heartening to note that Water Resources
Ministry has started farmers participatory research programme with the
cooperation of agriculture universities and research sections to
disseminate the knowledge of latest techniques to the farmers. In
Eleventh Five Year Plan, the target of increasing the irrigation facilities
by 25 lakh hectare annually is laid down so that the dependence of
agriculture on monsoon can be reduced. For the optimum utilization of
irrigation potential, a provision of Rs. 5000 crore is also made by Thirteen
Finance Commission for the period of 2011-12 to 2014-15.
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Another main concern about irrigation is that since 1970s, the depen-
dence on ground water for irrigation has increased leaps and bounds. The
excessive extraction of ground water for irrigation has endangered the
bank of ground water. The subsidized rate of electricity, easy availability
of loans for boring purposes, pump sets, lack of knowledge to farmers
about scientific agriculture system and the absence of rain water conse-
rvation methods are the factors responsible for the depletion of ground
water. About 60% of irrigation in the country is done with ground water.

It is estimated that a 10 percent increase in the efficiency of water
use can irrigate additional 140 lakh hectare land. To achieve this
objective, it is essential that necessary information about efficient water
use must be provided to the farmers and complementary irrigation facil-
ities must be ensured. The participation of farmers in the management
and maintenance of irrigation system should be raised by conferring on
them some type of co ownership in the irrigation system. The private
sector should also be encouraged to participate in the development of
irrigation sector. Lastly, a comprehensive watershed management plan
should be formulated and effectively implemented for the successful
operation of irrigation sector. To make efficient use of irrigation system
and to minimize water wastage; it is desirable to promote the sprinkler
method of irrigation. All these measures will go to a long way to make the
country “water rich" and ““agriculture rich".

The history of development of irrigation in India can be traced back
to prehistoric times. In an agrarian economy like India, irrigation has
played a major role. Vedas and ancient Indian scriptures made references
to wells, canals, tanks and dams which were beneficial to the community
and for their efficient operation and maintenance the responsibility was
of the State. Civilization flourished on the banks of rivers and the water
was harnessed for sustenance of life. According to the ancient Indian
writers, the digging of a tank or well was amongst the greatest of the
meritorious acts of a man. Vishnu Purana enjoins merit to a person who
effected repairs to wells, gardens and dams. The irrigation technologies
during the Indus Valley Civilization were in the form of small and minor
works, which were operated by households to irrigate small patches of
land and did not require a collective effort. Nearly all the irrigation
technologies prevalent then still exist in India with little technological
change and are continued to be used by households in rural areas.

The spread of agricultural settlements to less fertile area led to
emergence of large irrigation works in the form of reservoirs and small
canals. While the construction of small schemes was well within the
capability of village communities, large irrigation works emerged only
with the growth of states and empires.

In south, perennial irrigation began with construction of the Grand
Anicut by the Cholas as early as second century to provide water for
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irrigation from the Cauvery river. Wherever the topography and terrain
permitted, it was an old practice in the region to impound the surface
drainage water in tanks or reservoirs by throwing across an earthen dam
with a weir, where necessary, to take off excess water, and a sluice at a
suitable level to irrigate the land below. Some of the tanks got supple-
mental supply from stream and river channels. The entire land scape in
the central and southern India is studded with numerous irrigation tanks
which have been traced back to many centuries before the beginning of
the Christian era. In northern India too there are a number of small
canals in the upper valleys of rivers which are very old.

Irrigation during Medieval India

In medieval India, rapid advances took place in the construction of
inundation canals. Water was blocked by constructing bunds across
steams. This raised the water level and canals were constructed to take
the water to the fields. Ghiyasuddin Tughluq (1220-1250) is credited to be
the first ruler who encouraged digging canals. However, it is Firoz
Tughluq (1351-86) who, inspired from central Asian experience, is
considered to be the greatest canal builder before the nineteenth century.
As agricultural development was the pillar of the economy, irrigation
systems were paid special attention.

Irrigation under British Rule

Irrigation development during British rule began with the renova-
tion, improvement and extension of existing works. The Government also
ventured into new projects, like the Upper Ganga Canal, the Upper Bari
Doab Canal and Krishna and Godavari Delta Systems, which were all
river diversion works of considerable size. The period from 1836 to 1866
marked the development and completion of these four major works. In
1867, the Government adopted the practice of taking up works, which
promised a minimum net return. Thereafter, a number of projects were
taken up. These included major canal works like the Sirhind, the Lower
Ganga, the Agra and the Mutha Canals, and the Periyar Dam and canals.

The recurrence of drought and famines during the second half of the
nineteenth century necessitated the development of irrigation to give
protection against the failure of crops and to reduce large scale
expenditure on famine relief. Significant protective works constructed
during the period were the Betwa Canal, the Nira Left Bank Canal, the
Gokak Canal, the Khaswad Tank and the Rushikulya Canal. Between the
two types of works, namely productive and protective. the former received
greater attention. The gross area irrigated in India under British rule by
public works at the close of the nineteenth century was about 7.5 m.ha.
Of this, 4.5 m.ha. came from minor works, like tanks, inundation canals
etc. The area irrigated by protective works was only a little more than
0.12 m.ha.
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At the Time of Independence

The net irrigated area in the Indian sub continent, comprising the
British Provinces and Princely States, at the time of independence was
about 28.2 m.ha. The partition of the country resulted in the apportion-
ment of the irrigated area between the two countries; net irrigated area
in India and Pakistan being 19.4 m.ha and 8.8 m.ha respectively. Major
canal systems, including the Sutlej and Indus systems went to Pakistan.
East Bengal, now Bangladesh, which comprises the fertile Ganga
Brahmaputra delta region also went to Pakistan. The irrigation works
which remained with India, barring some of the old works in Uttar
Pradesh and in the deltas of the South, were mostly of protective nature,
meant more to ward off famine than to produce significant yields.

Irrigation Development Now

At the central level the union Ministry of Water Resources is
responsible for development, conservation and management of water as a
national resource, i.e. for policy on water resources development and for
technical assistance to the states on irrigation, multipurpose projects
ground water exploration, and exploitation, command area development,
drainage, flood control, water logging, sea erosion problems, dam safety
and hydraulic structures for navigation and hydropower. It also oversees
the regulation and development of inter state rivers. These functions are
carried out through various Central Organizations. Urban water supply
and sewage disposal is handled by the Ministry of Urban Development
whereas Rural Water Supply comes under the purview of Department of
Drinking Water under the Ministry of Rural Development. Hydroelectric
power and thermal power is the responsibility of the Ministry of power
and pollution and environment control is that of the ministry of
Environment and Forests.

Water being a State subject, the State Governments have primary
responsibility for use and control of this resource. The administrative
control of responsibility for development of water, rests with the various
State Departments and Corporations. Major and medium irrigation is
handled by the irrigation/water resources departments. Minor irrigation
is looked after partly by water resources departments, minor irrigation
corporations. Zilla Parishads/Panchayats and by other departments such
as Agriculture. Urban water supply is generally the responsibility of
public health departments and panchayats take care of rural water
supply. Government tubewells are constructed and managed by the
irrigation/water resources department or by tube well corporations set up
for the purpose. Hydro-power is the responsibility of the State Electricity
Boards.



Chapter- 15

Development of Irrigation Potential No more
Myth

K.G. Suresh

There have been a large number of projects which have been
languishing for want of funds. The effort under Bharat Nirman is to
identify all such projects and target their completion to create 10 million
hectares of additional irrigation capacity. This was started by prime
minister Manmohan Singh while launching the government's ambitions
Bharat Nirman programme in New Delhi which seeks to change the face
of rural India in the coming years economically. Socially and infrastruc-
turally.

The Government, he said, has identified major and medium irrig-
ation projects amounting to four million hectares, which could be
completed, as well as 2.8 million hectares that can come from irrigation.

In fact, under the irrigation component of Bharat Nirman, the target
of creation of additional irrigation potential of one crore hectare in four
years (2005-08) is planned to be met largely through expeditious
completion of identified ongoing major and medium irrigation projects.
Irrigation potential of 42 lakh hectares is planned to be created by
expeditiously completing such ongoing major and medium projects.

The irrigation component of Bharat Nirman was discussed at length
at a conference of state irrigation Secretaries. Based on the discussions
there, the state Governments were requested to furnish details of projects
proposed to be included under Bharat Nirman. Since, then, several state
Governments have furnished to the Water Resources Ministry prelim-
inary assessments of project wise irrigation potential and requirements
thereof for inclusion under the programme.

A whopping Rs. 944.18 crore has been released so far as grant under
the Accelerated Irrigation Benefit Programme (AIBP) and the target of
600,000 hectares of irrigation potential is expected to be created this year
alone.

As per a 1997 survey, the per capita water availability in the country
was 1967 cubic kilometers. The annual precipitation volume including
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snowfall stood at 4000 Cu. Km while the average annual potential flow in
rivers in pegged at 1869 cu.km.

The estimated utilizable water resources in 1122 cu.km with surface
water resources accounting for 690 cu.km and ground water resources
comprising 432 cu.km.

The ultimate irrigation potential (UIP) for the country has been
estimated as 139.88 Mha (Million hectares), which include potential
through Major and Medium Irrigation (MMI) projects (58.46 Mha),
surface water based minor irrigation (MI) schemes (17.42 Mha) and
ground water development (64.00 Mha). A potential of 101.3 Mha has
been created in the country so far which consists of 37.1 Mha under
medium and major projects and 64.2 under minor projects.

However, the created potential has not been fully utilized and the
gap between the created and utilized potential has been estimated to be of
the order of 4.99 Mha.

Realising the gap between the irrigation potential created and the
potential utilized, the Government, under Bharat Nirman, plans to rest-
ore and utilize irrigation potential of ten lakh hectares through impleme-
ntation of extension, renovation and modernization of schemes alongwith
Command Area Development (CAD) and water management practices.

The Centrally Sponsored CAD programme was launched in 1974 on
the recommendations of the National Irrigation Commission set up in
1972 and a Committee of Ministers constituted in 1973 with the objective
to bridge the gap between the irrigation potential created and that
utilized through micro level infrastructure development and efficient
farm management besides to enhance agricultural production and
productivity and to improve socio-economic conditions of the farmers.

In April, 2004, the Programme was restructured and renamed as
‘Command Area Development and Water Management (CADWM)
programme.

Among the 12 components covered under the CADWM programme
are soil and topographic survey, planning and designing of On Form
Development (OFD) works; correction system deficiencies above the outlet
upto distributaries of 4.25 Cumec (150 cusec capacity); construction of
field drains, intermediate and link drains for letting out surplus water;
reclamation of waterlogged areas of irrigated commands using conventi-
onal techniques and including bio drainage wherever applicable and reno-
vation and desalting of existing irrigation tanks including the irrigation
system and control structures with the designated irrigation demands.

The Programme also provides for institutional support to Water
Users Association as also Research and Development activities, including
training of senior level officers, conferences, workshops and seminars to
be directly arranged by the Ministry.
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The CADW unit of the Union Water Resources Ministry has been
monitoring the CADWM Programme through periodical progress reports,
detailed accounts (submitted by the states with the release proposals),
field visits, meetings, consultants visit etc.

With a view to further strengthen the monitoring of the Programme,
the States have been advised to constitute a Committee at state level
having representation from all the concerned State and Central
government Department in it. Many of the States have already formed
such committees and many others are going through the process.

For the country as a whole 66% of the ultimate irrigation potential of
major and medium projects has been created. 388 major and medium
projects, which were taken up prior to or during IXth Plan, are still
ongoing which would result in creation of 12.1 Mha of additional
irrigation potential. In addition, the States have proposed 204 major and
medium projects during Xth Plan and potential likely to be created is of
the order of 4.99 Mha.

So far, 173 major and medium 4.169 minor and 21 Extension, Renov-
ation and Modernisation (ERM) projects have been provided Central loan
assistance under the Accelerated Irrigation Benefit Programme. The
potential creation through projects supported under AIBP has been found
to be 0.35 Mha per year with about 0.47 Mha per year in the last two
years. Going by the present Plan, the projected creation of irrigation
potential through AIBP is 0.50 Mha per year in the remaining period of
Xth Five Year Plan.

The projects for ERM of major and medium irrigation schemes are
also being implemented with arrangements similar to that for completion
of ongoing major and medium schemes. The implementations of ERM
projects alongwith CADWM help in sustaining the created facilities and
in improving utilization.

Another major component of the Bharat Nirman Programme is
Ground Water (GW) development. At present, urban areas utilize 50 per
cent ground water while in the rural areas, it is 85 per cent. Irrigation
accounts for 55 per cent whereas industries utilize 50 per cent.

The ultimate irrigation potential to be created is based on the
assessed replenishable ground water after fully accounting for the domes-
tic and industrial uses. There are considerable areas in the country with
unutilized ground water resources. It has been assessed that ground
water 1s still available for utilization in many parts of the country, parti-
cularly in Eastern India, Madhya Pradesh, Chhattisgarh and specific poc-
kets of Andhra Pradesh, Karnataka, Maharashtra and J&K.

Under Bharat Nirman, irrigation potential of 28 lakh hectares is
planned to be created through GW development. The remaining target for
creation of irrigation potential of 10 lakh hectares is planned to be
created by way of minor irrigation schemes using surface flow.
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However, the Government is also aware that the increasing pace of
ground water development to meet the growing demands of water in
agriculture, industrial and domestic sectors, has brought problems of over
exploitation of the resource, continuously declining water levels, sea
water ingress in coastal areas and ground water pollution in different
parts of the country.

In Punjab, Haryana, Rajasthan, Gujarat and Tamil Nadu, the
rechargeable quantum of ground water has been exceeded and mining of
static reserves has commenced.

The failing ground water levels in various parts of the country have
threatened the sustainability of ground water resource, as water levels
have gone deep beyond the economic lifts of pumping. The speedy and
uncontrolled development of ground water resources has resulted into
increase in over exploited and critical dark blocks from 253 to 1065
between 1985 and 2004.

Targets Under Bharat Nirman Unit in
Million
Hectares

SN. Component Target
Completion of ongoing major and Medium irrigation projects 4.2 Mha

2 Minor Irrigation Scheme 2.8 Mha
a) Surface Water 1.0 Mha

b) Ground Water 1.8 Mha

3 Enhancing utilization of completed Projects 2.0 Mha
a) Extension, renovation and modernisation of major and 1.0 Mha

medium projects

b) Repair, renovation and restoration of water bodies/ERM of 1.0 Mha
minor irrigation schemes

4 Ground water development in area with Unutilized ground 1.0 Mha
water potential (for benefit of small and marginal farmers
and tribals and Dalits)

Achievements - Upto March 2006
(As reported by State Governments)

Unit in Thousand Hectare

S No. State Name Achievement upto March 2006
1 Andhra Pradesh 70.79
2 Arunachal Pradesh* 0.266

3 Assam* 1.503
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4 Bihar Not reported

5 Chhattisgarh 53.261

6 Goa* 1.224

7 Gujarat Not reported

8 Haryana Not reported

9 Himachal Pradesh* 2.223

10 J &K Not reported

11 Jharkhand 14.847

12 Karanataka 74.563

13 Kerala Not reported

14 Madhya Pradesh Not reported

15 Maharashtra Not reported

16 Manipur Not reported

17 Meghalaya* 0.716

18 Mizoram Not reported

19 Nagaland* 0.875

20 Orissa 24.59

21 Punjab 49.665

22 Rajasthan 164.58

23 Sikkim* 0.8

24 Tamil Nadu* 5.917

25 Tripura 4.788

26 Uttar Pradesh* 351.806

27 Uttaranchal* 4,684

28 West Bengal* 3,455
Total 830.553

Note :- States with (¥) mark reported progress up to December 2005

As natural replenishment of ground water reservoir is slow and is
unable to keep pace with the excessive continued exploitation of ground
water resources in various parts of the country, there is an urgent need
to augment the natural supply of ground water through artificial
recharge. The artificial recharge techniques aim at increasing the
recharge period in the post monsoon season for about three months by
providing additional recharge. This provides sustainability to ground
water development during the lean season.

Amongst the prominent technique of artificial recharge to ground

water is rain water harvesting. Rain Water Harvesting is the technique of
collection and storage of rain water at surface or in sub surface aqufer,
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before it is lost as surface runoff. The augmented resource can be
harvested in the time of need.

The Government recently constituted the Artificial Recharge of
Ground Water Advisory Council to specifically study the issue. The first
meeting of the Council, inauguarated by Prime Minister Manmohan
Singh was attended among others by Union Water Resources Minister
Saifuddin Soz and leading experts including M.S. Swaminanthan, Sunita
Narain and Rajendra Singh.

The creation of irrigation potential through minor irrigation (both
surface and ground water) schemes considerably varies from state to
state. While full potential has been tapped in some of the states, it is
comparatively very low in other states.

Minor irrigation through surface water covers water sources (tans
and reservoirs) with a cultivable command area of less than 2000
hectares. About 70 per cent of the ultimate potential through surface
water based minor irrigation schemes has since been created.

The Report of the National Commission for Integrated Water
Resources Development had pointed out that the carrying capacity of the
tanks had decreased over time for a variety of reasons and that their
restoration as also of other sources was a priority task.

Hence, a key strategy of the irrigation component of the Bharat
Nirman Programme is development of 10 lakh hectares of irrigation
potential by way of repair, renovation and restoration of water bodies and
extension, renovation and modernization of minor irrigation schemes.

The National Project for the Repair, Renovation and Restoration of
Water Bodies used by farmers, especially in dry land, remote and tribal
areas, was launched to augment the storage capacity of water bodies,
including lakes, tanks and reservoirs, and restore their lost or wasted
irrigation potentials beginning with a pilot project covering 16 districts in
nine states at an estimated cost of Rs. 300 crores.

Today, the programme is being implemented in 23 districts in 13
states through pilot projects. Twenty thousand water bodies with a
command area of 1,47 million hectares involving an estimated cost of Rs.
4,481 crore has been identified in the first phase. The funding pattern
involving Centre, states and multilateral agencies have been finalized
and the State Governments have been asked to sign Memoranda of
Understanding for the same.

The project period would be between seven and 10 years. The
Detailed Project Reports prepared by the states would spell out the
graded monitoring mechanism. The state monitoring committees may co-
opt Central Water Commission (CWC) representatives from the regional
offices. Besides, the states would specify in the reports periodic evaluation
to take the scheme forward.
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The Union Water Resources Ministry has also established, through
the CWC and the Central Ground Water Board, a superimposed
monitoring with appropriate frequency of the projects taken up in the
states in a structured manner.

At the Central level, the monitoring structure would include a
combination of on site examination of works and off site analysis of the
state's monitoring reports.

In a developing country like India, it is natural that the demand for
water is consistently on the rise. Geography and vagaries of weather have
also contributed to the variation in availability of water. Burgeoning
population besides rapid industrialization and urbanization too are
having their telling effect on the availability and quality of water.

Notwithstanding the water sharing disputes among various states
and prophecies of a third World War on account of Water, the scenario in
India remains optimistic due to the far sightedness and vision of its
planners and policy makers. The ambitious schemes envisaged under the
“Bharat Nirman programme and its sincere implementation gives us a
ray of hope that an additional irrigation capacity of 100 lakhs (10 million)
hectares is neither a myth nor a mirage but a realistic goal.



Chapter - 16

Drip Irrigation and Farm Productivity

K. Srinivasulu & M. Adinarayana

The average farm productivity is very low in rainfed and limited
irrigated regions and only 30% of the arable land is having irrigation faci-
lity in the country. Generally, farmers adopt conventional methods of irri-
gation like flooding, furrow irrigation, border irrigation etc where water
losses are more and water use efficiency is low. More than 50 per cent of
water is going waste in different forms such as conveyance loss, leaching
loss, percolation loss and evaporation loss. There are incidences where the
water losses were up to 70 per cent when applied through flooding.

In rainfed areas, where underground water is available for irrigation
through bore wells or runoff water harvested from the farm and stored in
the farm pond and irrigation methods are conventional, the water losses
are more. More and more water tapped from the underground or farm
pond leading to the scarcity of water at critical stages of the crop and
terminal moisture stress to crop, results in crop failure. This phenomenon
is more apparent in low rainfall or drought years.

Under these situations, micro irrigation like sprinkler or drip
irrigation will suit well to reduce the losses and increase in the area
under irrigation. The sprinkler irrigation is efficient in reducing all losses
except evaporation losses. But it needs high pressure to operate. This is
more suitable for close growing field crops. Whereas, for the wide spaced
field crops or orchards, drip irrigation is the best method in which
evaporation losses also get reduced to some extent.

What is Drip Irrigation

Drip irrigation is localized application of water slowly drop by drop
near the plant surface through small openings called drippers or emitters
with variable discharge rates as per the requirement of the crop plants.

Drip system contains pumping unit, mains, sub mains, laterals,
drippers or emitters etc. The water used for drop irrigation should be free
from all foreign materials. Use of impure water causes clogging of
drippers. Using filters will avoid the clogging problem. Number and type
of filters depends on the impurities present in the irrigation water used.
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Drip irrigation is becoming popular due to the decreasing water
resources. It appears to be a viable technology in the years to come. The
merits and demerits of the system are as follows :

Merits of Drip Irrigation
Saving in irrigation water

In the drop irrigation, all the losses of irrigation water, conveyance,
percolation, seepage and run off losses are eliminated. Evaporation losses
are reduced to some extent and water saving is the highest of all the
irrigation methods. With this saved irrigation water, the area under
irrigation can be extended.

Increased Crop Yield

The crop yields in the drip irrigation system are higher than the crop
yields under irrigation with conventional methods. The water content of
the soil varies between field capacity and wilting point in conventional
methods of irrigation. Whenever the soil water content is less, the plant
has to spend more energy to obtain water. In the drop irrigation system,
the soil water content is kept at higher level throughout the crop growth
period hence the plant needs to spend less energy compared to the
conventional methods of irrigation. Thus the saved energy is useful for
productive purposes.

Water with higher Concentration of Salts can be used for
Irrigation

In drip irrigation method, the soil water content is kept higher
throughout the crop growth period, the irrigation water having more salts
can also be used for irrigation through drip system without marked
adverse effect on crop growth. In other words, the water that is not
suitable through conventional methods of irrigation due to relatively high
salinity, can be used for irrigation through drip irrigation without any
adverse effect on the crop. However, continuous use of such water will
cause salinity hazard.

Adoption to undulated Topographies

On irregular topographic areas 1i.e. hilly terrains, conventional
methods of irrigation can not be possible due to variation in elevation.
Under these situations, drip system can be adopted without any problem,
because in this system, water is carried through small pipes called
drippers/emitters.

Less Weed Infestation

Weeds, weed propagules and weed seeds are carried away from one
place to another along with flooding irrigation water (e.g. Cuscuta) in
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conventional methods of irrigation, whereas in the drip irrigation system,
no such transfer of weed propagules will be observed.

Only part of the ground area will be wetted in the fields with drip
irrigation system leading to reduced germination of weed seeds and
growth compared to the conventional systems of irrigation where the total
ground area is wetted.

Hence the weed intensity, weed index and weed dry matter are less
in the fields where drip irrigation system is adopted, compared to the
conventional irrigation systems.

Application of herbicides can also be done through drip system along
with irrigation water, but it needs proper calibration of quantity of
herbicides. At present, no herbicides are specifically labeled for
application through irrigation water by drip system.

Low Incidence of Diseases

Conventional irrigation systems, which wet the entire soil surface
and increase relative humidity of micro climate favour, the spread of
diseases like root rots and damping off cause great loss to the farmers.

Under high soil moisture and relative humidity conditions, following
diseases spread faster due to rapid formation and dispersal of zoospores.

e Root rot of cotton Phymatotrichum omnivorum
e Black root rot of tobacco Thielaviopsis basicola

e Collar root rot of citrus Phytophthora spp.

e Damping off of papaya Pythium spp.

Root knot and other nematode disease

e Sclerotium root rots Sclerotium rolfsii

e Armillaria root rot Armillariella mellea

Reduced Fertilizer Requirement

As there are no water losses through percolation and leaching, losses
of nutrients along with the leaching water will be minimized in drip
irrigation system. Thus the fertilizer use efficiency will increase and
fertilizer requirement will be reduced.

Uniform Distribution of Water

In the conventional irrigation methods like flooding, border, furrow
methods of irrigation, the opportune time for infiltration of water is more
at one end where irrigation started and less at another end, leading to
more water intake at starting end and less water intake at another end.
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In drip irrigation system, distribution of water in all directions of the field
is uniform as the opportune time is same for the entire field.

Utilizing Water sources with Slower Flow Velocity

Water sources with slower flow rate can be better utilized in the drip
irrigation system, which is not possible in other methods of irrigation.

Demerits

Though, there are several advantages with the drip irrigation, which
is efficient in saving irrigation water, there are some possible draw backs/
difficulties in adoption of this system on long term basis.

Accumulation of salts in the Root Zone

In conventional methods of irrigation, the percolating or leaching
water, which is going waste, takes away the accumulated salts in the top
layer and reduces the salt content of the top layer of the soil.

In drip irrigation system, water is used to wet the shallow root zone
only. All the losses of water through percolation and seepage will be arre-
sted. The salts that are present in the irrigation water will be left in the
top layer of the soil as the water is lost through evapotranspiration only.
As a result, all the salts that are present in the irrigation water will be
accumulated in top layer of the soil and create salinity hazard in the long
run.

However, in drip irrigation system, the effect of salinity does not
visualize early, as the soil is kept at higher level of available moisture
(field capacity) status throughout the crop growth period due to which the
salt concentration is reduced. Whenever dry spell prevails or watering
through drip system is stopped, the crop plants may suffer from salt
injury in the fields where drip system is followed for longer period of time.

Drip irrigation provides both water and essential plant nutrients
(through fertigation) at the shallow depth of the soil, the root zone of the
plant confined to the shallow depth of the soil. In contrast, in the
conventional irrigation methods, the plant extracts water and nutrients
from deeper layers of the soil and the root zone of the plants gets
extended to the deeper layers of the soil in search of water and nutrients.
Whenever cyclone or Gale/passes through the crop fields, there will be a
possibility of lodging of crop which is fed through drip irrigation system.
This envisages the susceptibility of the crop plant fed through drip
irrigation system to the lodging due to shallow root system.

Establishment of the drip system needs all the components to life the
water, filter the water and distribute the water, irrespective of the extent
of the area. Majority of the dry land farmers are having small holdings
with poor resource base. The high initial investment hinders the farmer
to opt for drip irrigation system.
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Mechanical damage to the plastic laterals/drippers by rodents is a
problem and needs attention to control the rats.

The small openings of drippers will be clogged by soil particles,
organic matter, algal particles or chemical precipitants etc. Hence
frequent cleaning of drippers is necessary.

The clogged particles can be removed by flushing of filters, laterals,
mains and drippers periodically. Injection of acids (HCI & H2S04) into the
drip system controls clogging due to chemical precipitation and biological
particles. Acid treatments are required when Ca and Mg content in the
irrigation water exceeds 50 ppm.

The laterals spread in the field for delivering water near plant
surface obstructing the field operations like inter cultivation operations
aimed to control weeds and conserve moisture.

In light or sandy soils, where the lateral movement of the water is
very less and downward movement or vertical movement is very high, too
many number of drippers are required to cover the field which is not
desirable.

Despite the demerits of drip irrigation, it is gaining momentum year
after year. Nearly, 4.5 lakh ha was under drip irrigation system in India
during 2002-2003. Among the states, Maharashtra is first in the rate with
1.2 lakh ha.

Though there are several advantages with the drip irrigation system,
in majority of states, the percentage of farmers adopting drop irrigation
has decreased soon after removal of subsidy. This confirms the high
initial investment and inability of farmers in establishing drip irrigation
system due to their poor resource base. Hence, the governmental and non
governmental organizations should encourage the farmers in adopting the
highly efficient system of irrigation by providing subsidy.

In drip irrigation system, water will be used more efficiently, and
there will be saving in irrigation water to the extent of 40-60 per cent.
The saved irrigation water due to the adoption of drip irrigation system
can be used to extend the area under irrigation. The productivity of the
farm will grow and will be sustained due to increase in area under
irrigation, reduced weed growth, reduced pest and disease incidence.
Similarly, the profitability of the farming enterprise will also be increased
due to increased productivity as well as reduced input costs like fertilizer.

Though the establishment of the drip system is expensive, the
increase in productivity will pay back the cost of establishment of the drip
irrigation system in a period of 4 to 5 years. Thus there is tremendous
scope for drip irrigation system in enhancing and sustaining the
productivity of the farm as a whole in rainfed and limited irrigated
regions.
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Irrigation and Agriculture

Surinder Sud

Irrigation has been on the priority list ever since the planned
development began in India. Huge investment, both public and private,
has gone into creation of irrigation infrastructure trough major, medium
and minor irrigation projects. As a result, the gross irrigation potential
has expanded from the pre-plan level of 22.6 million hectares in 1950-51
to a little cover 89 million hectares now. But the country's total irrigation
potential through all sources, estimated at 113.5 million hectares earlier,
has now been reassessed at whopping 139.9 million hectares. So far, only
about 64 per cent of this potential has been gainfully harnessed.

However, due largely to poor utilisation of the created potential, the
net irrigated area is only about 55 million hectares (2000-01) which is
only abound 40 per cent of the net cultivated area. Thus, crops over about
60 per cent of the area still depend on rains, causing instability in overall
agricultural production.

This apart, the efficiency of the use of irrigation water, too, is not up
to the mark. In the case of flooding of the field, the most common method
of applying irrigation water to the crop; the water use efficiency, on a
country wide average, is only around 50 per cent. Though the efficiency of
new water application systems like sprinkler irrigation and drip
irrigation is fairly high, being 80 per cent and 95 per cent, respectively,
their use is still confined to a very small area due largely to the high
initial cost of installing such systems.

Indeed, the importance of irrigation for raising as well as stabilising
agricultural production was realised way back in the 19th century itself.
As a result, some large scale irrigation works were taken up, chiefly as
commercial ventures. And these did prove lucrative enterprises. Till
independence, the irrigation sector was a net source of revenue for the
government. This was because the then British government had adopted
the policy of taking up only those works that promised some returns.

However, the recurrence of droughts and famines during the second
half of the 19th century forced the government to undertake some
irrigation projects to provide protection to crops against monsoon failures.
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The real objective behind this was to save expenditure on famine relief.
As a result, projects like Betwa Canal, the Nira Left Bank canal, the
Gokak canal, the Khaswad Tank and the Rushikulya canal wee taken up
as crop protection irrigation projects. But, the priority continued to be for
the irrigation projects that could generate revenue for the government.
The irrigation sector, therefore, continued to be a source of revenue for
the official exchequer.

In the planned development era after the Independence, the focus
shifted from purely revenue generation to rapid harnessing of water
resources for multiple benefits. Consequently, the state governments
were encouraged to expeditiously formulate and implement water
resources projects for specific purposes like irrigation, flood control,
hydro-power generation, drinking water supply, industrial and various
other miscellaneous uses.

This policy resulted in creation of a huge infrastructure of various
kinds of dams, barrages, hydro power structures, canal networks, etc. The
most significant impact of all this is the creation of a total water storage
capacity of whopping 200 billion cubic metres, most of which is available
for irrigation, besides serving other purposes.

Apart from environmental and rehabilitation issues that have been
impeding implementation of major and medium irrigation projects,
paucity of resources has been the most formidable bane of this sector. The
failures to meet the targets, resulting in inordinate delays in the
completion of irrigation projects, have resulted in whopping escalation in
costs, making further progress in this sector all the more difficult. Many
of even the operational projects not catering to the potential command
areas for want of resources for operation and maintenance. Lack of
resources of the state governments and flawed water pricing policies are
largely to blame for the current dismal state of this vital sector.

In fact, a large number of river valley projects, including multi-
purpose and irrigation projects, have spilled over from one plan to
another chiefly for want to adequate funds allocation by the state
governments responsible for implementing the projects. Though no new
irrigation and multi purpose projects of any significance have been
launched since the 7th plan still there were as many as 171 major, 259
medium and 72 extension. renovation and modernisation schemes that
spilled over from the 8th plan to the 9th plan. Of these, five projects were
pending since the 1st plan, seven projects each from the 2nd and 7th
plant. 12 projects from the 3rd plan, 18th from the 4th plan and 20 from
the 8th plan.

The spillover cost of the pending projects was estimated at whopping
Rs. 75,690 crore (Economic Survey 2005-06). The capital cost of creation
of irrigation potential through medium and major irrigation projects is
estimated to have risen several folds from around Rs. 40,000 a hectare in
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the early 1970s to over Rs. 1,90,000 a hectare in the 1990s at the constant
1995-96 prices.

In fact, in real terms, the allocation of government resources for
canal irrigation has almost been stagnating since the mid 1980s. The sare
of irrigation in the total plan expenditure has been below 10 per cent in
the 1980s as well as 1990s. This had led to a perceptible fall in the rate of
creation of canal irrigation potential. It dropped from about a million
hectares a year between 1974 and 1980 to merely 0.4 million tonnes a
year in the 8th plan (1992-97).

It was basically for these reasons that the Accelerated Irrigation
Benefit Programme (AIBP) was launched in 1996-97. The main aim of
this programme was to accelerate the work on those irrigation projects
where large investments had already been made to that these could be
completed without further delays.

Subsequently, the Central funding of the AIBP was linked to the
introduction of irrigation sector reforms by the states. While most states,
barring those falling in the special category due to their backwardness,
got the Central plan assistance in the ratio (Central : State) of 2 : 1, the
reforming states (which agreed to raise water charges expenses) got the
assistance in the ratioof 4 : 1.

The other source of surface irrigation is the traditional tranks and
other surface water bodies. The country has about 1.5 million tanks
dotting the countryside in all the states. The density of these tanks is
relatively higher in states like Andhra Pradesh, Karnataka, Madhya
Pradesh, Maharashtra, Tamil Nadu and West Bengal. But many of these
tanks suffer from lack of proper maintenance. Besides, the growing
siltation has, over the years, reduced their irrigation capacity. While in
the 1960s, an area of about 4.8 million hectares was estimated to be
irrigated through tanks, this acreage is now reckoned to have dropped by
1.7 million hectares due to drying up of the tanks or other reasons.

A massive programme for the repair, renovation and restoration of
tanks and other water bodies was envisaged in the 2004-05 budget. For
this purpose, a pilot scheme to be implemented in the 10th plan was
approved in January 2005 with an estimated cost of Rs. 300 crore. The
funding of this state sector scheme is shared by the Centre and the state
governments in the ratio of 75 : 25. The Union water resources ministry
had approved projects in 23 districts of 13 states involving a total cost of
Rs. 262.91 crore till April 2006. These projects are in the states of Andhra
Pradesh, Chhattisgarh, Gujarat, Himachal Pradesh, Jammu and
Kashmir, Jharkhand, Karnataka, Kerala, Madhya Pradesh, Orissa,
Rajasthan, Tamil Nadu and West Bengal. More projects are likely to be
brought under this scheme subsequently to step up the overall irrigation
command area from surface water bodies.
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Indeed, minor irrigation is gradually becoming more important
because of the several advantages that it offers. These include small
investment, simpler components, quicker rewards and easier manage-
ment. It is also farmer friendly as it can respond to individual needs. As a
result, the bulk of the minor irrigation potential has been created through
private investment and is based largely on groundwater exploitation. But
several government departments, such as those of agriculture, rural
development, irrigation, social welfare, etc., have also been promoting
minor irrigation programmes.

An ambititious scheme to expand the network of wells was launched
in 1988-89 by the Ministry of Rural Areas and Employment. Called a
Million Wells Scheme, it has helped construct over 12.6 lakh wells with
an expenditure of over Rs. 4.728 crore.

Besides, the Agriculture Ministry has been prompting the financial
institutions like commercial banks, regional rural banks, cooperatives
and the National Bank for Agriculture and Rural Development
(NABARD) to provide credit to the farmers for the construction of wells
and tubewells. The Water Resources Ministry has been assisting the state
governments in the preparation of minor irrigation schemes that could
quality for external financial funding.

A worrisome aspect of the irrigation sector is the large gap between
the irrigation potential created and its utilisation. A Centrally sponsored
Command Area Development (CAD) scheme was launched in 1974-75 to
narrow down this gap. This was subsequently expanded to include water
management aspects as well to ensure efficient utilisation of water with
a view to optimise farm production in irrigation command areas. Till
November, 2005, about 310 projects having a total command area of
around 28.85 million hectares had been included under this programme.

Irrigation has now been included as one of the six components for the
development of rural infrastructure under the massive Bharat Nirman
programme. Under this, the target has been fixed to create an additional
irrigation potential of 10 million hectares in four years (2005-06 to 2008-
09). This is sought to be achieved largely through expeditious completion
of identified on going major and medium irrigation projects, besides other
measures. On completion, these major and medium projects alone would
add about 4.2 million hectares to the total irrigation potential in a short
period.

The irrigation component of the Bharat Nirman also seeks to reduce
the gap in the creation and utilisation of irrigation potential. For this, it
purpose to restore and utilise irrigation potential of one million hectares
through extension, renovation and modernisation of the existing schemes
and by introducing more efficient water management practices in the
irrigation command areas.
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This apart, the Bharat Nirman also envisages to tap the available
ground water for irrigation in the areas where this source is not being
adequately exploited. As such, it has set a goal of creating irrigation
potential of about 2.8 million hectares through ground water develop-
ment.

In addition to this, about one million hectares of irrigation potential
is planned to be created by way of minor irrigation schemes by using
surface flows. Another one million hectares irrigation potential is
proposed to be made available through repair, renovation and restoration
of water bodes and extension, renovation and modernisation of minor
irrigation schemes. The focus of all the minor irrigation programmes
would be to benefit the small and marginal farmers.

However, while the need for further expansion of irrigation to boost
agricultural growth is paramount, equally significant is the necessity of
addressing the problems that irrigation often brings in its wake. These
are manifested in growing menace of water logging and soil salinity in the
canal irrigated areas and fast depletion of ground water in the tubewell
irrigation regions.

The reasons for these problems, prima-facie, appear to be inadequate
drainage, excessive use of water in the canal command areas and
indiscriminate exploitation of ground water in well irrigated areas. But,
behind all these factors is the unrealistic pricing of water in the canal
irrigated areas and cheap or free supply of electricity for running
tubewells. Water charges have not been revised in several states are
giving free or subsidised power to the agriculture sector for running the
tubewells. These may be populist measures but these are now proving
counter productive.

Also related to this is the question of an individuals right to
unrestricted use of water under his piece of land. The legal provisions of
granting such rights haves, obviously, become outdated, especially
considering that the underground water is a common aquifer and over
exploitation by one can deprive the other of his share, especially in areas
where the water table 1s receding very fast.

Such policies prompt indiscriminate and inefficient exploitation of
water, giving rise to ecological problems, besides telling upon soil health
and consequential productivity constraint. Unless these issues can be
taken care of through water sector reforms, the sustainability of the
irrigation sector, from both economic and ecological viewpoints, may be in
jeopardy.



Chapter - 18

Drip Irrigation System - An Overview

Dr. AM. Michael

"Drip or trickle irrigation is an efficient irrigation method of recent
origin, which is becoming increasingly popular in areas of water scarcity
and poor quality irrigation water. In drip irrigation, water is applied
frequently at low rates from a low pressure delivery system comprising of
small diameter plastic pipes fitted with outlets, called emitters or
drippers, directly to the land surface close to the plant where the roots
grow. Drip irrigation is best suited to water scarcity areas and regions
where irrigation water quality is marginal or low (saline water). Due to
the frequent application of irrigation water, salts are pushed to the
periphery of the moist zone, away from the root spread area. It is suitable
to almost all types of soils. In clay soils with low infiltration rates, water
is to be applied slowly to prevent surface water ponding and runoff. In
sandy soils with high infiltration rates, higher dripper discharge rates
will be required to ensure adequate lateral wetting of the soil. Drip
irrigation is advantageous on lands with undulating topography without
undertaking major land leveling operations and on slopes where the
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Fig. 1. Profiles of moisture front advance in drip irrigation in medium
textured soils.
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Figure — 2. Movement of salts to the periphery of the wetted bulb in
point source of water application (drip irrigation).
(Source: Adapted from Lake Irrigation Co. Bakerfield, California, USA)

Soil depth is limited and the crop value is high. The labour
requirement is low in drip irrigation. Drip irrigation is suitable for almost
all orchard crops, plantation crops and most of the row crops. The method
has been observed to be highly economical and beneficial in water scarcity
areas to grow orchard and plantation like coconut, tea, coffee, cardamom,
citrus, grapes, banana, papaya, mango, guava, pineapple and pomegr-
anate; row crops like sugarcane, cotton, groundnut, sapota, strawberry
and vegetable crops including tomato, potato and other widely spaced
vegetable crops, and flower plants. It is highly suitable for nursery raising
and establishment of forestry plantations, especially under the wasteland
development programme. It is also suitable to irrigate sugarcane cotton
and groundnut. However, from economic considerations, drip systems are
not adapted to close growing field crops like cereals and pulses, as the
number of laterals required are high which result in high costs of the
system.

The terms drip irrigation, trickle irrigation and micro-irrigation are
synonymous. Drip irrigation is a micro-irrigation method in which the
rate of water application is very low and without any pressure, i.e., drop
by drop. While drip irrigation and trickle irrigation have identical
meaning, the term micro-irrigation encompasses other low pressure water
application methods like microsprinkler, bubbler and spray systems in
which water is emitted in the form of small sprinkling, tiny streams or
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miniature sprays through fixed diffusers or applicators, localizing the
water on the soil in separate spots as well as indigenous methods of
micro-level application of water to plants. The term localized irrigation is
sometimes used in place of drip/trickle/micro-irrigation, as the systems
cause wetting which is localized to the plant root zone. The devices for
water application are in the form of emitters strip tubings, jets or mini-
sprinklers. The service pressure of the system is of the order of 1 bar or
less. Fertilizers and other chemicals can be applied efficiently to
individual plants or a group of plants, using the drip system. Although
the terms drip irrigation and trickle irrigation are used interchangeably.

Drip irrigation is based on the basic concept of irrigating only the
root zone of the crop, rather than the entire land surface on which the
crop is grown. Water flows from the emission points through the soil by
capillarity and gravity. The soil moisture content of the crop root zone is
maintained at near optimum levels to facilitate optimum crop growth and
production. This will involve frequent applications of small quantities of
water. Irrigating only a part of the land surface minimizes evaporation
losses, reduces weed growth - especially in widely spaced crops and
minimizes interruption of cultural operations like inter-cultivation and
harvesting.

Major advantages of drip irrigation systems: The major
advantages of drip irrigation, as compared to other methods of irrigation
include the following:

(i) Higher crop yields: Studies on crop performance with drip
irrigation, in comparison to other irrigation methods have
consistently shown yield increases ranging from 20 to 50% or
more in drip irrigated crops, namely, fruit crops (banana,
grapes, citrus, pomegranate, papaya, pineapple, watermelon
and most other fruits), vegetable crops (cabbage, cauliflower,
okra, tomato, potato, onion, chilli, radish, brinjal, bottle gourd,
French bean and most other vegetable crops grown in the
tropical, sub-tropical and temperate regions) and commercial
crops like cotton and sugarcane. The increase in crop yield is
mainly due to the maintenance of optimum soil moisture in
the crop root zone throughout the growing period of the crop
with the better control of irrigation water application in the
drip system,

(ii) Improved quality of the harvested produce of the crop:
Drip irrigation results in improved "quality of crop produce
due to the maintenance of optimum soil moisture conditions in
the root zone throughout the growing season, resulting in
uniform crop growth. In addition, damage and loss due to
water contact with foliage are eliminated, resulting in better
quality of produce.
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(iii)

(iv)

(v)

(vi)
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Sayings in irrigation water: With the elimination of water
application losses such as deep percolation, runoff and
evaporation and reduction in the volume of the soil which is
wetted (limited to the crop root zone), there is substantial
saving in the amount of water required for irrigation, as
compared to other methods of irrigation. Loss of water from
the land surface which is not occupied by the crop is
eliminated. As compared to sprinkler irrigation, the loss of
water due to evaporation from the plant foliage is eliminated.
Further, the losses in water conveyance such as seepage is
eliminated with the adoption of drip method of water
application, as compared to the unlined open channel water
conveyance system commonly used in surface irrigation
methods. The savings in the quantity of irrigation water
resulting from the adoption of drip irrigation usually range
from 20 to 50% or more, when compared to surface methods of
water application and to a lesser extent when compared to
sprinkler irrigation. Further, the irrigation water requirement
of crops under drip irrigation is substantially low during the
initial stages of crop growth. The saving in water by introducing
large scale application of drip irrigation in a project area
increases the irrigation command area of the project and provides
opportunity for diversification of crops and introduction of high
value' crops in the cropping system,

Increased efficiency in fertilizer use: A drip irrigation
system is an effective means of applying fertilizers and other
plant nutrients into the crop root zone where they are needed.
The efficiency in fertilizer application increases greatly when
fertilizers and nutrients are applied with the drip system, as
compared to other methods of water application.

Reduced energy consumption: Drip irrigation results in
reduced energy requirement in pumping, compared to sprinkler
irrigation, due to the low operating pressure required by the drip
system. Further, the quantity of water required for irrigation is
low under the drip system, which further reduces the energy
requirement.

Tolerance to windy atmospheric conditions: Wind has no
adverse influence on drip irrigation, as compared to the
sprinkler system. In the drip system, the laterals with the
emitters are laid at the land surface and only the point of
water application is wetted which is hot influenced by the
wind. The evaporation loss from the land surface is also
negligible, as the wetted area is under the plant foliage.
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(vii)

(viii)

(ix)

(x)

(xi)

Reduced labour costs: In irrigated agriculture using the drip
system, the labour requirements are low due to reduced cost of
field preparation, elimination of fertilizer application as a
separate operation, low requirement of weeding and fewer
harvesting rounds due to more uniform ripening of the crop.

Improved disease and pest control: Plant diseases and
pests are lower in drip irrigated crops, as compared to other
methods of water application. Bacteria, fungi and other
organisms are reduced as the 'above ground' plant parts
remain dry. As the application of water is limited only to the
crop root zone, the areas surrounding the plant remain dry
and hence the weed growth in the crop field is greatly reduced.
With little or no weed growth, the intensity of pest and disease
incidence is reduced. With the elimination of surface runoff
resulting from drip irrigation, the spread of disease causing
organisms by water movement is reduced,

Feasibility of irrigating undulating terrain and sloppy
land: Hilly and undulating terrain cannot be irrigated with
surface irrigation methods without extensive land levelling
operations. Drip and sprinkler methods can be designed to
operate efficiently on almost any topography without incurring
the expenditure in land levelling. Drip irrigation can be
designed to suit changing field gradients.

Suitability for problem soils: In heavy clay soils, with low
infiltration rates, low rates of water application can be
selected with the drip system to match the soil characteristics.
On the other hand, in sandy soils with high infiltration rates,
water can be applied in small quantities frequently, avoiding
deep percolation losses,

Improved tolerance to salinity: With the adoption of drip
irrigation systems, it is possible to use more saline water for
irrigation, as the root zone soil column is kept at higher level
of moisture content, resulting in reduced soil moisture stress.
The contact of water with the plant is minimized, compared to
other methods of irrigation. In general, drip irrigation will
reduce the sensitivity of most crops to saline soils and waters,
due to its ability to maintain low water tension in the root
zone. The frequent application of water with drip irrigation
reduces the concentration of salts in the root zone by moving
salts away from the root zone to the edges (perimeter) of the
wetted bulb formed by the point source of water application in
the drip system (Fig. 2). This process, called micro-leaching,
prevents the harmful combination of high soil salinity and low
moisture availability.
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(xii) Promotes congenial soil physical conditions in the root
Zone : The maintenance of soil moisture at nearly constant
and optimum levels by renewing the water supply to the root
zone nearly at the same rate as it is used by the plant results
in low soil suction and facilitates water and nutrient uptake by
the plant and high soil hydraulic conductivity. The soil, on the
other hand, is never saturated in a properly managed drip
irrigation system, and adequate aeration is maintained throu-
ghout the growing period of the crop. The low rate of water
application makes drip irrigation suitable even in soils with
low infiltration characteristics. In comparison to sprinkler
irrigation, where the losses due to over-irrigation and irriga-
ting areas not occupied by crops, including field edge losses,
(may be as high as 20% or more), these types of losses are
almost eliminated in drip irrigation. Further, no water is lost
due to the transpiration of weeds, as irrigation is limited to the
crop. The drip system facilitates better control of the irrigation
water supply, as compared to the sprinkler irrigation system.
There is no formation of soil crust in drip irrigation,

(xiii) Promotes better uniformity in irrigation water
application: The large number of irrigation points (emitters)
in a drip system provide better uniformity of application of
water. Low discharges and low pressure heads in the water
distribution network enable the use of smaller pipes of lower
pressure ratings at reduced costs. Fertilizers, pesticides and
other chemicals may be injected into the system and applied in
small quantities, as needed, with irrigation water.

(xiv) Easy in operation: Drip irrigation system i1s comparatively
easy to operate. Irrigation can be continued throughout the
day and the night, regardless of wind, daytime, temperature or
cultural practices,

(xv) Facilitates automation: Automation could be easily
incorporated into the drip irrigation system

(xvi) Adapted to irrigate crops in green houses: Drip irrigation
system is well adapted to irrigate crops grown in covered green
houses with no wetting of the walls or the cover.

Problems associated with drip irrigation systems

In spite of the major advantages described earlier. There are several
problems associated with drip irrigation systems:

(i) Emitter clogging: A major problem associated with drip
irrigation systems is the clogging of emitters, unless preventive
measures are taken. Emitter outlets are very small and can
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(ii)

become clogged easily by suspended materials (sand and silt),
precipitated dissolved salts (mainly carbonates), rust and other
iron oxides and organic matter (including plant roots, algae and
other minute animals). Clogging can reduce emission rates and
cause poor uniformity of water application. Prolonged clogging
can cause severe damage to the crop. Clogging also increases
the maintenance costs, as it becomes necessary to check, repair
or replace clogged emitters and other components. Chemical
treatment and proper filtration of water can prevent or correct
emitter clogging. The first requirement is to select emitter
devices which may require less maintenance. Well-designed
filtering systems, when properly maintained, can solve the
problem caused by suspended material (sand and silt) and in
some cases the organic matter. An effective means of dissolving
carbonates is by means of dilute acids (mostly HNO3 or HC1).
However, it will require an interruption in irrigation water
application. Flushing by water or air under pressure is feasible
if the pipes and joints can withstand the pressure. Pulse
irrigation, namely, irrigating at a higher rate for a very short
time, is effective.

Restricted root development of crops: Drip irrigation
normally wets only a part of the root zone. Hence, the root
distribution is almost limited to the moist zone. Many factors,
involving soil and plant characteristics, management practices
(amount and frequency of water application) and the design of
the irrigation system (number of emitters per plant, placement
and discharge rate of emitters) influence the root development
of crops. The concentrated distribution of roots may reduce the
plants ability to withstand strong winds. Further, the ability of
the plant to withstand drought, resulting from any breakdown
in the irrigation system, is greatly reduced as water of the
wetted zone gets depleted soon and the surrounding region is
dry. Careful planning and operation of the irrigation system and
prevention of breakdowns will reduce the magnitude of the
problem.

(iii) Salt accumulation at the root zone periphery: Where high

salinity water is used for irrigation in arid regions, salts tend to
accumulate towards the periphery of the wetted zone and the
interface between the irrigated and non-irrigated zones in the
soil. As the root zone is kept constantly at high moisture level,
there may not be any major impact on the crop, but in the next
growing season these salts, if not leached away, may damage
the succeeding crop if planted on the interface having the salt
patch. In regions where drip irrigation is practiced in the dry
season with rainfall exceeding about 300 mm in the following
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(iv)

(v)
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rainy season, the salts will generally be leached. Like in other
methods of irrigation, good natural or artificial drainage is
needed in drip irrigated areas as well. Otherwise, artificial
leaching is to be provided once every one or two years.

Damage from rodents and other animals: There are several
kinds of burrowing animals which can cause damage to surface
or buried polyethylene laterals. They include rats, mice,
squirrels, dogs and rabbits. When present in large numbers,
these animals can cause heavy damage to drip irrigation
systems by chewing holes in the lateral lines. Use of repellents
to keep the animals away and baiting or trapping them are
possible control measures. Rats and squirrels can be controlled
by adopting subsurface drip system. Rats generally never cross
a wet surface. Keeping the system moist is a possible remedy to
control it. A chemical repellent which tastes or smells bad to the
animal can be injected through the system or laid down with the
laterals during installation. There are a number of chemicals
available which are obnoxious to animals, including anhydrous
or aqua ammonia and a number of insecticides which can be
injected into the drip system. Rodent damage can also be
prevented by the use of polyvinyl chloride (PVC) laterals. Ants
and beetles can damage thin-walled polyethylene tubing. Ant
damage typically takes the form of holes chewed through the
sides of strip tubing and enlargement of orifices in strip tubing.
Some types of insects will build a cocoon inside emitter outlets
in water distribution tubing. Cocoons are built when the system
is shut down for a period of time. These insects are to be
controlled only during prolonged shut down periods. Ant
damage can be successfully controlled with chlorinated hydro-
carbon insecticides. However, these chemicals are usually toxic
and persist in the environment and should be used with great
care. A common recommendation is to use lateral tubes with
sufficient wall thickness (not less than 15 mils (0.38 mm) to
reduce damage by ants and insects.

High cost of drip irrigation systems: The cost of drip
irrigation system is high when compared to surface or portable
sprinkler irrigation systems. Drip irrigation systems are
expensive because of their requirements of large quantities of
piping and filtration equipment to clean and water. However,
the cost of drip irrigation systems varies considerably depending
on the crop and terrain. Steep terrain may require several
pressure regulators in the system. In many situations the
benefits of the drip system will usually overweight the cost of
the system, when compared to other methods of irrigation.
Selecting widely spaced crops of high market value is necessary
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to increase the benefit cost ratio in drip irrigation. Under
average field conditions, the major components of the total cost
of the system lie in the number of laterals/and emitters of the
system. Evidently both these items will be low in hards and
other widely spaced row crops.

APPLICATION OF FERTILIZERS AND CHEMICALS THROUGH
DRIP IRRIGATION SYSTEMS

Water soluble fertilizers can be effectively and efficiently applied
through drip irrigation systems (Fertigation). Reduced labour, equipment
and energy costs and higher fertilizer use efficiency are the major benefits
of fertigation, compared to the conventional methods of water application.
The success of drip irrigation, to a good degree, is due to the improved
supply of nutrients to plants, which is a unique capability of fertigation.
Proper control of the time of application, the concentration of fertilizers/
chemicals, proportion of the nutrients and the location of the point of
application are possible with the fertilization systems used in pressurized
irrigation systems. Plant protection chemicals can also be applied
effectively using the same facility. However, materials such as inorganic
forms of phosphorous that form chemical precipitates and cause clogging
should not be injected into drip systems.

A detailed treatment on the subject of fertigation is presented in
Figure 3 illustrates the layout of a drip irrigation system with
fertilization unit.

The requirement of fertilizer application, including the type of
fertilizers to be injected should be considered in designing a drip
irrigation system. Some types of fertilizers are not suitable for application
through drip systems, because of volatilisation of gaseous ammonia, low
water solubility and problems with the chemical quality of irrigation
water. Therefore, fertilizer injection equipment should be designed with
an understanding of the chemical composition of the fertilizer to be used.
Nitrogen is relatively problem free.

Nitrogen. Anhydrous ammonia and aqua-ammonia can be injected
into the irrigation water, but volatilisation is a major problem. Another
problem with ammonia injection is the rise of hydroxide ion concentration
in water. Ammonia increases the pH, which causes soluble calcium and
magnesium to precipitate in irrigation water and coat the inside of the
pipes and plug emitters. This problem, however, can be solved by
injecting a water-softener ahead of the ammonia gas. However, the
process may increase the cost of fertilization.

Ammonium sulphate and ammonium nitrate are very common
fertilizers. In the former, all the nitrogen is in the ammonium form, and
in the latter about 28% by weight of the fertilizer is ammonium nitrogen
and 8% is nitrate nitrogen. Urea is a soluble nitrogen fertilizer. It does
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not react with water to form ions. Urea and ammonium nitrate are mixed
in water to give a fairly concentrated liquid fertilizer mixture. All of these
nitrogen materials can be injected with no side effects in the water or
irrigation system.

Both urea and nitrate nitrogen stay in solution and move with the
soil water. However, ammonium nitrogen behaves differently. Because it
is a positively charged ion, it enters into cation exchange reactions in the
soil. A small change in either soluble constituents alters the relative
amount of the ions in exchangeable form. In the exchangeable form,
ammonium is immobile. Because, cation exchange reactions are very
rapid, ammonia applied in irrigation water is immobilized almost
instantly on contact with soil and remains on or near the soil surface (US
Soil Cons. Service, 1984).

Ammonium applied in water readily converts into exchangeable
ammonium and generates an equivalent amount of cations in solution. In
semi-arid and arid 'regions, soils are usually neutral to alkali (pH 7 to
8.20) depending on how much free lime or calcium carbonate is present.
In such soils, any exchangeable ammonium that exists at the soil surface
is likely to volatize. Ammonium is sensitive to temperature and moisture.
Water evaporates rapidly from soil after irrigation, and ammonium is
susceptible to gaseous loss at this time (US Soil Cons. Service, 1984).

Plant Fateral o Screen filler Control valve Water metes
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Fig. 13,69, Schematic sketch illustrating the layout of a drip irrigation system with fertigation unit.
(Sonree: Adapted from Jyoti Limited, Vadodara.)

Fig. 3. Schematic sketch illustrating the layout of a drip irrigation system with
fertigation unit. (Source: Adapted from Jyoti Limited, Vadodara)

Phosphorous: Phosphorous is difficult to apply by injection into the
drip system. Treble-superphosphate, which is commonly used is usually
classified as water soluble, but is only moderately soluble. Hence, it is
usually not recommended for injection in irrigation water, unless special
precautions are taken. Several kinds of ammonium phosphates are
soluble in water. Ammonium phosphate sulphate, ammonium phosphate
and di-ammonium phosphate are suitable for injection in drip systems
when the soil requires nitrogen and phosphorous. Phosphoric acid is
another form of soluble phosphorous. The quality of irrigation water is to
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be determined before injecting phosphorous into the drip system. If the
irrigation water has a pH above 7.5 and a high calcium content, the
injected phosphorous will precipitate as calcium phosphate and may clog
the emitters and restrict the flow in the pipeline. Under such situations,
phosphoric acid could be used to meet phosphorous needs. Flushing the
drip irrigation system with a solution of either sulphuric acid or
hydrochloric acid immediately after applying phosphoric acid prevents
clogging. Organic phosphate compounds like glycerol-phosphoric acid can
also be injected into the drip irrigation system without any precipitation
problem.

® |
Fig. 4. Drip Irrigation Systems (a) Sketch of the tank assembly, (b) The

tank to which are fitted inlet and outlet tubes. (Source: Jain Irrigation
System

Potassium: Potassium is easy for injection through drip irrigation
systems. The commonly used potassium oxide is very soluble. The
fertilizer moves readily into the soil and is not easily leached away.

Trace Elements: The common trace elements like magnesium, zinc,
boron, iron, and copper can be applied through drip irrigation systems.
The application rates of trace elements should be based on proper
analysis of soil and water, as trace elements applied in excessive
quantities can react with salts in the water and can be toxic to plants.

Pumping Unit

Drip irrigation systems have pumping units to lift water from wells,
streams, canals, ponds and reservoirs and provide pressure for the
operation of the system. The pumps can be powered either by electric
motors or internal combustion engines. The types of pumps used in drip
irrigation include volute centrifugal pumps, vertical turbine pumps and
submersible pumps.
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DRIP IRRIGATION SYSTEMS

Many problems with drip irrigation systems arise out of poor
installation. The main items in the installation of drip irrigation systems
are the installation of the head assembly (Control head), comprising the
pumping set, non-return valve, water meter, filters, fertilization
equipment, and flow control, air release and pressure release valves. The
network of water distribution pipes including the main line, sub-mains,
and laterals require careful attention in joining and installation. General
requirements in installation, operation and maintenance were included in
the description of the various components of drip irrigation systems.

Installation of filters and fertilization unit

The major points to be considered in the installation of the filtering
system are the use of minimum number of accessories like elbows and
reducers. Normally, the pump delivery pipe should be connected directly
to the hydrocyclone or the media filter, followed by the fertilization
equipment, and the screen filter, all of which are installed in the main
pipe. Arrangements for backwashing of the filter and the disposal of the
contaminated water are essential requirements. Suitable facility to collect
or to dispose off the bypass water is necessary. Sufficient space is to be
provided for the operation of filter valves and other valves. Hard surface
or masonry/concrete foundation is to be provided for the sand filter and
the hydrocyclone, so that they will not collapse due to vibration and load.
For a screen filter, a strong support by using G.I. fittings is necessary to
avoid its vibration due to load. Use of 'hold-tight' over the threads of G.I.
fittings and application of proper mixture of 'M-seal' over the joints
uniformly are necessary to prevent leakages.

Installation of mains and sub-mains. It is a desirable practice to
lay the mains and sub-main pipes underground, at a depth not less than
45 cm to avoid damage due to vehicles and equipment. The United States
Soil Conservation Service has recommended the following minimum cover
of earth over for various pipe sizes (Fred Hamisch, 1977):

The PVC pipes are usually joined by solvent welding. Pipe sizes of 4
cm diameter and above are usually connected by gasketed joints. Thermal
properties of PVC pipes require that an allowance for expansion and
contraction be made when the pipeline is assembled. This is normally
accomplished by 'snaking' of the PVC pipe in the trench. PVC pipe is
affected by sunlight and heat. The pipe must be buried, or otherwise
protected from these elements. Otherwise, it will become brittle and lose
many of its valuable properties. The pipe should be laid in the trench and
allowed to come to within a few degrees of the lowest possible
temperature before backfilling. When the trench contains rock, hard pan,
or boulders, which might damage the pipe, it should be surrounded with
good clean fill material to a depth of 15 cm over-the pipe with no stones
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larger than 2.5 cm (Fred Hamisch, 1977). The remaining portion of the.
Trench may be filled with the available excavated material, avoiding
large stones.

The assembly procedures for PVC solvent weld pipes are available
from the manufacturers of PVC pipes. An important point to be kept in
mind in making a good joint is to avoid leaving any excess solvent on the
joint. No excess solvent should be allowed on the outside or the inside of
the joint. The solvents used in making the joints are flammable and toxic.
Hence, care must be taken when handling them. Solvent jointing requires
a certain amount of skill which can be acquired.

The installation procedures for gasket jointed pipes are the same as
for solvent-weld PVC pipes. However, the assembly procedures are
simplified, as gasket joints do not require solvent cement application. In
both the cases, thrust blocks should be used at all changes of direction,
tees and bends, changes of pipe size, deadens and valves. The size and
shape of the thrust block will depend on the operating pressure, pipe size
and soil type. Normally, a thrust block is a stiff concrete poured between
the pipe and the undisturbed bearing wall of the trench.

The main points to be kept in mind while connecting mains and sub-
mains are the removal of mud and other impurities in the pipe before
fitting, fitting a gunmetal gate valve at the start of the sub-main, and
providing flush valves at the end of sub-mains. The main and sub-mains
are made firm by putting soil near the flush valve and at different places
so that the pipe will not move while making a drill hole into it. The
rubber grommets in the holes made in the sub-main are fitted in such a
way that the groove in it goes inside the pipe. The take-off is fixed tightly
in the grommet. The loose fitting of the takeoff indicates the breakage of
grommet. PVC pieces which fall into the pipe should be flushed out before
commissioning the irrigation system.

Punching of lateral and fixing of drippers: The following
procedures may be followed in the punching of laterals:

(1) Pass water through the polytube so that it gets bulged and easy
for punching,

(it) Punch the lateral sideways.

(iti) The dripper position is fixed according to design,

(iv) All the drippers should come on the same straight line,

(v) Do not fix the drippers until a complete lateral line is punched,
(vi) Punching should start from the sub-main.

Fixing of drippers: (i) In case of drippers having arrow marks, the
arrow head should be towards the sub-main, (ii) While fixing the dripper,
push it into the lateral and pull it slightly. (iii) Close the end of the
lateral by fitting end cap. (ICAR, 2003 - contribution by Dr. Ashwani
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Kumar). However, in medium and large scale installations the drippers
should preferably be installed in the factory.

Testing of the drip irrigation system: After the irrigation system
is installed, it is tested by adopting the following procedure: (i) Backwash
the filter till clean water comes out through its flush valve, (i) Ensure
that all the valves are open before the testing. (iii) Close the flush valve
after the sub-main is completely flushed. (iv) When the laterals are
completely Flushed, close them with end caps, (v) Check the pressure on
the gauge installed on the filter, (vi) If excess pressure is observed, open
the by-pass valve slowly till the desired pressure is obtained, (vii)
Measure the discharge at a minimum of 3 different places. For this the
volumetric method may be used, (viii) Check the working of the air
release valve on the sub-main, (ix) After fitting the entire system, install
the venturi on the filter (ICAR. 2003 - contribution from Dr. Ashwani
Kumar).

Operation of the Drip Irrigation System

The proper operation of a drip irrigation system involves the
following steps for the owner/operator:

(1)  Acquiring complete information and instructions from the
designer and dealer,

(i) Determining when and how long to irrigate.

(iit) Checking the water meter readings and recording the figures,
(iv) Accurately setting the hydraulic metering valve,

(v)  Operating the head valve to begin irrigation,

(vi) Checking the system along all components for proper operation,
beginning with pressure readings at the header,

(vii) Checking the emitters, at least on a random basis,

(viit) Setting the chemical and fertilizer injection equipment. (US
Soil Cons. Service, 1984).

Maintenance of Drip Irrigation Systems

Reliable performance of a drip irrigation system depends on
preventive maintenance that includes proper filtration, pipe flushing,
field check of leakage in any component of the system, and monitoring the
effective functioning of mechanical devices. General maintenance includes
periodic checking of drippers, including their discharge, wetting zone, and
leakage of pipes and filter gaskets in the lids, flushing valves and fittings.
The placement of drippers should be periodically inspected. In case the
placement is disturbed, they should be put at the proper location. Filter is
the heart of the drip irrigation system. Filter failure will lead to clogging
of the entire system. Various.
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Flushing of sub-mains and laterals: After installation/repairs,
the system should be flushed systematically, beginning with the main
line and proceeding to the sub-mains, manifolds, and laterals. The main
lines and then the sub-mains should be flushed one at a time with the
manifold or riser valves turned off. Closing the valves on all lines, except
the one being flushed, allows a large flow of water. The manifolds should
be flushed with all the lateral riser valves turned off. Finally, the lateral
hoses should be connected and flushed for about an hour at each
operating station.

Sometimes silt escapes through the filters and settles in sub-mains
and laterals. Further, some algae and bacteria lead to the formation of
slimes/pastes in the pipe and laterals. To remove these silts and slimes,
opening the flush valve should flush the sub-mains.

Removing the end stops flushes the lateral lines. By flushing, even
the traces of accumulated salts will also be removed. Stop the flushing
once the water going out is clean.

Fine sand, silt and clay tend to settle in the low-velocity section of the
system, at the ends of manifolds and laterals. Emitters' receiving high
concentrations of fine contaminants are susceptible to clogging; therefore,
periodic flushing is a recommended part of a good maintenance program.
Annual flushing is enough for many systems, but some water and emitter
combinations require more frequent flushing to control clogging.

(0) Chemical treatment. Clogging or plugging of drippers will be
due to precipitation and accumulation of certain dissolved salts like
carbonate, bicarbonate, iron, calcium and manganese salts. Clogging is
also due to the presence of microorganisms and the related iron and
sulphur slimes due to algae and bacteria. Clogging or plugging is usually
avoided/cleared by chemical treatment of water. Chemical treatments
commonly used in drip irrigation systems include addition of chloride
and/or acid to the water supply.

Acid treatment: Hydrochloric acid (HC1) is injected into drip
systems, at the rate suggested. The acid treatment is performed till a pH
of 4 is observed and the system is shut for 24 hours. Next day the system
is flushed by opening the flush valve and lateral ends.

Chlorine treatment. Chlorine treatment in the form of bleaching
powder is performed to inhibit the growth of organisms like algae and
bacteria. The bleaching powder is dissolved in water and this solution is
injected into the system for about 30 minutes. Then the system is shut off
for 24 hours. After 24 hours, the lateral ends and flush valves are opened
to flush out the water with impurities. Bleaching powder is directly added
into the source at a rate of 2 mg/ litre.
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Standardization of Drip Irrigation Systems

Indian standards for different facets of drip irrigation systems are
formulated by Irrigation and Farm Drainage Equipment and System
Sectional Committee of the Bureau of Indian Standards. Most of the
Indian Standards on irrigation equipment are based on corresponding
international standards, which have been adopted after suitable
modifications to meet indigenous requirements.

Design of Drip Irrigation System

Design of a drip irrigation system broadly involves the estimation of
water requirement of the crops to be irrigated, number of drippers and
laterals, diameter of the main, sub-main and lateral pipes, and the size of
the pumping unit. The major difference between drip irrigation and other
methods of irrigation is that not all the area is irrigated. Under normal
conditions in widely spaced crops, a minimum of 30% of the area is
irrigated when the drip system is adopted. For mature trees, about 75% of
the area may have to be irrigated, while nearly the entire area is
irrigated in case of closely-spaced crops. The necessary data to be
collected includes soil type, infiltration characteristics of the soil, type of
crops, consumptive use of water by crops, water quality, and climate,
Class A pan evaporation data, and the availability of funds. A topogra-
phical map of the area to be irrigated, with contour lines at a spacing of
about one metre is necessary in planning and layout of the system.

A check list of procedures in designing a drip irrigation system is
given below:

@ Prepare on inventory of available resources and operating
conditions,

(i1) Determine the water requirement to be met by the drip system.
(iti)) Determine the appropriate type of the system.

(iv) Determine the type and design of emitters (on-line/ in-line and
the specific type required),

(v)  Determine the capacity of the pumping system,
(vi) Decide on the economic sizes of the piping system,

(vii) Determine the maximum and minimum operating pressures
and the minimum efficiency requirement,

(viii) Determine the appropriate filtering system to suit the site
conditions.

(ix) Determine the requirement of the fertilization system,
(x)  Plan field evaluation.
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(xi) Prepare drawings, specifications, cost estimates, schedules and
instructions for proper layout, installation, operation and
maintenance.
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Water Lifts and Pumps : An Overview
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& Dr. Arvind Kumar Shrivastawa

Lift irrigation requires that water be raised from its source to the
field surface. Whatever the source of water in a lift irrigation project, the
efficiency of the system depends on the application of sound principles in
the design and construction of the utilization structure, usually the well
and the characteristics of the water lifting device in relation to the source
of water. Devices for irrigation water lifting range from age-old
indigenous water lifts to highly efficient pumps. Pumps operated by
electric motors or engines have come into prominence in all large scale lift
irrigation schemes. This is because high output and efficiency levels can
be attained and controlled, using mechanically-powered water lifts.

Basically, there are four principles involved in pumping water. These
are atmospheric pressure, positive displacement, centrifugal force, and
movement of columns of water caused by the difference in specific gravity.
Numerous kinds of pumps are available, all of which embody one or more
of these principles. The classification of commonly used irrigation water
lifts is shown in the schematic chart on the following page.

Selection of a suitable water lifting device for a particular situation
depends on the characteristics of the source of water and the lifting
device, the amount of water to be lifted, the depth to the pumping water
level, type of power available and the economic status of the farmer.

Man and animal power are the major energy sources in small-scale
irrigation pumping and domestic water supply in many regions of
developing countries. From a purely economic standpoint, the cost of
raising water with man or animal power is substantially higher than
those which are driven by electric motors and engines. Studies have
revealed that the cost of raising a unit quantity of water is the lowest in
case of pumps operated by electric motors. The relative cost for engine-
operated pumps is about 15 to 25 per cent more than that of electric
motor-driven pumps. The cost of lifting water by animal power is about 10
to 20 times more than with electric motors. Manually-operated water lifts
are the costliest, being 3 to 4 times more than animal-operated devices. In
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spite of the economic disadvantage, man and animal power continue as
important energy sources in domestic water supply and small-scale
irrigation in developing countries. Low economic status of the rural
masses often necessitate the use of man and animal power in water lifting
in developing countries.

Application of Non-conventional Energy Source in Pumping

Fossil fuels (petrol/diesel) and electricity generated at centralized
grid power systems have been the conventional energy sources in
pumping for irrigation and water supply. In spite of their outstanding
merits, fossil fuels have some major limitations. They are nonrenewable
and their supply i1s bound to reduce and approach exhaustion with
continued exploitation. The cost of diesel/petrol and their distribution to
remote areas may sometimes be prohibitive in many regions. Their
indiscriminate user result in environmental hazards like atmospheric
pollution. Likewise, the cost of generating electricity at hydro-electric and
thermal stations, transmitting it over long distances and distribution to
individual small landholdings for operating pumps 1is becoming
increasingly high. Hence, there is an ever increasing effort to adopt non-
conventional energy sources in pumping, wherever feasible.

Wind wheel

Water storage tank

Fig. 1. A typical windmill installation for irrigation.
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The four major non-conventional energy sources which have
established their feasibility in water pumping are wind, micro rrydro-
power, sunlight and biomass. All these energy sources are renewable, are
available to the user at the pumping point and are environmentally safe.
The pumping units suitable for non-conventional energy sources are the
windmill operated reciprocating pumps, micro-water power operated
hydraulic rams, photo-voltaic power operated centrifugal pumps and
biogas-engine operated centrifugal pumps. All of them are currently
limited to small scale use.
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Fig. 2 : Photo-voltaic pumping set using submersible motor and pump installed
in a shallow open well

Solar Photo-voltaic Pumping System

Solar energy, with its virtually infinite potential and free availability,
represents a non-polluting and inexhaustible energy source which can be
developed to meet the energy needs of mankind in a major way. The
solar-pump unit consists essentially of a solar array, a direct-current
electric motor and a pumping unit (Fig. 2). The other components are the
electrical control and some mechanism for tracking the array against the
sun. Two types of pumping sets are used with photo-voltaic systems, a
vertical centrifugal pump coupled to a submersible DC electric motor
(Figs. 2 and 3) or an ordinary volute centrifugal pump close-coupled to a
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horizontal DC electric motor. However, the submersible pump unit is
more suitable for the photovoltaic system. This arrangement eliminates
the suction pipe and foot valve and results in higher efficiency of the
pumping unit. The submersible pump is made leak-proof by a mechanical
seal. In case a volute centrifugal pump is used, care is taken to limit the
pump suction within about 4.5m to maintain a high lever of pump
efficiency.

Z Eleciric power i
+ lransmission cable pump

discharge

Fig. 3. A solar photo-voltaic pump in operation.

Photo voltaic power generation: Photo voltaic cells, frequently
referred to as solar cells, convert the light part of the solar spectrum
(sunlight) into electricity. They are the most rapidly expanding energy
sources in the world. The solar cell operates on the principal of the photo-
voltaic effect - the creation of charge carrier within a material by the
absorption of energy from the incident solar radiation. The solar cell is
made of two thin layers of a semi-conductor material appropriately doped
with impurity atoms so as to give one layer a negative electrical bias (n-
bias) and the other a positive bias (p-bias). Sunlight falling on the cell
reaches the junction between the two layers in the form of photons of
energy and knocks electrons across the junction. This results in the
development of a potential difference across the two layers. Direct current
(DC) electricity can be drawn across the two layers through an external
circuit.

The efficiency of solar cells in converting incident solar energy into
electrical energy depends on the illumination spectrum intensity,
material of construction and design of the cell, atmospheric temperature
and dustiness of the sky around the solar panel. Silicon is the most
commonly used material in manufacturing solar cells. A solar cell
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behaves like a low voltage (0.5 volt) battery whose charge is continuously
replenished at a rate proportional to the incident solar radiation.
Connecting multiples of cells into series parallel configuration results in
photo-voltage modules or solar arrays with high currents and voltages.
The power developed by a solar array ranges from 80 to 120 watts/sq m
area of the panel. The output of the solar array varies with the incoming
radiation, orientation of the panel and other factors. The solar panel is
mounted on a suitable frame which can adjust the array to the direction
of the sun rays. The angle of the array has to be changed 3 or 4 times a
day.

Biogas Engine Powered Pumping Plants

The potential of biomass as an energy source is being increasingly
realized. Biomass constitutes a significant, clean and renewable energy
source. The biomass in the biological system may be classified in two
broad categories: terrestrial biomass {organic residues and higher plants)
and aquatic biomass (fresh-water aquatic plants, seaweeds, micro-algae
and floating marine plants). Biogas is a mixture of gases containing
methane, carbon dioxide, hydrogen and traces of a new other gases
produced by the anaerobic fermentation of easily decomposable cellulosic
materials. Animal manure (cattle dung) and municipal sewage have been
the main materials used for producing biogas. The process has the
advantage that animal and human waste can be used to generate energy
while, at the same time, retaining their nutrient value for use as organic
fertilizer. The production of methane gas from crop residues and aquatic
plants like water hyacinth have also been attempted with considerable
success. Water hyacinth is one of the major weeds leading to the blocking
of many drainage canals and even irrigation canals and tanks. Their
removal and use as a source of energy provide a substantial energy source
and aid in preventing blocking of water bodies.

Biogas plants: Biogas plants may be classified into two, namely
drum type and drumless type. The conventional biogas plant, originally
developed at the Indian Agricultural Research Institute, New Delhi in
1935, is the drum type. It consist of a masonry digester (fermentation
tank) with an inlet pipe on one side for feeding cattle dung mixed with
water into the plant and an outlet pipe on the other side for discharging
the spent slurry. The gas collects in a gas holder or drum made of mild
steel. The gas holder is inverted over the slurry and moves up and down
with the accumulation and discharge of gas.

Operation of biogas plants: To operate the biogas plant, a mixture
of cattle dung or other animal excreta and water, in the ratio 1:1 is added
as slurry to fill the digester. In a new plant, the production of gas may
start in 5 to 10 days in summer, and 15 to 20 days in winter. When fresh
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dung is added into the digester, the digested slurry overflows into a
collection pit.

Biogas engine pumping set: Ordinary (petrol/gasoline) engines
can be adapted to run on biogas. In case of compression-ignition engines
(diesel) adapted to run on biogas, a small part of the fuel continues to be
diesel. A popular commercial make of biogas-run internal combustion
engine working on the diesel cycle is designed to use about 80 per cent
biogas and 20 per cent diesel oil. Minor modifications are made in the
combustion chamber of the conventional diesel engine to adapt it for use
with biogas. The engine is started on diesel oil and after warming, is
made to run on the biogas-diesel mixture for continued operation. The gas
consumption of biogas engines is about 450 litres (0.45 m3) per brake
horse power per hour of operation.

Hand Pumps for Domestic Water Supply

Properly installed hand pumps serve as a means of providing clean
drinking water in rural areas. Handpumps are important in villages
which are not provided with piped water supplies. The practice of
drawing water from exposed open wells with a rope and bucket, coupled
with bathing and washing near wells and in ponds used for drinking
water supplies, are health hazards in rural areas of developing countries.
Most governments have launched large programmes to provide potable
water through hand pumps and piped water supplies.

The type of handpump to be selected will depend on the depth of
ground-water, the yield of the well, constructional features and efficiency
of the pump, and availability of facilities for maintenance and repair. The
per capita provision of drinking water under government-sponsored
domestic water supply projects in most states in India, vary from 25 to
701/day/person. The discharge of handpumps varies from 500 to 1500
litres/ hour, depending mainly on the depth to ground water. India Mark
IT hand pumps [Fig. 4] to suit various pumping situations are widely used
in developing countries for domestic water supply. They are
comparatively trouble, free.

Handpump installation : Handpumps may be installed in bore
wells (Fig. 4), filter points and open wells. If the pumping water level is
within 6 m during the dry season, it is advantageous to install a shallow
well lift pump, with the pump chamber located at the ground surface on
top of the well. A deep-well lift pump with its cylinder submerged in
water, is selected when the ground-water level is below 6 m. While
installing a hand-pump in an open well, it is essential to close the top of
the well with a removable slab made of reinforced concrete. The cover
should slope towards the periphery of the well in order to drain away the
waste water. The well cover will prevent the entry of pollutants from the
ground surface into the well.
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Fig. 4. Deep well hand pump assembly and installation.

When ever a hand pump is installed in a bore well or filter point, it is
essential to provide a permanent platform, about Im square, around the
well. The platform, may be of reinforced concrete or masonry. Brick or
stone masonry may be used, depending on their relative costs. Provision
of suitable drainage through a pipe or lined channel of semi-circular or
rectangular cross-section is essential in a hand-pump installation. The
drain should lead the waste water to a natural channel or ditch.

Maintenance and repair of hand-pumps: A large number of
handpumps remain out of order due to inadequate arrangements for
repair and maintenance. There i1s a need for training village youth,
including artisans, in the repair of hand-pumps. An adequate stock of
parts exposed to wear and tear should be maintained within easy reach of
a group of hand pumps. The parts of hand-pumps most exposed to wear
and tear are the cup leather washers of the plunger, valve seats, gaskets,
bolts and nuts, cotter pins and sockets. A stock of a few section of the
pump rod and arrangements for threading the rods are also essential.

CENTRIFUGAL PUMPS Amongs modern pumps, centrifugal
pumps are most widely used in irrigation practice. They are simple in
construction, easy to operate, low in initial cost and produce a constant
steady discharge. The wearing parts are few. They are adapted to direct
motor or engine drives without the use of expensive gears. This type of
pump is well adapted to usual pumping service such as irrigation, water
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supply and sewage service. Having no valves, the pump can handle
liquids having solids in suspension, provided it is constructed to suit such
conditions.

Principles of Operation of Centrifugal Pumps

A centrifugal pump is a rotary machine consisting of two basic parts-
the rotary element or impeller and the stationary element or easing (Fig.
5 to 7). The impeller is a wheel or disc mounted on a shaft and provided
with a number of vanes or blades usually curved in form. The vanes are
arranged in a circular array around an inlet opening at the centre. In
some pumps, a diffuser consisting of a series of guide vanes or blades,
surrounds the impeller (Fig. 6). The impeller is secured on a shaft
mounted on suitable bearings. The shaft usually has stuffing box or seal
where it passes through the casing wall (Fig. 7). Stuffing box packings are
generally made of materials such as asbestors or organic fibre. The casing
surrounds the impeller and is usually in the form of a spiral or volute
curve with a cross-sectional area-increasing towards the discharge
opening.

A centrifugal pump may be defined as one in which an impeller
rotating inside a close-fitting case draws in the liquid at the centre and by
virtue of centrifugal force throws out the liquid through an opening at the
side of the casing. The underlying hydraulic principle in the design of an
impeller is the production of high velocity and the partial transformation
of this velocity into pressure head. In operation, the pump is filled with
water and the impeller is rotated. The blades cause the liquid to rotate
with the impeller and in turn impart a high velocity to the water.
Centrifugal force causes it to be thrown outward from the impeller into
the casing. The outward flow through the impeller reduces the pressure
at the inlet, allowing more water to be drawn in through the suction pipe
by atmospheric pressure or an external pressure. The liquid passes into
the casing where the high velocity is reduced and converted into pressure
and water is pumped out through the discharge pipe. This conversion of
velocity energy into pressure energy is accomplished either in a volute
casing or in a diffuser casing.

By changing the form of the vanes, different characteristic are
obtained. By enlarging the diameter of the inlet eye and the width of the
impeller, the quantity of water that the pump delivers against a given
head is increased.

The number of vanes used in an impeller varies with the operating
conditions. In general, the higher the head, the more the vanes used; and
greater the rate of pumping, the fewer the vanes. Too few vanes provide
poor guidance for the water; too many cause excessive frictional
resistance. The minimum number of vanes is usually three and the
maximum about twelve.
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When the flow enters at one side of an impeller, thrust is developed
which must be overcome hydraulically or by mechanical means. The
common methods of balancing the end thrust hydraulically are by
providing for suction at both ends of the impeller and, in case of multi-
stage pumps by using back to back mounting of impellers in pairs. In
most centrifugal pumps, including vertical turbines, the thrust is taken
up by means of thrust bearings.

VERTICAL TURNINE PUMPS

A vertical turbine pump, also called a deep well turbine pump, is a
vertical axis centrifugal or mixed flow type pump comprising of stages
which accommodate rotating impellers and stationary bowls possessing
guide vanes. The bowl assemblies are nearly always located beneath the
water surface and hence the deep-well turbine pumps are adapted to
seasonal fluctuations in water level in the well. They are specially
adapted to tube wells where the pumping water level is below the
practical limits of a volute centrifugal pump. The comparatively small
diameter of turbine pumps suit their installation in tubewells.

Vertical turbine pumps are adapted to high lifts and have high
efficiencies under optimum operating conditions. They have, however,
higher initial cost and are more difficult to install and repair, as
compared to volute pumps.

As with all centrifugal pumps, the pressure head developed depends
on the diameter of the impeller and the speed at which it is rotated. In
the deep-well turbine pump, the diameter of the bowl and that of the
impeller inside it are restricted by the relatively small diameter of the
tubewell. Hence, the pressure head developed by a single impeller is not
large. Additional head is obtained by adding more bowl assemblies or
stages.

SBMIERSIBLE PUMPS

A Vertical turbine pump close-coupled to small diameter submersible
electric motor is termed a submersible pump. The motor is fixed directly
below the intake of the pump. The pump element and the motor operate
entirely submerged. Such an installation eliminates the long vertical
shaft in the column pipe. The performance characteristics of the
submersible pump are similar to the vertical turbine pump. Efficiency is
increased by the direct coupling of the motor and its effective cooling by
submergence in water.

The principal advantage of the submersible pump is that it can be
used in a very deep tube-well where a long shaft would not be practical.
These pumps are also less affected by deviations in vertical alignment of
wells. As the submersible pump has no above-ground working parts, it
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can be used where flooding may be a hazard. It is also adaptable to
locations like public grounds where an above-ground pump house would
be inconvenient.

The submersible pump consists of a pump and motor assembly, a
discharge column, a head assembly and a waterproof cable to conduct the
electric current to the submerged motor.
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Fig. 5. Submersible pump showing parts.
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Pump element: The construction of the pump element is similar to
the vertical turbine pump. The propelling shaft, usually made of stainless
steel., 1s very short and on it are mounted the bronze impellers. Impellers
are usually made of bronze and may be closed or semi-open. The closed-
impeller is generally used where it is necessary for the pump to develop
high pressure. Water enters the pump through a screen located between
the motor and the pump.

Electric motor: The submersible electric motor has the same
diameter as the pump bowl but it is much longer than an ordinary motor.
It is a squirrel cage induction motor which may be of the dry or wet type.
The dry motor is enclosed in a steel case filled with a light oil of high
dielectric strength. A mercury seal placed directly above the armature
prevents oil leakage or water entrance at the point where the drive shaft
passes through the case to the impellers.

Submersible Pump Construction

Wet motors are those in which the well water has access to the inside
of the motor, with the rotor and bearings actually operating in water. In
this type of motor, windings of the stators are completely sealed off from
the rotor by means of a thin stainless steel inner liner. A filter around the
shaft is required to prevent the entrance of abrasive material into the
motor. The wet type motor should be filled with water during installation
so that the bearings will have sufficient lubrication when the motor is
first started.

The stator windings are continuous for the whole length of the motor.
The rotors are made in sections on a continuous shaft, with bearings
between them to guide the shaft and maintain correct alignment. The
electric cables, leading from the motor to the starting box on the ground
surface, are water proofed and are placed outside the discharge pipe.

Propeller Pumps

Propeller pumps are often referred to as axial flow pumps. The
principle of operation is similar to that of a boat propeller, except that the
impeller is enclosed in a housing. This type of pump is particularly
adapted to handling large volumes of water at comparatively low heads.
Propeller pumps are not easily clogged by foreign materials and
suspended sediments in water. They are usually limited to pumping
heads of around 1 to 2.5 metres and are available in sizes ranging from 20
to 120 cm in diameter.

The impeller, also known as the propeller, operates in a cylindrical
casing which is an extension of the pump discharge column. A flared
entrance below the propeller is used to cut down the entrance losses, and
guide vanes above smooth out the disturbances caused by the propeller.
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Water is moved up by the lift of the propeller blades. Each blade of the
propeller helps to impart a velocity in the direction of the shaft. The
number of blades is usually 3 to 5. They are set on the shaft at angles
determined according to the head and speed. The propellers are usually
made of bronze and are cast in one piece. Sometimes, however, the blades
are cast separately and may be threaded on their hub ends to receive a
nut for the purpose of attaching them to the hub. With this arrangement
the blade angle may be adjusted to suit the operating conditions. The
propeller is balanced hydraulically and statically. The blades are carefully
cast and scraped to reduce skin friction. They are keyed to the drive shaft
and are accurately positioned by a locking collar and nut. A cone-shaped
cover is usually installed over the locking nut to eliminate eddies and to
prevent the entrance of sand or grit into the lower pump bearings.
Diffusion casings are usually provided on propeller and mixed flow pumps
to convert into pressure the tangential component of the velocity of
discharge from the impeller. The discharge column, discharge head and
pump drive of propeller pumps are, in general, similar to the vertical
turbine pump. Propeller pumps are commonly of the oil-lubricated type.

Operating Characteristics

A slight increase in the pumping head causes a large decrease in the
quantity of water delivered by a propeller pump. From the standpoint of
efficiency, it is necessary that the propeller pump is operated at the rated
head as far as possible. The power required is increased in a propeller
pump as the head is increased, and the capacity is reduced. Overload is
likely to occur when the discharge valve is nearly closed instead of open,
in contrast to be centrifugal pump. Because of the steep horse power
curve at shutoff, propeller and mixed flow pumps are started against an
open discharge.

Propeller Pump Installation: The propeller pump should be
installed on a firm, strong foundation. The foundation should be able to
support the weight of the pump evenly on all sides of base plate and allow
the unit to hang vertically.

For drainage installations, the pump is usually installed in a sump
with an automatic float control. The automatic operation of the electric
motor is by means of start and stop collars on a float rod. Automatic
switches are provided for the start and stop of the pump at the required
flood stages. For large drainage installations, two pumps with different
capacities may be necessary, one for handling surface runoff during the
rainy seasons and the other for seepage or flow from tile drains.

When the source of water contains appreciable amounts of floating
material, some type of strainer or screen should be installed to include
the floating material that may damage the propeller if drawn into the
pump. Provision is made to attach a small strainer that can be attached
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to the suction bowl. These strainers are satisfactory when the water
pumped is comparatively free of floating vegetation and small debris.
When the source of water supply contains this type of foreign material,
the small strainer is likely to get clogged. Under such situations, it is
desirable to construct some type of screen around the inlet, so as to
increase the areas for straining out the small debris. Sometimes, it may
be necessary to provide trash racks at some distance away in the
drainage channel.
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Fig. 6. Propeller pump with the propeller and lower shaft assembly exposed
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Propeller pumps are not suitable for suction lift. The impeller bowl
must be submerged with the pump operating at the proper submergence
depth, the submergence being the distance from the pumping water level
to the lowest part of the suction pipe. The minimum submerged required
varies from 65 to 90 cm for pumps of size 20 to 35 cm. Failure to observe
the required submergence depth may result in cavitations. It is also
important that proper clearances are maintained between the end of the
suction pipe and the side walls and the bottom of the pit or pump intake
bay. The minimum clearance between the pump and the side wall of the
intake structure varies from 30 to 50 c¢m, and from the bottom of the
sump floor to pump inlet end between 20 to 30 cm, for pump size of 20 to
30 cm. Inadequate clearances can result in the lowering of pump
efficiency.

Mixed Flow Pumps

A mixed-flow pump combines some of the features of both the vertical
turbine pump and the propeller pump. The head is developed partly by
the centrifugal force as in a conventional centrifugal pump and partly by
the lift of the impeller vanes on the liquid as in a propeller pump. It is
applicable for high discharge medium head conditions. The head usually
varies from 5 to 10 metres.

The main difference between mixed-flow and propeller pumps is in
the 'construction of the impeller. The impeller blades of the mixed-flow
pumps are designed to give an outward thrust to the water, in addition to
imparting to it a velocity upward. Above the impeller, curved vanes guide
the water to the column and straighten the flow. The mixed flow pump
can work satisfactorily with two or three stages at the bottom of the shaft.
The construction of the column assembly and pump drive is similar to the
propeller pump. When clear water is being pumped, a water lubricated
column assembly is suitable. Oil-lubricated pumps are needed when the
water contains suspended sediments and impurities.

JET PUMPS

Jet pumps which are used in irrigation practice consist of a
combination of a centrifugal pump and a Jet Mechanism, or an enjector.
The centrifugal pump, coupled with the electric motor or engine, is placed
at the ground surface and furnishes the driving head and capacity for the
jet pump placed in the well bellow the water surface. The main parts of a
jet pump are a nozzle and a venture. At the pump delivery, a portion of
the high pressure water returns through the pressure pipe to activate the
nozzle in the ejector.

The nozzle is shaped so that it smoothly but abruptly reduces the
area through which the flow must pass, thus increasing the velocity of
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flow. This creates a low pressure area around the venture which draws
more water from the well. The gradual enlargement in the venture tube
to the full diameter of suction pipe reduces the velocity of water with a
minimum of turbulence. The vacuum created by the impeller of the pump
placed at the ground surface draws the flow through the delivery pipe at
the desired pressure. The additional supply of water which is obtained
from the well is discharged past the control valve while the volume
required for producing the flow is recirculated through the pressure pipe.
The control valve is set to maintain the necessary' pressure to produce
flow at the existing pumping head.
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The most important factor governing the capacity and efficiency of a
jet pump is the selection of the jet to correspond to both the type of the
pump and depth of low-water level at the source. Jet pumps are by nature
inefficient. The highest efficiency usually obtained is about 35%. The
efficiency of the pump is influenced mainly by the nozzle throat ratio. For
small jet pumps used in domestic water supply, the spacing between the
nozzle and the throat is equal to one nozzle diameter. The length of the
throat is about six throat diameters.
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Adaptability: Jet pumps are generally used for low capacity deep
well pumping where it is necessary to locate the moving parts of the
pump and the prime mover at the ground surface. The following are the
main advantages of a jet pump:

(1) Its adaptability to be installed in wells as small as 5 cm inside
diameter. (When the well diameter is too small to admit two
pipes, a single pipe ejector may be used to connect the piping to
the pump head. When this is done, the jet should always be
submerged and the well casing extended to the low water level).

(2 Its high lift which cannot be reached by ordinary centrifugal
pumps. The suction lifts usually obtained with low to medium
size jet pumps vary from 12 to 18 metres.

(3) Accessibility of all moving parts which are located at the ground
surface.

(4) Simplicity combined with relatively low cost and easy
maintenance.

(5) Adaptability to being installed with the moving parts offset from
the well.

In some locations, where water levels are subject to large seasonal
variations, or where severe corrosion or plugging at the nozzle occurs, jet
pumps are not very satisfactory.

AIR-LIFT PUMPS

Principle of Working of Air-lift Pumps

An air-lift pump operates by the injection of compressed air directly
into the water inside a discharge or eductor pipe at a point below the
water level in the well. The operating principle of the pump is shown in
Fig. 8. The injection of the air results in a mixture of air bubbles and
water. This composite fluid is lighter in weight than water so that the
heavier column of water around the pipe displaces the lighter mixture
forcing it upward and out of the discharge pipe. The piping assembly used
for air-lift pumping from a well consists of a vertical discharge pipe called
educator pipe and a smaller air pipe.

An air-lift pump for pumping or developing a well is arranged
commonly with the air pipe inside the eductor pipe as shown in Fig. 8. It
is also possible to locate the air pipe outside the eductor pipe if there is
space in the bore hole, as otherwise there is considerable friction loss
when the air pipe is located inside a small diameter eductor pipe. Both
the eductor pipe and the air pipe must be submerged in water in the well
with 40% or more of their lengths extending below the pumping level. The
energy that is available to operate the air-lift pump is that which is
contained in the compressed air.
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The well casing itself can be used for the eductor pipe if the diameter
of the casing is not much larger than the air line. This provides a
practical way to pump sand and mud from the bottom of a well during
development and cleaning operations. When test-pumping a well,
however, it is better to use a separate educator pipe since the pumping
level can then be measured with steel or electronic tapes.
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Fig. 8. Principle of operation of an air-lift pump.

The two most important factors in air-lift pumping are the per cent
submergence of the airline and the relative sizes of the air and eductor
pipes. Generally, the air-lift pump works best with a submergence of 60.6
or more. It is the length of airline that is submerged below the pumping
level divided by the distance from the level of water discharge to the
lower end of the airline and multiplied by 100, to give the result as
percentage. Referring to Fig. 8

A x100
A

Per cent submergence = = 7

The length of air pipe below the static water level is significant only
for determining the air pressure required to start the air-lift pump.
Before air can discharge from the lower end of the air pipe, the
compressed air must push all the water out of the air pipe. To do this, the
air pressure must be greater than the water pressure before starting to
pump. The depth of water in metres from the static water level to the
lower end of the air pipe divided by 10 gives the required air pressure in
kg/cm?2.
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A+D

Thus, starting pressure (kg/cm?2) =

Working presume (kg/cm?2) == % in which A and D are measured in

metres.

Pipe sizes for air-lift pumps: The velocity of water in the eductor
pipe depends upon the volume of air and water being discharged and the
area of the annular space between the airline and the eductor. Table-1
gives the size of airlines for various sizes of eductor used under most
conditions. When the water yield is unusually low, the difference between
the sizes of eductor and air pipes may have to be less to reduce the area of
the annular space and thus increase the discharge velocity enough to
prevent excessive air slippage in the eductor. This condition necessitates
a larger-than-normal air line when pumping directly from the well casing
without a separate eductor pipe.

Table 1. Pipe Sizes for Air-lift Pumps

Internal diameter

Pumping rate Size of well Size Size of air line (cm)
(litres 1 sec) casing eductor (cm)
pipe (cm)

2to4 10.0 or large 5.0 1.25

4t05 12.5 or larges, 7.5 2.50

5to 6 15.0 or largely 8.7 2.50

6t09 15.0 or larger 10.0 3.13

9to 16 20.0 or large 12.5 3.75

16 to 25 20-0 or larger 15.0 5.00

25 to 44 25.0 or larger 20.0 6.25

Best operation of an air-lift pump requires good regulation of the
amount of air injected. Too much of air causes excessive friction in the
pipe lines and waste of air. Too little air results in reduced yield and in
surging, intermittent discharge. When developing a well with an air-lift
pump, the discharge should be started at a very low rate and brought up
gradually. The air flow should be slowly increased in proportion to about
what appears to be the increase in water flow into the well from the
water-bearing formation.

Air-lift pumping is extensively used in the development and
preliminary testing and cleaning of tube wells. It is also sometimes used
in crooked tube wells where vertical turbine pumps or submersible pumps
cannot be installed. The advantages of air-lift pumps are: simplicity, tube
well need not be perfectly straight or vertical, and impure water will not
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damage the pump. The main disadvantage is its low efficiency. The
maximum efficiency usually obtained is about 30 per cent. The initial cost
of the pump, including the air compressor, is high and it requires an extra
depth of water for proper submergence.

SELECTION OF PUMPS

Irrigation wells and pumps are costly installations which require
efficient utilization. A major part of the energy used in agriculture is in
pumping. The total energy utilized in irrigation pumping in India in the
year 1973-74 was about 8,400 million kilowatt-hours. It was estimated
that the requirement would double in the next two decades. Efficient
utilization of limited energy resource calls for the selection of the most
suitable pump, keeping in view the requirement of irrigation,
characteristics of the well or other sources of water, kind of power
available, economic conditions of the farmer and other factors.

Criteria for selection of irrigation pumps: The main factors
influencing the selection of pumping sets are:

@ The retirement of irrigation water by the crops to be irrigated,

(i1) Yield of the sources of water (open wells, tube wells, streams
rivers, ponds) and

(ii1) Availability and cost of the pump and kind of energy.

Determining the Discharge Capacity of Pumps

The data on the safe discharge rate of the well (or other source of
water) and the discharge rate required for the crops to be irrigated with a
particular copping pattern are estimated. If necessary, the cropping
pattern can be adjusted according to the safe yield of the well in different
seasons. In many cases, such adjustments may not be possible on one's
own farm since the holdings may be smaller than the command area
required by a pump set of moderate size. In some cases, the holdings may
be fragmented and only a few fragments belonging to the farmer are
within the service orbit of the pump set installed in a well. In such cases,
any one of the following alternatives could be adopted.

(1) Design the pumping plant according to the safe yield of the well
and use it to irrigate the farm of an individual farmer, keeping the spare
capacity idle. But it leads to high investment and under-utilization of
installed capacity and invested funds.

(2) Design the pumping plant for the safe yield of the well and use
the installed capacity to irrigate the land of the well owner and sell the
remaining water to irrigate other farmer's land, based on such demands.
This alternative is better than the first and leads to the full utilization of
the water resource potential developed at a high cost.
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Discharge capacity of pump based on crop requirements

The pump discharge should meet the peak demand of water for the
selected cropping pattern. The rate of pumping depends on the area
under different crops, the water requirement of the crops, rotation period
(interval between two successive irrigations of a crop) and the duration
the pump is operated each day. It may be computed by the following
relationship:

_ Ay 1000
RT 36
A

—97.78 2 (1)
RT

Q

In which,
Q = rate of discharge of pump (litres/sec)
A = area of land under the crop (hectares)
Y = depth of irrigation (cm)
R = rotation period (days)
T = duration of pumping (hours/day)

Lift Irrigation Systems

In lift irrigation projects, water is lifted directly from rivers or
streams or from suitable points at different segments of a canal system.
River lift irrigation schemes are feasible in regions where the stream flow
1s adequate during the peak period of irrigation demand by the crops and
where electricity or diesel oil is available at reasonable cost. Canal lift
irrigation schemes are beneficial in many areas where sizable land area
adjoining a canal, but lying at higher elevations cannot be irrigated
through gravity flow from the canal. The water can be pumped to one or
more distribution chambers located at suitable points in the command
area from where it is distributed through appropriate water distribution
systems.

In many tank irrigation projects and small and medium scale
reservoir projects, lift irrigation from tanks and reservoirs is sometimes
practiced in situations where cultivation in the catchment area adjoining
the reservoir may not result in excessive soil erosion and subsequent
silting up of tanks/reservoirs.

Assessment of Feasibility of Lift Irrigation Projects

Lift irrigation projects are expensive schemes which have profound
influence on river hydrology, riparian rights, the characteristics of the
command cropping systems and other site specific requirements. They are
usually single purpose projects which have to be sustained by the returns
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from the increased agricultural production of the command areas. It is,
therefore, essential that the techno-economic feasibility of the project
should be established before the project is sanctioned or undertaken.

The techno-economic feasibility report of a lift irrigation/water supply
project should include the following:
1 Location or the scheme, or

2 Availability of water in the river or the stream, with respect to
irrigation seasons.

3 Number of existing irrigation and water supply projects on the
same river or stream in both upstream and downstream
sections of the proposed scheme.

4 Potential for additional pumping from the river without
adversely affecting the water requirement of existing schemes/
riparian users.

5 Suitability of water for irrigation/water supply.

6 Proposed cropping pattern/cropping intensity in the command
area/water supply demands of the population.

7 The extent of land development work needed in the command
area.

8 On-farm water conveyance system proposed (open channels/
underground pipelines).

9 The method of water application proposed (surface/ sprinkler/
drip).

The economic feasibility of the scheme must be determined by
estimating the expected farm income from the command area and/or the
returns and social benefits of the scheme. These should be compared with
the investment cost of the scheme, including the equipment and
accessories and the cost of operation and maintenance. The total cost of
the scheme consists of the following:

1 Fixed cost or investment cost.
2 Operating cost.
3 Maintenance cost.

The investment cost or the capital cost of a water lifting scheme
includes the cost of the following activities.

1 Preliminary works (investigation, surveying, design of the
system, site clearance and construction of approach roads)

2 Land acquisition, if applicable.

3 Civil construction works, including water conveyance and
distribution system.
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4 Mechanical works, including machinery and equipment, and
special tools and plants during the time of construction of
projects.

5 Electrification charges.

6 Miscellaneous expenses (contingencies, work charge, and
unforeseen expenses) during implementation.

7 Land development work in the command area, if applicable.

The economic wviability of a lift irrigation scheme should be
determined on the basis of the net incremental income expected to be
generated as a result of the implementation of the scheme. The water rate
to be charged from the beneficiaries should be estimated on the basis of
the annual fixed and recurring costs of the scheme and the investments
and returns from the farming enterprise.

Water Availability

The assessment of the amount of river or stream flow which could be
safely harnessed for the proposed lift irrigation/water supply scheme is
the most important factor in establishing the technical feasibility of a
river pumping project. The availability of water in the river should be
determined from the observed minimum discharges during the periods
when the demand for water is maximum. The river discharge data should
be for a sufficiently long period, preferably a ten-year period, if possible.
River flow records are usually available from the concerned Executive
Engineer of the Government or from local bodies.

If relevant data on river discharges are not available, reasonable
estimates are to be made on the quantum of flow during the dry seasons
of the year. The number of irrigation and water supply projects existing
on the river, upstream and downstream of the project site, should be
ascertained. Provision to meet the continued requirements of water for
domestic use and other riparian requirements and existing contracts for
water supply, like those of industries are to be ensured.

Lift irrigation schemes which are designed and constructed by
government agencies usually provide for a certain risk, especially when
the water availability is scarce. A confidence level of 75 per cent is usually
adequate for schemes in the peninsular region. Lift irrigation schemes
depend on the minimum flow (base flow) during the crop period. There is
a likelihood of the base flow depleting in certain years. Hence, it is
necessary to provide for this contingency.

Design of Lift Irrigation Systems

The design of the various components of lift irrigation systems are
highly situation specific. Detailed investigation of the site, including river
flow characteristics, topography, and climate conditions, mainly rainfall
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characteristics will enable the development of the system which best suits
the requirements and provides maximum possible economy in installation
and operating costs. The main structural components on lift irrigation
systems are (1) intake structure, (i1) intake pipe, (ii1) jack well/pump well,
(iv) pump house, (v) rising main and accessories, (vi) delivery chamber,
(vi1) distribution chamber, and (viii) on-farm water distribution system.
The pumping system equipment comprise of pumps, electric motors/
engines, electrical accessories and fittings, transformer and power
connection and protective devices.

Water Lifting from Canals

In canal pumping schemes the capacity of the pumping sets and the
periods of pumping have to be fixed after careful consideration of the
irrigation requirements of downstream users, including those receiving
their supplies from gravity flow and / or are allowed to pump canal flows
at specified time periods. The basic requirements of both these categories
of users should not be adversely affected by a new pumping scheme.
However, in many situations there are ample opportunities to provide
adequate supplies for pumping at several points along a canal. They arise
due to a change in the cropping system of the command area served by
the gravity flow system, in order to combat the problem of excessive rise
in ground water table after the introduction of canal irrigation. Canal
pumping schemes will help in the effective utilization of canal flows
during periods of low demand in the gravity command area. With the
present day advances in plant breeding, there is ample scope for selecting
crops and their varieties which could be grown successfully during this
period. In many regions, the practice of night irrigation is not well
established, when surface methods of water application are practiced.
Sizable quantities of canal supplies during the night are not effectively
utilized. It is desirable to permit pumping during the night to utilize the
under-utilized canal flows during the period. There are also situations
where the initial reaches of a canal system cannot be brought under
gravity flow irrigation due to the unfavorable topography of the
surrounding areas. In such cases canal pumping assumes importance as
they add to the culturable command area of the canal system. Utilizing
canal flows in its upstream reaches results in a major reduction in the
total seepage loss of a canal system.

Canal pumping schemes are most economical when the lift command
area is close to the canal and the pumping heads are low. In general, lift
irrigation results in more efficient use of the canal supplies, as compared
to gravity flow systems, as the farmers are more conscious of the cost of
pumped water supplied than those obtained from a gravity flow system.
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Pump House

A circular pump house could be conveniently located on top of the
jack well. A rectangular or square shape of the pump house is more
convenient and economical than a circular shape. A rectangular pump
house gives more space for locating the pumping sets and ancillary
equipment. A rectangular or square pump house can be constructed over
the circular steining- by providing girders over the top of the steining and
cantilevering them suitably. In case of a sump well, however, much space
is not required in the pump house, as the motors are not located at the
same level. In such cases, it is more convenient to continue the steining
masonry with the circular shape. A lightening conductor should be
provided on top of the pump house.

Pump House for Centrifugal Pumps

The pump house for centrifugal pumps shall be rectangular in shape.
The pumps, motors, panel box for electrical components, starters and
other accessories are located in the pump house separately. The wall of
the pump house is about 45 ¢m thick and the exposed surface is plastered
with cement mortor. The dimensions of the pump house, namely length,
breadth and height are based on the specific requirements of the
installation. The length of the pump house is the total length along the
shaft of horizontal centrifugal pumps, the spacing between pumps, the
spacing between the pump house walls, the outer ends of the first and the
last units. The shaft length of the pumping set (pump with motor coupled
to it) it obtained from the specifications of the pumping unit proposed/
The spacing between each pumping unit depends on the h.p. of the units
and ranges from 60 cm to Im. For pumps up to 30 h.p.: 60cm, 31 to 60
h.p.: 70cm, 61-90 h.p. : 80cm. 91-120 h.p. : 90 cm and above 120 h.p. : 1 m.
The same values may be adopted for the clearance between the wall and
the first and the last pump in the row.

The width of the pump house is computed on the basis of the
requirements of the following: °

W) The width of the pump, including the length between the
suction side flange and the delivery side flange of the pump,

(i1) The clearance between the wall and the suction flange of the
pump is kept 60 cm in all cases. This includes 15cm as the
clearance from the wall to the eccentric taper flange and 45 cm
as the length of the eccentric taper. When the length of the
eccentric taper exceeds 45 cm, the width of the pump house has
to be correspondingly increased,

(i11) The length of the non-return valve on the delivery side,
(iv) The length of the sluice valve on the delivery side.
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(v)  The clearance between the sluice valve flange and the pump
house wall is 30 cm for pumps up to 50 h.p., 45cm for those
from 50 to 100 h.p., and 60 cm for units above 100 h.p.

The height of the pump house is fixed, taking into account the
following factors:

@®  The height of the foundation block of the pumping set above the
floor of the pump house is usually kept at 10 cm.

(i) The thickness of the base plate of the pumping unit is usually
kept at about 15 cm.

(i11) The height of the pumping set above the base plate is obtained
from the specifications of the pump proposed.

(iv) Clearance required between the top of the pumping unit and
the bottom of the gantry hook.

(v)  The depth of the I-bean supporting the gantry.

(vi) The depth of the gantry unit: This is the distance between the
bottom of the gantry girder and the centre of the hook.

Pump House for Vertical Driven Pumps

Vertical driven pumps for lift irrigation schemes include vertical
turbine pumps, submersible pumps, mixed flow pumps and propeller
pumps. Proper arrangement of pumps, sluice and reflux valves, delivery
manifold, flow training devices in the jack well for ensuring hydrostatic
efficiency and gantry arrangement should be designed properly to ensure
smooth functioning of the pumping system. Gantry arrangement with
chain pulley block is provided at a height of 4m above the floor of the
pump house. The capacity of the gantry should be adequate to lift the
maximum weight of a single unit which usually varies from 0.5 to 3 tons,
depending upon the size and horse power of the pump set. Cost
considerations are equally important as the performance requirements.
Specific arrangement of the various ancillary components depends on the
type of pumps and their capacities.

In case of horizontal centrifugal pumps the sump well and the pump
house are generally located separately in order to be economical.
However, in the case of vertically operated pumps, the pump house is
superimposed on the jack well. The specific requirements in case of
vertical turbine pumps, submersible pumps and other vertically operated
pumps are as follows:

@  Provision of suitable hydraulic inflow training devices to ensure
hydraulic efficiency.

(1) Layout of the pumps in the pump house,
(ii1) Location of reflux and sluice valves,
(iv) Arrangement of delivery manifold.
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(v) Specifications of the pump house and the supporting girders for
the pumps,
(vi) Gantry arrangement.

Booster Pumps

While irrigating hilly areas, it is often desirable to provide one or
more booster pumps, taking off from a delivery chamber located at an
intermediate point. It is highly uneconomical and wasteful of energy to
lift water to a hill top and provide field channels and drop structures to
irrigate the lower areas with delivery chamber located at the top of the
hill. A contour map of a hill area will reveal that the total area between
the higher contours is only a small fraction of the area lying between
those representing the lower elevations. Hence, for hillside irrigation,
intermediate delivery chambers are to be provided, which also serve as
reservoirs for locating the inlet of the booster pump. In such a system,
high-discharge medium or high head pumps are required to lift water
from the intermediate delivery chamber, while one or more low-discharge
high-head pumps are required to lift water from the intermediate delivery
chamber to the top chamber. Such an arrangement will require a much
smaller size prime mover for the pumping system, as well as a smaller
diameter rising main between the intermediate and top delivery
chambers.

In-line boosters having the downstream section of the rising main

connected directly to the suction side of a volute centrifugal pump could
also be used in river pumping schemes as per requirements.
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Wasteland Development in Andhra Pradesh

B. Chandra Sekhar & Prof. K. Govindappa

The term “Wasteland in common usage means degraded unutilized,
uncultivated and common land".

However, different departments at present define the wasteland
according to their land use pattern.

Agricultural land lying fallow for more than two years can be treated
as agricultural wastelands.

Lands under the control of Revenue department not fit for
agriculture lying barren can be termed as Revenue wastelands.

Similarly, the grasslands and lands under the control of Forest Depa-
rtment; which do not have tree cover can be termed as Forest wasteland.

Although, there is no common definition of wasteland, it is clear that,
wastelands are the areas, which are under utilised, and which produce
less than 20% of its biological productivity. Other areas, which are
generally included in the wastelands are, saline and alkaline soils,
waterlogged areas, common grazing lands, Panchayat lands, land lying
vacant along railway lines, roads, canals, denuded and barren rocky hills,
ravine lands, flood plains land infested with thick weeds, and lands lying
vacant in the towns, cities and residential colonies.

The wastelands are ecological unstable. These lands have been
subjected to different degrees of biotic or ecological interference, as a
result, rendering them, degraded, infertile, and un-cultivable. After
extensive discussions, with different departments the National Wasteland
Development Board (NWDB) defined wastelands, “‘that land which is
degraded and presently lying unutilized (except as current fallow) due to
different constraints". NWDB also suggested that any land, which is not
producing green biomass, comparable with the status of the soil, and
water, must be treated as wasteland. Wastelands can be divided into
cultivable wastelands and uncultivable wastelands. Cultivable waste-
lands comprise gullies or ravenous lands, undulating upland surface,
water logged marshy areas, salt affected lands, shifting cultivation areas,
degraded forest land, sandy area, mining, industrial areas, pastures,
grazing lands. Uncultivable wastelands comprise barren rocky areas and
steep slopes.
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1. Ecological status of Wastelands

Before putting the wastelands into proper productive use, it is better
to assess their ecological status.

1. Wastelands are situated in most drier parts of the country.
ii.  Annual rainfall may not be more than 700 mm.
1i.  The soil will be either sterile or alkaline, to saline.

iv. In sloppy topography, the soils must have been subjected to
erosion, exposing rocks, or strewn with boulders.

v.  The region might be subjected to heavy grazing.

vi. The regions are surrounded by rich population of poor people,
and subjected to heavy illicit hacking and encroachments.

vii. Keeping the above in view, the following steps can be taken up.
viii. Provision of complete protection from man and Luis animals.
ix. Existing peoples participation to the maximum.

x. Selection of suitable species for afforestation, or other
productive uses.

xi. Adoption of proper techniques for success, and adoption of
modern scientific techniques.

2. Classification and Estimation of wastelands

Estimates of degraded land vary considerably, and the extent of land
degradation is yet to be determined precisely. Estimates of wastelands
differ considerably due to definitional and coverage in consistencies.
According to land use statistics for 2002, published by Dept. of
Agriculture, the current estimates of cultivatable wastelands are about
13.90 m.ha. However, the information on land use statistics does not
clearly indicate the extent of wastelands and degraded and, which could
be restored with some interventions.

National Remote Sensing Agency (NRSA) carried out a District wise
mapping of wastelands on 1:50,000 scale using satellite data. The total
wastelands in the country were placed at 63.85 m. ha. They occur in
different agro climatic and soil zones of the country. The following table
given the data on total extent of wastelands available in the states.

These wastelands form the core of degraded lands in India. They are
in urgent need of attention and have to be accorded the highest priority
for treatment.

Some of the most degraded lands in the country are CPRs (Common
Property Resources). CPRs are the resources on which people have an
equal right of use. These resources include community pastures, commu-
nity forests, wastelands, and common dumping and threshing grounds.
Inspite of concerted efforts to check deforestation, and various
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afforestation schemes taken up during successive plan periods large
tracts of forest continue to be classified as degraded. The 2005 Forest
Survey of India report, placed the actual forest cover at only 20.60 percent
of total geographical area as against the recorded forest area of 23
percent. In Andhra Pradesh, the Forest Survey of India report, places the
forest cover at 16.13 percent, of the total forest area 31 m. ha. suffers
from some form of degradation and 14.06 m. ha. of forest suffer from

extreme degradation and are part of 63.85 m.ha. of wastelands reported
by NRSA.

Table 1. State wise Wastelands of India (Area in sq. km)

S.N. State No.of Total Geog. Total % of
Districts Area of Wastelands wastelands
Covered districts area in to total
covered districts geog. Area
covered
1 Andhra Pradesh 23 275068.00 51750.19 18.81
2 Arunachal Pradesh 13 83743.00 18326.25 21.88
3  Assam 23 78438.00 20019.17 25.52
4  Bihar 55 173877.00 20997.55 12.08
5  Goa 2 3702.00 613.27 16.57
6  Gujarat 25 196024.00 43021.28 21.95
7 Haryana 19 44212.00 3733.98 8.45
8  Himachal Pradesh 12 55673.00 31659.00 56.87
9 Jammu & Kashmir 14 101387.00 65444.24 65.55
10 Karnataka 27 191791.00 20839.28 10.87
11 Kerala 14 38863.00 1448.18 3.73
12 Madhya Pradesh 62 443446.00 69713.75 15.72
13 Maharashtra 32 307690.00 53489.08 17.38
14 Manipur 9 22327.00 12948.62 58.00
15 Meghalaya 7 22429.00 9904.38 44.16
16 Mizoram 3 21081.00 4071.68 19.31
17 Nagaland 7 16579.00 8404.10 50.69
18 Orissa 30 155707.00 21341.71 13.71
19 Punjab 17 50362.00 2228.40 4.42
20 Rajasthan 32 342239.00 105639.11 30.87
21  Sikkim 4 7096.00 3569.58 50.30
22 Tripura 4 10486.00 1276.03 12.17
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23 Tamil Nadu 29 130058.00 23013.90 17.20
24  Uttar Pradesh 83 294411.00 38772.80 13.17
25 West Bengal 18 88752.00 5718.48 6.44
26  Union territories 20 10973.00 574.30 5.23

Total 584 3166414.00 638518.31 20.17

In addition to the wastelands identified by NRSA, other areas such
as deserts, drought prone, flood prone, and tribal areas have been
subjected to severe forms of degradation. The capacity of these lands is
limited due to environmental factors. Pressures of livestock and human
population have further compounded the problems. Table 2 given below,
provides estimates the degraded land on the basis of factors that covered
the degradation. Attempts were made by NWDB to identify the total
wastelands and concluded that an area of 129.57 m. ha. (including
degraded forest area) and 93.69 m.ha. (Without degraded forest area) is
available. However, the estimate given by NRSA, is fairly realistic.

Table 2. Causes of Land Degradation

Causes of Degradation Area Percentage
(million hectares) of total area
Water erosion 107.12 61.70
Wind erosion 17.79 10.24
Ravines 3.97 2.28
Salt-affected 7.61 4.38
Water logging 8.52 4.90
Mines & Quarry wastes
Degraded land due to shifting cultivation 491 2.82
Degraded forest lands 19.49 11.22
Special problems 2.73 1.57
Coastal sandy areas 1.46 0.84
Total 173.64 100.00

3. Land and Environmental degradation and Poverty

It is to be recognized that both poverty and environments are
descriptions of states of human and natural resources attributes, and
cannot be reduced to simple one-dimensional cause effect relationship.
Hence, the wastelands co-relate very strongly with the incidence of
poverty in the country. The prevention of land degradation and the
augmentation of the carrying capacity of land to provide food, fuel, and
fodder requirements have therefore, been a primary concern of the
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Government. In our country, for targeting environmentally degraded
lands to initiate poverty alleviation programmes, at the behest of
ministry of Rural Development, the planners are using the data on
wastelands availability extensively. Presently, this data serving as
primary input in planning reclamation measures, micro level inventory,
and monitoring of wasteland reclamation measures, are being used by the
Department of land resources of the ministry of Rural Development, state
Forest and Agriculture Departments etc., for various institutional
interventions, aimed at poverty alleviation.

Despite more than 70% population in the rural areas in India being
dependent on natural resources, the relationship between wastelands and
poverty is seem to be complex. In fact, at state level, the occurrence of
wastelands does not seem to be connected with the incidence of poverty.
Bihar, for example, has just 6% wastelands, but the percentage of
population below poverty line is 57%.

There are another set of states wherein the incidence of poverty as
well as wastelands both are equally high. Assam with more than 25%
wastelands has got more than 45% population, below poverty line. On the
other hand Punjab with 4% wastelands, has 11% population B.P.L.
followed by Andhra Pradesh, Haryana, Kerala and Gujarat.

At the district level, the relationship between incidence of poverty
and wastelands has increased significantly. Similarly, if we move further
to micro (village) level, the relationship still increases. Table 3 gives the
clear picture.

The linkage between poverty and environmental degradation are,
however not just governed by the physical limits of eco systems, but
rather, by the income strategies of the poor. Driven by public policies and
institutional interventions, economic and spatial integration of markets
occurs and several new marginal income earning opportunities become
available in the informal sector of economy. Consequently, the
dependence of poor on the natural resources base will be decreased.

4. Programmes for Development of Wastelands

DPAP : Drought prone Area Programme was the first major
programme aimed at land development and soil and moisture
conservation in drought prone areas. It was introduced in 1973-74.
Anantapur district is one among the five districts selected under DPAP
with World Bank's financial assistance. Later from the year 1985, the
Government of India continued the programme with central and state
share. Currently it is being implementing in 971 blocks in 16 states.

DDP : The desert development programme, which was introduced
1977-78, is being implemented in 7 states and covers 234 Blocks in 40
districts. Anantapur district in Andhra Pradesh covers all its blocks
under DDP scheme.
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Table 3. Wasteland statistics and indicators of poverty and food
insecurity - in India

S.N. State Deficit in Percen- Percen- Ruralin Rural
food tage tage below fracture literacy
produ- waste- poverty index (%) 2001
ction land line (%)
1 Andhra Pradesh 1.16 18.81 15.92 42.30 55.33
2 Assam 1.29 25.52 45.01 74.60 60.92
3 Bihar 1.55 5.90 56.93 99.20 44.42
4 Chhattisgarh 0.42 7.53 44.38 60.00 76.23
5  Gujarat 1.74 21.95 22.18 30.80 58.53
6  Haryana 0.33 8.45 28.02 34.90 64.00
7  Himachal Pradesh 0.76 56.87 30.34 11.80 74.38
8  Karnataka 1.11 10.87 29.88 35.80 60.00
9  Kerala 3.99 3.73 25.76 39.70 90.05
10 Jharkhand 3.70 18.89 62.00 80.00 46.26
11 Madhya Pradesh 1.12 19.31 42.05 57.40 58.10
12 Maharashtra 1.27 17.38 37.93 32.40 71.00
13  Orissa 1.13 13.71 49.72 64.60 66.44
14 Punjab 0.16 4.42 11.95 37.70 65.00
15 Rajasthan 1.25 30.87 26.46 56.90 56.00
16 Tamil Nadu 1.18 17.70 32.48 31.40 67.00
17 Uttar Pradesh 0.94 9.40 44.54 84.10 54.00
18 Uttaranchal 0.85 30.27 24.98 70.00 61.00
19 West Bengal 1.18 6.44 40.80 89.90 64.00

IWDP : Integrated Wasteland Development Programmes started in
1989-90 seeks to develop Government wastelands and CPRs, based on
micro plans at village level. The IWDP is aimed at overall economic
conditions of resources poor population.

NWDPRA : National Watershed Development Project for Rain fed
Areas (NWDPRA) initial in 1990-91, has twin objectives of improving
agriculture production in rainfed areas and to restore ecological balance.

NABARD : In order to channelise greater resources, for rainfed
areas, the watershed development funds was set up in 2000-01 at the
National Bank for Agriculture and Rural Development (NABARD) with
corpus fund of Rs. 200 Crores. Andhra Pradesh is one of the recipient
states of this fund for rainfed areas development, on watershed basis,
through participatory approach.



Wasteland Development in Andhra Pradesh 235

Table 4. Wasteland statistics and indicators of poverty and
marginalization - Andhra Pradesh

S. No. District Incidence of Wasteland Small and
poverty (%) Marginal
(poor %) holdings (%)
1 Adilabad 53.10 15.23 54.00
2 Anantapur 50.00 16.90 63.70
3 Chittoor 61.10 38.76 90.00
4 Kadapa 43.10 29.93 84.60
5 East Godavari 28.60 13.41 55.40
6 Guntur 33.00 14.72 87.20
7 Karimnagar 43.20 12.43 84.20
8 Kammam 41.70 10.90 68.30
9 Krishna 29.40 10.56 90.10
10 Kurnool 41.70 21.97 67.00
11 Mahaboobnagar 52.80 13.54 67.20
12 Medak 48.80 11.73 74.20
13 Nalgonda 46.60 12.14 74.00
14 Nellore 49.70 37.61 97.80
15 Nizamabad 41.00 18.70 82.40
16 Prakasham 37.80 21.46 87.80
17 Rangareddy 47.80 19.50 67.90
18 Srikakulam 53.10 18.89 92.20
19 Visakhapatnam 45.90 28.24 74.70
20 Vizayanagaram 51.30 20.63 85.80
21 Warangal 43.20 11.63 80.80
22 West Godavari 35.70 4.38 71.00

5. Scenario of Wasteland development in Anantapur District

Anantapur District is chronically drought affected and receives 552
mm of rainfall, and is situated in rain shadow region. Bulk of rainfall is
received from South West monsoon. Failure of South West monsoon in the
district leads to drought. The total geographical area of the district is
19.13 Lakh ha. The forestland is about 10% of the geographical area. as
per Forest Survey of India, (2005) the area under canopy is hardly 2.16%.
Area wise, it 1s biggest district in Andhra Pradesh. 90% of the
agricultural area is under rainfed condition. Irrigation is through bore
wells and Thungabhadra Project (High Level Canal) covers an area of
51.771 ha. in 157 villages.



236 Irrigation Resources

Drought has been a recurring phenomenon in Anantapur district.
The adverse effect of drought is felt not only on human beings, animal
population but also on ground water table, drinking water, crop, and
fodder production. The situation has led to spreading of large chunks of
lands to become barren and unproductive. Nearly 16.90% of the total
geographical area is classified as wasteland, as per NRSA.

Inspite of all the programmes aiming at land development through
soil and moisture conservation and localized water harvesting, the
following problems of wastelands still persist.

1. Increase in biotic pressure.

2.  Absence of adequate investments and appropriate management.
3. High incidence of poverty in rural areas.
4

Breakdown of traditional institutions for managing CPRs
(Common Property Resources) and failure of new institutions to
fill the vacuum.

5. Faulty land use practices.

As these problems exacerbated, the consequences are, soil erosion
and degradation, depletion of natural resources increase in extent of
wastelands, threat to ecological security due to pressure on forest areas.

The following components are suggested to improve the productivity
of wastelands.

i.  Soil and moisture conservation measures like bunding,
trenching, vegetative barriers, and drainage line treatment to
check land degradation.

1. Planting and sowing of legumes and fodder species, promotion of
agroforestry and dry land horticulture, Block plantation for
meeting fuelwood, fodder, demands, Strip plantations along
roads, canal banks, will improve biomass productivity.

N.R.E.G.S. (National Rural Employment Guarantee Scheme): Apart
from the land based programmes explained above; NREGS is launched in
the district during the year 2006, as per the National Rural Employment
Guarantee Act (2005). The main objective of the programme is to provide
100 days of employment per each family, in a financial year in rural
areas. 80% of the funds are earmarked for land based programmes like
soil and moisture conservation, water harvesting, and development of
wastelands, and CPRs, creation of durable assets in rural areas.
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Wasteland-A threat to Survival and Quality of
Human life

Dr. Amrit Patel

Land has been a stock of renewable resources and a source for
human survival as well as improving the quality of human life. Since it
has competing demand and multiple uses the rate of land degradation far
exceeds its natural rate of regeneration. This means the degraded land is
not naturally replaced within a human lifetime resulting in loss of
opportunities for the next generation.

Extent of degradation

According to National Remote Sensing Agency's district wise
mapping of wastelands, using satellite data, the wastelands in India is
63.85 million hectares. Besides deserts, drought prone, flood prone, flood
prone and tribal areas have been subjected to severe forms of
degradation. Estimates of the cost of soil degradation during 1980s and
1990s ranged from 11% to 26% of GDP. The cost of salinity and water
logging 1s estimated at Rs. 120 billion to Rs. 270 billion. The Working
Group on “Watershed Development, Rain fed Farming and Natural
Resource Management" for the 10th Five Year Plan constituted by the
Planning Commission had assessed that 88.5 million hectare degraded
wasteland including rain fed areas would need development. The
Working Group envisaged to cover the entire 88.5 million hectare land in
four successive Five Year Plans, commencing from the 10th Plan to 13th
Plan at an estimated cost of Rs. 727.5 billion (1994 price).

Causes and Consequences

India has only 2.4% of the world's geographical area and 0.5%
grazing area but supports over 16% of the worlds population and over
18% of worlds cattle population. The degradation of environment in the
fragile Indian sub-tropical ecosystem is basically attributed to increasing
biotic and abiotic pressure; absence of adequate investment and
appropriate management practices; high rate of population growth and
high incidence of poverty in rural areas; over exploitation of natural
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resources; the break down of traditional institutions for managing
common property resources and failure of new institutions to fil the
vacuum and faulty land use practices. All these have resulted into soil
and wind erosion; depletion of natural resources; lower productivity;
groundwater depletion; shortage of drinking water; reduction in species
diversity and increase in the extent of wastelands.

Ninth Five Year Plan

Two centrally sponsored schemes for soil conservation and integrated
watershed management in the catchments of flood prone regions
introduced in 1961 and 1982 aimed at enhancing productivity of degraded
lands, minimizing siltation of reservoirs and chances of floods. During the
9th Plan both these schemes were merged into a new one soil
conservation for enhancing productivity of degraded lands in the
catchments of river valley projects and flood prone rivers. The scheme is
being implemented in 53 catchments having a total area of 113.40 million
hectare spread over in 27 States. The scheme for reclamation of alkali
soils introduced in 1985-86 was extended to all States in the 9th Plan. It
attempts to improve land and crop productivity by taking up production
of crops, including horticulture, fuel wood plantation and fodder species
suitable to the soil conditions, integrated wasteland development project
being implemented, since 1989-90, is based on village/micro watershed
plans, which are prepared after taking into consideration the land
capability, site conditions and local needs of the people. The scheme also
aims at rural employment besides enhancing the contents of people's
participation in the development process at all stages, which is ensured
by providing modalities for equitable and sustainable sharing of benefits
and usufructs arising from such projects. The major activities undertaken
are [i] in situ soil and moisture conservation measures like terracing,
bunding, trenching, vegetative barriers and drainage line treatment [ii]
planting and sowing of multipurpose trees, shrubs, grasses, legumes and
pasture land development [iil] encouraging natural regeneration [iv]
promotion of agro forestry and horticulture [v] wood substitution and fuel
wood conservation measures [vi] drainage line treatment by vegetative
and engineering structures [vii] afforestation of degraded forest and non-
forest wastelands [ix] development and conservation of common property
resources.

Working group

The Working Group on “"Watershed Development' Rain fed Farming
and Natural Resource Management constituted for the 10th Plan
projected that 107 million hectare of land were subject to degradation, of
which 88.5 million hectare would have to be treated under watershed
programs during 10th to 13th Plans.
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Table 1. Wasteland Development Program During 10th to 13th Five Year

Plans
Five Year Area Esti- Total Cost By Center By States By People
Plan covered mated cost Rs sharing Rs Rs Rs
million Cost million Ratio million million million

hectare Rs/ha

10thPlan 150  5000-7000 90,000  50:25:25 45,000 22,500 22,500
[2002-07]
11th Plan  20.0  6000-8000 140,000 40:30:30 56,000 42,000 42,000
[2007-12]

12th Plan  25.0  7500-9500 21,250  30:30:40 63,750 63,750 85,000
[2012-17]

13th Plan 285 9000- 285,000 25:25:50 71,250 71,250 142,500
[2017-22] 11000
Total 88.5 727,500 236,000 199,500 292,000

New approach

The integrated Wasteland Development Program is being implem-
ented since 1st April, 1995 on the basis of new guidelines for watershed
development recommended by the Hanumantha Rao Committee, which
envisages the bottom up approach whereby the Users Group themselves
decide their work program. It aims at creating a scenario where the
Government acts as a facilitator and the people at the grass root level
become the real executioner of the program. Its strength lies in the
flexibility approach followed in the method of release of funds, the area to
be covered in each watershed as well as choice of components. It attempts
to make the projects sustainable by establishing watershed development
fund and involving people in deciding equity issues and usufruct sharing
mechanism. It is not just a technical project but encompasses a social
program as well. It, inter alia, emphasizes on greater flexibility in
implementation, well defined role for State, district and village level
institutions, removal of overlaps, a greater role for women, an effective
role for the PRIs, involving Self-Help-Groups comprising rural poor, espe-
cially those belonging to SC/ST categories, seeking credit from financial
institutions, transparency in implementation and most effective use of
remote sensing data furnished by the National Remote Sensing Agency.

People's participation

Since it is the man who is primarily responsible for degradation of
environment, regeneration and conservation can only be possible by
creating awareness and seeking participation of the people who inhabit
the watershed. The entire watershed community should be involved to
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implement IWDP and maintain the assets created to ensure sustain-
ability. It emphasizes that the IWDP would have to become a people's
movement in order to succeed. It is people's own program, which aims at
giving terms of project implementation and fund disbursal. Its imple-
mentation seeks to empower people so that sense of collective responsi-
bility can be included among them. It aims at decentralized decision
making process by involving local people, PRIs, NGOs Government
departments and watershed community at the grass root level and
promotion of locally available low cost technology.

The new approach, also, recognizes the need to involve the
community as a necessary condition for the sustainability of the program.
Activities under the community organization include organizing Self Help
Groups and User Groups, Participatory Rural Appraisal exercise,
awareness camps, exposure, visits and programs on literacy, family
welfare, social services, income generating activities etc. giving small
contributions to SHGs or other village institutions like Mahila mandals,
Youth clubs, Anganwadis which are considered important for people's
participation. Effective community organization is important to establish
credibility of the Watershed Development Team and create rapport with
the village community who is ultimately going to own and implement the
program even after withdrawing the Government machinery. In short,
peoples participation and community organization is primarily sought to
establish a system under which village people can actually involve
themselves in planning, implementation and monitoring of watershed
development programs.

Institutional Arrangement

Institutional arrangement has been provided from village to state
level for successful implementation of the program and making it
sustainable and equitable.

Water development association has a key role to play. It consists of al
members of the village whose land is situated in the watershed area
called User Group and all those members who derive sustenance from the
watershed area called Self Help Group.

Watershed Committee is the key institution at watershed level
consisting of about two to three representatives, each of User Group and
Self Help Group, Panchayat and women etc. The committee also selects a
watershed secretary preferably a local man graduate from the same area.

Watershed development team is a multi-dimensional team respon-
sible for technical and financial supervision of the project activities. The
team comprises field level officials drawn from various disciplines like
forestry, soil conservation, horticulture, social science etc. These officials
are key functionaries for sensitizing SHGs, UGs and villagers.
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Performance

There have been 10 schemes for wastelands development implem-
ented by three Ministries viz., Ministry of Agriculture (MOA), Ministry of
Rural Development (MORD), and Ministry of Environment & Forest.
Wastelands development program was started in each sixties and progre-
ssively strengthened during 9th and 10th Five Year Plans. The progress
was slow till 8th Plan. It acquired momentum during 9th and 10th Plans
as the area treated as well as investment increased sharply from 17,672
million hectare and Rs. 46,388.0 million till 8th Plan to 50.899 [188%]
million hectare and Rs. 192.512.2 [315%] million at the end of 10th Plan.
The MoRD accounted for 32 million hectare [63%] of the treated area
investing Rs. 95,232 million [49.7%] as compared to 18.77 million hectare
[37%] at the cost of Rs. 96,804.9 million [50.3%] by the MoA.

National Watershed Development Project for Rainfed Areas
[NWDPRA] launched in 1990-91 [7th Plan] on pilot basis was imple-
mented in 28 States during 10th Plan.

River Valley Projects [RVP] and Flood Prone Rivers [FDR] Program
is currently implemented in 53 catchments in 27 States.

Watershed Development Project for Shifting Cultivation Area
[WDPSCA]. An Area of 4.357 million hectare is affected by jhum/shifting
cultivation mainly in seven States of North Eastern region and Orissa.
This scheme launched in the 7th Plan [1987-88] has, since 1994-95, been
implemented in seven States of NE region.

Reclamation of Alkali Soils [RAS] about seven million hectare is
affected by salt problem, out of which about 3,581 million hectare suffers
from alkalinity in 11 States.

Drought Prone Area Programme [DPAP] was launched in 1973-74
and currently is implemented in 972 blocks of 182 districts in 16 states.

Desert Development Program (DDP) was launched in 1977-78 and is
now under implementation in 235 blocks of 40 districts in seven States.

Integrated Watershed Development Project [IWDP]; a centrally spon-
sored project was introduced in 1989-90 and since 1st April, 1995, is being
implemented through watershed approach under the new guidelines in
443 districts.

Externally Aided Projects [EAP]; The MoRD is servicing externally
aided watershed development projects for the development of degraded
and wasteland areas.

WHAT TO DO ?

Peoples participation and community organization need to be made
very effective to ensure proper planning, implementation and monitoring
so as to achieve quantitative and qualitative objectives of the programs.
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Table 2. Degraded Lands Developed Since Inception up to the Tenth Five
Year Plan [Area : million hectare : Expenditure : Rs. million]

S.N. Scheme Year of Area Expend Area Expend Total Expand
start Upto upto upto Upto AreaUp upto
8th Plan 8th Plan 9th Plan 9th Plan to 10th 10th

Plan Plan
A : MoA
1 NWDPRA 1990-91  4.233  9679.3  6.979 187774 9.309 30255.6
2 RVP & FPR 1962 & 81 3.889  8199.5  5.488 15612.6 6.486 224424
3 WDPSCA 1974-75  0.074 937.3 0.258 1662.7  0.393  2955.8
4 RAS 1985-86  0.484 622.9 0.581 763.9 0.711 1217.4
5 WDF 1999-00 0.059 260.2
6 EAPs 1.00 6460.0 1.335 20398.1 1.815 39673.5
Subtotal 14.641 56764.7 18.773 96804.9
B : MoRD
1 DPAP 1973-74  6.86 11099.5 6.895 32847.4 13.727 48425.0
2 DDP 1977-78  0.848 72279  3.3566  7973.8  7.873 19498.8
3 IWDP 1988-89  0.284  2161.6  3.734  6165.1 9.956  24381.5
4 EAPs 0.140 183.9 0.50 2926.7
Subtotal 14.125 47170.2 32.056 95232.0
C:MoE & F
NAEP 1989-90 0.070 475.3 0.070 475.3
Total 17.672 46388.0 28.836 104410.2 50.899 192512.2

Program wise comprehensive evaluation by an independent
professional team needs to be conducted at the end of each plan period to
assess improved productivity of wastelands, improved availability of fuel
wood and fodder, increase in water table, reduction in migration,
improvement of economic status of the people, cost benefit ratio and rate
of return on investment.

There is need to develop policies, which would result in the best use
and sustainable management of land and water resources so as to prevent
and becoming degraded and waste.

In order to formulate an appropriate plans for treatment of degraded
ands a complete census of degraded or wasteland, its location, extent of
area, ownership, the vegetative cover currently available and the
biological physical and chemical properties of land needs to be done.
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Since there are a number of schemes for the development of
wasteland/degraded lands, a MIS with clearly defined benchmarks needs
to be designed to get a realistic picture of the targets assigned, progress
achieved and the tasks ahead.

The corporate sector may need to be involved in restoring wastelands
and reclaiming degraded lands for which financial resources be channeled
through involvement of financial institutions.

In collaboration with the NRSA, the Department of Land Reforms
has released a wasteland Atlas of India in March 2000 indicating district
level information on 13 categories of wastelands, which should be updated
periodically with annual status of land records.

Proper technical advice on the reclamation of wasteland and on
improving biological potential should be indicated in the Soil Health
Passbook issued to farmers.

Conclusion

The United Nations has designated year 2008 as the international
Year of Planet Earth and is celebrating it during the Triennium 2007-09.
The event coincides with the launching of 11th plan.

Let all of us commit to protect and preserve our precious land, water
and environment through all possible preventive and curative measures.
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Wasteland Development Programme

Dr. A. Chelladurai & Dr. B. Manihar Sharma

Agriculture is the most important business of Indian economy and
the natural resource base of the economy sustains performance of the
Agriculture sector. So Agricultural activities have direct and immediate
relations with the natural resources. The term natural resource includes
land, water, rain, forest Land use pattern. In term of area and fertility of
soil ete. India ranks seventh in the world and in terms of population, it
ranks second with a total geographical area of 328.7 million hectares and
reporting area at 306.03 million hectares. The net cropped area, which
was 41.7 percent in 1950-51 has increased to 46.1 percent in 2000-2001
and it is believed that the area under net cropped area has reached a
saturation point.

Table 1. Land utilisation pattern in India.

S.N. Particulars Area Percent in million
hectares

1 Total geographical area 329

2 Total reporting area 306 100

3 Barren land not available for cultivation 42 14

4 Area under forests 69 23

5 Permanent postures and grazing land 11

6 Culturable waste lands etc. 18

7 Fallow lands 25

8 Net area sown 141 46

9 Area sown more than once 49 16

10 Total cropped area 190 62

Source : Statistical Abstract, India 2002 (CSO)

An attempt has been made in this paper to understand the need for
effective implementation of integrated wasteland Development Progra-
mme in India. When the present proportion of area under cultivation in
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India is higher than in most of the countries in the world. It is not
advisable to bring more area under plough in India as it may endanger
the space for other uses. For instance in China it is 10 percent and the
world average is only 14.7 percent. Table 1 describes the land utilisation
pattern in India for the year 2000-2001.

Eighteen million hectares of land or 6 percent of the total land area is
under culturable waste land i.e., land available for cultivation but not
cultivated during the previous 5 or more years. And also total cropped
area in India in 2000-2001 was 190 million hectares (it was only 185
million hectares in 1990-91).

What is wasteland?

Land and water are of critical importance for Agriculture develop-
ment. Vast tracts of the land are however degraded but can be brought
under plough with some effort. Such lands are known as wastelands. The
productivity of wastelands is very low and people owning these lands are
poor and are forced to earn a living from wage employment. Therefore,
waste lands is regarded as a powerful tool and attacking the issues of
poverty and backwards.

NATIONAL WASTELANDS DEVELOPMENT BOARD (NWDB)

The Central Government set up NWDB in 1985 to bring 5 million
hectares of wasteland per year under fuelwood and fodder plantations.
The setting up of this Board was the Governments response to the
continuous deforestation in the context of the exploding population, on
the one side and the tremendous suffering of the weaker sections in the
rural areas in their search for fuelwood and fodder on the other NWDB
works under the overall guidance of the National Land use and
wastelands. Development Council Minister and attempts to reverse the
trend of rapid deforestation and to conserve the already depleted forests
by bringing wastelands under tree cover. Former Prime Minister Rajiv
Gandhi had said, “We shall develop a people's movement for
afforestation".

INTEGRATED WASTELANDS DEVELOPMENT PROGRAMME
(IWDP)

Further, the Government of India have launched the Integrated
Wastelands Development Programme (IWDP) in 1989, throughout the
country to improve the productivity of these lands and there by improve
the living standards of the rural poor who own these lands. The IWDP is
a 100 percent centrally sponsored scheme. The development of
wastelands is taken up on watershed basis. Watershed is a geographical
until where rain falling in the area drains through a common point.
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OBJECTIVES

1. To arrest rainwater run off and conserve it in situ where it falls.

ii.  Control of soil erosion which is usually caused by rainwater run
off.

11. Water and soil conservation also leads to improved green cover
in the project areas leading to improved productivity of land.

iv. Wastelands are sought to be developed in an integrated manner
based on village micro wasteland plans.

v. These plans are prepared after taking into consideration the
land capability and site conditions and in consultation with the
local people in regard to their needs.

vi. The Watershed projects are executed by the local people using
low cost technologies locally available.

We are aware that the natural resources like the forests and
agricultural lands have gradually been devastated and degraded to
gradually been devastated and degraded to a great extent which is
responsible for the cause of a number of problems. Vast areas have been
depleted of the fertile top soil due to the siltation and salinization mainly
attributed to floods. Crops yield have been much reduced. Besides we
have come across the various effects caused due to the fast removal of the
vegetational cover and massive deforestation in all almost regions of the
world. The consequences are well known to all of us. Besides depletion in
forest production, a number of ecological changes such as reduction in the
quantity of water in the Groundwater (Aquifer) as well as drastic changes
in the environmental quality and climate are concomitant. The reason
which is quite obvious of the reduction in the production of the crops and
tress is the degradation and destruction of the soils. The erosion and
depletion of the fertile top layer of the soil are caused by a number of
factors such as unscientific agricultural practices, construction of large
dams, massive deforestation and number of man's activities concerned
with over cultivation, urbanization and industrialization etc. All these
activities denude the land of its protective green cover, hastening the
process of soil erosion, degradation water logging and salinity. This
affects both the cultivated and uncultivated lands. When these problems
are not checked in time by taking proper remedial measures, there is
every likelihood that the soil might lost its fertility forever turning the
same into a barren and desert.

Desertification has been progressing in many states of India, which
reduces the crops, and tree yields to a great extent. Generally such lands,
which do not give economic, return or in the other word, which is useless,
are termed as ‘wasteland'. Such lands are ecologically degraded and
unstable as the topmost fertile layer of the soil (rich in organic matter
and humus) has nearly or completely lost.
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In India, the National Land Use and Wasteland Development
Council (NLWDC) and the national Wasteland Development Board
(NWDB) which are under the Ministry of Environment and Forests
respectively have undertaken the tasks of preparing programs for
conserving and protecting the lands from turning into wastelands.

A Technical Task Group was formed by the planning Commission
and NWDB. This group has defined the wasteland as ‘the land which is
degraded and is presently lying unutilized except as current fallows due
to different constraints' (CSIR 1990). Depending upon the casual factors,
the wastelands may be grouped under (i) Water erosion, (i1)) Wind erosion
and (i11) Salinity and Alkalinity. The wastelands comprise of three groups
of land of viz. (i) cultivated land affected by soil erosion, (i) degraded
forest land (iii) degraded land with special.

Problems or problem soils. Depending wupon the extent of
degradation, the wastelands have been categorized by NWDB into (i)
Cultural wastelands which are not being used currently due to different
constraints but have the potential for the development of vegetative cover
after appropriate treatments and (i1) Unculturable wastelands which are
not being used currently and cannot be developed for vegetative cover
under any circumstances. The culturable wastelands comprise many land
areas such as gullied and ravinous lands, water logged lands and
marches, salt affected lands. Areas under shifting cultivation (jhumming
cultivation), degraded forest lands, degraded pasture and grazing lands,
degraded non forest plantation land, striplands, sandy areas, mining/
industrial wastelands. The uncultural wastelands include barren rocky/
stony waste areas, steep sloping areas and snow covered areas.

Wastelands in India

Out of the total geographical area of 329 million hectare (mil. ha) in
India 175 mil.ha has become wastelands. An area of 150 mil.ha has been
degraded due to wind and water erosion which constitutes 85.7% of total
wastelands. The remaining 25 mil.ha (14.3%) has been degraded due to
water logging, salinization alkalinity, shifting cultivation etc. The
degradation of top-soil in India has been estimated as 141 mil.ha
constitutes 11% of the total loss of top soil of the world.

Deforestation which is one of the potent factors for turning fertile.

Lands into wastelands require immediate attention. India loses its
forests at the rate of 1.5 milha per year while the total rate of
deforestation for the world accounts for 17 mil.ha per year. Based on the
satellite imagery data Forest Survey of India reports that the total forests
area of India stands at 637.293 sq. km by 1999 which constitutes only
19.4% of the geographical area though the New Forest policy of India
states that 33% of the geographical area of India should necessarily be
forest area (The Hindu, 2001). The present demand of fuel wood in India
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is about 235 million cum whereas our forests can supply only 40 million
cum per annum. As India would require about 350 million cu.m. of fuel
wood by 2010 A.D. There would occur a deficit of 305 million cum of fuel
wood per year by then (Sagreiya, 2000).

Besides, the rate of annual afforestation is very meager as the
Afforestation : Deforestation stands at 1 : 14 as against the world ratio of
1 : 10 (Newman, 1990; Sharma, 2001). Besides causing a number of
ecological factors which are known to us, the removal of trees from our
forests at a massive scale remove 60-75% of organic matter and other
important nutrients thus rendering the soil nutrient depleted. Hence
there is need to enhance massive planting of trees of overcome the
various problems discussed herewith. In India, Rajasthan has largest
area of wastelands (37 mil.ha) constituting 21.1% of the total wastelands
of India. The percentages of wastelands in the North East constitute 16-
25% of their respective geographical areas.

Wastelands in Manipur : Strategy

Let us assess the extent of wastelands in the state and analyze in
what way the same can be improved. According to the reports of the
Ministry of Agriculture, Govt. of India and CSIR (1990) the area of
wasteland in the state is estimated at 7,340 sq. km out of the total
geographical area of 22,366 sq. km. This constitutes 30.4% of the
geographical area of the state and 0.42% of the wastelands of India. The
area in the state stands at the 4th position of the largest wasteland areas
in India. The high percentage of wastelands in the state clearly justifies
why the crop and forests yields become reduced significantly.

The growth rate of rice in the N.E. region including Manipur was
reduced from 5.6% in 1980's to 2.1% during 1991-95 while the growth rate
for rice for India was reduced from 3.7% in 1980 to 3.28% in 1990 and
1995 respectively (The Hindu 1996). The fuel wood production from our
forests has significantly reduced 1980-1990.

The causes of the conversion of fertile lands into wastelands in the
state are multifarious. The degradation of the soils finally converting
them into sterile soils without the top-soil has been noticed both in the
plains and hilly areas alike. These are primarily attributed to Man's
activities. Some of the important causes are highlighted below :

(1) The rapid rate of deforestation in the state has been the most
potent factor for converting the land into wastelands. About
4,937 sq. km constituting 22.1% of the total area of Manipur
represent only the dense of true forest as per the reports of the
concerned department. But the area of the dense forest has been
estimated at about 719.3 sq. km in 1990's based on the satellite
imagery data given by the National Remote Sensing Agency
(NRSA) and this constitutes only 3.2% of the total area of
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(1)
(iii)

(iv)
V)

(V1)

Manipur. The heavy depletion of forest in state due to wide
practice of shifting cultivation (Jhumming or pamlou in
Manipur) as about 83,526 families in hilly areas have been
practicing this system of cultivation. The total area cleared due
to jhumming has been estimated as 4,905 sq km in 1990's
Senapati and Ukhrul districts have the largest areas forests
(25-28%) under the jhoom practice. Of many consequences of
burning during jhum practice the most important effect is
degradation of the fertile soil due to removal of the organic
matter layer of the soil which depletes the important nutrient in
the soil. The fuel wood production has decreased from 70,264 cu
m in 1986 to 29,078 cu m by 1998. The per capita availability of
fuel wood has been reduced from 0.03 in 1981 to 0.015 cu m in
1998. The average rate of annual tree plantation in the state is
very less the annual ratio of afforestation : deforestation is
found tobe 1 : 13 : 5 (Sharma, 2001) which far exceeds the ratio
of 1 : 10 for the forests of the world as given by Newman (1990).
Besides degrading the soils, one of the serious effects is the
threatening to extinction of over 65 plants species comprising of
shrubs, bamboos, canes, orchids, aromatic, and medicinal plants
from our forests (Table).

Removal of vegetational cover in the catchment areas of import-
ant rivers and lakes are responsible for the fast rate of siltation.

Lack of road side plantations especially in those areas facing the
hill slopes. Even if such plantations are there, the right or
appropriate plant species have not been used.

Heavy removal of brown earth from hill slopes for earth work
which thereby exposes the hill slopes to wind and water erosion.

Over use and misuse of inorganic chemicals, fertilizer as well
insecticides to the fields without organic manure which thereby
leads to the sterility and destruction of the soils.

Non practice of crop rotation in many fields keeping the soil as
fallow areas exposes the field to wind and water erosion which
finally leads to gully erosion.

Suggestion for Improvement

It may be noted that out of the total area of wastelands in the state,
about 880 sq km has been treated and reclaimed by the government and
this constitutes only 12% of the wasteland in the states and hence the
major areas are yet to be reclaimed. Besides the efforts taken up by the
Government a joint co-operative effort from the public, NGOs and
organizations and remedial measures is called for some suggestions may
be helpful towards implanting measures for reclamation of the
wastelands in the states.
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(1) Measures for the effective massive planting of trees in the forest
areas with the right and appropriate selection of tree species.

(i) Planting of sand binge species of sedges shrubs etc. on the
naked hill slopes whish are exposed to wind direction. Some
species like Pennisetum, Chrysopogon, Hetoropogon, Themeda
Arundenella as well as Vitex and Sida species may be useful.

(i11) Planting of appropriate medium size trees in the fields and foot
hills of hills towards the leeward side to protect the areas from
wind and storm erosion.

(iv) Discouraging planting if Eucalyptus and Acacia confusa species
around the fields, roadsides and hill slopes etc and substitution
by appropriate species.

(v)  Use of crop rotations in the fields as far as practicable using

Crop (paddy) legume - paddy alternation for restoring natural

fertility in the fields.

(vi) Reduction of burning in the steep areas of hills stoppage of the

burning phase during shifting cultivation and substitution of
shifting cultivation by the terrace cultivation etc.

(vi1) Mulching should be done in the fields as soon as the crop season

1s over.

This can be done by covering the fields using paddy stalks, corn
stalks, paddy husks, saw dust etc. so that the soil is not exposed to wind
and at the same time the soil gets enriched in organic matter.

(viil) Checking of flooding and water logging in the fields

(ix)

(x)

Minimizing the use of inorganic chemicals and insecticides in
the fields. Use of such chemicals be made upon advice from
experts. Inorganic chemicals should always be used along with
compost, FYM and any other organic manure.

Watershed should be managed properly in the foothills.
Geographical area of Manipur : 22,366 sq.km

Area of wastelands : 7,340 sq. km percentage of geographical
Area : 30.4%

Percentage of wastelands of India : 0.42%

Category of wasteland in the state : Culturable.

Area so far reclaimed till 1990's : 880 sq. km

Percentage of treated areas : 12%

Percentage area remaining untreated : 6460 sq. km (88%)

Area degraded due to practice of shifting cultivation : 4,905.2 sq.
km
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Senapati Districts 1,388 sq.km (28.3%)
Churachandpur 1,232 sq.km (25.1%)
Ukhrul 718 sq.km (14.6%)
Tamenglong 675 sq.km (14.0%)
Chandel 655 sq.km (13.3%)
Imphal 168.8 sq.km (3.4%)
Thoubal 51.1 sq.km (1.0%)
Bishenpur 17.3 sq.km (0.3%)

6. Annual Afforestation : Deforestation ratio: 1:13.5
7-  Forest Loss Index of the state (After Sharma, 2001) 0.04

8. No. of threatened plant species in the forests : 65 sp. (After
Sharma, 1997 & 2001).

Some important threatened species

(i) Trees

Phoebe hainisiana, Junglans regia, Rhus hookeri, Ghrewia elastica,
Flacourtia cataphracta, Butea frondosa, Aphanomixi polystachys,
Magnolia griffithii, Cycas pectinata and Podocarpus wallichii

(ii) Orchids

Cymbidiumgiganteum, Arundina graminifolia, Ascocentrum ampell-
ecum, Dendribium arachnites, Dendrobium densiflorum, Dendrobium
nobile, Kalimpongia narajitii, Paphiopedilum insigne, Paphiopedilum
villosum, Spiranthes sp. and Vanda cuerulea.

(iii) Aromatic and medicinal plants

Aquilaria agalocha, Dioscorea deltoidea and Rauwolffia serpentina.
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Micro Irrigation and Drought Management

I. Satya Sundaram & Dr. K. Srinivasa Rao

In India, many challenger face water planners, managers, users and
generally policy makers. Of course, we have not been able to properly
exploit rain, surface and ground water. One third of the country's geogra-
phical area is always under threat of drought mainly because of uneven
distribution of rainfall.

Given the serious water shortage, proper management of water has
assumed special importance. The efficient water management is a
complex issue, and it calls for joint efforts by engineers, irrigation agrono-
mists and economists. While scarcity of water may retard agricultural
productivity in a region, excess water supply too creates problems.

This paper has been divided into two parts : (1) Importance of Micro
Irrigation : and (i1) Drought Management.

Micro irrigation is the term used to describe the method of irrigation
which is characterized by the following irrigation features.

=  Water is applied at low rate.

=  Water is applied over a long period of time.

= water is applied at frequent intervals.

=  Water is applied directly into the plant root zone, and
=  Water is applied via a low pressure delivery system.

Micro irrigation ensures 30 to 70 per cent savings in water 25 to 100
per cent increase in yields and 15 to 30 per cent reduction in operating
and crop production costs. It economists energy usage by around 50 per
cent by reducing pumping hours and frictional losses. Experts say micro
irrigation can double the area under irrigation, and also improve quality
of end product. Micro irrigation can address the problem of grave
disparties arising out of lopsided distribution of canal water.

Watershed management is receiving due attention. The unit of
planning may be a village or a group of villages covered by a watershed.
Depending on the local situation, water harvest structures should be
constructed for harnessing rainwater. The surplus runoff, if any, will be
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stored in medium/minor dam(s). They serve the more needy land have
shorter gestation period and are easier to manage.

We need to begin with watershed grid in the small watershed of indi-
vidual village and integrate minor projects into the scheme and further
use available water in dams and canals only through micro irrigation
system.

Macro watershed will represent backward integration of the present
drip irrigation practices and micro irrigation will be its forward integra-
ting plank. Together they will form a modern irrigation package. We have
to work out a proper balance amongst mini watershed developments,
minor dams and micro irrigation methods.

The watershed management in dryland regions is integrated use of
land, water and vegetation in an area for providing an answer to alleviate
drought moderate floods prevent soil erosion, improve water availability
and increase food, fuel, fibre and fodder production on sustained basis.

Drip irrigation is an advance method of applying water and fertilizer
near the root zone of the crop with the help of low cost plastic pipes and
emitters.

In spite of its high initial cost, drip irrigation is having an edge other
methods, particularly in areas having saline soil, saline water and high
evaporation rates. Drip 1irrigation also eliminates the need for
construction of irrigation and drainage channels. The system can be used
even by illiterate farmers. It has an efficiency up to 95 per cent.

In sprinkler irrigation, water is sprayed evenly on the crops through
revolving nozzle-fitted emitters. Water is applied once in four to seven
days. This reduces its moisture stress of the crop area to some extent.
However, the water application being controlled, only the needed water
can be regulated in this system. This has an efficiency of up to 7 per cent.
In the conventional method of flooding the fields, losses from evaporation
and percolation down to below root zones are high.

While drip irrigation is suitable for horticultural crops, where the
plants are spaced apart, the sprinkler irrigation is commended for field
crops where delivery of water to individual plant is not feasible.

Some problems

The micro irrigation technology is yet to become popular in India. It
was introduced in the 1980s. But, be now, it could cover only 1.2 million
hectares in 12 states. About half of the acreage is in Maharashtra alone.
Of course, Karnataka, Tamil Nadu, Andhra Pradesh, Gujarat, Madhya

Pradesh and Haryana are showing keen interest.

One reason for slow spread is that the initial cost of installation of
micro irrigation system is high. The system requires equipment like
pipes, tubes, filtration equipment, water emitters and so on. The
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equipment is also heavily taxed whereas the subsidy was 90 per cent in
1996, it came down to 25 per cent in the Tenth Plan.

Other problems include lack of technical knowledge and trained
human resource. The scheme lacks sufficient institutional and credit
support.

In the irrigation sector, there is great untapped potential. Micro
irrigation can ensure more crop per drop.

Drought Management

Lining of water courses has been recognized as an effective measure
to minimize the water losses in the transit and to avoid damage to the
crops.

The warabandi system of irrigation aims at ensuring assured,
adequate, dependable, timely supply of water in proportion to the land
holding to all the beneficiaries in rotation under an outlet, irrespective of
location. The system has the district advantage of ensuring equal
distribution of water per acre in tune with size of land holding, cropping
pattern, crop water requirement, nature of soil, rainfall etc.

The cropping pattern is an important determinant of water use
efficiency. We have to select crop varieties and crop rotations in such a
way that the available water is fully utilized.

Dryland farming requires action at two levels :

e an intensive approach aimed at integrated development of
selected micro watershed, and

e an extensive approach for breeding water stress tolerant
varieties, fertilizer dosage, soil and moisture conservation.

The order to provide adequate tree cover and promote subsidiary
occupation, horticulture, afforestation and pasture development form an
integral part of dryland farming programme.

In a drought prone area the emphasis should be on.

e on farm development in canal and tank covered areas;
e conjunctive use of surface and ground water;

e crop diversification wherever necessary;

e introducing sprinkler system for closely spaced crops in canal and
tank command areas;

e large scale adoption of drip irrigation especially in well irrigated
areas and for wide spaced commercial and high value crops;

e farmers managements/participation in irrigation;

e reuse of waste waters, both sewage water from municipalities
and effluent water from industries, after proper reclamation.
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The long term strategy for drought initiation should aim at :

e rainwater harvesting drought watershed development and
efficient use of available water through micro irrigation systems
such as drip and sprinkler irrigation :

e development of common property resources for water and fodder
such as water ponds and grazing lands along canals and other
water sources;

e promotion of less water requiring crops and other farm activities
including silvipastures, in drought prone areas;

e evolution of drought resistant varieties of crops such as legumes
(pulses) oilseeds and fodders.

In mitigating drought, village ponds and farm ponds have to play an
important role. The village ponds can be used for livestock and to meet
daily needs of villagers. Of course the extent of help depends on catch-
ments characteristics, runoff volume and its utilizations. The natural
farm ponds are for pre-sowing, protective irrigation an livestock consump-
tions.

A pilot scheme in the state sector for repair, renovation and
restoration of water bodies directly linked to agriculture is proposed to be
taken up during the remaining period of the Tenth Plan. The objectives of
the scheme are :

e torestore and augment storage capacity of water bodies, and
e to recover and extend their lost irrigation potential.

As micro irrigation aims at water conservation, it is the most
important instrument to bring down the severity of drought.

Drought connotes a situation of water shortage for human, cattle and
agriculture consumption resulting in economic losses, primarily in
agriculture sector. India, being an agriculture driven nation and farmers
majorly relying on monsoon, they stand handicapped if the rains are not
on time. Agriculture is determined by the climate. In other words, climate
is the key factor in any operation of agricultural production right from
field preparation to marketing. The success and failure of farming is
closely associated with the prevailing weather conditions. In India,
drought essentially occurs due to failure of south-west monsoon (June-
September). Although the onset of South-West Monsoon 2009 was in
time, the advancement of monsoon delayed in Central and Northern parts
of the country resulting in delay in advancement of monsoon to other
parts of the country. It was deficient by 39% as on 10th June, 2009, and
was -54% as on 24th June, 2009 which has resulted in drought like
conditions in some parts of the country.

The declaration of drought was primarily based on the quantum of
rainfall, damage to kharif crops and lesser availability of drinking water
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and less moisture in the soil. Monsoon failure results in crop failure,
shortage of drinking water as well as undue hardship to the rural and
urban community. Indeed, the Southwest monsoon accounts for about 80
per cent of the country's rainfall in a year. With only about 40 per cent of
country's sown area irrigated, the monsoon becomes crucial in
determining agricultural output. There is no gainsaying the fact that too
much or too little rain can prove disastrous. Monsoon rain generates food
and provides labour; and creates cash flow in the market. Bad rain could
even result in dipping stock market and falling corporate investment,
Further, a great deal of the country's electricity requirement is generated
by water power provided by the monsoon rain. A severe drought could
reduce gross domestic product (GDP) in a given year by about 2 to 5 per
cent. This is why the progress of monsoon - its onset and performance - is
followed with such a keen interest in India. The present paper is an
attempt to explore the drought conditions that are prevailed in the
country and its effect on the proposed economic growth.

A historical snapshot

Historically, a severe drought caused a major economic crisis. When
rainfall became below normal, by say, 15 per cent or more, growth rates of
both GDP from agriculture and aggregate GDP declined, and in extreme
cases, both became negative. The incidence of unemployment and under-
employment increased, especially in the rural areas. Inflation rate shot
up to double-digits. The food imports necessitated by the fall in domestic
production led to foreign exchange crisis. Finally, the burden of drought
relief, borne mainly by the government of India, increased the fiscal
deficit. The drought, therefore, became the most important factor behind
the economic crisis in 1965-66, 1966-78, 1972-73, 1974-75 and 1979-80.

A Concern on Agriculture and Economic growth

The fact is that agriculture remains the basis of economic growth for
most South Asian countries. The economies are therefore affected directly
by the vagaries of monsoon, which has far reaching implications for
agricultural productivity and commodity prices. Around 65% of food grain
production is undertaken during the monsoon period and approximately
60% of the population in South Asia depends on crop husbandry, animal
husbandry, fisheries and forestry for food, income and employment.

Since agriculture is also the basis for industrial development, suppl-
ying the raw materials for manufacturing industries and stimulating
industrial output, the monsoon can directly affect government savings,
public investment and foreign exchange reserves. Agricultural operations
have been adversely affected in several parts of the country causing
distress to farmers and their families. a deficit of more than 6 million
hectares has been reported in paddy, which is the worst affected crop. If
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we see the overall distribution of rainfall, the northern region has not
received adequate rainfall for its kharif sowing. Crops which stand at risk
are paddy, pulses, bajra, cotton, soybean and sugarcane. If the overall
rainfall in the country remains deficient in the current season, we shall
expect the prices of these commodities volatile and may touch higher
levels. Scanty early rains would mean a definite drop in the kharif crop
and a lower agriculture output. With the consequent rise in prices of
agricultural products, a larger proportion of the household income would
be devoted to its purchase. This, together with lower disposable income
with farmers, would press down industrial demand and hence growth.

Farm output may be affected due to late monsoon

Delayed and deficient monsoon sowing of the kharif crops which
account for nearly 57% of the country's total agricultural output. It could
adversely affect farm production this year impacting food prices. The
progress of the south west monsoon has been slow and halting. While
Kharif sowing has picked up in June 2009. As monsoon continues to play
truant and the possibility of a drought gets real, the performance of the
Indian economy is under threat. assuming a normal monsoon, most
research agencies and organizations had forecast a 6 per cent plus real
growth in gross domestic product (GDP) for 2009-10. India's central bank,
the Reserve Bank of India (RBI), had forecast 6 per cent, National
Council for Applied Economic Research (NCAER) 6.5 per cent, the Prime
Minister's Economic Advisory Council 6.5 to 7 per cent, Crisil 6.3 per
cent, ICRA 6.5-7.5 per cent and Fitch 5 per cent. Agricultural production
is likely to fall 5 per cent and GDP with service sector estimated to grow
at 7 per cent and industrial growth at 4 per cent, is likely to be around 4-
4.5 per cent against an estimated over 6 per cent. Agriculture contributes
around 25 per cent to GDP. Most hit would be the agro-based industries
(edible oil, textiles, sugar), big ticket consumer durable items and the
postponable FMCGs.

Drought years have brought negative growth rates for the
agricultural economy. During the past 60 years, there was a drought
every few years. And almost always, the agri economy witnessed a
negative growth. For instance, in 1965-66, when agriculture contributed
to 43 per cent of overall GDP, a massive 4.8 per cent of the GDP growth
rate got knocked off due to drought. In 2002-03, a notable 1.55 per cent of
the GDP growth got wiped off because agriculture then comprised 21 per
cent of overall GDP.
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How drought impacts the overall GDP growth rate of the country

Drought years Agriculture GDP Impact on overall GDP
growth rate (%) growth rate (%)

1951-52 1.49 Nil
1965-66 -11.04 -4.78
1966-67 -1.42 -0.6
1968-69 -0.16 -0.07
1972-73 -5.02 -2.06
1974-75 -1.52 -0.63
1979-80 -12.77 -4.64
1982-83 -0.28 -0.1
1985-86 0.31 Nil
1987-88 -1.59 -0.5
2002-03 -7.24 -1.55

Source: CMIE, National Remote Sensing Centre, ISRO, BW Research

Economic effects of drought

e Reduced production of food and allied food products
e Decreased availability of dairy and livestock products

e Loss to industries directly dependent on agricultural production
(e.g. machinery and fertilizer manufacturers, food processors,
dairies, etc.)

e (Cost of water transport or transfer

e Cost of new or supplemental water resource development.
e Increased commodity prices

e Revenue losses to state, and local governments

e Increased demand for monetary assets and increased interest
rates

e Reduction of economic development

e Decrease of gross national product and economic growth

Drought conditions curtail economic growth

Economic growth and employment will suffer in a drought. The share
of in GDP 1is now just 18%, and barely 12% relates to crops (the rest is
animal husbandry, horticulture, etc). Despite extensive irrigation, a
drought will turn agricultural growth negative, as against average
growth of 4.3% in the last five years. That will directly reduce GDP
growth by at least 0.5%. Its indirect impact - reduced employment and
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reduced rural spending on good and services - may be greater. So, a
drought could pull GDP growth well below the 6.7% achieved last year.
But this drought may hurt growth more than past monsoon failures if it
prompts rural consumers to slash spending on domestically produced
items like clothing and medicines, spilling the drought's impact into the
industrial sector.

Drought Situation in Andhra Pradesh

After four years of bountiful kharif seasons, the farmers in Andhra
Pradesh are going to witness an unprecedented situation, with at least
1,000 mandals out of the 1,128 reporting deficit rainfall. While vast
stretches are yet to see sowings, crops on lakhs of acres face the threat of
withering or wilting due to severe deficits in rainfall. The State shows a
deficit of 52 per cent, with the South-west monsoon playing truant.
Against the normal as on date figure of 322.20 mm, the State received
only 153.80 mm. The problem seems to be more serious than what is
reported officially.

The hopes of the farmers and officials that the first week of August
might see showers crashed, with seven districts reporting deficits of 60
per cent of 99 per cent. The remaining districts, barring the three North
coastal districts, registered deficits between 20 per cent and 59 per cent.
This has impacted almost all crops. Paddy and groundnut were sown in
just 26-56 per cent of the normal area. Sugarcane, maize, onion and tur
dal were sown in 51-75 per cent, while cotton is slightly better off with 76-
100 per cent sown area.

Crop area : Same story across regions

(In lakh hectares)
Region Normal for the day  Same day last year As on date
Coastal Andhra 14.91 13.45 9.57
Raylaseema 14.40 13.71 5.74
Telangana 26.77 24.39 22.73
Total 56.09 51.56 38.06

Source : Ministry of Agriculture (Paddy growing districts)

The three key paddy growing districts of East Godavari, West
Godavari and Krishna districts reporting deficits of 41 per cent, 47 per
cent and 65 per cent shows the enormity of the problem. “Jowar, maize,
cotton, tur dal, and groundnut show withering or wilting symptoms. The
growth could be stunted if there are no rains in the coming days. Yields
too will drop significantly."
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Short & Long Term Measures to overcome

Government of India has taken a decision recently to reimburse 50%
of the cost that the State would incur in providing diesel subsidy to those
farmers who are affected. A few states have been provided additional
power from the Central pool.

Short term Measures

1.

Providing drinking water by better management of water
sources in the affected areas by -

Collecting available water and supplying it either by pipes or by
tankers including railway tankers/wagons to the affected areas;
or

By exploiting the possibility of new sources of water such as
tube-wells, deepening of existing tube-wells, etc.

Providing fodder for cattle and other livestock affected by
drought.

Providing employment to the drought affected people so that
they may have some income in lieu of the loss of income caused
by the loss of crops. (At least one person in a family should
benefit out of the employment oriented schemes during the
drought period).

Ensuring that the required amount of food grains is made
available through the Public Distribution System.

By optimizing irrigation support to the crops out of existing
facilities.

By cultivation of short duration varieties of crops after the
drought situation is relieved by some rainfall.

Long term measures

1.

Developing drought resistant varieties of crops and propagating
their spread.

Completing quick maturing irrigation schemes and ensuring
water flow in the medium-term, say, within 3 years.

Taking up watershed development activities and developing a
cropping system based on such watershed development.

Rain water conservation including roof-top harvesting.

Afforestation of all exposed hill slopes as per Ridge to Valley
Watershed Development approach and increasing forest canopy
cover in order to ensure conservation of rain water.

All works in drought affected areas should ensure sustainability.
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7.

The State Governments should interact with local/state level
NGOs in drought related activities.

The State Governments should try to construct check dams in
the drought affected areas with actual participation of
beneficiaries/NGOs so that the stored water could be used for
various purposes during drought.



Chapter - 24

Dryland Conservation

Altaf Hussain

Drylands are limited by rainfall, high evapotranspiration and show a
gradient increase in productivity from hyper arid to arid and semi-arid to
dry sub-humid areas, on decreasing aridity or moisture deficit. Drylands
cover about 41 per cent of earth's available land surface and three
quarters of world food supplies come from drylands (FAO, 1999). The
challenges for global agriculture in 21st century is to produce 7 per cent
more food to feed a projected population of 10 billion by 2050 by making
sustainable use of existing resources and responding climate change
(FAO, 2009). Drylands span over 41 per cent of earth's available land
surface will need to contribute their share to this yield increase. So
improving dryland crop yield is important, both to maintain food security
and to improve livelihoods of the poor.

Drylands in India contribute 70 per cent total cultivated area and
about 50 per cent of the geographic area is affected by desertification)
Food insecurity, extreme poverty and environmental nexus are the most
challenging in the drylands. Improving crop productivity is important
both to maintain food security and to improve livelihoods of the people in
drylands. Investments are needed for soil and water conservation in order
to improve soil fertility and soil moisture. Conservation and efficient
utilization of natural resources are two key components to achieve
sustainability in drylands. Land degradation and over exploitation of
resources prompted researchers and policy makers to evolve innovative
technologies which halt degradation and restore productivity. A number
of technological innovations are used which include cultural practices,
engineering methods, sustainable agricultural practices, precision conser-
vation and agroforestry. Hence, transforming drylands is necessary to
achieve second green revolution.

Every continent contains dryland regions. Drylands are most
extensive in Africa (13 M km?2) and Asia (11 M km?2). About three quarters
of the world food supplies consisting of wheat, maize, sorghum, pulses,
oilseeds, potato and fruits are grown of drylands (FAO, 1999). According
to the Millennium Assessment (MA) report there are 2.3 billion people
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living in the drylands, out of which 1 billion are below poverty line
accounting half of the world's poor (MA, 2005). Millions of rural dryland
dwellers are directly dependent on local dryland ecosystem services for
their daily survival. Therefore, any shortfall in any one of such services
will create food insecurity, famines, conflicts and vulnerability of millions
of rural poor. Climate change will have a disproportionate effect of
dryland areas, contributing to desertification and increasing the
vulnerability of people in drylands. We need to put the conservation of
dryland ecosystem services at the heart of development policy, if we want
to reduce poverty and achieve the millennium development goals.

Background

Definition and characteristics

Drylands are generally defined as lands with limited rainfall. Mainly
their dryness is due to the negative balance between precipitation and
evapotranspiration rates. Drylands are thus been defined in terms of
water stress as areas where mean annual precipitation (P) is less than
half of the potential evapotranspiration (PET). According to the FAO
(1993), drylands are agroclimatic zones having short growing periods,
which is defined as the period when both water and temperature permit
crop growth. So drylands are zones falling between 1-74, 75-119 and 120-
180 growing days representing arid, semi-arid and dry sub humid lands,
respectively.

Drylands are characterised by low (100-160 mm annually) erratic
and highly inconstant and unreliable rainfall levels. Precipitation is low
concentrated during short periods, resulting much of the rainfall to be
lost in evaporation and the usual intensity of storms ensures that much of
the rainfall runs off in floods. Fragile environments and unpredictable
drought and floods are common features of drylands ecosystems.

Classification of drylands

Dryland ecosystems are mainly categorised into four subtypes
according to aridity index and annual rainfall levels into hyper arid, arid,
semi-arid and dry sub-humid areas as shown in Table 1.

World drylands

Dryland ecosystems occupy over 41 per cent of the earth's land
surface. Desertification affects 70 per cent of the world drylands, amoun-
ting to 3.6 billion ha or one fourth of worlds land surface (IFAD, 1995).

Asia possesses the largest land area affected by desertification, 71
per cent of which is moderately to severely degraded. In Africa two thirds
of which is desert or drylands. 73 per cent of agricultural drylands are
moderately to severely degraded (IFAD, 1995). Africa is under greatest
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desertification threat, with a rate of disappearance of forest cover of 3.5 to
5 million ha per year bearing down on both surface and ground water
resources and with half the contents farmland suffering from soil
degradation and erosion.

Table 1. Total dryland categories according to FAO (1993), classification
and extension (UNEP, 1992)

Subtypes Aridity Current area Dominant Current Population
Index Mk m? %global Biome *1000 % global
Hyper arid 9.78 6.6  Desert 101,615 1.7
Arid 15.66 10.6  Desert 222,204 3.7
Semi arid 22.59 15.3 Grassland 828,341 13.9
Dry sub humid 0.50-0.65 12.87 8.7  Forests 909,273 15.3

[Source : World resource Institute, 2002]

Causes of dryland formation

Limited rainfall, poor soil quality, fragile environments are the main
factor behind dryland formation. There is always water scarcity in
drylands. The dryness of drylands is due to negative balance between
mean annual precipitation and potential evapotranspiration rates.
Besides, limited rainfall, the soils are of poor quality, low in organic
matter, hence less fertile. Harsh climates are another important issue
which limits crop diversification in drylands. What makes the drylands a
difficult environment is not only less rainfall, but also its erratic
distribution. Inter annual rainfall can vary from 20-100 per cent and
periodic draughts are common (Zurayk and Haider, 2002).

Problems of drylands

Water scarcity due to limited rainfall, low soil fertility, mostly deep
sandy soil with poor water holding capacity, shallow and rocky soils with
low organic matter content. Fragile environments with unpredictable
floods and droughts are other factors limiting drylands to become
productive ecosystems. Lack of technologies limitation of resources and
biotic pressures contribute further in conversion of drylands into deserts.

Loss of resources

In the world as a whole about 25000 million tones of soil are being
washed away from land every year. In India, the figure is 6.25 thousand
million tones. Due to erosion and degradation, the world is losing
between 5-7 million ha of cultivated land every year which is nearly the
same as the new land brought under cultivation, which means that the
extent of cultivated land remains more or less same (Lazarus, 1992).
According to Millennium Ecosystem Assessment (MA) Report about 1020
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per cent of world drylands are degraded accounting about 6-12 million
km?2 (MA, 2005). Drylands in India contribute to over 70 per cent of the
total cultivated area and about 50 per cent of the total geographic area is
affected by desertification (Hegde, 2006). Land degradation is particularly
problematic for both environmental sustainability and poverty reduction
in dryland areas. The UN Convention to Combat Desertification
(UNCCD) and others use "desertification" to describe dryland degrad-
ation which is caused due to several factors including climatic variations
and human activities. Depending on the level of aridity, dryland bio-
diversity is relatively rich, still relatively secure and is critical for the
provision of dryland services. Of 25 global “‘biodiversity hot spots"
identified by Conservation International, 8 are in drylands. So to conserve
dryland are very important to ensure food security, conserve rich biodive-
rsity of drylands and improve livelihoods of dryland people. To conserve
the scarce resources of drylands a number of practices or methods are
used which constitute dryland conservation technologies. These technolo-
gies are agronomic or cultural practices like conservation tillage, mulch-
ing, organic manure application, contour faming, strip cropping, use of
wind breaks, allay cropping, vegetative barriers etc. and mechanical or
engineering methods which include basin listing, sub-soiling, terracing,
contour bunding, contour trenching, use of gully plugs, check dams and
water harvesting structures like community tanks, intra terrace water
harvesting and roof top water harvesting etc. In spite of these practices or
methods there are several other measures which can be applied for
dryland conservation. These approaches are :

1. Sustainable farming practices

11. Precision conservation

i11. Integrated watershed approach, and
iv. Use of agroforestry

Table 2. Drylands of the world

Continents Land Hyper- Arid Semi- Dry sub- % of
mass arid (0.5 < arid (0.20- humid world
(M ha) (<0.05) 0.20) 0.50) (0.50-.65) drylands

Africa 2965.6 672.0 503.5 513.8 268.7 31.9
Asia 42559 277.3  625.7 693.4 352.7 31.7
Australia 882.2 0.0 303.0 309.4 51.3 10.8
Europe 950.5 0.0 11.0 105.2 183.5 4.9
North America 2190.9 3.1 81.5 419.4 231.5 12.0
South America 1767.5  25.7 44.5 264.5 207.0 8.8
Total 13012.6 978.1 1569.2 2305.3 1294.7 100.
% of world drylands 16 26 37 21

[Source : Reynolds and Smith, 2002]
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Agronomic or cultural practices

Agronomic or cultural practices for soil and water conservation in
drylands help to intercept rain drops and reduce the splash effect, help to
obtain a better intake of water by the soil by improving the organic
matter content and soil structure; help to retard and reduce the surface
runoff through the use of mulches, strip cropping, mixed cropping and
contour cultivation. Use of vegetation on mechanical structures such as
gully checks and water harvesting structures etc. enhance their strength
and extend their life span.

Mechanical and engineering methods

These are permanent structures used to supplement the agronomical
practices, when the later alone are not adequately effective. These
measures play a vital role in controlling soil erosion and reducing runoff.
These are used mostly in drylands where the slope of the soil is more than
permissible limit. The main objective of the mechanical methods for
controlling soil erosion are : (i) to increase the time of concentration by
intercepting the runoff and thereby providing an opportunity for the
infiltration of water and (i1) to divide a long slope into several short ones
so as to reduce the velocity of the runoff and thus preventing erosion.
These measures are basin listing, sub-soiling, terracing, contour bunding,
contour trenching, gully plugging, check dams and water harvesting
structure for hilly areas.

Water harvesting structures for dry hilly areas

Water harvesting is a prominent and technically feasible technology
in arid hilly areas. It helps in runoff harvesting and ground water
recharging. Different types of water harvesting structures are used for
efficient utilization of rainfall. Such as community tanks, inter-terrace
runoff harvesting, hill spring outflow harvesting and rooftop harvesting
structures. Runoff utilization is increasingly becoming a common practice
in dryland conservation agriculture.

There are other approaches which can be adopted for conservations of
dryland ecosystems. These research based approaches are as :

(1) Sustainable farming practices

(i1) Precision conservation

(i11) Integrated watershed approach and
(iv) Use of agroforestry

1. Sustainable farming practices

The past decades have witnessed a dramatic change in agriculture
with food production soaring due to green revolution. The green
revolution entailed the use of improved technologies like high yielding
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crop verities, expansion of irrigation, mechanization and the use of
chemical fertilizers and pesticides. Sustainable agricultural practices are
not new, but drawn on traditional knowledge and practices, adopted to
ensure food security and maintaining productivity of dryland ecosystems
on sustainable basis. These practices are conservation tillage, integrated
nutrient management, agroforestry, water harvesting, livestock integra-
tion, use of FYM and mulches, green manuring and integrated pest
management etc. to maximize productivity without compromising the
needs of the future generations.

2. Precision conservation

Precision conservation offers an alternative to integrate the use of
spatial technologies such as global position system (GPS), remote sensing
(RS) and geographic information system (GIS) and the ability to analyze
spatial relationship within and among mapped data to develop
management plans that account for the temporal and spatial variability
of flows in the environment. Hence precision conservation practices helps
to maintain maximum production by improving soil and water conserva-
tion by developing efficient land use management plans.

Precision conservation is an innovative three tier approach compri-
sing a set of spatial technologies and procedures linked to mapped varia-
bles, which is used to implement conservation management practices that
take into account spatial and temporal variability across natural and
agricultural systems (Berry et al., 2003; 2005).

3. Integrated watershed approach

An approach towards dryland conservation. Basically a watershed is
a basin like landform defined by high points and ridge lines that descend
into lower elevations and stream valleys. A watershed carried a water
““shed" from the land after rainfalls and snow melts. Drop by drop water
is channeled into soils, groundwater, creaks and streams making its way
to rivers and eventually the sea. In other words a watershed is a
geohydraulic unit or piece of land that drain at a common point. The aim
of watershed management is to ensure that every drop of water and every
square foot of land is best utilized.

Integrated watershed approach is not only anti erosion and anti-
runoff approach but also a comprehensive integrated approach of land
and water resource management. This approach is preventive, progre-
ssive, corrective as well as curative.

4. Role of agroforestry in soil and water conservation in dryland
ecosystems

Agroforestry is the science of developing integrated self sustainable
land use systems in which trees are grown on farm lands along with field
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crops. It includes the introduction and/or retention of tree crops for timber
and fodder, fruit trees, shrubs bamboos, canes and palms along with
cultivated filed crops including pasture simultaneously or sequentially on
the same piece of land and at the same time to meet the ecological and
socio-economic needs of the people. A well planned and properly managed
agroforestry programme substantially increase the yield of the land and
maintains sustained productivity.

The following are the major agroforestry systems :

(1) Agrisilviculture (trees + field crops)

(2) Boundary plantation (trees on boundary + field crops)

(3) Block plantation (sequential blocks of trees and field crops).

(4) Energy plantation (trees + field crops during trees establishment
period).

(5) Allay cropping (hedges of economic value + field crops).
(6) Agrihorticulture (fruit tree + field crops)

(7) Silvipasture (trees + pasture/animal husbandry)

(8) Forage forestry (fodder trees + pasture).

Besides above mentioned systems, two main practices are adopted
with the object of intensifying farming on slopes alongwith reducing soil
erosion and increasing moisture conservation. These are (i) sloping
agriculture land technology (SALT), (11) Biomass transfer technology
(BTT).
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Sloping Agriculture Land Technology (SALT)

The sloping agricultural land technology (SALT) is a farming system
developed by the Mindanao Baptist Rural Life Centre in the southern
Philippines during the 1970's. Basically attuned to the production needs
of small scale hill farmers. This agroforestry technology has gained wide
popularity in Asia because it is culturally appropriate, economically
sound and is designed to limit soil erosion. SALT is a technology package
of soil conservation and food production that integrates several soil
conservation measures (Tacio, 1989; Evans, 1992). Basically, the SALT
method involves planting field crops and perennial crops in bands 3-5 m
wide between double rows of nitrogen fixing shrubs and trees planted
along the contour. These minimize soil erosion and maintain the fertility
of the soil. SALT helps considerably in the establishment of a stable
ecosystem, the double hedge rows of leguminous shrubs or trees prevent
soil erosion. Their branches are cut every 30-45 days and incorporated
back into the soil to improve its fertility (Palmer, 1991). The crops provide
permanent vegetative cover which aids the conservation of both water
and soil.

Biomass transfer technology (BTT)

Various agroforestry technologies are finding enormous application
in the east and central African (ECA) region and are lifting many out of
poverty and mitigating declining agricultural productivity and natural
resources. One such example is biomass transfer in which trees that are
rich in mineral elements (fertilizer trees), when integrated with inorganic
fertilizer can double or triple crops yields in degraded lands.

Biomass transfer technology involves the growing of trees/shrubs
along boundaries or contours on farms or the collection of the same from
off farm niches such as roadsides and applying the leaves on field at
planting. In western Kenya, Tithonia diversifolia become the preferred
species used by farmers to grow maize, beans or kale etc.
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Conclusion

Drylands cover about 41 per cent of land surface. Characterised
mostly by low, erratic and highly inconsistent rainfall, water scarcity, soil
erosion and climate change are its prominent features. About half of the
world food supply comes from drylands and host over half of the world's
poor. Keeping in view the rich biodiversity of drylands and home land for
millions of rural poor people which are directly dependent on scarce
resources of drylands, different innovative technologies for conservation
of drylands area adopted to ensure food security, improve productivity
and maintain environmental stability. By this way dryland resources and
biodiversity reserves are conserved.

Apart from soil and water conservation measures, enhancement of
soil fertility is also a vital component of dryland conservation. From a
high cost external input oriented agricultural production, to an integrated
nutrient management approach, soil fertility can be thought of with
inputs like biofertilizers, organic manures and composts green manures
and use of mulches etc.
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Dryland and Wasteland Farming

K. Srivani & K.K. Tripathy

India has about 108 million hectares of rain fed area which
constitutes nearly 75 per cent of the total 143 million hectares of arable
land. In such areas crop production becomes relatively difficult as it
mainly depends upon the intensity and frequency of rainfall. The crop
production, therefore, in such areas in called rain fed farming as there is
no facility to give any irrigation, and even protective or life saving
irrigation is not possible. These areas get an annual rainfall between 400
mm to 1000 mm which is unevenly distributed, highly uncertain and
erratic. In certain areas the total annual rainfall does not exceed 500 mm.
The crop production, depending upon this rain, is technically called dry
land farming and areas are known as dry lands.

India has about 47 million hectares of dry land out of 108 million
hectares of total rain fed area. Dry lands contributes 42 per cent of the
total food grain production of the country. These areas produce 75 per
cent of pulses and more than 90 per cent of sorghum, millet, groundnut
and pulses from arid and semi-arid regions. Thus, dry land and rain fed
farming will continue to play a dominant role in agricultural production.

Dry land, besides being water deficient, are characterized by high
evaporation rates, exceptionally high day temperature during summer,
low humidity and high run off and soil erosion. The soils of such areas are
often found to be saline and low in fertility. as water is the most
important factor of crop production, inadequacy and uncertainty of
rainfall often cause partial or complete failure of the crops which leads to
period of scarcities and famines. Thus the life of both human being and
cattle in such areas becomes difficult and insecure.

Despite all these improvements in agriculture, we have yet not been
able evolve an appropriate package of practices for our dry land areas.
The income of farmers of dry land regions is still very low land areas.

Characteristics of Dry land Agriculture

Dry land areas may be characterized by the following features:
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Uncertain, ill- distributed and limited annual rainfall;
Occurrence of extensive climatic hazards like drought, flood etc;
Undulating soil surface;

Occurrence of extensive and large holdings;

A

Practice of extensive agriculture i.e. prevalence of monocropping
ete;

Relatively large size of fields;

N

Similarity in types of crops raised by almost all the farmers of a
particular region;

8. Very low crop yield;
9. Poor market facility for the produce;
10. Poor economy of the farmers; and

11. Poor health of cattle as well as farmers.

Problems of Dry Farming in India

The major problem which the farmers have to face very often is to
keep the crop plants alive and to get some economic returns from the crop
production. But this single problem is influenced by several factors which
are briefly described below.

Moisture stress and uncertain rainfall According to definition the dry
farming areas receive an annual rainfall of 500 mm or even less. The
rains are very erratic, uncertain and unevenly distributed. Therefore, the
agriculture in these areas has become a sort of gamble with the nature
and very often the crops have to face climatic hazards. The farmers also
take up farming halfheartedly as they are not sure of being able to
harvest the crops. Thus, water scarcity becomes a serious bottleneck in
dry land agriculture.

Effective storage of rain water According to characteristics of dry
farming, either there will be no rain at all or there will be torrential rain
with very high intensity. Thus, in the former case the crops will have to
suffer a severe drought and in the latter case they suffer either flood or
water logging and they will be spoilt in case of very heavy downpour, the
excess water gets lost as run off which goes to the ponds and ditches etc.
This water could be stored for providing life saving or protective irrigation
to the crops grown in dry land areas. The loss of water takes place in
several ways namely runoff, evaporation, uptake through weeds etc. The
water could be stored for short period or long period and it can be
preserved either in soil, pond or ditches based on situation and utilized fr
irrigation during dry periods.

Dry land agriculture cannot compete with conventional standards
and definitions of productive agriculture. If such a competition is
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attempted, it will only turn out to be an economic and environmental
disaster for the dry lands. Therefore, norms, standards and definitions
have to redraft for dry land agriculture separately and realistically.

The burgeoning population growth of India coupled with rapid urban
development has led to an increasing demand on the country's land
resources. An indication of this burden on the natural resources is a
simple comparison between India's share in total world land area and in
the total world population. While the former is a meagre 2 per cent of the
world geographical area, the latter constitutes 16 per cent of world's
population. Land resources provide livelihood to two thirds of India's
population. The increasing pressure 