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FOREWORD

By
DR. AMARANATHA JHA,

M. A, D. Litt.,, L. L. D,, F. R. S."A,,
Chasrman, Publie Seyvice Commission, U. P.,
Sormerly Vice-Chdnoellor, Benares Hindu University
and Allahabad University.

There is a well-known doggerel :

“The art of Biography,
Is different from Geography.
Geography is about maps,
But Biography is about chaps.”

And the manner in which Geography was taught
when 1 was abt school suggested that apart from
maps—rivers, hills, towns, provinces, and countries—
there was nothing else that Geography oconcerned
iteelf with, It was regarded as a very progressive
step that Geikie’s “Physical Geography” was re-
commended to some of the more advanced students.
No wonder the subject was not looked upon as
being one of importance or value, fit to rank with
Mathematics or Science. Much has happened since
then. Geography has emerged as a subject of great
practical and cultural importance and is now one of
the major sciences.

There are many branches of Geography, many of
which are not even today studied at the Universities
in this country. Some of them should no longer be
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negleoted, for example, Biogeography, and Human
Geography. Military Geography is taught in the
Bervice Academies. Commercial Geography, which
is concerned with production, transport, and exchange
of useful goods, is included in many of the courses
for a commerce degree. . But one may say that even
today many significant aspeots of the subject are
neglected, either because of pahcity. of funds or
because of lack of vision in educational administrators.
The border-land of Geography touches physics,
astronomy, geology, anthropology, and oceanography.
No institution of advaneed studies ocan afford any
longer to neglect such an important branch of study.

A man of great learning—one of those whose
profundity is not synonymous with obscurity—says
of Geography that ““it deals with the form and motion
of the planet” for as a knowledge of these is necessary
for fixing positions on the surface and explaining the
incidence of solar radiation, more fully with the
forms of the lithosphere or stony crust of the earth,
the extent of the water envelope or hydrosphere, the
movements of water and of the all surrounding
atmosphere, t_h'e distribution of plants and animals
and very fully that of the human races, and with all
the interactions and relationships between these
distributions.

Professor Chhibber has written what mnst be
the most detailed and comprehensive survey of the
Geography of India. In the first volume of his book
he dealt with the physical factors and structure of .the
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country, The second volume concerns the Geomor-
phology of India. In the present volume he has
studied the natural resources—livestock, fisheries,
forest products, mineral, fuel and power resources.
It is a book which should be in the hands of our
public men and specially of those who are drawing
up plans for economic development. Dr. Chhibber
says: “Withan average population of about 200 to
the square mile it would be incorrect to describe
India as an overpopulated country. 'The problem is
really one of underproduction.’> There are other
observations that deserve respectful consideration,

During my stay at the Benares Hindu Univer-
sity I had the pleasure of mneeting many distinguished
teachers, and it is my hope that they will continue
to do work that will redound to the credit of that
seat of learning,

Allahabad, AMARANATHA JHA
April 22, 1950,






PREFACE

The cnvironment of the country representing physical
factors and comprising physical divisions, land-forms, cli-
mate including annual and seasonal precipitation and climatic
regions, weathering and denudation, geology etc., has been
discussed in Part I of this work. A comprehensive account
of soils, the problem of soil crosion and the value of fertilizers
and manures has also been given in Part I as a great majo-
rity of the people still depend upon agriculture. Finally a
chapter on the Structure of India has been added.

In Part II will be found a systematic study of the Geo-
morphology of India.

In the present part an account of the natural or basic
resources comprising agriculture, livestock, fisheries, forest
products, mincral, fucl and power resources of the country
has been given. The treatment is of course occupational
i.c., according to the type of activity. The relation of occu-
pation to the natural environment has been amply emphasiz-
ed. It must be noted that the environment in India is so
varicd that it offers the choice of many occupations. India’s
position almost at the centre of the Eastern Hemisphere
and at the head of the Indian Ocean has to be noted and with
her vast resources she can look forward to her future. In
the first Chapter a preliminary survey of the Economic Re-
sources of India has been made. This will give a concept
of India as an internal and world economic power.

In Chapters IT and III Irrigation has been dealt with,
but with the partition of the country, some of the best irriga-
tion woiks have passed on to Pakistan. It was found that the
statistics on irrigation in the different works of reference were
found to vary and thus the author approached the Central
Board of Irrigation and the table given on page 9 is the one
supplied by that organisation, for which the author wishes
to express his thanks. There is now an attempt to develop
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the rivers of India on a multipurpose basis. The reader would
be well advised to read Chapters II and III in reference to the
last two chapters.

Agricultural experts of the country will have a busy
time for some years to come. Although a great majority of
India’s population are still engaged in producing food,
the country is faced with a deficit in her food resources
and huge sums of money are being spent in importing food-
stulfs. With an average population of about 200 to the
square mile it would be incorrect to describe India as an over-
populated country. The problem is really of underproduc-
tion.

The yicld for practically every commodity happens to Le
the lowest as compared to that of other countries. Even the
quality of its produce is not very high ; and it is disposed of
in forcign markets at low prices. The difficulty is that our
soils as a result of centuries of cultivation have been impo-
verished. Fertilizers and manures are practically unknown,
although attempts are now being madec to manufacture them
in the country. KEven the cowdung is used as a domestic
fuel. Improved varieties of sceds are being introduced.  With
augmented irrigation facilities and reclamation of Khadar,
Terai, ravine and usar lands, India can strongly hope to grow
enough food to meet the country’s requirements by 1951,
The Government of the United Provinces is reclaiming the
Khadar and theTerai lands and bringing them under cultivation
with the help of tractors. The Tarai area comprises vast
grasslands; only the climate is unhealthy. But it is familiar
that some of the much worse climates of the world have been
made fit for human habitation. There is no reason why with
proper organisation malaria should not be cradicated from the
Terai lands. There is the question of our small uneconomic
holdings. In advanced countries they are organising agricul-
ture on a co-opcrative basis. In this connection the author
would draw the attention of the intcrested reader to the
Conclusion on pp. 97-99. For every agricultural commodity
the expert opinion as to how to increase the yeield has been
given.
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The same story is to be repeated in our animal
husbandry as stated on pages 100-101 of this work. The
cattle like the cow and bulfalo play a very important role
in the life of the country. There are 205 million cattle in
India which comprise about one-third of the world’s total
stock of cattle and two-thirds of the buffaloes. Much greater
attention has to be paid to pedigree breeding. In order to
supply sufficient milk to the population in the interest of
national health, dairy industry in India has undoubtedly to
be considerably extended.

The various types of fisheries of India are extensive, varied
and rich, but to supplement the food resources of the country,
they, along with the related industries, have to be properly
developed and exploited.

In India practically all types of natural vegetation rang-
ing from hot, wet equatorial forests to the Alpine vegetation
is found, but unfortunately our forest resources became
particularly depleted during the last War. It would be
our attempt to bring about afforestation of all those regions,
particularly of the hilly portions of the catchment of our large
rivers. Not only would it increase our forest resources, but
it would also check the menace of floods and soil erosion.

The utilisation of our forest products properly, e.g., for
the manufacture of paper will greatly tend to reduce the paper
shortage in the country. For further details the author would
again invite the attention of the interested reader to Conclusion
on pages 162-163 of the treatise.

Generally, the mineral resources of India in such works
are dismissed in a few pages. The present author with his
initial geological training as well has attempted to deal with
them at some proper length. The importance of mineral
industry in provinding the basic raw materials has to be
appreciated. The estimated reserves of our iron ore deposits
in Bihar and Orissa have been recently placed at 8,000 mil-
lion tons and no doubt the iron ore deposits of India are among
the richest in the world, but the question of conservation of
metallurgical coal has been referred to in its appropriate places.
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Likewise our resources of manganese ore are second only
to those of Russia. Exporting it in the raw condition
only helps India to carn some foreign exchange, particularly
dollars.

Mica is an important strategic mineral and during the last
War it was the only mineral which was flown by air to the
United States of Amcrica. India possesses large resources
of quality mica in Bihar, Rajputana and South India. She
possesses large reserves of bauxite approximately of the order
of 250 million tons. Aluminium industry has been established
at Anupnagar near Asansol and also at Alwaye in Travancore.
There was a project to establish aluminium reduction works
in the Central Provinces also, but perhaps the delay is due to
the belated development of power there.

Having lost the deposits of rock salt in the Salt Range to
Pakistan, India has to concentrate on the salt manufacture
in the Sambhar region and on the sea brine. There is a lengthy
sea board from which enough salt could be certainly manu-
factured to meet the requirements of the country.

Among the precious stones, the find of emecrald deposits
is only of recent years and the account given is based on the
author’s own work.

India is also the leading producer of titania, beryl and
monazite. The quantity of available thorium from the mona-
zite deposits is about 150,000 tons. This mineral is a source
of atomic energy and has to be conserved as far as possible.

Cement industry, for which raw materials occur in abun-
dance in the country, has a great future as the demand for this
commodity remains considerably in excess of the supply.

Large and varied deposits of building stones occur in
India.

4

As minerals play such an important role in national econ-
omy of a country a chapter on the ‘Conservation of Mineral

Resources and National Mineral Policy’ has been added. No
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doubt these minerals have to be conserved as far as possible
and they have to be worked in such a manner that their maxi-
mum longevity is ensured. The author considers that in view
of the importance of the subject, this chapter deserves careful
thought.

In the next chapter on Fuel and Power Resources, an
account of the various coal deposits of India has been given.
In view of their limited extent, proper emphasis on their
conservation has been laid. In view of our limited petro-
leum resources, the development of power alcohol industry
on a large scale deserves serious consideration.

In the last two chapters an account of the Hydroelectric
Resources of the country has been given. At present water
power is only developed to an extent of half a million kilo-
watts, but various projects have been launched, and when
completed, the power available will be to the extent of 14
million kilowatts.

It has been rightly emphasized that the development of
water power is the first sine qua non for industrial progress.
These multipurpose projects for the development of rivers will
be very helpful in the improvement of agriculture and
rural industries. They will also help in the decentralisation
of industries. Rural electrification and electrification of
our railways offer a considerable scope for the utilisation of
hydroelectric power. These projects, when completed, will
be linked together and will form a vast national grid for the
country.

The book has been written after considerable travelling
and personal investigation. There is hardly any part of
India which the author has not visited. He has travelled from
the eastern extremity of India in Assam or rather beyond
to the West Coast of India. Likewise he has travelled from
Kashmir to Cape Comorin. Consequently he was not only
able to verify what was already on record, but he was able to
collect considerable information hims3lf. Several parts of
the book have been written from personal observation. How-
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ever, the author must have drawn frecly on the previous
literature and in a conspectus of this kind it is impossible
to thank every one individually. The writer here takes the
opportunity of thanking all those whose work he may have
used in writing the present book.

It may also be added that the writing of the book has taken
about a decade. The first draft was completed in the autumn
of 1939, but the author kept on revising the manuscript and
adding the material, wherever possible. The book, there-
fore, is the result of considerable thought, research and study.
The discerning reader will appreciate the labour which has
been spent in writing this work. The author does not think
it too much to claim that the book is uptodate to the time of
printing. The pre-war statistics had to be used in places as the
conditions after the War have not yet settled and sometime
is bound to elapse before they are settled. However, wherever
the later statistics have been available, they have been in-
corporated. Such an account of the economic resources of
the country is really very essential. It gives the present
landmark which is an essential prelude to all further research
for improvement and conservation.

The book will be useful not only to students of geo-
graphy, geology, economics and commerce, but also to
the general public in grasping and dealing with the main
problems confronting the country. Chapters on Irrigation,
Agriculture, Livestock and Multipurpose projects for the
development of river basins will be of great intereast to the
students of agriculture. It is indeed true that the study of
its advanced economic geography renders to India an impor-
tant and distinctive service. The student would gain
familiarity with the various national problems.

The country cannot afford to waste her natural or basic
resources, otherwise the standard of living, which is already
low, will tend to deteriorate still further. A balanced view
of both short and long range problems has to be taken in the
matter. ¥

A word has to be said about the partititon of the country,
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Since the 15th August, 1949 she has been split into India
and Pakistan. The latter includes Eastern Pakistan which
comprises about two-thirds of the former province of Bengal
along with the district of Sylhet. The Western Pakistan
includes the West Punjab 7.e., about two-thirds of the for-
mer province of the Punjab, along with N. W. F. P., Sind
and Baluchistan along with the states of Kalat and Bahawal-
pur.

In India considerable intcgration of the states has been
done, which have mostly merged with the different provinces
of India or have formed their own units like Saurashtra
and Rajasthan.

A reference may be made to the spellings of names. After
the 15th August, 1947, the Government of India and various
Provincial Governments have revised the spellings of place
names, etc. For instance, the Ganges is now spelt as the
Ganga, the Jumna as the Yamuna, Cawnpore as Kanpur and
Muttra as Mathura. Wherever the new spellings have been
incorporated their old equivalents have also been given.

It has been a great pleasure to dedicate this work to two
Vice-Chancellors for their eminent services to the cause of
education. The first half of the book was completed during
the tenure of Dr. Amaranatha Jha, M.A., D.LITT., LL.D.,
F.R.S.A., as Vice Chancellor of the Banaras Hindu University,
who is at present Chairman of the Public Service Commission
of the United Provinces. During about a year he was at
Banaras he endeared himself to everybody. The latter part
of the book has been printed during the Vice-Chancellorship
of Pandit Govind Malaviya, M.A., LL.B., member of the
Constituent Assembly of India. He is the illustrious son
of Mahamana Pandit Madan Mohan Malaviya of the sacred
and revered memory, and the founder of the Banaras Hindu
University. His love for the advancement of the Univer-
sity indeed knows no bonnds.

The book has been illustrated with many photographs,
maps, cartograms and bar graphs.
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With regard to the printing of the book great care has been
given to proof reading and it is hoped that many misprints
will not be found in the book. The author would like to
express his thanks to Pandit P.N. Bhargava, the proprietor of
Messrs Bhargava Bhushan Press, Banaras for any interest
he may have evinced in the printing of the book.

BaNArAS HiNDU UNIVERSITY. H. L. CHHIBBER
1st November, 1949
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CHAPTERI
POSITION AND EXTENT

India occupies an almost central position in the
Eastetn Hemisphere. It has a length and breadth of
about 2,000 miles in each direction. From south to
north it extends from 8° North latitude to 37° North
latitude. It extends from about 62° East longitude to
97° East longitude. In the north, the great Himalayas
stretch from Kashmir to Assam. It forms a peninsula
with a coastline of about 4,000 miles and has some
great seaports.

It occupies an area of 1,631,501 square miles and
represents the largest country in Asia and one of the
largest in the World. It has a population of 388.8
millions, which forms neatly one-fifth of the total
population of the world. In India, including the
Native States, there are about 660 million actes of land,
of which 40 per cent is cultivated. Of this, about 18
per cent. receives the benefit of irrigation.

A Preliminary Survey of India’s

Economic-Resources

It may be stated at the outset that India is very
rich in its raw materials. It is the premier producer in
the wotld of many commodities. It has almost a
monopoly of the ‘world’s jute production, her contri-
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bution being 98.8 per cent. It is also a leading pro-

ducer of rice (40 per cent.), groundnuts (37 per cent.)
and tobacco (25 per cent.).

India possesses the finest deposits of mica in the
wotld, a mineral indispensable to electrical and
other industries. She holds the second rank in the
wotld in regard of manganese ore. Sheis a formid-
able rival of Russia and at times actually holds the
leading place and she beats Russia in the quality of her
ore. India also possesses vast resources of rich iron
ore. In 1941, India produced

1,896,000 tons of pig iron,

1,217,000 tons of ingot steel and
1,178,000 tons of finished steel.

Tata Iron and Steel Works have expanded and will

have an ingot production capacity of 1,250,000 tons
when the expansion is completed.

The total reserves of coal to a depth of 2,000 feet
are estimated to be 60,000 million tons of which 20,000
million tons are workable, while 5,000 million tons are
of good quality. One-third of this is caking coal
suitable for metallurgical purposes, while the rest is
non-caking coal. India will be faced with the necessity
of importing coal in a few decades, unless that fuel is
conserved.

She has also got very rich deposits of bauxite, the
ore of aluminium. She leads the world in the produc-
tion of ilmenite from which titania is extracted. With
the development of the aluminium industry, this pro-
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duction can be increased as bauxite deposits of India are
rich in titania which would become further concen-
trated in the slurry mud. Sheis also the leading pro-
ducer of beryl. The pre-war annual production of
chromite amounted to 26,000 tons. The deposits of
talc are one of the largest in the world. India contains
the largest deposits of monazite containing thotium
in the world. The latter can be used for developing
atomic energy.

With regard to the manufacture of chemicals,
Heavy Chemicals Ltd. now produce soda ash, caustic
soda, sodium bicarbonate, bleaching powder, chlorine,
bromide and various magnesium compounds, In
Mysore, alcohol, acetone and calcium acetate ate
produced as by-products in the manufacture of iron
and steel,

India is the world’s largest sugar cane producer.
There exist 175 large vacuum pan sugar factories and if
restrictions had not been imposed, she would have been
definitely in a position to export sugar. After the Uni-
ted States of America, she is the second largest grower
of cotton. Textile industry of India is well established
and is in a position to export some cloth and yarn.

India is also the sole producer of shellac and her
annual production is 30,000 tons.

India has 205 million heads of cattle, which com-
prise about one-third of the total cattle population of
the world, There are 93 millions of sheep and goats.
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India has 43,000 miles of railway of which mote,
than half is broad gauge. India has now 300,000 miles
of roads of which 76,000 miles are macadam surfaced.
She has some excellent trunk roads which connect its
important cities. Indian National Airways and Tata’s
Airways are two concerns which operate air lines in the

country. Her irrigation system is one of the best in-
the world.
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CHAPTER 1I
IRRIGATION

Irrigation is practised to prevent the failure of
crops owing to uncertain, insufficient and irregular
rainfall. For instance, rice and sugar cane require regular
and sufficient supply of water and the deficiency of
rainfall is made up with the help of irrigation.

The south-west monsoon brings rain to a very
great part of India from June to October. Only the
south-eastern coast of Madras receives rain from the
north-east monsoon in winter. But some regions like
the west coast of India, Assam and Bengal receive an
excessive supply of moisture and floods are the result,
especially in years of abnormal rainfall, while in some
regions, e. g., N. W. F. P., the Punjab, Sind, the United
Provinces, Bihar, the Central Provinces, Bombay and
Madras the rainfall is inadequate for the proper growth
of crops. In such regions the deficiency has to be made
good by irrigation. |

On pp. 141-1 2 of Part I of this treatise the impor-’
tant features of rainfall in India were noted which are
recapitulated below:—

(1) Most of India’s fainfall is from May-October
and there is a prolonged dry season. «

(2) The advent of the south-west monsoon may be
delayed considerably, which will affect the &barif sowing.
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(3) The south-west monsoon may commence much
earlier, with the consequence that it may terminate much
earlier. This will damage the &harif crops and also
make the sowing of the winter or the rabi crops difficult
or uncertain.

(4) Prolonged breaks of rain may occur during
July and August when the standing crops need rain
the most.

(5) The rain from the south-west monsoon gene-
rally falls in torrential downpours, with the result that
a very great part of it is wasted as run-off without
giving proportionate benefit to the soil.

For the reasons noted above cultivation of crops in
India needs irrigation which has been practised from
wells and inundation canals from the hoary past in India,
but owing to vastness in size and variation in conditions,
the system of irrigation, which is determined by physi-
cal features, viz., topography, geology, structure, etc.
varies in different parts.. For instance, in the Indo-Gan-
getic plains, canals can be easily dug in the soft alluvium
and a perennial supply of water being available, there
exists the finest canal system in the world, while in
Peninsular India the country is uneven and rugged and
there, except in the deltaic portigns, tanks and storage
reservoirs furnish the necessary irrigation. '

At present there are about 79,000 miles of Govern-
ment channels, which irrigate an area of 59 million
acres out of a total of 308 million acres under culti-
vation and provide employment to 50 million people
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Fig. 1-- Irrigation by Charas, i.e., by drawing water from a well in
a large leather bucket by a pair of bullocks. This device is used on a
large scale for irrigating crops where canal irrigation is not available,

(Phato: H. L. Chhiblwr,)

. o

Fig. 2--Agriculture in terraced fields in the Himalayas en route
to Naini Tal from Kathgodam (See page 51), (Photo: II. L. Chhibber).



IRRIGATION 7

or more than one-seventh of the country’s population.
The total capital invested on these irrigation works has
been about 150 crores of tupees and the value of crops
raised annually is 114 crores which bring about a gross
revenue of 14} crores, while the net revenue is
91 crotes of rupees. The net annual return on these
irrigation works is 6.09 per cent.

The following different systems of irrigation ate
practised in India:—

(1) Canals:—The Canals, which ma; be perennial
or inundation, constitute the most effective form of
irrigation. The former supply water throughout the
year and are taken off from rivers by building weirs
across them, e.g., the canals of the Punjab and the
United Provinces, while the latter supply water during
the rains only but provide water in autumn necessary
for the sowing of winter crops. These canals 1rr1gate
50 per cent. of the total irrigated area.

(2) Wells:—The water from the wells 1rr1gates
another 25 per cent. There are 3,000,000 wells in use
in India which irrigate about 15,000,000 acres of land.
Well water, which becomes available after great effort,
is used for maturing high grade crops.

(3) Tanks:—Storage teservoirs, tanks, ponds, lakes,
small streams, etc., irrigate the remaining 25 per cent.
The exact number of these tanks cannot be known but
in Madras alone thete are about 70,000 tanks. Their
size is variable. Some irrigate only about 50 acres,
while others like the Periyar tesetvoir system irrigate
150,000 acres, The chief disadvantage with the tanks
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is that they run dry during years of drought or insuffi-
cient rainfall.

(4) Spray Irrigation—Recently spray irrigation has
been introduced in some of the States in the U. S. A.
and in Australia and this method is to be tried in India
also. In this case, water is sprayed over the fields from
canals and wells by water pumping machinery. This
way the whole plant becomes wet, whereas the upper
part is left dry, when other methods of irrigation are
used. The Governments of the various provinces and
the Indian States have been advised to try this method
as an experiment. It has also been recommended to sell
the water by volume. “Flood water farming™ is also to
be tried by spreading the flood water on the fields which
will keep the soil moist during the period of drought.

Benefits of Irrigation: —lrrigation offers many bene-
fits to agriculture. It makes multiple cropping possible
and definitely increases the yield of crops, in some cases
almost twice. It makes agriculture possible, where
nothing would grow. It protects areas from famine
and scarcity. It thus certainly adds to the prosperity of
the cultivator and the country.

RETURN ON THE OUTLAY

Production and Protection Works °

The Government have expended Rs. 154 crores in
the construction of these canals which can be divided
into two classes: (2) Productive and (b) Protective.
The former class comprises those canals which yield 6
per cent. or mote on the capital outlay, while the pro-
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tective works do not produce the interest on the capital
and are mainly intended to prevent the failure of crops.
However, the net yeatly income, after allowing all ex-
penditure, is 5} per cent. This, as rematked above,
may be only four per cent. or less in some cases,
as for example, the Agra Canal. But there are other
instances, which yield 2 much higher percentage as
shown below :—
The Godavari Delta in Madras ..
Eastern Jumna Canal inthe UP. .. 32
Lower Chenab Canal in the Punjab .. 38
The following table gives the total acteage sown,
the area irrigated by Government itrigation works and
also the percentage of the irrigated area to the total
area sown in the various provinces :—

21 per cent,

Area sown .. Percentage of
Serial.| Name of in Area irrigated by irrigated freato
No. | Prwince | (1940-41) | GOVt Wotks dut- | 5y 2% feal area
Acres. I8 1943-44(Actes) sown
1. |Baluchistan * 25,156
2. |Bihar 17,924,200 3,394,810 18.94
3. |Bombay 19,889,737 626,759 3.15
4. |C.P.&Berar|28,713,369 722,239 2.52
5. |Madras 31,979,126 7,852,684 24.56
6. IN. W.F. P.| 2,356,662 524,918 22.27
7. [|Otrissa 6,100,661 828,277 13.58
8. |Punjab 28,170,480 | 12,483,235 44.31
9. |Sin 5,370,008 4,511,110 84.00
10. |U. P. 36,539,626 5,344,683 14.63
11. [Bengal 24,714,500 244,217t 0.99
12. |Assam 6,788,823 198,938 293
13. |Ajmer 403,405 11,684 2.87
Merwara
14. [Rajputana * % * ¥

* Latest figures available for 1938-39 is 478,700.

1 Figute is only for area irrigated by Govt. Canals.
** Latest figures available for 1938-39 are 313,100 and 14,200.

2
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It will be noted from the above table that the
following provinces rank in order of their importance
of the irrigated area:—

Punjab .. about 12 million acres.
Madras .. about 7.8
Sind .. about 5

u.pP. .. nearly 5.3

2 2
2» b2

2» »

* But with regard to the percentage of the area irri-
gated to the total area sown Sind ranks first followed by
the under-noted three provinces:—

Sind .. 84 pet cent.
Punjab .. 43 ,
Madras .. 2456 ,,
N. W. E. P. o 2227

2 »

Important Canal Systems

The most important canal systems of India are
noted in the following:—

The Punjab

1. 'The Western Jumna Canal
The Sirhind Canal

The Bari Doab Canals
The Chenab Canals

The Jhelum Canals

The Triple Canal Project
The Haveli Project

'The Sutlei Vallev Proiect.

0NN AW
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The United Provinces

The Uppetr Ganges and the Lower Ganges Canals
The Eastern Jumna Canal
The Sarda Canal.

Bihar

The Son Canal
The Ttribeni Canal

Sind
The Sukkur Barrage Canals
The Desert Canal

Madras

Irrigation Canals of the deltas of the various
rivers.

Irrigation in the Punjab

The Punjab is a land of the five rivers, viz., the
Sutlej, Beas, Ravi, Chenab and the Jhelum. Besides,
the Indus flows on the west and the Jumna on the
south-east. All these rivers take their rise in the Hima-
layas and have plentiful and perennial resources of
water, being fed by the snow during winter and
both by snow and rains during summer.

The rainfall varies from 5 to 40 inches per annam.
Towards the south, the States of Bahawalpur and Bikaner
and the districts of Hissar, Karnal and Rohtak have a
very poor rainfall but the districts fringing the hilly
region have a good rainfall of about 40 inches and the
annual average for the province is 28 inches. However,
over a very great patt of the province the rainfall does
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not exceed 10 to 15 inches which is inadequate for the
successful cultivation of crops. This deficiency in rain-
fall is compensated for by itrigation from canals for
which the province is ideally suited on account of the
flat nature of ground, the perennial flow of rivers
and the soft character of its alluvium. In the early days
an area of about 400,000 acres was irrigated, but at
present the irrigation system of the Punjab is the most
extensive in the Wotld. Now, about 12,000,000 acres
of land are irrigated by these canals and crops worth
39 crores of rupees are raised annually on the canal
irrigated lands.

Canal Systems:i—There are 13 canal systems already
working in the Punjab, besides three inundation canal
systems. Some more ate either projected or are under
consideration.

Western Jumna Canal—This canal was originally
constructed in the fourteenth century but had to be re-
modelled and improved considerably to make it a
modern irrigation wotk. This canal has three branches,
viz., the Delhi branch, which was reopened in 1819,
while the Hansi branch was completed in 1825. The
Sirsa branch was added in the last decade of the 19th
century to irrigate land in the Karnal and Hissar districts
comprising a somewhat precarious region. The
present length of the main canal and its distributaries
is about 2,000 miles which irrigate 800,000 acres of
land per annum.

Sirhind Canal:—This canal, which was remodelled
during 1870-80, takes off from the Sutlej at Ropat.
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Although actually opened in 1862 it suffcred conside-
rably from silt trouble. But the difficulties were gradual-
ly overcome and today this canal is said to be the
most stable and least troublesome of any in the province.
It irrigates the districts of Ludhiana, Ferozepore and
Hissar in British India and the States of Patiala, Nabha,
Jind, Malerkotla and Kalsia. The main canal and its
distributaries have a total length of 3,733 miles which
itrigate an area of 1.8 million acres. The return on the
capital outlay is 11} per cent.

Upper Bari Doab Canal:—This canal has been regard-
ed as one of the classical irrigation works of Northern
India. It is taken off from the Ravi river at Madhopur
near Pathankot where it emerges from the hills and
was intended to teplace the. old Hasli canal which
provided irrigation to Lahore and Amritsar from the
Ravi. Although the construction of the canal was
commenced soon after the annexation of the Punjab but
it was actually completed in 1859. The main canal
and its distributaries comptise channels, 1,845 miles in
lengh, which irrigate an area of 1% million acres per
anmum. ‘This irrigation work has been responsible
for converting wild jungle into one of the best agri-
cultural lands in the province, comprising parts of the
districts of Gurdaspur, Amritsar and Lahore.

Lower Chenah Canal:—It is taken off from the
Chenab at Khanki, 8 miles below Wazirabad. This canal
has been responsible for the colonisation of the area
which it irrigates. It is one of the largest irrigation
works and has channels, -2,437 miles in length which
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irrigate more than 2} million actes. This colony with
its headquarters at Lyallpur has proved to be the richest
tract in the whole of the Punjab. Lyallpur is now a
flourishing town which has a large export trade. The
return on the invested capital is nearly 40 per cent.
per annam and it is noteworthy that the annual value
of the crops gtown is about five times the original
outlay on the canal. There has been a phenomenal
increase in the population. In 1891, thete wete only 7
people to the square mile, whilst in 1931, the density
of population had risen to 350 per square mile.

Lower Jhelum Canal :—It is taken off from the
Jhelum river at Rasool, about 30 miles below the town
of Jhelum. It irrigates an area of about 900,000 acres
in the districts of Gujrat, Sargodha and Jhang.

Triple Canal Project :—The three canals, viz., the
Upper Jhelum, the Upper Chenab and the Lower Bari
Doab represent the Triple Canal Project, one of the
most important irrigation works in the Punjab. It fur-
nishes water for the irrigation of the waste lands of the
Montgomery and Multan districts. There was no water
available in the Ravi as a result of the Upper Bati Doab
Canal. The Upper Jhelum Feeder Canal was taken from
Mangla to take the surplus water to the Chenab at
Khanki, the head of the Lower Chenab Canal. The
Upper Chenab Feeder was taken off from the Chenab
River at Merala. The water was poured into the Ravi
at Balloki. The Lower Bari Doab canal was taken off
from the Ravi hete for irrigation of 4 million acres as
noted above and the whole project was campleted at 2
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cost of Rs. 10} crores. It would be, therefore, noted
that the Lower Bari Doab Canal, although taken out of
the Ravi, depends upon the Chenab river for its water
supply. ‘This ingenious scheme has thus released the

waters of the Sutlej for the Sutlej Valley Project,
described below.

Sutlej Valley Project:—In this project is was de-
signed to use the waters of the Beas and any surplus from
the other rivers of the Punjab after meeting the needs
of the other canals. This project comprises the four
groups of canals, viz, (1) the Eastetn, (2) the Dipal-
pur, (3) the Pakpattan and (4) the Mailsi canals.
Three headworks or barrages have been constructed
across the Sutlej river at Ferozepore, Sulemanke, Islam
and one on the Panjnad river with 11 perennial and
non-perennial canals with a total length of about 10,000
miles which irrigate over 5 million acres on both sides
of the river and of this more than two milion acres com-
prise perennial, while the remaining represent non-peren-
nial irrigation. It is noteworthy that this project has
rendered the waste sandy lands of Bikaner and Bahawal-
pur States fertile and the extent of irrigation rendered
possible in different regions is as follows:—

(i) British territory : 1,942,000 acres
(ii) Bahawalpur State : 2,825,000
(iii) Bikaner State : 341,009

»

»

However, some of the land, particularly in the Ba-
hawalpur State, has not been found suitable for cultiva-
tion and the amount of discharge in the Beas and the
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Sutlej river in certain seasons is below normal. ‘The
results have been somewhat disappointing.

Haveli Project:— The Emerson Batrage, as it is also
called, is situated two miles below the confluence of the
rivers Chenab and the Jhelum and repgesents the largest
work of its kind in the province. The project has been
completed at a cost of 4 crores of rupees and will bene-
fit parts of the Multan, Muzaffargarh and Jhang districts,
which were being irrigated by the Sidhnai and the
Chenab Inundation Canals.

A canal takes off from either end of the barrage. The
Left Bank Canal will pour the Chenab and the Jhelum
waters into the Ravi above Sidhnai whence three canals
are taken off. This Left Bank Canal is 45.miles in
length and has been rendered impervious with brick
lining to avoid water-logging of the area which it
traverses. The water, thus saved, will provide irrigation
for an additional 50,000 acres which will produce an
extra revenue of Rs. 200,000 per annum. If this experi-
ment proves successful it will reclaim large water-logged
areas for the production of the crops in the province.

The Right Bank Canal is 881 miles in length and
will irrigate the rivetine lands lying between the Thal
and the Punjab.

These two canals will finally provide irrigation for
400,000 acres in the Jhang, Multan and Muzaffargarh
districts. ‘They will also provide regular irrigation to
over 500,000 actes which received only precarious and
irregular supplies before. Besides, it will irrigate
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124,000 actes in the Montgomery-Pakpattan link and
over 38,000 actes in the Burala Branch extension.

‘These canals will thus help to grow valuable crops
over a million actes. |

Thal Project:—The building of a weir or a barrage
across the Indus at Kalabagh was commenced in 1939
but had to be abandoned in 1940 owing to the War.
The canals will itrigate the sandy tract of Thal in the
districts of Mianwali and Muzaffargarh, lying between
the Indus and the Jhelum rivers. These canals will be
only allowed the excess waters not required by the
Llyod Barrage Scheme in Sind and the quantity of water
allowed to the Punjab is 6,000 cusecs. The estimated
acreage, which will be irrigated by the project, is
1,200,000.

Bhakra Dam:—The districts of Hissar, Rohtak, etc.
constitute a very arid area in the Punjab, forming in
reality the tail end of the Thar desert and the tract lies
between the Sutlej and the Jumna rivers. There are two
ways to irrigate this region, one by means of tube wells
and the other by constructing a dam across one of the
rivers and using those waters for purposes of itrigation.

The site of the Bhakra Dam and the contemplated
vast reservoir lies in the State of Bilaspur. ‘There were
protracted negotiations between the Raja of Bilaspur
and the Punjab Government about procuring the land.
The project, which is estimated to cost Rs. 30 crores,
one of the biggest ever undertaken in India, has been
sanctioned by the Punjab Government, It will be one

2
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of the highest dams in the world ranking only next to
the Boulder Dam of the Colorado.,

Canal Colonies:—In the Punjab the problem was
not only of irrigating land but of colonising some of
the crown waste lands which helped to relieve pressure
of population in some of the congested districts of the
province. Before the construction of the canals, these
waste lands were very sparsely populated by nomadic
cattle owners and cattle thieves but the colonisation
scheme has proved very successful and today there are
nine canal colonies in the Punjab, out of which the
following four are the most important :—

1. Lyallpur (Lower Chenab Canal ) having an
area of 4,000 square miles. It is the most important
colony yielding the highest returns.

2. Montgomery ( Lower Bari Doab Canal ), 2,250
square miles in area.

3. Pakpattan (Nili Bar), 1,500 squate miles in area.

4. Sargodha ( Lower Jhelum Canal ), 700 square
miles in atea.

‘These colonies, which were a portion of the desert

before, now constitute important wheat granaries of
India.

In conclusion it may be stated, as noted already,
that the vatious irrigation works, described above, pro-
vide an annual irrigation to nearly 12 million actes of
land which was almosta desert before their construction.
Even now 5 million acres of desert land. occur between
the Jhelum and the Indus, In the South Eastern Punjab
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there are large areas which stand in urgentneed of irti-
gation. This will give an idea about the scope of exten-
sion of irrigation in the Punjab. -

N. W.F.P.

The itrigation works in this province were undet-
taken actually to help the ttibal people to settle down to
peaceful pursuits like agriculture and it may be noted that
the two canals, viz., the Lower and the Upper Swat
canals, although there were difficulties in the beginning,
have proved successful beyond expectations.

Lower Swat Canal:—This canal, as noted in the fore-
going, was intended more to help the lawless tribes to
settle down as peaceful ' cultivators on land and the
project was sanctioned in*1876. This canal has proved
a great success and now irrigates 160,000 acres of land
which was absolutely an arid waste before.

Upper Swat Canal :—Encouraged by the success of
the Lower Swat Canal, the construction of the Upper
Swat Canal was undertaken which was completed in
1914. The head of the canal lies on the Swat riverat
Amandara, 3 miles below the fort of Chakdara. The
canal traverses the Swat valley for four miles and it then
passes through a tunnel, exceeding two miles in length
to the Malakand hills. The canal bifurcates into two
branches at Dargai. The main canal and the branches are
144 miles in length with 306 miles of disttibutaries.
Besides the main tunnel, referred to above, there ate
seven smaller tunnels with a total length of one mile.
‘The area irrigated comptrises 200,000 acres.
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Sind
With respect to irrigation, Sind may conveniently
be classified into three parts :—

¢)) Liyod Barrage Scheme.
(2) Upper Sind.
(3) Lower Sind.

L/yod Barrage Scheme :—All the above works of irri-
gation are matvels of engineering science but the Llyod
Barrage constructed across the Indus, three miles below
the gorge at Sukkur, is the most imposing and represents
one of the world’s greatest irrigation schemes. It claims

to be the longest barrage in the world. There were
some inundation canals in Sind prior to the cons-
truction of the Barrage which irrigated 1,830,000 acres
but the Barrage has provided irrigation to another
3,183,000 acres. A dam, 4,725 feet in length and
consisting of 66 spans, each 60 feet in width and
separated by piers, has been constructed across the Indus
to control its waters which will be allowed to flow into
seven canals with a total length of 6,816 miles which
would irrigate 5,500,000 acres of desert land. Three
canals have been taken off above the Barrage on the
right bank, while four have been taken off from the left
bank of the river.

'The names of these canals along with their iengths
are noted below ( see Fig. 2 ) :—

Canals Length in miles
Right Bank

North-Western 36

Rice . 82

Dadu w131
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Irrigations Canals of
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A general view of the Llyod Barrage and its seven canals.
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Left Bank
Eastern Nara ., . 226
Khairpur East ... 13
Rohri coe .. 208
Khairpur Feeder, West ... 45

ot 74iw

'The importance of these canals will be appreciated
from the fact that the Rohri canal carries as much water
as the river Thames in high flood. The total estimated
cost of the whole scheme has been about Rs. 20/- crores.
Irrigation from these canals commenced in June, 1932.
This project is hoped to bring a new era of economic
prosperity to the desert of Sind, which was lying practi-
cally waste before the construction of the Barrage. Large
areas under improved varieties of cotton, wheat, rice, oil-
seeds and pulses have been brought under cultivation.For
instance, the acreage under cotton, which was 300,000
actes with an average yield of about 100,000 bales, will
now increase three or even four times. Again, area
under wheat will increase from half 2 million actes to
two million acres and will represent the most exten-
sively cultivated crop under the Barrage Scheme.

The total length of these canals including the dis-
tributaries is 74,000 miles.

Upper Sind

It may be noted that Upper Sind will remain
unaffected by the Llyod Barrage Scheme. There are
three large canal systems in Upper Sind, viz., the Desert
Canal, the Unharwah Canal and the Begati Canal, but it
is proposed to remodel these at a total cost of about Rs.
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64 lakhs, while the total cost of improving the existing
inundation canals and the extension of itrigation facili-
ties to new area is estimated at about Rs. 125 lakhs.

Lower Sind

Just as Upper Sind is located to the notth of the
extent of the Llyod Barrage Scheme, Lower Sind is
situated to the south of it. It may be noted that with
the construction of the Llyod Barrage canals, Lower
Sind is likely to be affected adversely at the critical
periods of the &harif season. The Government, there-
fore, gave assurance to the landowners that the irrigation
canals of this region will be remodelled and improved.
The canals of this area comprise the Fuleli and the
Karachi canals. It may be noted that the Fuleli Canal
System has been remodelled. Of the Karachi canals,
the temodelling of the Kalri and Narichanch Canal

Systems has been completed.

There are reports that the Sind Government pro-
pose undertaking the construction of two more barrages,
but the details are not yet known. Of course, the pro-
posal for a second barrage for Lower Sind, to be located
at Kotri or Jherruck has been made but considering the
small area and the unproductiveness of the country to
be affected, the scheme was not considered feasible.
However, it was reported recently that the Govenrment
of Sind have placed orders for the machinery required
for the costruction of a barrage in Lower Sind. The
Lower Sind barrage, which is estimated to cost neatly
Rs. 8 crores, will bring 2,600,000 actes of land under
cultivation.
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Baluchistan

The water resources of Baluchistan and Waziristan
furnish a curious example of artesian water. The moun-
tains of Baluchistan are fringed by alluvial fans ot
taluses, which are of Pleistocene age. Owing to very
arid climate of the region such large angular deposits,
which are locally known as Daman, ate laid at the foot
of the hills, There being no powerful drainage, these
doposits become very large by gaining higher and higher
ground on the slopes. The slope of these taluses is so
gentle that they almost appear like very gently inclined
plain. These compound taluses have a vatiable com-
position consisting of alternating coarse conglomerates
and finer deposits, and the former being permeable, the
scanty rainfall is absorbed and stored in them. These
talus deposits thus petform a very important role
in the economic geography of the region. Horizontal
tunnels, which are locally called Karez and which may
be several miles in length are bored into the sloping
deposits until they reach the water level of permanent
saturation. ‘The water is held under hydrostatic pres-
sure which makes it flow at the mouth of the tunnel or
the well as it may be styled. Lately, artesian wells have
been dug in these deposits which have been responsible
for the development of some oasis in an otherwise
barren desert.



CHAPTER II1
Irrigation ( Contd. )
UNITED PROVINCES

In parts of the Ganges—Jumna dosb, the rainfall is
about or below 30 inches per annum and this tract has
been subjected to some of the worst famines. Conse-
quently, after the famine of 1834, the construction of
the Upper Ganges Canal, one of the greatest itrigation
works in the world, was undertaken.

Upper Ganges Canal—This canal is taken off from
the Ganges near Hardwar, where the river just debouches
from the mountains. Although its construction was
commenced in 1842 but it was actually completed in
1854. It irrigates the northern portion of the Ganges-
Jumna doab. The canal along with its distributaries
is 3,888 miles in length and the area irrigated annually
represents 1 million acres. With the help of the canal
water, crops of the value of more than Rs. 3 crores
are raised annually and in fact it has been responsible
for converting a famine-stricken atea into one of the
richest tracts in India.

The main canal, which runs from Hardwar to Cawn-
pore, was constructed for navigation also, particularly
for the transport of goods from Cawnpore to the sea
until the quicker railway communication was established.
To a certain extent it is still used for this purpose.

Lower Ganges Canal:—The rainfall, being heavy, a
large number of tributaries have their source in the
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Zerai and meet the Ganges in its middle coutse. Thus
it was rendered possible to construct the Lower Ganges
Canal. The construction of this canal was commenced
in 1872 and its headwotks are situated about 120 miles
below that of the Upper Ganges Canal, with which it is
connected. The main canal and its tributaries have a
length of 3,827 miles and irrigate annually about a
million actes of land.

The Jumna Canals :— There are two important canals
of the Jumna, viz., the Western Jumna Canal and the
Eastern Jumna Canal. The first has been described in
Chapter II.

The original Eastern Jumna Canal had to be consi-
derably realigned and remodelled and now from a com-
mon weir at Tajawala in the Saharanpur district this
canal is taken off from opposite the Western Jumna
Canal. The main canal and its distributaries cover a
length of 900 miles and irrigate annually 400,000 acres
of land. It is one of the most profitable irrigation
works in the country.

Agra Canal :— This canal is taken out from the
right bank of the Jumna at Okhla, about 11 miles below
Delhi and is intended to itrigate an arid tract of land.
The canal has 1,002 miles of channels which itrigate
every year 280,000 acres of land.

Sarda Canal:i— This project was designed to irrigate
land in Rohilkhand and Oudh in the United Provinces,
patts of which were liable to famine in years of scanty
rainfall. ‘This canal was opened in 1928 and the main
canal and its distributaries in the original estimate pro-

4 .
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vided a length of 4,100 miles and 1,555 miles of drains.

It represents the longest canal system in the wortld
which irrigates :—

300,000 acres of wheat,
250,000 acres of sugar cane and
400,000 acres of other crops.

In 1941, another 352 miles of new channels were
added thus supplementing 125,000 acres to the previously
irrigated area. As a part of ‘Grow More Food’ campaign
the Government have sanctioned another 800 miles of
channels on this system. The new additions are expec-

ted to be completed by October, 1946.

Betwa Canal :—The Betwa river is a tributary of the
Jumna. This canal was constructed as "a protective
work to irrigate a precarious area in the Jhansi, Jalaun
and Hamirpur districts of the United Provinces. Two
storage reservoirs have been built, one at the canal head
at Parichha, 15 miles from Jhansi and the other upstream
in 1906 and they store together 6,220 million cubic
feet of water and irrigate in years of scarcity 200,000
acres of land.

Tube Wells

The ground or subsoil water is another source of
water supply and irrigation, and in the alluvial area of the
United - Provinces the ground water level is fairly high.
To tap this source, wells have been sunk from very
ancient times for purposes of irrigation. Recently, the
Government has constructed tube wells and each well is
capable of irrigating roughly an area of one and a quar-
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ter square miles. The tube well scheme was originally
proposed in 1930 and a year later 9 tube wells wete sunk,
but by the end of 1945, 1,656 wells were expected to
be completed. During the last three years three batches
of 200 wells have been-sanctioned by the Government
and when this scheme is completed, 2,256 wells will
be in operation, which will itrigate about 200,000 actes.
It was forecast that the original project for 1,656 wells
would produce a revenue of 49-3 lakhs in the year
1952-53, while the actual gross receipts for the cutrent
year are likely to be 52 lakhs. Thus the increase ovet
the project forecast is 6 per cent.

The electricity required to pump water from these
tube wells is provided by the Western Grid where hydro-
electric power has been generated from the various
falls on the Upper Canges Canal. Even land-owners
arc encouraged to sink tube wells and electricity is
being provided at cheap rates for pumping water to
provide irrigation for high class crops, e.g., wheat,
sugar cane and cotton.

Besides these almost every village has one or mote
tanks from which itrigation can be practised but the
difficulty with these tanks is that they are likely to run
dry in case of failure of monsoons.

Bihar

Son Canals :—The Son canals derive their water from
a weir built across the river Son near Dehri and this
water is used in the irrigation of land in the Shahabad,
Gaya and Patna districts. The anicut is one of the
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longest in India and from this two canals, viz., the main
Western and the main Eastern Canals, are taken. The
former feeds the Arrah, the Buxar and the Chausa canals.
The Arrah Canal is taken off at the fifth mile and runs
parallel to the Son for 30 miles and turning northward
and flowing past the town of Arrah it discharges its
water into the Ganges. There is a fall of 180 feet and
13 locks have been constructed to allow for this fall.

The Buxar Canal issues forth from the Western
Canal at its twelfth mile and meets the Ganges after a
distance of 55 miles.

From the main Eastetn Canal, the Patna Canal
issues forth at the fourth mile and runs parallel to the
Son until it meets the Ganges at Digha, a place between
Dinapore and Bankipore. The total length of the canal
is 79 miles and for the first 43 miles it flows through
the district of Gaya and the remaining 36 miles ate in
the Patna district. 'The main canals are also navigable.

As a prelude to an extensive scheme for tube well
irrigation, which is under consideration, the Government

of Bihar have undertaken in the southern part of the
Shahabad district, the boring of a dozen tube wells
operated by electricity. Each tube well is estimated
to irrigate about 500 to 1,000 acres of land with two
to four miles of channels.

Bengal

In-Bengal, where rainfall is generally adequate and
where the problem is more of the drainage -of surplus
water, the Damodar Canal has been completed recently
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which is intended to irrigate 200,000 actes of land in
the districts of Burdwan and Hooghly.

Damodar Valley Dam Project: — Recently, the Damo-
dar Valley Dam project has been proposed and at
present the scheme, ‘which is estimated to cost
Rs. 55 ctotes and which will affect both Bengal and
Bihat, is being examined with a view to commencing
consttuction. The first dam will be at Tilaiya near
Damodar, while the second dam will be across the river
Barakar, which is a tributary of the Damodar river.

An attempt is being made to reconstruct the chan-
nels of Bengal rivers which ate partly silting up. The
reconstruction of these river channels and canals would
mitigate the tremendous evil of monsoon floods over
the adjoining lands. In fact, the same water could be
utilised in irrigating the paddy lands.

Central Provinces

It was generally surmised that in this province
there was fear of excessive rainfall rather than deficiency
but the famines of 1899-1900 and 1902-03 proved
otherwise. Only 73 per cent. of crops were provided
irrigation. 'This emphasized the necessity of itrigation
and four major projects were taken in hand, viz., the
Mahanadi, Wainganga, Tandula and Kharung canals.
In addition a number of small storage reservoirs have
been constructed to ensure cultivation in this region.

Mabanads Canal :— This canal is designed to protect
a large tract in the Raipur district.- It has been visited
by several famines, the worst being those of 1896-97
and 1899-1900 when crops of the value of 2} and 3
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crotes of rupees tespectively wete lost. ‘There was
again almost another famine in 1902-03. Itis a rice-
growing area and the soil is very fertile. It was irri-
gation, which was required.

The headworks of this canal are located at Rudti,
where a masonry weir has been built across the
Mahanadi. In addition, a subsidiary reservoir at Maram-
silli has been built on a tributary of the Mahanadi. The
main canal and branches are 195 miles in length, and
the distributaries, 741 miles in length. The cost of
the project is about Rs. 1} crores and the area irrigated
covers 300,000 acres.

Wainganga Canal :— This canal irrigates patts of the
Balaghat and Bhandara districts, which form a very
precarious area. Besides the reservoir on the Wain-
ganga, thete is also the Sarathi reservoir. The main
canal is 28 miles in length and a feeder channel from
the Sarathi reservoir meets it at the 18th mile. The
total length of the two branches is about 50 miles. The
scheme will irrigate about 91,500 acres.

Tandule Canal :— This canal is a protective work
for portions of the Raipur and Drug districts. The
waters of the Tandula and Sukha rivers have been dam-
med near theit confluence by two separate earthen dams.
‘The former is 1} miles in length, while the latter is 11
miles long. The two teservoirs hold 9,000 million
cubic feet of water available for putposes of irrigation.

Kharang Tank in the Bilaspur District .— It is a large
storage resetvoir on the Kharung rivet with 5,560
million cubic feet of water. Two canals, one on each
side of the river, itrigate 95,000 acres of land.
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In addition to the above wotks a number of small
projects have been recommended in this province.

Bombay Presidency

Two great reservoir projects in the Bombay Presi-
dency comprise :—

(1) The Pravara River Canals project.
(2) Nira Right Bank Canal project.

It may be noted that previous to the construction
of the Pravara River Canals project, irrigation from the
Godavari was carried out by the Ojhar Left Bank Canal.
This canal issues out from the Pravara at Ojhar, about
40 miles north-west of Ahmednagar and a masonry weir,
about 29 feet in height, was completed in 1873. A
Right Bank Canal was taken off at the same point but it
was left incomplete.

The new project includes a very large masonry dam,
270 feet in height at Bhandardara. The Pravara river
flows here though a narrow gorge in the hard trap
which furnishes an ideal site for the construction of a
dam. It is noteworthy that it is the highest dam in
India and perhaps the biggest in the wortld in respect of
the depth of water stored. The lake is called the Arthur
Hill Lake with a storage capacity of 10,800 million
cubic feet of water which can be augmented to 12,900
million cubic feet. The catchment area, which is only
47 square miles, receives a torrential rainfall varying
from 150 to 300 inches a year.

Besides the construction of the above dam, the
weir at Ojhar has been rised in height and the Left
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Bank Canal has been widened. The Right Bank Canal
has been completed with a length of 33 miles and 56
miles of distributaries. ‘The Left Bank main canal is 48
miles in length with 161 miles of branches and distribu-
taries. The project irrigates 57,000 acres of a precari-
ous area in the Ahmednagar district.

Nira Right Bank Canal :— This project comptrises
the remodelling and enlarging of the existing works
which consist of a storage reservoir known as the Lake
Whiting formed on the river Yelwandi, an affluent of
the Nira. There is also a Left Bank Canal which is
taken off from a pick-up weir on the main "tiver Nira
at Vir.

The Right Bank Canal is 109 miles in length,
which will irrigate an area of 132,000 acres out of 2
total of 560,000 acres. The work is intended to pro-
tect a large portion in the Sholapur district which was
frequented by famines.

Mutha Canal Project :— The object of this project
was twofold. It was to protect a very precarious region
in the district of Poona and also to assure potable
supply of water for the town of Poona and the canton-
ments of Kitkee and Poona. Originally, a dam was
built across the Mutha tiver which flows through the
city, below the town of Poona. The water was thus
contaminated with the sewerage of the town and ulti-
mately a dam was built across the Mutha at Khadak-
wasla, 10 miles above Poona. Two canals were taken
out and the Right Bank Canal btrings water to Poona
and itrigates the country lower down, while the Left



IRRIGATION 33

Bank channel, 18 miles in length, brings the supply of
water to the cantonment of Kirkee. The ptroject was
commenced in 1864 which was completed in 10 years.
The Right Bank Canal is 70 miles in length and irrigates
a very precarious tract of land in the Poona district.
Towards the end the Matoba tank receives the surplus
water for further distribution. |

Madras
In the Presidency of Madras, which ranks next to the
Punjab in respect of acreage under irrigation, 10,655,537
acres ate irrigated chiefly by the distribution of the
delta waters of the Godavari, Kistna and the Cauvery
( See Fig. 3).
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Irrigation in the Godavari Delta:— An account of the
Godavari river is given on p. 40 of Part I of this work.
It rises in the Western Ghats about 50 miles from the
West Coast and drains its waters into the Bay of Bengal.
Its catchment area comprises 115,000 squate miles and
the maximum discharge is 1} million cubic feet per
second. At the head of the delta it divides into the
Gautami Godavari, representing the eastern branch, and
the Vasishta Godavari. It is noteworthy that the origi-
nal project was recommended as early as the end of the
eighteenth century, but the famines of 1832-41 moved
the Government to action and in 1844 Sir Arthur
Cotton was asked ' to report on the project which, as
originally executed, comprised the following :—

(1) The head regulator of the Eastern Delta System
with a navigation lock and the connected under-sluices
wetre constructed on the left flank of the river.

(2) Two weirs were constructed on the Gautami
Godavari :—

(a) The Dowlaishwaram weir, 4,940 feet in length.
(b) The Ralli weir, 2,859 feet in length.

At the western end of the Ralli weir are the works
of th= Central Delta System. The Vasishta Godavari
is also crossed by two weits, viz., the Maddur and Vize-
swaram weirs, 1,548 ind 2,598 feet in length respectively.
From the right bank of the latter extended the wotks
of the Western Delta System.

It is noteworthy that the headworks comprised
21 miles of weir, 1} miles of embankments, three canal
heads with navigation Jocks and three sets of undet-slui-
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ces. The weir has since been raised and other structures
improved.

Two canals, marking the exterior boundary of each
section of the delta, have been taken out and with their
branches they irrigate the intervening country. It may
be noted that extensive drains have been provided to
carry away any excessive water. Likewise, embankments
have been raised on both sides of the river to prevent
the flood water spreading over the arable land.

Thus the largest river of the Deccan has been harn-
essed to the benefit of man and the irrigation of the
Godavari delta has proved of immense value to the coun-
try. It comprisel a famine-stricken area which now
forms extensive paddy lands.

The main canals also serve the purpose of naviga-
tion. The system represents 500 miles of main and
branch canals with 2,000 miles of distributaries. It
irrigates one million acres of land bringing in a return
of about 26 per cent. on the capital outlay.

- Irrigation in the Kistna Delta :— This area is liable
to famine and a project for its irrigation was sanctioned
in 1851. TheKistna rises in the Western Ghats and has
a catchment area of 97,000 square miles. After a career
of 800 miles it drains its waters into the Bay of Bengal.
It has 2 maximum discharge of 1} million cubic feet per
second, which, however, decteases to only 100 cubic
feet during the hot season.,
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About 60 miles from its mouth, near Bezwada, it
passes between two hills of gneiss separated by a dis-
tance of 3,900 feet. ‘This site has been chosen for the
construction of the weir which was commenced in 1852.
A main canal has been taken out on either side of the
river with a network of distributaries extending over
the whole delta. This system is connected by a high
channel with the western high level canal of the Goda-
vari System, thus completing the navigation between the
Kistna and the Godavari deltas.

Irrigation by Pumping on Divi Island :— This island
situated in the delta of the Kistna river has an area
of 150 square miles or more than 100,000 acres. Its
irrigation represents the first attempt in India to affect
large scale irrigation by pumping. The soil is suited for
paddy cultivation. Originally, attempts were made to
provide irrigation by tanks and inundation canals but
they wete only partially successful. Now nine double-
cylinder 160 H.P. Diesel engines have been installed for
pumping. Each engine is capable of working a centrifugal
pump which discharges 73 cubic feet of water per second
on a 12-feet lift. 'The water is delivered into a canal

system which comprises 26 miles of main channels and
130 miles of main and minor distributaries.

It would be feasible to have such projects in other
patts of the country.

Irrigation in the Canvery Delta :— The itrigation in
the delta of the Cauvery river is of great antiquity,
so much so that agriculture and irrigation have been
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practically contemporaneous in the delta lands of Tanjore.
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Fig, 4— Showing Irrigation Canals of the Cauvery Delta.

About 18 miles above the head of the delta, the
Cauvery is divided into two channels by the narrow
island of Stitangam with the result that the Cauvery
proper flows on the right and the river Coleroon on
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the left. The former divides and subdivides forming
a network of distributaties of the delta.

Grand Anicut :— To prevent the waters of the Cau-
very from being diverted into the Coleroon, a masonry

weir known as Grand Anicut was constructed in the
second century of the Christian era. It connected the
left side of the Cauvery with the tail end of the
Srirangam island. Its dimensions are as follows :—

Length - 1,080 feet.
Breadth ‘e 40 to 60 feet.
Height .o 15 to 18 feet.

No sluices were provided in the weir but lengthy
embankments, to protect the irrigated area from floods,
were raised. But the Coleroon with the larger flood
volume, steeper slope and shorter course diverted
the waters of the Cauvery resulting in its deterioration
and the development of shoals.

Upper Anicut :— Consequent upon this deterioration,
the construction of a2 permanent masonty weir across
the Coleroon at the head of the Stirangam island to
distribute equitably the water in the two branches, was
suggested. This Upper Anicut, which is a bar of ma-
sonry, 2,562 feet in length, was built in 1836. Twenty—
two sluices were provided in the weir to permit the free
passage of sand in order to prevent the silting of the
bed of the Coletoon. But the sluices were absolutely
inadequate and the bed was silted to the top of the
Upper Anicut. During 1843-45 it was, therefore,
found necessary to increase the sluice ways in the
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Upper Anicut. However, during 1899-1902, the whole
system of weirs had to be remodelled and the long lift
shutters were provided both in the Upper and Grand
Anicuts. The average area irrigated by the Cauvery
prior to this reconstruction comprised 600,000 actes.
It now irrigates over a million acres which brings
in a return of 17 per cent. on the capital outlay.
The main canals and branches are 1,500 miles in length,
while the distributaries comprise another 2,000 miles.
Thus the Tanjore district comprising the delta, owing

to its fertility and irrigation has been styled “the garden
of South India”.

Canvery-Mettur Dam :— A dam constructed at Met-
tur across the Cauvery impounds 93,500 million cubic,
feet of water and is believed to be the largest dam in
the world. It irrigates an area of 1,300,000 acres in
the delta of the Cauvery. This project also comprised
an irrigation canal called the Anicut Grand Canal and
also included the improvement and extension of the
pre-existing Vadavar Canal.

The benefits accruing from this project comprise an
increase of 300,000 acres of new irrigated land and the
second crop cultivation will be augmented by 175,000
acres. Mettur now has become a great potential industrial
centre having the advantages of cheap hydro-electric
power, abundant water, and with proximity to great
cotton and groundnut producing regions. With regard
to communications, the area is well served by railway
and the river Cauvery, and land for factory sites is also
available.
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Periyar Scheme :— The Periyar Scheme is one of
India’s most ingenious irrigation works and cost Rs.
108 lakhs. It irrigates 133,000 acres in the Madura
district. By this scheme, a river, which should have
flowed into the Arabian Sea, has been made to flow into
the Bay of Bengal. A dam was built across a gorge in
Travancore State, 3,000 feet above sea level, resulting
in the formation of the lake Periyar with a gross
capacity of 15,700 million cubic feet of watet.

The waters of the lake are taken to the Madura
plains through a tunnel 5,700 feet in length. It itri-
gates 12,700 acres in the Surulaiyar Valley and the
waters are made to flow about 80 miles below the tun-
nel in the Periyar Main Canal, about 32 miles in length.

Tank Irrigation:— In this Presidency tank irrigation
has been carried out from time immemorial and some-
times, it is stated, that there is more land under tanks
than the land which is meant to be irrigated by them.
But the supplies of water remained uncertain and careful
attention has been given to their imptovement. Existing
tanks have been repaired and remodelled but many new
works have been undertaken, which comprise the
construction of weits across several small rivers. This
provides direct irrigation through canals taken from
them but it also serves to replenish waters of small
sturage reservoirs. Taken together these small irrigation
- tojects are of great importance and make a substantial
contribution to the irrigated area of the province.

Mysore

Krishnaraja-Sagara Reservoir :(— This storage reser-
voir will enable the generation of electric power up to
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46,000 H. P. It will also help in the irrigation of 120,000
acres of drought land. The main canal is called
the Irwin Canal. Out of this land, which has received
irrigation, 18,000 acres have been brought under sugar
cane cultivation, and a large sugar factory has been
established at Mandya.

Other minor schemes, which will irrigate another
20,000 actres of land, have either been completed or are
nearing completion.

Crops Irrigated

The crops, which are produced largely with the
help of irrigation, are wheat and cotton in Sind and the
Punjab and sugar cane and rice in other parts of India.

Problems connected with Irrigation

Waterlogging and Development of Saline or Alkaline
Lands :— In the region irrigated by canals the water
table rises in the contiguous fields and they are rendered
saline or alkaline and ultimately become unproductive.
Attempts are being made to mitigate this evil although
the land thus involved is one-thousandth of the total
irrigated area. Seepage from the canals can be consi-
derably reduced by lining the canals with gypsum.

Sometimes, a special scheme is devised to drain off
the surplus water from particularly swampy regions.
An example of this method is furnished by the Deg Di-
vision where the partially stagnant water of an old
blocked channel is carried off. This water is poured
into the Uhl river of the Himalayas the waters of which
are used to generate hydro-electric power.

6
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Silt Problem :— Another problem is that of silt in
suspension in the waters of the canals. This mud, if
deposited in the canal beds, soon silts up the channel
and the remodelling of the canal is expensive. It is
intended that this silt should be deposited in the fields
instead.

Fall of Water Table:— In the regions, where the water
of the rivers is led away into irrigation channels, level
of the water table falls, e.g., the Jullundur dosh. This
affects the level of water in the wells. This evil can
be mitigated at least partially by going deeper in those
wells thus reaching the lower water level.

Conclusion

Owing to its orographical features, India receives
a large amount of rainfall during the monsoon from
June to October. Only a few parts, e.g., Northern
Baluchistan, N. W. F. P., the Punjab and part of the
Ganges valley, and in the south, the Carnatic Coast re-
ceive rainfall in winter. It has been estimated that 60
per cent. of the total rainfall is lost by evaporation and
run-off. Of the remaining 40 per cent., only 6.8 per
cent. is utilized in irrigation. This will show what a
great percentage of our water is wasted which could be
certainly conserved in various ways for purposes of
irrigation, etc. It is generally considered that India with
a population of 389 million people is over-populated,
but the average density of population is only 200 people
per square mile. Even a preliminary survey of the coun-
try shows that there are still large tracts of the countty
which receive no irrigation and if by careful planning
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those regions can be developed, our tesources of food-
stuffs and other economic products can be materially

increased, thus raising the standadrds of living. On p.
254 of Part I of this treatise, the author concluded:
“More irrigation projects and abundant suitable fertili-
sets are the two panacea for the main agricultural ills
of this country”. The author is of opinion that with
thought and 