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PREFACE.

—

Tug following notes are part of the series of general lectures

on Agriculture. included in the Short course at the Coimba-

[t is my intention to writé up other sections

dea ultimately of combining them

tore College.

in the same way, with the 1
into a text-book.

R. C. WOOD,

Principal, Agricultural College and Research

Institute, and Superintendent of
Central Farm, Coimbatore.

I917.

THE present issue 1s a reprint of the original. It must there-

fore be remembered that the prices quoted do not apply to

-

present conditions.
G. A. D. STUART,
Director of Agriculture.

1920.
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IRRIGA T 1O N,

THE ARTIFICIAL SUPPLY OF WATER TO CROPS.

1. Importance of water to plants.—The importance of water
to all forms of plant life is due not more to the fact that it makes
up so large a part by weight of all living and growing parts of
plant tissue, than for the reason that it is the medium in which the
transformation of crude materials into assimilable food products
takes place, as well as the means whereby these products are
transported to their destinations at the various places where they\
are needed. It is thus a matter of the first importance to see that
field crops get the right amount of water at the right time and
in the right place, and this end ‘s effected either by supplementing
the natural rainfall by irrigation, or by reducing the effect of exces-
sive rain by drainage. These two operations must be considered in
very close relationship, for though it may seem that in any place
where rainfall is deficient, no harm could follow from the artificial
use of irrigation water, yet the evil effects of excess of water are so
great, especially in the artificial conditions in which agricultural
crops are raised, that provision should nearly always be made
simultaneously for both processes.

That water is a necessity for the growth of all plant life is then
abundantly clear, but before irrigation is adopted it has to be shown
that this particular necessity is present in insufficient quantity.
The size of any crop is limited by several factors, of which the
supply of moisture 1s only one. The supply of plant food of
different kinds is of course another ; the habit and character of the
plant, the strength of the straw, or the space available for root
development may also be quoted as factors which limit crop pro-
duction. It is probable that in most parts of this country theﬁ
dominant factor under dry or garden conditions is the supply of
water to the crop, either directly in the case of dry lands by the
quantity of water naturally available, or indirectly as well, in the
case of garden lands, by conditions which arise when water is
supplied artificially.

Let us take the case of dry land first ‘and see what arguments
can be brought to support this view. Practically, of course, it 18
clear that a very high market value is placed upon the supply of
water for agricultural purposes in almost every district, even where
it might at first be thought that the rainfall was sufficient. The.w =
rates charged for water in the big delta systems are very low, and %
it is not until we sbe the sums invested in the digging of wells, and -ﬁ
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the ceaseless toil with which their water is lifted and Carefull.},r
applied to garden Crops, that we can realize how valuable this
commodity 18 considered. At Coimbatore, it is estimated that an
irrigated crop of Sorghum (cholam) will produce 2,000 b, of grain
and 5,000 Ib. of straw ; a dry crop averages about 6{10{ Ib. r._::f grain
and 2,500 1b. of straw: the difference at present prices Is about
Rs. 70. This is of course not all due to the water, because the
garden 1ands are highly manured, but even making a considerable
allowance for this, it is clear that the value of the water 18
very great. Another proof of the importance of water, and the way
in which it limits crop production, may be found in the very high
yields which are occasionally recorded 1in dry fields, without any
apparent diminution in their permanent fertility. On the permanent
anmanured plot at the Bellary Agricultural Station, the unprece-
dented yield of 1,060 1b. of ‘dry’ Sorghum was obtained in the season

of 1004-05, but there was no sign of undue exhaustion of plant food
observable in the succeeding years, and it may be supposed, that
though there was sufficient plant food for much bigger crops than
were generally obtained, yet owing to insufficiency of moisture,
the crop could not make use of it: the moisture was the limiting
factor, and the plant could only grow up to the amount available
in the soil.

It is of course clear that variation in the soil will have a con-
ciderable influence on the actual quantity of water needed in a
particular case, and the rate at which it should be supplied, and
general though the statement above, viz., that moisture is in the
majority of cases the limiting factor, may be, yet undoubtly there
are districts where owing to the retentive nature of the soil and the
enjoyment of a fair rainfall, the moisture in the soil is sufficient
normally for the requirements of the crops grown. Still, even in an
irrigated crop, it can often be seen that the plants which stand
near the channel, where the water runs into the field, grow very
big and strong, and stand as a proof that the supply of water is the
factor which is keeping the rest of the crop back.

The irrigation of garden land moreover introduces other problems
which follow immediately on the artificial supply of water; ques-
tions concerning the proper aeration of the soil, the subsoil, and the
roots of the plants, the rise of injurious salts in the land, and
other questions which are really connected with drainage, This
class of land is merely mentioned to show that following in the
train of the great advantages which a water-supply confers, are
certain dangers which only careful cultivation will avoid.

There is another consideration and that is the crop grown,
and here, tl}nugh we find practices varying in different districts,
a general distinction can be drawn between " garden’ or irrigated
and ‘ dry’ or rain-fed crops. We get in the districts of Ganjam,
Malabar and South Kanara rain-fed paddy, though paddy is of
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course, in the main, a typical irrigated Crop. Ragi (Eleusine
coracana) is a crop just on the border line, being found equally as
arain-fed and an irrigated crop. Sugarcane may be quoted as a €rop
which under Madras conditions, even in the districts of heaviest
rainfall, needs irrigation at SOme portion of 1ts growth, and indeed
many of the most valuable crops of Southern India are grown under
‘garden’ conditions, so that irrigation will not only increase the
yield of the ordinary dry land crops as shown above, but will
render possible the cultivation of more profitable crops such as

L]

tobacco, turmeric, and betel vine which it would otherwise be
impossible to grow.

Since the ultimate source of all water-supply is the rain, any
deficiency—and we have endeavoured to show that such deficiency
i far from being auncommon—must be due to an insufficient
precipitation. This at once provokes the question—What is a
sufficient rainfall 2—but to this question it 1s impossible to give an
answer. Not only must the total amount of rainfall be considered,
but its concentration, because it is clear that single heavy falls of
rain will not only lead to a considerable waste, in the large
quantity of ‘run off ’, i.e., the water which runs of the surface
without being absorbed, but will necessarily increase the periods
during which no rain falls, and when therefore the moisture in the
soil may fall below what is wanted by the plant. When fqt 1s
further considered that different crops differ very widely in their
water requirements, and that different soils vary as widely in their
power of absorbing and retaining moisture, it is clear that no
definite answer can be given.

Experiments performed in America have shown that under
certain conditions from 150 to 300 l1b. of water arc required for
the production of I Ib. of dry matter: or from 13—26 inches of rain
during the crop growth.

9 Sources of water for irrigation.—All the sources of water
which may be used for agricultural purposes depend originally
upon portions of the rainfall which can be intercepted on their
way to the sea Of drawn from the supply which is stored in the
earth itself. The latter class we may consider first, irrigation from
wells being a most important feature of forming in almost all
districts.™

Wells—A well 15 a hole dug in the ground, to a depth
sufficiently great to tap the underground supply of water. This
depth will depend on the depth at which the water table is found
at different periods of the year. Where soils are homogencous and
composed of fairly porous material, the water level will be found
at a uniform distance below the surface, following the contour of

# The number of wells in the Presidency is stated to be g67,000: besides this there
are over 30,000 dorHvH wells (Statistical Atlas).
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the land with fair regularity- Unfortunately such m;unghtmns do
not often occur, and when they do, are often in districts where
irrigation is not a necessity. In Malabar, for instance the s:r:ﬁit
porous nature of the laterite rock makesﬁ CE:I'IdItl'DHE ideal for well
sinking, and valuable as such are for drmkmg pUrposes, tht‘:_y are
hardly used forirrigation, owing to the exceptionally h_eavy ramfa_ll
which Malabar enjoys. Again in most alluvial soils, water 1s
easily obtained by means of wells, but the soil is frequently found
to be unsuitable for such cultivation owing to its close texture, Or
water is already supplied in sufficient quantities for the cultivation
of paddy from the river which as caused the alluvium. There are,
for instance in the Tanjore district. unequalled facilities for well
sinking, but wells simply are not required. Conditions are however
very different in the drier tracts, where t_llgrr“e_gl_gr b].ackj{_ed_i_}pgrltg_ri
soils are underlain by ig’h’éﬁﬁﬁa'ﬁﬁ'ﬁémnrphicm frequently of
hard and close texture. Here the water which passes through the
<o0il or subsoil into the ground, does so along the cracks or fissures
which are characteristic of such rocks, especially near their surface.
The level of the water table is thus extremely irregular, and the
finding of water very haphazard, as the well may or may not cut into
a spring. A Cursory examination of the wells in such tracts will
often show the water standing in adjacent wells at very different
levels, the rise or fall of level in one well having no ecffect on its
neighbour, which may draw its supply from a quiet different
source. The labour and expense of digging wells, coupled with
the uncertainty of the result, it might be thought, would deter
farmers from ever investing their money in this way, but such 1s the
value of the water, and so assured is the position of the owner of a
good well, that the attempt is frequently made. Naturally enough,
people who claim special powers and boast that they can locate
the presence of underground water are found, and in places they
obtain much credence; not altogether a matter for surprise
considering the striking successes which have attended some of
these ‘water-diviners.” Elsewhere, recOurse is had to the reading
of omens, as in Coimbatore, where it i1s said that, if water is poured
over a sheep with the appropriate mantrams, the place where it
first stops to shake itself, marks the site where a successful well
may be dug | The matter is of considerable interest, and reference
to more scientific methods may be found in the records * of the
Bombay Department, who have tested a water finder made by
Messrs. Mansfield & Co. The machine is very slow in working
and is EKDEI_'lsivE, costing Rs. 750: it seems successful, though it is
not known if it has actually been tested,

Mention may also be made of artesian and sub-artesian wells
though few wells of this sort have been utilized for agricultural

e

-

# Bulletin No, 38 of 19to. Bombay Department,

_ One is now in the possession of
the Madras Agricultural Department, :
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purposes. Such wells are often very deep, and eventually tap a
supply of water which is under sufficient pressureﬁtﬂ' force it above
the level of the ground (artesian) or to within a short distance of the
ground (sub-artesian). The boring of such wells has made the
greatest progress 1n Pondicherry,” but recently a number of wells
have been sunk in the basin of the Kortaliyar river, north of
Madras, and with considerable success (vide Reports of the Pump-=
ing and Boring Department, Madras). Artesian wells for drinking
and factory purposes have been successfully sunk at Samalkota
(Godavari) and Anakapalle (Vizagapatam).

The costt of such wells will largely depend on the nature of
the rock through which the boring has to be carried.

Tanks.—Notice may next be taken of the surface water
intercepted on its way to the sea, which may be diverted to the uses
of irrigation, and the first to be considered is the tank. The
simplest form of tank is made by throwing a bund across a line of
drainage (and therefore roughly along a contour line) so as to
intercept the surface drainage which would otherwise pass away
‘nto the streams and rivers and so be lost. The construction of
these tanks has reached a very high state of development in some
parts, and mention may be made of the Cumbum tank, which
irrigates an ayacut of 5,000 acres in normal years.

Tank irrigation is in many respects uneconomical and wasteful.
Tanks are from their nature shallow, and consequently suffer
heavily from evaporation, and though they proyide grazing when
dry for the cattle of the village in the hot weather, they themselves
may occupy up to a quarter of the total area, which is thus lost to
crop production. Moreover being still water reservoirs, the silt
brought down by the streams is deposited in them, with the twofold
result thatthe lands under them suffer from the absence of silt, while
the tank itself tends to fill up and its capacity to become reduced.
This in fact is the case with many of the old-established tanks,
whose ayacuts have been seriously lessened from this cause.

It cannot be denied, too, that tanks are a frequent source of
quarrel and litigation amongst those whose lands are affected by
them. When the slope of the land is gentle, a very slight reduction
in the height of the water will expose a considerable area of fore-
<hore. with the result that there is a continual struggle between the
owners of the land above the tank, who are interested in lowering
the escape weir, and the ryots below the tank who are naturally
desirous of storing as much water as possible in the tank, and thus
aim at increasing or at least maintaining the height of the weir.

—

» Chatterton : Lift lrrigation, second edition, chapter V.

1 Excluding the cost of lining pipes, the cost of boring varies from .."L! S a foot 1n
alluvial soil to Rs, 10 or even Rs, I§ in rock. With power gpplianc:js, costs should be
reduced to Rs, 2 to Rs. 3 a looL.

&



When such tanks are purely rain fed, that is depended on the run
off from the lands draining into them, they serve their purpose,
since some form of storage is a necessity. Often however they are
supplied by perennial or nearly perennial streams, and in such
cases a proper distribution of the water would probably obviate the
necessity of a tank at all.

The question of the utilization of tank beds, either by growing
trees in them or by permitting their cultivation after they have
emptied or in years when the tank fails to fill, is one about which
some difference of opinion is held. Anything which causes, or is
supposed to cause, an increased deposition of silt is naturally
forbidden, while cultivation, which would imply loosening the soil,
is ‘also forbidden on the ground that the tank would be made less
watertight. It may be questioned whether either of these fears are
well grounded, and though it is difficult to lay down general rules,
which will hold good in the very widely varying conditions which
obtain, the large area included under tank-beds makes the question
one of considerable importance. In a case which came under
the writer’s experience, the prohibition of Cucumber ( Cucurbita
moschata) cultivation in a tank bed had a most disastrous eflect ; as
on clearing was done for the cultivation of the melon crop, the land
quickly became covered with a dense crop of weeds, which must
have acted much more effectively as a clog on the silt, than the few
withered plants which were all that remained of the melon crop
after the fruits are harvested. The photographs show how great
this change was, and were so striking, that permission for Cucumber
cultivation was immediately regranted. (See Figs. I and 2.)

It is only necessary to add that such tank beds are extremely
fertile owing to their alluvial nature, while shallow wells would,
in all probability, strike a supply of water which would last all
through the hot weather.

There is also a considerable waste of land along tank bunds
and the distributing channels in which the water is taken to the
fields, and it is suggested that in view of the increasing difficulties
experienced in procuring green manure seeds, such land might
be utilized for this purpose. When the plants are perennial, as in
the case of some of the Agathi, they could be grown on the channel
bunds, while the smaller Sesbanias and Tephrosia would probably
establish themselves, with a little assistance, on the larger slopes
of the tank bunds. It would perhaps be difficult to prevent abuse,
but the waste of space which is such a common feature of tank
irrigation seems to call for some cure.

A combination of the well and the tank is seen where wells are
sunk in the ayacut or land commanded by a tank, and in such con-
ditions, very intensive cultivation is frequently possible. It is clear
that the supply of water in the well is largely affected by the water
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in the tank, not only by the direct filling of the well, but by the
general rise in the subsoil water due to the surrounding irrigation,

but no extra charge 1s made in such cases, unless as usually hap-

pens, tank, i.e., Government water, is used as well as the well*®

water.
Rivers—Finally we have the rivers on which to draw for water

for irrigation purposes and these form the most-important of
all. The water from such rivers may be utilized either by gravity

'__pjhlay be lifted by some mechanical means: the former is the

most common owing to the large quantity of water which is needed
for the cultivation of ‘wet ' paddy and the extreme popularity of
this crop : as an instance of the latter, may be quoted the Divi
[sland project where water ‘< lifted by powerful pumps to supply
some thousands of acres of paddy. The combination of the river
and the well, produce what is known as a ‘doruvu’ well, which
is a well sunk half in the river bed and half in its bank. Such
wells come under special rules as they are obviously drawing on
public supplies of water.T |

There are two long established methods of making use of the
water in rivers and these are applicable, one when the river 1S in
flood, and one when the river is dry. In order tocatchthe water at
its highest levels, side channels were dug to meet the river, and
these were dug at <uch a level that they would only be filled when
the river was running bank full. The water thus diverted was stored
in large tanks and utilized for paddy cultivation. The method was
crude: and the tanks were often difficult to construct, owing to the
very level nature of the alluvial plain which was found on either
side of the river: even at their best, only a very small proportion
of the river water could ever be put on to the land. Such canals
were for instance, 1n existence before the construction of the Kistna
apnicut at Bezwada, diverting the water from that river. A varia-
tion on this method is still practised 1n the south, to utilize the
waters of the Cauvery, the Coleroon and the Amaravati. Thisisto
construct temporary dams, known as rorambus, which are built out
from the head of each channel when the supply in the river begins
to run low. They are made of sand, earth, branches, grass, bamboos
"ﬁ'nd even logs, and are of course swept away by each fresh, being
reconstructed again when the need arises. Thisis an improvement
on the flood channel and a larger proportion of the river water 1s

impounded by these korambus.
Another method of extracting the water from rivers—in this case

from their sandy beds during the period when they are dry—and

one which has evidently been practised for many years, is by spring.

—

& The rules governing such cases will be found in Board’s Standing Order 6,

paragraph §.
t Board's Standing Order 1, section 7.
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channels.* These are long channels which are excavated in the
“beds of the larger rivers like the Hagari, the Tungabhadra and
the Pennar. They often extend for several miles, and starting at
their head, below the water level in the river bm}, are taken down
stream at a flatter gradient than that of the river bed, and the
country round, with the result that they are soon high enough to be
taken ihmugh the bank and gradually above the level qf'the Iland
where they can be used for irrigation. The supply is divided into
a definite number of shares, and the users of the water are bound
to provide one cooly for each share, whenever the water officer
summons them, for in the digging and the clearing of the channel
much labour is required, particularly in the portion in the river bed,
which 1s swept away whenever the river flows. The distribution is
ingenious, a flat log of wood is fixed horizontally in the (.:h.ﬂnnel SO
that all the water flows over it uniformly. Vertical divisions can
be inserted wherever necessary, to divide the total flow into any
number of proportionate parts, according to the number of shares
irrigated from each channel. (See Fig. 3.)

The upkeep of these division weirs is in the charge of the water
official who gets one or more shares free for his labour : careful
inspection Is necessary, for unscrupulous owners will often surrepti-
tiously make a hole behind the bar, and thus obtain far more than
their fair share to the detriment of their neighbours.

These methods have the merit of antiquity, but are uncertain,
and in the case of the spring channel extremely laborious. A much

| 'more effective method of utilizing river water is by the con-
struction of a permanent dam or anicut aCross a river, so that
the level of the water is raised to a height sufficient to command
land in the vicinity. This system has also the merit of antiquity
and in the case of the smaller rivers there Is no doubt that anicuts
have been in existence for many years,t but it is within the last
century that the extension of this system of irrigation has been
most marked. The magnificent anicuts across the Kistna and
the Godavari rivers, which this country owes to the genius of Sir
Arthur Cotton, were built between the years 1848 and 1855 and
hemselves proved financially successful, but directly

_ ght wealth and prosperity to a very large
section of the country, The magnitude of these works may be
juciged from the fact that the Kistna dam alone cost seven lakhs
while 137 lakhs was spent op the whole Godavar; system, sums
which would be largely increased Were the work to he clﬂne,tﬂda

Very elaborate precautions have to betaken to Prevent damage fﬂ,

the anicuts themselves, while the Scouring sluices which are

D e — R e A gy
® See Lift Trrigation, A, Chatterton, Chapter X
t It is supposed that the Grand Anicut between
first built under the Chola kings.

—_—

[, page [77 (secona edition),
the Clu'mq_r- and (h |

.
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intended to prevent the accumulation of silt, and the canal sluices
which regulate the amount of water let into the canals need very

careful attention.
Accurate distribution is insured by a telephonic system which

places the head officer in touch with the whole system, SO that he

can direct the water where it 1s most needed, or quickly deal with
excess, with the least possible delay, and by a very elaborate
system of sluices dealing with smaller and smaller distributaries,
the water is gradually distributed to the whole area.

These systems are favoured by the natural slope of such alluvial
tracts, which slope generally away from the river, owing to the
thicker deposits of silt which occurred near the river whenever it
topped its banks, while such alluvial soils are ideal for the culti-
vation of paddy, the only crop possible in such conditions.

Another very striking project which has been successfully
engineered, 18 the Periyar Scheme, called after a river in the hills
of Travancore, which formerly ran westwards to the sea, This
was dammed up, and by means of a tunnel cut through the hill,
its waters were diverted eastward to the thirsty plains of Madura,
where they now irrigate 150,000 acres of paddy. This system
varies from the others we have considered, firstly that there 1s no
cilt in the water, which runs practically clear from the high hills,
and secondly that the <oil commanded by the water is not alluvial
in nature, and 1s not therefore particularly rich. Owing to these
two contributing Causes, the problem of maintaining the fertility
of the land has attained a special prominence in this tract, and it
is perhaps this scarcity of manure which has made the Madura
ryot so quick to realize the value of nightsoil for his paddy.
Alkalinity is also a danger which is on the increase, owing to the

general rise of the subsoil water.

The problem of making fuller use of the water wj\ich, as 18
proved by the existence of spring channels, must be st red in the
sandy beds of large rivers, is one which offers considerable
difficulty, and one which has not yet been tackled, except on a
small scale. The reason is that the water cannot be drawn from
one place, inasmuch as the <and becomes sucked dry, while the
friction of the passage of the water through it offers considerable
resistance. A solution of the difficulty which has been suggested
by Mr. Chatterton, i< the erection of a central electric power-house,
from which power may be distributed to numerous small installa-
tions, which will be of the nature of doruvu wells, and will not
interfere with each other.

3. The problem of lifting water.—The importance of some
means of lifting water, SO that it may be applied at or near the
surface of the ground, may be concluded from previous sections,
where it was shown that though for a certain class of irrigation,
namely the cultivation of wet paddy, the water was usually

2
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made to flow on to the land by gravit}f, yet there was glvglry
considerable amount of garden cultivation carried out with the

] water. |
he}iﬂ?;kl;gi in its simplest form, the liftin_g of waFer IS a I?Elrc}iy
mechanical task, which can be express'ed in definite terms: t c'
raising of a certain weight a certain height at the Chl;"ﬂ,i]l‘f‘ﬁt --mt{it.
The p'mhlem is however complicated IJ_y several nther.ﬂmmrhi -
is clear that the water must be lifted in some receptacle, .w:[“
may be either some kind of a vessel or bucket, or else a pipe “,”
which the water is pushed or pulled. In the f.nrmer case we have
to consider the methods to be adopted in emptying tht‘? bucket. The
depth of the water to be lifted will probably vary with the SE‘HSGH‘.
and thus the lifting arrangement must be able to accommodate
itself to work at different depths. The apparatus‘ must to the
highest degree be safe and reliable, and in this way differs to some
extent from other apparatus, such as an oil crusher or a chaff cutter
where a breakdown means only loss of time: the stoppage of an
irrigation plant may imply the death of the crop which was being
watered by it and may thus mean a very serious loss.

It may be said at once that these various difficulties can be and
have been easily overcome by engineering science, provided the
amount to be lifted is sufficiently large. Unfortunately such is not
usually the case, and though considerable progress has been made
in designing and constructing pumps or other apparatus suitable
for small quantities, it is the case even now, that the instances in
which small power plants can be profitably installed are com:
paratively few and far between. It becomes of great importance
then to study the various lifts which the farmer has at his control,

, and these may be classed into two—those in which bullock POWEr. is

made use of, and those in which human labour 1s alone utilized.

Although in certain districts, manual lifts are used, the bullock
mhote in one or other of its forms, is the commonest means
adopted at present for lifting water for irrigation purposes from
wells. The mhote, or leather (sometimes iron) bucket is cOmmon
to all three forms, the difference appearing only in the method in
which the power of the animals i< utilized,

In the first and most common type, which we may call the
single type, the animals exert their force, by moving down a com-
paratively flat incline, usually at a slope of about 1 in 5, lifting
behind them the bucket (kavalvi) which is discharged by means
of an ingenious ‘tail’ which will be described later. After
discharge, the bullocks back up the slope until they reach the top
by which time the bucket will have again reached the surface of
the water, when the process is repeated. (See Fig, 4.)

| In the second or double mhote, the slope is made much steeper,
I'in 33 to T in 2. and the animals are unyoked at the bottom of
the ramp and return walking up a path at the side. Meanwhile the
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bucket descends into the well by its own weight, pulling up the
driver who accompanies the returning rope to the top, where he
fastens it by a simple loop and peg, to a second pair which is
waiting there. Usually only two pairs are worked together, but
three pairs are sometimes seen in use at a deep well, while it would
be possible of course touse only one pair. Itis convenient however
to refer to this as the ‘double mhote.” It is commonly seen in
Bellary, but is found elsewhere. (See Fig. 5.)

The third system is the circular mhote, and in this case the
bullocks walk in a circle on level ground, winding up the rope to
which the bucket is attached on a circular cylinder. The bullocks
reverse while the bucket is discharging. There are frequently
two buckets fitted, one of which is ascending while the empty one
i« descending so that the process is made continuous. Specimens
of this mhote may be seen in South Arcot, but are not very largely &~
utilized even there, while in other districts they are generally =
unknown. |

In comparing these forms of lifts,* it must be borne in mind &
that the value of a water lift worked by bullock power depends  &&s
partly on its mechanical or constructional efficiency, and partly on i_é
the efficiency or the method adopted to utilize the power of the -
animals working it. The strength of an animal may be directed to
the performance of ‘internal’ and ‘external’ work: "internal’
work being merely the transference of the animal’s own body
from one place to another, and ‘external '’ work the moving of
anything outside its body. A bullock walking along a level
road performs only “internal ’ work ; if in addition he pulls a cart,
he performs ‘external ' work as well.

If a bullock is made to raise its own body against the force
of gravity it performs internal work only, but if in descending, it
i« made to raise an equivalent weight, it will perform usual work,
and in the most efficient possible way, because all its energy is
utilized only in moving its own body. On a horizontal road and
walking at a natural gait, a bullock weighing 800 Ib. can exert a
pull of one-seventh of its own weight, i.e.,, about I cwt. (112 1b.),
and this is mechanically equivalent to walking up a slope of Iin 7,
for 7 to 8 hours a day. The latter work is obviously less tiring
for the animal, in fact it could walk up a much steeper slope with
comparative ease. Chatterton (loc. cit.) calculates that an animal
can do twice as much work with the same ultimate expenditure of
energy, when engaged in raising its own body against the action
of gravity, than in any other way it is feasible to employ it.

With the much greater slope of the double mhote, rendered
possible by the fact that the cattle have not to be backed up the

3 e )
# Much of the next few sections is taken from Bulletin 35 of the Department of ?i
.
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ramp, the weight of the animals Is much more effectively uti‘lized.
and a bigger bucket* can therefore be lifted for the. same size of
cattle= This lift has also an advantage in that it avoids the
process of backing up the ramp, which is hard on the animals, and
wears them out considerably. For these reasons the double mhote
is certainly superior for deep lifts, and for big cattle. In the case
of shallow wells, where the cycle of work done with each lift’is
small, the time necessarily taken in disconnecting the cattle and
attaching the other pair, bears a much greater proportion to the
total.t

The case of the circular lift is different, as in this, the weight
of the animals is not utilized at all, but only their strefigth; the
animals have to exert their power by pulling at a dead welght
along a level surface. The lift consequently possesses a low
efficiency, and for this reason need not be considered further.

These systems, and of these the first two are by far the most
important, are those commonly employed for the removal of water
from wells by bullock power. The importance of the problem has

_tempted many inventors to produce improved lifts for which

increased efficiency is claimed. It may be said at once that these
have not in a single case become very popular, nor have any of
them, when under trial, shown any marked advantage, over the
ordinary single or double mhote. This is largely because, being
more complicated, they have implied careful construction, if the
mechanical ‘efficiency was not to suffer. Any large moving parts

* The buckets used commonly at Coimbatore are 4% gallons and 6o gallons
for the single and double mhotes.

t A hittle calculation will make this clear: the adoption of a steeper slope will

~ mean a saving in the time which the animals take to move down the slope, which may

be put at 1 second for every five yards run: the fact that they walk up instead of
backing up, means that they save time on the return journey, and at a greater rate, say
1 second for every two yards run, while they lose 2 seconds in the process of
disconnecting and connecting the animals. In the case of a well of thirty feet (ten
yards) depth, from which forty buckets an hour are lifted, the sum is—

Gain [Run down

40 ¥ 2 = 80 seconds.
Return up

40 X § = 200

= 250 T
Loss 40 % 4 = 160 £

—

Gain per hour = [20 "

e ——

If the well is nine feet in depth, ninety buckets for an hour may be lifted and the

~ sum is—
: Run down > =
Gain {Rclurn up g?t? : ; = 135; EEET‘{IE'
= 189 s
’ LU“ A oy wiE e m x ..1, L~} 3&} vy
Ks ' ¢ .~ Loss per hour = I71 "

These figures are purely imaginary, and are not based upon experlment,
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must move on accurately shaped surfaces, or else the losses due
to friction will counterbalance any other advantages they possess.
This sends up the cost to a point which makes such lifts unpopular,
and the mhote holds its position as much for its cheapness as
from its efficiency and ease of repair; the importance of this last
has already been emphasized. The attention of inventors has
been directed to various parts of the apparatus. The late Rao
Bahadur C. K. Subba Rao who devoted much time and money to
this question, produced a mhote in which the power of the animal
was utilized by means of an oscillating platform, from end to
end of which the bullock was walked. This ‘seesaw lift’ is,

F1G. 6—The oscillating platform of the Subba Rao water-lift (from a photograph).

If carefully made, extremely efficient :—the bullock’s work being
simply to walk up an inclined plane and turn round at the end,—
and was favourably reported on by Mr. Chatterton (lec. cit.). It is
however expensive to make, and unless made well, suffers from
loss of mechanical efficiency. It has shown however that it is
possible to use cattle in this way.

The bucket, its shape, material, construction and method of
filling and empting have also come in for a good deal of atten-
tion. lron is used widely in the Presidency, the buckets being
circular or cubical in shape, with a hole to which the tail is applied,
on the under side, in the centre or slightly to one side. The
advantage of the iron bucket lies undoubtedly in its rigidity,
which makes it much easier and guicker to fill. It is a fact that
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where they are used, the mhotes are worked by boys, who would
not be strong enough to fill collapsible leather buckets. This
advantage is also more marked in the case of low lifts.

=l

F16. 7—Diagram showing attachment of tail and of discharge.
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wg;_lli"ld'le rnethn_d of Empt_},ring the bucket is extremely simplé, and it
lon SEEtE}t]m difficult to improve upon it. The tail is about four feet
g'_ u_ at when doubled up the end comes above the level of
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the water in the bucket, It is kept in this doubled up position bz
the tail rope, a light rope (three tail ropes usually make one mhote
rope) which is fastened at one end to the end of the tail, and at the
other to the mhote rope near the yoke, running over a separate
pulley just above the opening of the water trough. The length of
the tail rope is so adjusted that when the kavalai has reached the
top, the tail rope pulls the tail towards the trough and thus
effects the discharge of the bucket.

This discharge has the great merit of being gradual and at the
same time rapid, while it requires no extra force on the part of the
bullocks. The tail rope is also useful in tilting the bucket when
in the well and helping to fill it quickly.

| & = = - o _—ﬂ

F1G. 8—Tilting bucket as suggested in Stoney’s lift,

Other methods have been suggested; tilting buckets were
employed in Stoney’s waterlift and are described thus: “ The
“buckets were suspended in a stirrup by two adjustable pivots,
“attached to the bucket very slightly above the centre of gravity
“of the bucket when full of water. The mouth of the bucket is
‘inclined, and the lower ends of the stirrup are turned outwards
“and formed into rings sliding on steel wires which are suspended
“in the well from screwed eyebolts attached to the framing above.
“The wires are fastened by some convenient means to the bottom
“of the well, and act as guides to the bucket ascending and descend-
“ing and prevent it from either turning round or swaying toand

T .
. ) -
i " _ : ',t" ."1‘; =
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“fro. and thus striking the sides of the welllnr the sacqnd bucket,
i On’the bucket being lowered into the water it turns ht{}rlzmntal and
“as it sinks fills with water. Or{ bm_ng draw‘n up it assumes a
“vertical position and rises steadily t:lll t%le discharging Imr?I is
“reached, when the upper siie of the inclined .mmnth comes into
“contact with an iron bar fixed across the framing of the lift, and
“the stirrup continuing its upward motion causes the bucket to
“revolve about the point of contact of the bucket with the iron rod,
“and thus disCharges its content into the delivery trough.” These
have been seen by the writer in use in Palakod, a village in the
Dharmapuri taluk of the Salem district: their existence elsewhere
Is unknown.

The use of valves for emptying and filling rigid buckets has
also been suggested, and so long as they are kept well fitting, they
are to a certain extent satisfactory. The extra pull needed at the

end of the lift is very trying for

the cattle, and the mechanical
\ efficiency of the bucket may
readily be decreased by badly

_ fitting valves. Such methods
| : have therefore never become
: popular.
- : The use of flexible stee] ropes
N has been suggested * and some
_ have recently been on trial with
| satisfactory results, A forty feet
fd rope costs Rs. 10-8-0; including
ﬁ freight Rs. 2-9-0, and packing
\ Rs. I-4-0, the price per running
foot works out at As. 4-7 1 in-
cluding the necessary toggels for
attaching the rope. It has yet
o be seen how long they will
last. The ropes should be kept
quite dry while working, by pro-
viding the bucket with a chain
long enough to keep the main
rope out of the water.

The methods by which manual
power is made use of for the
TEas purpose of 1ifli11g _watttar are very
pe pian humerous and utilize in varying
Proportions the weight, the
strength and the skill of the
s individual working them.

Annual Report of Experimental Work, Dhulia Agri-

cultural Statiop, | "
911-10, |
€se are’pre-war P,i-,_.T:dmﬁ Departmental Calendar, 1916—17.
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The commonest i1s probably the picottah. The picture shows
that the motive power is derived from the weight of the coolies
on the oscillating beam: their work being to be continually
climbing uphill and swinging the lever up and down. Here
we evidently have the principle of the oscillating platform
referred to above, only, as we are dealing with human beings
and not animals, we can use a single beam instead of a plat-
form, at greater efficiency and less cost. The picottah is
an extremely efficient lift, as may be seen by referring to
Mr. Chatterton’s experiments * : in which the coefficient of utility,
1.e., the useful work done in foot pounds per hour, divided by the
weight of the man or animal working the lift, came out very much
higher with the picottah than in any form of bullock lift. The
only criticism that can be made of the picottah is its danger. After
long spells of work, and especially at night, when advantage is
taken of the moon to push on with irrigation. the men become
tired and a false step may easily result in a broken leg. By
linking up the overhead lever, which must have a motion equal to
the depth of the well, with a shorter lever, oscillating about a
centre at the level of the ground, it should be possible to arrange
a safer form of this machine. The number of coolies on the beam
varies from one to three: each taking it in turn to manipulate the
bucket. The chant of this individual who counts each bucket as
he discharges it, apnd sends the water on its way with a brief
prayer, 1s heard all day in certain seasons in South Arcot, where
the picottah is a very familiar object. (See Fig. 10.)

The swing basket needs two men, one standing on either side
holding the ropes. (See Fig. 11.) It is suitable only for low lifts
up to a few feet, and it is noticeable that the bulk of the work is
done not by the arms, but by the stronger muscles of the back, in
fact, the man throws his weight against the ropes in somewhat the
same way as a rower throws his weight against his oar. Two
baskets are frequently worked at the same place by two pairs of
one man lifts.

The counterpoise lift in some form or other is very common.
The oscillating lever appears again, in this case weighted at
the shorter end, so that when the bucket is full the weight on
either side is approximately equal. This means that the bulk of
the work is done not in /ifting the full bucket, but in pulling down
the empty one, that is, in raising the weighted end. In other
words, the man utilizes his weight as much as possible, by working
with gravity and not against it. (See Fig. 12.)

T'his arrangement is suitable for lifts of some depth. For
smaller lifts, where the cycle of operations is shorter, it is essential
to have something which is very easily filled and emptied, and for
this the karim or trough lift is suitable. The method of working

will be seen from” the picture below. (See Fig. 13.)

* Chatterton loc cit.
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The trough is made of a hollowed-out palmyra, or of wooden
planks, but recently iron troughs have been introduced which have
the benefit of being lighter: this means less friction on all bear-
ings, and consequently greater efficiency. A variant of this is the
swinging shovel used in Malabar, where the water is literally
shovelled uphill, the weight of the shovel being taken by a rope

fastened to a tripod.
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Fig. 14—Malabar water shovel.,

‘ Of more cnmp}icatec{ apparatus, may be noted these which
include a wheel in their composition such as the endless chain

arrangement or more simply an ascending and descendi '
: | nding bucket
shown in the picture. (See Fig, 15.) ’
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The former is on the lines of the Persian wheel is common
in many parts, and is often worked by bullock power.
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Fig. 16—Chain pump : the circular leather washers fit against the sides of the pipe
and push the water up and out into the trough at the surface.

The Travancore chakram is rather different to most of the
contrivances, hitherto considered, but the conditions are d_iﬂ‘grent,
i1 that itis worked not to lift water on to the land, but to lift it off,
in other words, the chakram is used to drain luw-lyi.ng swamps
sufficiently to take a crop of paddy therefmm._ [t is a}patildle
wheel, with twelve paddles of very neat construction, wi:)rl{mg‘m a
slot, and made to revolve by means of the feet: the slot is provided
with a shutter which can be let down before the wheel as soon as

work stops, to prevent the water flowing back again.



20

All the above are indigenous lifts. They arein many cases partir-
cularly efficient, but in general are rther I'ﬂng‘hl}’ cunf;tructec!, ‘and
the use of more carefully made machines has in certain conditions
been advocated. Of these, the two most to be recommended are
probably the Chain pump and the Archimedean screw. The fﬂrm?r
will be understood from the diagram attached (see Fig. 16) and is
seen to work on the principle of the Persian wheel, except that
instead of being lifted in cups, the water is pulled up a pipe by
leather washers fixed on an endless chain. The chainis prevented
from slipping, by engaging 1n special grooves cut in the wheel.
These pumps can be obtained from many firms, and the prices for
hand pumps run from the cheapest, which will lift 9,000 gallons per
hour from a depth of five feet with a 4)%-inch pipe costing Rs. 48 °
{0 the dearest, which costs Rs. 75 and will lift 600 gallons per hour
from a depth of thirty feetup a 2-inch pipe. It may be questioned
however, whether the pump is efficient for such depths as there
must be a considerable slip past the washers.

The Archimedean screw is exceedingly efficient for low lifts,
and has been introduced with some success in Tanjore, for lifting
water on to lands just above ordinary irrigation level. It consists
of a cylinder, one end of which is made to dip under the surface
of the water. Within the cylinder is a spiral partition, the effect

of which is gradually to screw the water upwards when the
cylinder is rotated. (See Fig. 17.)

This lift can be made to order through the agency of the
department at the following rates :—

s

1 | =% SN e
Approximate Prices.
l.ength of height in which (LF D
the lift, | water can be , . ) |
lifted. 1 footdia-| 1” 3% dia- |1” 6" dia- [ 19" dia. | 2 feet
| meter, 'E meter. | meler, meter, diameter,
L -a _| LS = B -+ 23 "
FT FT. Rs. | BAY .. ) ng. - RS. RS
5 24 224 | 25 . 30 ' 38 40'
6 3 . 27 30 36 42 2
7 S (RS v | p
5 . 3 | 35 | i 48 56
#? ; | aRE 43 | 54 03 72

=S L.

A 6 feet machine, 174" in diameter, can be worked by one man
easily. Heavier machines will require 2 to 3 men to work them
When the lift is low, say 15" it has been found that an Archi:
medean screw 6' by 124" discharges 21,000 gallons per hour (one

gallon equals 16 cubic foot). So it can irri
: : : * gate one acre ¢
with 6 inches of water in 614 hours, of land

® Taken from the catalogue of the Empi ngi
_ cmpire Engineering Co,
;.!.wardr.d a gold medal fﬂr. this pump at the Allahabad Ezhighillnn,
1s also sold by M.R.Ry. C, Ramaswami Chettiyar of Tiruppattur j

Cawnpore, who were

1911, A good pattern
North Arcot.
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It is only in recent years that the question of li-fting water by
means of engines and pumps* has assumed any practical importance
for the Indian farmer. Thisis largely because of the small scale on
which such engines have to work, owing in general, to the small
supply available from the ordinary well. It is uncommon to find
wells which supply water for more than four mhotes, though of
course the primitive nature of this means of removing th.e water,
prevents in many cases,any further steps being taken to improve
such wells by deepening or extending them. It is always worth
while to hire a portable engine and pump, and test any well, which
does not run dry in the hot weather, with the ordinary means
available for dewatering it.

It is difficult to state definitely the lowest flow of water at which
it would become profitable to instal an engine and pump. It 1s
probable that a 3-inch centrifugal pump is the smallest size
which can conveniently be ultilizedT ; in the smaller sizes the losses
due to friction become proportionately much greater, and the
efficiency i1s much reduced. The power required to drive a 3-
inch pump will depend on the height through which the water has
to be lifted. It may be calculated that such a pump will lift a
quantity of water at least equivalent to 220 kavalais (of fifty gallons)
in an hour. Not many wells can supply the quantity continuously,
and although the longer hours the installation is at work, the more
profitable it is likely to be, there is a point very much below
the figure named above, when an engine and pump can show
a profit over the kavalai, and a pump may be installed for a
much smaller inflow into the well, provided there is room for a
certain amount of storage. The experience gained on the point
seems to show that unless the engine can be kept at work for

four hours in the twenty-four all the year round, it will not be
worthwhile to instal an engine.

This means that the well must supply in 24 hours, what the
engine can lift in four, i.e., 44,000 gallons or 7,260 cubic feet, or two
acre inches, or I/12th cusec. It is of course not imagined that water
will be needed every day in the year, but the average supply of
the well must at least reach these figures, and considering that at
certain seasons water is more urgently wanted than at others, a
considerable margin of excess is preferable. In estimating the
capacity of a well, careful note should be made of the depth of
water remaining in the well at the driest time of the year, when all
the available means of dewatering it are being employed, and next,
the rate at which the well fills up again when the removal of water
is stopped. The matter is not altogether simple, but advice is

— = e —
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* The bulk of this article has been -extracted from the
Chatterton :—see list of books on page 61,

t In Bombay a 2}.inch pump has been found to work
at the Central Station, Coimbatore,

published papers of A.

satisfactorily and one is in use
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available* from the Department of Industries, who have for hire
portable plants with which an actual test can be made. In any
case, the chances are that the well will improve, because if it can
be emptied, opportunity may be taken to deepen it, and thus
probably improve the supply.

The problem is not however purely a mechanical one. From
the engineering point of view, the matter is simple and the experi-
ments carried out by Chatterton have disposed of the difficulties
which were once experienced, so that the erection of a small
pumping installation is a simple matter now-a-days,* and its
mechanical success can be absolutely assured.

There remain, however, other aspects of the question which
may be briefly considered. Firstly, an engine however simplified,
remains a very complicated affair when compared with a mhote, and
it needs proper care and attention. When one first sees an engine
at work, it seems to run so easily and smoothly and to be soeasy to
start and stop, that one is tempted to overlook the fact that this
very smoothness is due to the accurate adjustment and interplay of
a number of parts, and that if these are allowed to become loose,
or improperly lubricated, the efficiency of the engine may become
seriously impaired and its life shortened. Good wages for good
drivers should not therefore be grudged. No doubt a very little
training will enable a cooly to run an engine, and run it satisfac-
torily for a time, but he will be ignorant of the proper adjustment
of the parts, and may, in his ignorance, allow the engine to runin a
state which will very soon wear it out. Skilled supervision is
becoming every day more available, as the number of trained
mechanics, from railway shops, mills, factories or industrial
schools, increases, and attention may also be called to a scheme
whereby any owner of an engine can, on payment of a fixed
annual fee,I have it periodically examined.

Repairs should be carefully and promptly attended to. A worn
bearing may not preventan engine from working, but it implies loss
of efficiency,—which is often not very evident to the owner, and
with which the driver does not usually concern himself,—besides
involving the risk of other and more serious damage. The per-
sonal attention of the driver is such a valuable asset, in the proper

I — e e — e —

e

# Ses Notification No. 393, dated 1gth July 1013, which specifies the fees levied in
such cases. The usual charge is Rs. 3 a day plus working an 1 transport charges,

t Advice as to the suitability of a well will be given by the Department of Industries ;
a fee of Rs. 10 is levied for inspeotion. Plans and estimates will be prepared on payment
of a fee not excesding 2% per cent of the estimated cost of the installation. The
supervision of the erection of the machinery and building will be undertaken on payment
of a further 2} per cent in their estimated cost,

1 An annual charge of Rs. 15 will insure three or more routine inspections a year, by

the Department of Industries, See Notification No. 393 referred to above.
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running of an engine, that it may be advisable to arrange snn}lt’l:
bonus, to be paid to him on condition that he keeps down the bi
fﬂr’ﬁiﬂ;itallatinn of an engine and pump implies the expenditure
of a fairly large sum of money in the actual purchase of the
plant, but expenditure should not stop here. B?SHI{?S the money
to be spent on fitting up the engine, andl housing it, the owner
must be prepared to meet the cost of laying out the extra land
which his well should enable him to irrigate, and to purchase
the additional manure which he must use in order to get full vah_w
for his water. The number of bullocks from which he can obtain
manure will be lessened, while at the same time the demand for
manure will be increased. It would be well if the owner devoted
every anna which he spent formerly on feeding the cattle he
will now be able to sell, in the purchase of manure for his lands, in
order to maintain their fertility. Care should also be taken to see
that the water is not wasted. This advice may seem superfluous,
but the flow of water is so much greater than the coolies are
accustomed to, and is produced with apparently so little effort,
that the coolies are ant to become careless, and the water 1s not
employed as economically as if it were being lifted bucket by
bucket by bullock power. It is perhaps advisable, though theoreti-
cally unsound, to divide the flow and divert it into several
channels, so that each distributer shall have only the flow with
which he is accustomed to deal.

It would at first sight appear that, in the force of the wind, the
farmer has at his disposal a source of power which might well be
utilized for lifting his all-precious water. The successful utiliza-
tion of this force is however still a matter for trial and experiment,
though almost certainly in suitable tracts, successful plants could
be erected, The great advantage of the wind is of course its
cheapness, it is free to all; the great disadvantage is its irregu-
larity and uncertainty. For the purpose of lifting water this is a
serious defect, because a stoppage of the supply of water at a
critical time might lead to very serious loss.

Recourse then must be had to storage works. Were windpower
to be used for crushing cotton seed, or chaffing straw, a reserve of
treated material could always be kept in hand, sufficient to meet
spells of calm weather such as experience showed were likely. In
the case of water this storage becomes an expensive item  1if the
water is stored above ground it will need a strong masonry con-
taining wall, whlle.if be!uw ground, it will have to be lifted again
before use. The windmill might be erected on high land, where
the water could be stored below ground level, but yet high enough
to flow on to the lower lands, and there also would be felt the most

wind, but unfortunately, there also is the least chance of finding
a good well,
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Windmills need careful erection and careful adjustment. Itis
necessary to mount the wheel carrying the vanes at some height
from the ground, in order to get clear of houses and trees and catch
111 the wind possible, and this necessitates a tower, usually made
of trussed steel. The size of the wheel also governs the power
which the windmill will develop.

The main difficulty seems to be that the power of the mill varies
so largely with the wind, being proportionate to something more
than the square of the wind velocity. On the other hand, since
the amount of water lifted depends on the velocity of rotation of
the wheel, which in turn varies directly with the wind velocity,
there is obviously a loss of energy at high wind velocities.

Aermotors, as the more modern types of windmill are called,
have been tested by Chatterton, who has pronounced favour-
ably on their chances of success, provided certain conditions
are observed. He shows that the motion of the air in certain
places 18 certainly sufficient for the purpose, but criticises
the cheap American aermoter, as being too flimsily constructed
to be of much use. He considers that a 16 feet wheel, on a
40 feet tower, would be sufficient for most places; the wheel
should be geared down to the pump shatt, in the ratio of 3to I and
the pump should be from 10 to 20 inches in diameter, depending on
the lift, and fitted with mechanism to vary the length of the stroke
automatically with the strength of the wind. In order to ensure
the safety of the wheel, it should be fitted with a governor, to
throw the wheel out of the wind, as soon as its velocity exceeds
thirty miles an hour. For such a plant he considers it would be
practicable to pay Rs, 1,500 to 2,000.

Before leaving the subject of lifting water by means of power,
we may see what lessons can be learnt from some of the
installations which have been erected. The largest is that erected
on the Divi Island in the Kistna district, with a capacity of over
570 cusecs. The installation consists of eight Diesel oil-engines,
each of 160 brake horse-power and each driving a 39-inch
centrifugal pump. The area irrigated by this installation is at
present 26,000 acres, but it is designed ultimately to irrigate
45,000 to 50,000 acres. The source of supply is here obviously not
a well, but the Kistna river itself, and a number of other similar but
smaller private installations have since been erected to take the
water of rivers which at present flows uselessly to the sea. In

<ome cases, the engine may be erected, as in an instance on the

Cauvery, to supplement other sources of supply, or as an insurance
against partial or total failure of the ordinary sources. In such
cases the river bank (padugai) lands are fertile and a perennial
crop, such as plantains, which can be grown only with an assured
supply, brings in very profitable returns.

4
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4. Cost of lifting water.—Experiments were carried out some
years ago at Saidapet to determine the cost of lifting water by
cattle, and the conclusion was reached that 4,000 cubic feet
of water could be lifted one foot for one anna. here has been
a considerable increase in the rates for cattle hire since then, and
this figure today would certainly have to be raised. If we take
the hire of a pair of bullocks with driver as one rupee a day, we
may suppose that they lift (50 X 40 X 8) 16,000 gallons in a day’s
work of eight hours, or 1,000 gallons for an anna, If the depth
of the well be taken as 25 feet, the amount is 25,000 gallons lifted
one foot for one anna or 4,000 cubic feet. This calculation
takes no account of the cost of the bucket and the rope, and it
would not be possible to hire cattle at this rate for continuous

mhote work.

An engine will, in anything like favourable circumstances, lift
very much more than this forthe same sum. The working charges
of an engine at oneof the College wells have been carefully kept,

and are as under :—

Monthly— RS, A ‘P
Liquid fuel e 30 0L S 0
Kerosene-oil I A0 ED
Lubricating-oil ... o2 0k 0
Waste: stores, etc. ... St 0120
Driver ... L0 00
Depreciation and interest at 10 per cent '

and repairs § per cent i R 010
84 0 O

Liquid fuel costs in Coimbatore between Rs. 60 and 70 a ton,
with cartage from the station extra. A ton contains about 250
gallons, so that the cost works out slightly over 4 * annas a gallon,

The engine runs about 160 hours a month at 34 gallon of fuel an
hour, These hours should be increased, when the cost of running
per unit would be much reduced. On the other hand, the driver
at Rs. 10 is cheap: he is a farm-trained hand and works under
fairly close expert supervision. The cost of the installation has
been taken at Rs. 2,960,

s+ The pump may be supposed to lift 18,000 gallons to a height of
25 feet each hour, or say 72,000 cubic feet to a height of one foot :

then the number of feet lifted g 000 X.100 ?‘

| ' . I foot for I anna= 84 x 16 Or 8,500,
This figure is on t'he low side, and far more favourable results
could be obtained, if the engine were run for longer hours,

S -

* The price has increased since Mr. Chatterton first wrole,
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Another way of expressing the cost of lifting wateris to use
the acre-foot, i.e., the quantity of water needed to cover an acre of
land to a depth of one foot. This is equal to 43,560 cubic feet or
272,250 gallons. On the above figures for the cost of lifting by
bullock power and by the engine, the cost would work out to 10'8
annas and 52 annas, respectively, the lift being one foot in each
case.

5. The duty and use of water.—The duty of water is a most
important term in all questions of irrigation and is a measure of
the amount of water which is necessary for crop production. Up
to a certain point, an increase in the amount of water supplied
will mean an increase in the crop produced, but the law of dimin-
ishing returns prevents the economical use of more than a certain
quantity of water, which however varies very largely with the
conditions in which the crop 1s grown.

Before considering the duty of irrigation water, and the means
under the farmer’s control for making the most economical use of
the water at his disposal, it will be as well to see the different ways
in which'irrigation water may be used up. There is first a consider-
able loss in conveying the water from the source at which it is
available, to the point at which itis delivered to the field. This
loss occurs by seepage in the channel along which it travels and
by evaporation from the surface. Much depends on the care with
which the channel is constructed ; if the gradient is insufficient the
cate of flow will be checked, and the losses will be increased,
while a too rapid fall may lead to scouring in the bed of the
channel. The losses from seepage will be largely increased if the
soil is porous, and will be correspondingly decreased 1if the soil is
dense, while the losses from evaporation will largely depend on
the nature of the climate, and the time of year during which irri-
gatign is proceeding. Experiments at Cawnpore®. have been
carried out to determine with some accuracy, what these losses may
amount to, and are arranged in the following manner. Water is
first raised into two cisterns, from which it passes along channels
150 yards in length, toa second pair of cisterns:the amount of
water lost on the way being determind by measuring the amount
of water passing through each pair of cisterns. The object of
having a double system 1is to determine in one instance the loss in
2 channel used regularly, and in the other the loss in a channel
nsed for the first time after a prolonged drought. The results of
six years' experiments show that in such conditions, the average
loss is from I§ per cent to 20 per cent, with extremes of 6 per cent
and 30 per cent. The figures are rather astonishing, and enable
some idea to be formed of the losses which may occur in the larger
canals many miles in length. The matteris of interest to the farmer

s
e = ==

® Cawnpore Station Reports,
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who sometimes sends the water he has so carefully lifted from a
deep well, a considerable distance along an earthen channel to the
field he is irrigating. Such seepage isoften utilized by the coconuts
or other trees he plants along the sides of the channel (see Fig. 18),
but economy would probably be effected by lining such channels
and making them water-tight, irrigating the trees directly when
necessary. A cheap form of water-tight channel has yet to be
found. and would certainly prove a great boon.

When the water has arrived at the field, it is used up in three
ways : it may (@) sink into the soil, be absorbed by the plant and
finally transpired through the leaves, or (#) it may be evaporated
directly from the surface of the soil, and serve no useful purpose
save that of rendering the air moist and thus checking transpira-
tion. or Io) it may soak deeply into the soil and pass away into the
subsoil water, beyond the reach of the crop. The two latterinvolve
practically a dead loss to the farmer, and though they are partly
mmavoidable, they may be minimized by the care and skill with
whach the water is applied.

These losses and consequently the duty of the water will also
depend on 2 number of other factors beyond the control of the
agriculturist, and these may be considered first. Itis a well
known fact that certain crops require more water than others, and
the duty of water will consequently depend on the crop grown.
These differences are due to the nature of the plant, that is, the rate
at which transpiration must proceed to maintain the plants’ health :
1o the habit of the plant,—certain crops will shade the land more
than others, and will thus check evaporation from the soil, with a
consequent economy in the water used ; and to its period of growth.
The root system again excercises considerable influence on the use
made of water by tne plant, since a shallow rooted crop will
require more water than a deeper rooted one ; because if will have
to be irrigated more often, though it is probably true that the time
taken for the water to soak into the subsoil where the deeper roots
arcfound, may result in an actually greater proportionate loss by
evaporation. Light waterings for instance might never reach a
deep root at all,

An instance of the difference which may oceur between two
crops growing under approximately similar conditions, may be
seen in the amount of water needed for wheat and Cambodia
cotton and Coimbatore. The former is a 3}-month crop, being sown
i late November and reaped in late February or early March ; it
requires ordinarily 82* irrigations : Cambodia, from September to
April, needs only 2’1t on the average. Paddy may be cited as a
crop which requires an excessive amount of water, owing to the
conditions under which it is grown.

| R N ot Y

— e —

* Average of four years,
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The climate is an equally important factor in deciding the use
which can be made of a given quantity of water. As in moist
climates no irrigation is needed at all, so it follows that even in
places where irrigation is a necessity, the damper the air, the less
the loss by evaporation and transpiration, and consequently the
greater the duty of water. Evaporation isalso checked by low
temperature, and the high duty obtained in the irrigation of wheat
in Upper India is partly due to the low temperatures prevailing
when this crop is grown. The effect of wind in increasing evapor-
ation may also be noticed.

The last important factor which affects the duty of water is the
nature of the soil and the subsoil. ‘In a sandy soil the water 1s
quickly absorbed, but on the other hand, the soil does not retain the
water, which, if applied too liberally, will pass beyond the reach of
the crop roots and be lost. An ideal soil would be a layer of sand
overlaying a more retentive soil, and something of this sort is to
be seen at Hagari (Bellary district) where the blown sand from
the river bed, overlies alluvial or cotton soil of greater reten-
tiveness.

The nature of the soil also exercises a considerable influence
on the root formation of the crop ; lack of adequate drainage keeps
the root system near the surface, so that it may happen, that,
though the subsoil is saturated with moisture, irrigation becomes
essential. These factors, the soil, the climate and the crop grown
affect the duty of water and largely determine the area which
can be irrigated from a given source. Besides these, the skill of
the user must be taken into consideration, since carelessness 1n
apylying the water to the crop may lead to considerable loss.
Such considerations, as the frequency of application, the amount
applied at a time, and the method of distributing the water will
be more fully discussed later, but all must be taken into account
when the duty of water is under discussion.

Accurate figures of the amount of water used in irrigation are
difficult to obtain, in spite of the importance of the question in
South India, though there are certain general ficures which are of
value.

There are two ways in which the duty of water may be express-
ed, either as the area which a constant flow will irrigate, or the
amount of water needed at definite intervals of the growth of the
crop. The first is the method commonly adopted and is expressed
as the number of acres which can be successfully watered by a
flow of I cubic fool per second, an amount which is briefly called
a ‘cusec’® orin America ‘a second foot. In the other method
the measure used is the inch, and the duty is expressed usually as

® [t is convenient to remember that I cusec gives 2 acre-feet approximately in
24 hours,



30

equired every ten days. The ‘Duty’ is
he amount actually used by skilled agri-
hetween the minimum which will
he maximum which makes the

the number of inches T
considered to represent t
culturists, and 1s somewhere
just keep the plant alive, and t
ground so wet that the yield is reduced.

To find the amount of water actually applied te the crop, we
must know the base, 1.e., the period over which the duty is reck-
oned. Thus, if we say that for rice cultivation the duty is fifty
acres, we shall have to calculate in the following way to arrive at
the actual quantity used : the base may be taken as six months.

1" No. of c.ft. per second

I %X 60 Do. minute

I X 60 X% 60 Do. hour

[ % 60X 60 X 24 Do. day

1 X 60 X 60 % 24 X 30 Do. month

[ X60X60X%24%X30X6 Do. six months

i.e., the base=1§,552,000
This figure must be divided by 50 to give the amount delivered

to every acre.
15,552,000 + 50 == 311,000 c.it,
Divide this again by the number of square feet in an acre to
get the depth of water in feet.
111,060
43,560
To express as the number of inches given every ten days to

each acre is similar.
I 60 x 60 % 24 x 16 % I2

50 % 43,560

This quantity if given every ten days for six months will be
found equal to the 7'13 feet given above. The reverse calculation
presents no difficulty, i.e., if you are given the depth and the inter-
val of each watering you can find the duty in acres tothe cusec.
For instance, in the abuve example, the crop received 4°7 inches
of water every ten days. Each acre therefore in ten days gets

47

L 43,560 c.ft. = 17,0061 c.dt,

=713 feet,

=4'7 inches,

Now in ten days the discharge of a cusec is
6o x 60 x 24 x 10= 864,000 c.it.

which at the rate shown above is sufficient for
864,000 + 17,001 == §0 acres.,

This duty, i.e., fifty acres to the cusec, isone which may be
accepted as a very rough average for the cultivation of wet paddy
under the ordinary irrigation tanks. In such systems, owing to
improper management and probably the very large loss which
occurs from evaporation, there is considerable waste of water,
besides which more water is actually used than is‘necessary,
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with the result that the duty is low. More accurate figures
are available from the large canal systems, where a Very effici-
ent system of measurements :s in force, and where an average
duty of 100 may be reached and at times exceeded. Much of the
trouble which occasionally occurs, especially at the beginning of
the season, is due to the high demand for water at particular
ceasons, e. g., at the time of *transplanting, 1n much the same way
that in Bengal, the universal demand for water just before the
harvest, taxes the supply channels to their utmost.

These figures, 1t must again be emphasized are only rough
approximations, and convey little without a knowledge of the cir-
cumstances. The duty at ihe head of a canal will be very different
from that of the water entering the field: the point has been
discussed before, but measurements in the Ganges canal have
shown that I cusec entering the canal becomes ‘85 at the distri-
butary and ‘56 where .t enters the field. Paddy is the crop for
which water is ordinarily applied in Madras and it is therefore
the crop of the most interest, but useful information may be gained
from a consideration of the duty of water obtained in other parts
and with other crops. The average duty of the canals of Upper
India is given as 207. This is largely for the cold weather irriga-
tion of such crops as wheat which occupy the ground for four
months, and receive four waterings of about three inches each,
The duty may accordingly be worked out as follows :—

Amount of water available = 60 X 60 X 24 * 120 cubic feet.
Amount required per acre (area in square feet into depth of water in
feet) 43,560 1nto 1 cubic foot. Therefore area irrigable*ﬁnxﬁj::szx””
or 238 acres. This is lower than the average stated above, but may
be increased by rains which are expected to fall during the growth
of the crop. The highest efficiency reached anywhere is probably
in Southern Californiat where a duty of 500 1s reached, equivalent to
4’76 inches every hundred days. The water is applied to citrus
orchards and needless to say every precaution 1s taken to ensure
economy, which 1s 1ssisted by the depth and fertility of the soil.

As of interest 1n this connexion, & table is given below which
shows some of the results of irrigation experiments conducted at

— e E— - e ————S

# Anp interesting note has recently been published showing the amount of water
actually needed in the Undi canal inthe Godavari system. (P. W. Circular Memorandum,
945 L., dated 22nd June 1915.) 1t was found that a duty of 70 was suitable and sufficient,
that is, that a more copious supply would not have accelerated planting, the rate of plant-
ing being determined by other factors, €-g:, cattle, coolies, or seedlings. For the period
of four weeks during which transplanting was in pTOgress, 16 to 18 inches of water,
including rain, was found sufficient for transplanting and for maintaining the crop as soon
as transplanted, FYor this latter purpose, an allowance of } inch depth, in 24 hours
(equal to o duty of 9g'2) is made for half the total area under consideration.

+ Lift irrigation : Chatterton, page 341.
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Coimbatore and at Cawnpore, as to the amount of water necessary
for certain crops :—

e —
e e e — —

| | Cubic feet | Total inches’

| Duration of | of water | supplied | Duty of
Name of crop. " irrigation. required exclusive of | Wwaler
| per acre. rainfall.

Coimbatore,

DAYS. | INCHES,
¢ Ragi; (Ridges) average of 4 years, | GO 35,000 | g0 222
Ragi ; (Beds) average of 4 years ... | go | 42,500 | 11'7 | 182
Wheat ; average of § years 112 62,000 | 17°4 | 156
Hot weather sorghum ; (Ridges) ... 105 ' 33,000 | Q'0 E 275
Hot weather sorghum (Beds) 105 | 36,000 | 9'Q | 252
average of 5 years, ;
Cawnpore.t
Pounda cane ... | 202 | 154,200 42°4 l 163
Potatoes T 150 | 42,700 11'7 303

6. Use of water.—If the ryot i« asked how much water his crop
needs, he will generally reply-by stating either the total number
of waterings it requires, or that it requires watering every soO many
days, depending of course on the amount of rain received during the
period. This raises two points about irrigation methods, namely,
the frequency and the amount of the waterings which will give the
best results. It may be laid down generally that as much water
should be applied to the soil at each watering as the crop will
tolerate, without suffering. This is because frequent waterings
mean an increase in the labour bill, a greater loss 1n seepage n
the supply channels which lose less water when they are thoroughly
soaked, and a higher proportionate loss in evaporation. There is
however a limit to the amount which can be applied in one water-
ing, as very heavy waterings imply practical difficulties in the
construction of higher bunds, or deeper furrows, and the risk of
damage to the crop. It has as a matter of fact been found that
except for special crops, a ‘ watering ’ is a fairly uniform amount.
It is fixed principally by the time taken to flood the area of the
plots into which the land is divided, or the length of the furrows
into which it has been laid. The smaller the unit in either case,
the less the amount of the “watering,’ because the shorter the time
taken to wet the area, In a very large plot or a very long furrow
a considerable portion of the water will be absorbed by the I:II'EE;
near where the water is admitted, where the water has already

S ——— — e —

® Ragi + Eleusine coracand,

 The fipures on which these calculations are based are taken [rom the Cawnpore
Pfgricﬂltuml Station Report for the year ending June 1912, They arc the averapges of
six years' experiment under conditions which seem more yariable than in Madras. The

duration of irrigation, e.g., in the case of Pounda cane varies from 4} months in 1906-07
to 12 months in 1908-09.
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covered the surface. Very small plots have however practical
disadvantages, in that they waste space and entail more trouble in
their construction, and we find that the farmer has from long
experience struck a fair balance between these two opposing
factors. The rate at which the water is admittéed a third con-
trolling factor of great importance, and the exiguous flow from a
wéll from which a single man is baling, will usually be led into
very small beds, while with canal irrigation for ‘garden’ crops,
the plots will be much larger. It is worth noting that experience
has very definitely fixed the area of the plots in the Punjab under

canal irrigation, each being 110 feet x 55 feet.

With these variations, it may be stated that an average water-
ing ’ from a well will be about two inches ; a heavy watering will
be three inches:a light watering such as the sprout irrigation
given, e:g., to transplanted ragi may beonly 115 inches or less.  We
may calculate a watering however in another way. lLet us
suppose that a mhote can irrigate a quagter of an acre a day. We
may take as average figures, that the mheté bucket contains fifty
gallons, that forty buckets are lifted per hour, and that the" man
actually works at the mhote for eight hours. The total amount

lifted will thus be 40 % 50 % 8 x "1605 c.ft. per day.

gt . ; 56 |
This irrigates a quarter of an acre: 1.6, 4-3—4-5*—? sq.ft. The depth
of water is thus (in inches)i—

40% SOX 8X "1605 X 4 X 12 _ 5.26 jnches.
43,560

The following table has been extracted from the records
available and gives a rough idea of the amount given at each
watering under ordinary conditions, while the frequency of water-
ing is also shown. Thereis a markable similarity in the amount
applied at each watering i—

l
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Wherever irrigation is practised, the methods used to secure
the distribution of water In the field to the growing Crop will be
found to differ, Many of these differences are differences of
detail, and most systems adopted will be found to fall into one

or other of the following four groups :—

““(a) Sprinkling or pouring. “(¢) Furrow irrigation.
« (b) Flooding. ‘v (d) Underground irrigation.

We may consider these more in detail.

Irrigation by sprinkling or pouring.

The first system is well exempiiﬁéd in the method by which
the ordinary flower garden is usually irrigated: the water is
brought in cans or in chatties and poured on to the pots or beds in
which the flowers are growing. At first sight, and especially
when a rosecan is used, this might be thought the most natural
method of irrigation in that it most closely simulates the natural
rainfall. This however is not the case, and it is probably the
most wasteful and least satisfactory. It cannot be used on any

-

large scale, as the cost either of hand labour, or the machinery
which might be installed to take its place would be prohibitive.
Further if the applications are made light to avoid compacting
the soil, the loss from evaporation will be proportionately greater.
It must be remembered that when rain falls, the air is necessarily
moistened. and evaporation with the cloudy sky which accom-
panies rain, is very considerably reduced, while at the time of
artificial sprinkling, the conditions may be very favourable for
rapid evaporation—it is not uncommon in gardens to find that the
leaves of plants thus watered are scorched, owing to the concen-

tration of the sun’s rays by the drops of water formed on the leat.

This method is accordingly seen but seldom in agricultural
practice. Tobacco seed-beds are generally sprinkled, and other
seed-beds may also be watered in this way. The paddy seed-beds
raised in the sand ridge at Bapatla are regularly watered from
pots, the water being lifted from a shallow well dug to a depth
of a few feet in a corner of the field; the succeeding groundnuf
crop is also watered in this way. The curious method of watering
ragi in parts of Ganjam may also be noticed: here the water is
led through the field in the usual channels, which widen at
intervals into small circular pools, from which the water 1is
splashed at intervals by a wooden shovel. (See Fig. 19.)

It may be remarked that here, as at Bapatla, the soil is open

and porous in its nature, and such conditions would obviously
offer the best opportunities for this system,

A similar method is used for moistening the ground before
harvesting irrigated groundnuts. In Java, canes are irrigated by

splashing, the water being scooped out of parallel trenches and
thrown on each side.
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F16. 19.—Iland shovel for distributing water (Ganjam).

F1G. 20 —Wooden scoop for splashing water in hetel vine caltivation.

ol
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Mention may finally be made of the splashing by which betel.
gardens are usually irrigated, a flat wooden SCOOp being used for
the purpose (see Fig. 20), and the hand watering which tobacco
and chilli seedlings receive when first pla nted out, the object here
being the careful application of water to each individual plant.

Irrigation by flooding.

In this system, the water is delivered at one spot and is allowed
to spread itself by the force of gravity in the form of a layer over
the surface of the soil. This layer may be stationary or may be
moving. The latter system, inasmuch as it is more suitable for light
irrigations, and not for the heavy soakings which are generally
needed in this country, 1s not generally practised, and may be
briefly dismissed by explaining that water is allowed to pass slowly
over the land until the required degree of saturation is reached.
The velocity of the water must not be allowed to become too great,
or the land will suffer from scouring, and the general procedure
is to grade the land to a gentle slope, and allow the water to over-
flow from furrows laid out almost exactly along the contour lines
(and thus nearly level from end to end) the water being either
turned off when necessary, or the excess caught by a lower furrow
and the process repeated.

S The second system is the one much more commonly used, and

" consists in leading the water into closed areas bounded by ridges
or bunds, which check the water and allow it to soak into the soil.
Even here we find very considerable differences in the actual
methods adopted. The size of the beds (or checks as they are
called in America), will be found to vary very largely from the small
beds a few yards square found in gardens, to the large beds running
sometimes to over two acres, which may be found in paddy culti-
vation. Again the small beds into which garden land is laid out
are usually only temporary, while the beds in wh ich paddy is grnwr;
are permanent, and the bunds are not ploughed down. (See Fig.
21.)

These differences are correlated with differences in the demand
of the crop for water and the method in which this demand can be
met. Inthecase of paddy, the demand is very high, and the water
is received in turn, so that thé owner endeavours by raising and
strengthening his bunds to obtain as much water as possible at a
single irrigation. The size of the beds depends largely upon the
natural slope of the land; if this is at all excessive, the expense of
levelling large beds will be very high and in such cases the beds
will be small and the bunds will run roughly along the contour
lines.* The loss of area due to bunds must be set against the cost
of levelling. It may be noted that the permanency of such bunds

e ———————— T ——
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¢ A pood illustration of this is given in Willis © Agriculture in the Tropics, plate I
page 40. : :
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proves an insuperable obstacle to the use of any modern ploughs
or harvesting machinery.

In irrigating garden land from wells, we are dealing with a very
different state of things. The supply is small, the owner is interest-
ed in using it as economically as possible, and it is entirely under
his own control. Here the beds are small, because it is impossible
to irrigate a large bed evenly with a small flow, while their small
size makes them cheap because much permanent levelling has not
to be done to the field: all that is wanted is to shape each bed
roughly level with the mamuti as the water is let in. It will
frequently be noticed that where four mhotes are at work together,
the flow is divided, in order to lead the water on gently, and allow
the distributors to level the beds as irrigation proceeds.

Paddy irrigated from wells is usually grown in small fields or
beds, and in order to preveat the loss from seepage a double bund
s sometimes made, the inner one being made of puddled soil
which is kept moist and smoothed by hand when cracks appear
in 1t.

A disadvantage of the flooding system, especially in heavy
soils, is that the penetration of the water may be very slow owing
to the resistance of the air imprisoned below it, but in the case of
paddy this does not hold, as the land normally never becomes dry,
while with the small beds mentioned above the air has a chance of

escaping at the sides.

Irrigation by means of furrows.

In this system of irrigation, water is not spread over the whole
area in the form of a thin layer, but is allowed only to run in
miniature channels or furrows, from which the water can soak iIn
a1l directions and supply the needs of the plants growing in the
spaces between. (See Fig. 22.)

On theoretical grounds, this system would seem to offer many
advantages. There is no difficulty about the penetration of the
water, since the displaced air can easily make its way upwards to
the surface on either side. The lgss of evaporation will be much
reduced owing to the <mall surface exposed, as also to the fact that
this surface is below the level of the ground. Further the surface
wetted being but a small proportion of the total, the surface soil 1s
not so compacted as is the case when the water is poured over the
whole surface.

" In spite of these advantages, we do not find the ‘furrow’
system of irrigation so widely adopted as might be expected, this
being perhaps due to the fact that unless the furrows are made
deep, which 1s laborious, or frequent—and then they occupy a
good deal of space—it is not easy 10 apply _very.'heavy waterings
in this way. Moreover, furrow irrigation, if it is to be properly
done needs a knowledge of levels, and an ability to utilize this
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in laying out the land, knowledge which may outrun the farmer’s
intelligence or energy. Reference may be made to the figures in
the tables on pages 32 and 33, which show clearly the economy of
water which may be effected by the adoption of this system.

Just as in the case of irrigation by flooding so the water let into
the furrows may be either stationary or moving, and again we find
- that general preference is given to the former, the water being
passed into comparatively short furrows which are roughly level
from end to end: the furrows when filled being closed, and the
water slowly allowed to soak in. If the water is to be left to soak
into the furrows, they cannot be very long, as it would be difficult
to ensure them being even approximately level from end to end, and
if not, the water would be applied unevenly : in any case by laying
the furrows along the contour lines, the ideal of a perfectly level
furrow will be more nearly reached, and the longer the furrow, the
less the land wasted in cross bunds, and the less the labour
required to distribute the water. If the moving water system is
adopted, the furrows must be given a slope, so that the water may
pass evenly down the furrow, soaking in as it goes, and being
diverted at a point which experience has shown will leave
sufficient water just to reach the bottom end of the furrow. King*
mentions the irrigation of potatoes by furrows 360 yards long, the
operators dividing the flow between a number of furrows, so that
the water could run into them all night, and just reach the far end
of the furrow when they returned next morning.
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F1G. 23—Field distributary.

* Irrigation end Drainage, page 354.
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The system may be seen exemplified in South India in many
places, though, as noted above it is not so common as might
perhaps be expected. Certain crops seem always to be watered in
furrows, such as sweet potatoes, onions, and less frequently cane,
while in certain districts the practice is much more common than
i1 others. In the north of Madura for instance this system of
irrigation is commonly seen. Here the farmer does away with the
necessity of contours and levels by laying out the ridges and
furrows as it were in small beds, into which the water is turned as
in the case of flat bed irrigation. (See Fig. 23.) Transplanted
crops lend themselves more readily to this method of irrigation,
since the plants can be set out along the furrows ; a crop raised from
ceed can of course be drilled in lines at any desired distance, but if
a watering is necessary to start the crop, flooding 1s undoubtedly
the most convenient method to adopt.

The size and depth of the furrows and their distance apart, are
matters which must be decided for each individual case, and the
<kill of the farmer will nowhere be more clearly shown, than in the
correct adjustment of these factors. The water in the furrow per-
colates into the dry soil around in all directions, and as the place
where the water is needed is not at the surface, but below the
surface, it follows that the deeper the furrow,” consistent with good
agricultural practice, the better. The distance between the furrows
will mainly depend on the porosity of the soil, which governs also
the rate and the distance of percolation. Sometimes the furrows
are made comparatively close, and water is only let into alternate
furrows at each irrigation, opportunity being taken to loosen the
previously used furrows and thus by forming a soil-mulch to prevent
loss from evaporation, and to increase the absorptive power of the
furrows for the next watering.

Much of the success of furrow irrigation depends on the
efficiency of the implements used. As has been shown, the land
must first be graded,’ 1.e,, brought to a uniform slope, as until this
is done, it is impossible to conduct the water evenly along the
furrows, unless they are very short. Henderson 7 has described a
scraper which may be utilized for this purpose, and which has
the advantage of being self-tipping : it is to be used with a pair
of cattle. A larger and rather better constructed pattern, called
1 ‘buckscraper,’ copied from the Journal of the Department of
Agriculture, Victoria, Vol. V, p. 707, has recently been con-
structed, in view of Sampson’s recommendations § that such
levellers should be used for grading the land to be acquired for the

¥ Reference may be made to the figures showing the water penetration in Furrow
Irrigation in Hilgard's * Soils.’

+ Henderson : Agricultural Journal of India, Volume IV, page 395.

f Madras Sewage Farm ; Report of Committee, 1913. 1llustration sheet No. 16,

L
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new Sewage Farm proposed for Madras. An illustration of this is
given below. (See Fig. 24.)

Implements are also needed for making the furrows and can be
had of various types, (SeeFig.25.) By a simple modification, the
wooden country plough may be made to act as a furrow-making
plough, and will work well in well-tilled lands. The sketch below
(see Fig. 26) is from a Hospet plough, but even simpler additions
may be made. For more thorough work, there are a number of
“double mould board ’or ridging ploughs. The ridging attachments
of the Planet Junior will work well in making small ridges,
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The object of a sewage farm is‘ thus twofold. It must ﬁ;'st
receive and oxidize and thus render innocuous, as large a quantity
of sewage as possible, and secondarily 1t must lItlllEE. thils matter
in the production of profitable crops. The amount r:a_flgqulgl used is
thus very large, in fact the problem in such sewage irrigation, 1s to
put as much liquid as possible on to the land, without the latter

27.

Fic.

being rendered unfit for the purpose, instead of trying to grow
the large§t possible crops with the least expenditure of water
.E_Irere again the climate of South India is particularly favnurable'
since at no season 1is the cold sufficient to check vegetation and!
given sufficient water, crops may be grown all the year ruund:
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The best soils for the efficient disposal of sewage by surface flood-
ing, will naturally be those which are open and porous, containing a
considerable proportion of sand. The more of this latter constitu-
ent, in fact, the better, and in the city of Madras for instance, the
sewage farm occupies land which consists of practically pure sea
sand.

The amount of water used in such systems of sewage irrigation
will depend upon the rate at which the soil can absorb the liquid,
and the strength of the sewage. 'The process of purification is a
bacterial one, and if the soils become too saturated with moisture,
the oxygenating bacteria cannot thrive, and purification becomes
imperfect : the situation 1s aggravated if the amount of organic
matter present in the water is comparatively high. A committee
recently appointed to investigate the Madras Sewage Farm re-
ported * that although quantities of sewage up to 50,000 gallons an
acre a day had been disposed of, they would not recommend more
than 30,000 gallons being adopted asa permanent figure. The latter
figure gives a duty to the irrization water of I7 or about half that
obtained under the most wasteful system of paddy cultivation: a
ficure which it seems difficult to imagine can ever be much reduced.

Long continued irrigation by such water, brings about certain
changes in the soil, by raising the proportion of organic matter in
it. This has the effect of reducing its porosity, and consequently
the rate at which the water can pass through it, and this effect
must be counteracted by cultivation at suitable intervals.

The gost suitable crop for the utilization of this large quantity
of liquid is some permanent grass Crop. This is partly because
grass will cover the ground and will not leave bare interspaces
from which objectionable smells might arise, and partly because
grass will grow rapidly, and will yield a steady revenue all the
year round. ‘The grass most commonly grown is hariali (Cynodon
dactylon) : it is very nutritious and grows rapidly. At the Madras
Sewage Farm, this grass brings in an average return of over Rs. 400
an acre a year, the grass being cut every three weeks. Such grass
should periodically be either bare fallowed, or rotated with some
annual crop, in order to aérate the soil, and destroy the harmful
accumulation of imperfectly oxidized compounds.

8. Drainage.—By irrigation, the farmer supplies his crop with
water when the natural precipitation is insufficient for its needs,
by cultivation he makes either the natural supply or such extra
water go as far as possible, and by drainage he takes the necessary
steps to remove excess of moisture whenever it exists. DBut excess
of water, it will be said, scarcely ever exists, certainly it would be
hard to find a farmer who was complaining that he had more
water than he knew how to utilize. '

As a matter of fact, crops suffer more than is generally believed
in this way, and the question of drainage 1s by no means unimport-
anty Theexcess may be temporary, or 1t may be permanent.

® [oc, cit., p. 39.
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Sudden storms giving rise to floods, often do Cﬂﬂﬁid{?:rflble clarpage
over large areas, destroying the crops, and often spmlfn_g the fields
for many years to come by scouring them, or depositing useless
<and on them. Such floods are however outside the farmer’s
control, and need not be further considered here. But any season,
more than usually wet, or even any considerable succession of wet
days will always bring about an unhealthy state of things, 1n any
crop which does not obtain free drainage about its roots, such an
unhealthy state being evidenhced by the pale colourof the crop and
its stunted growth. The losses in such partially undrained lands
must reach a very large aggregate. There are also the permanent
swamps, which are never cultivated, owing to their waterlogged
condition : besides the direct loss of land, they form refuges for all
kinds of fungus and insect pests which prey upon the farmer’s
Crops.

F1G. 28— . :
:E‘ Diagram to show pore space in soils. The black represents watef; the
ite, air. The soil at the lower ed ge of the diagram is waterlogged.

furiigsiﬁi};}wmer 5 had___fﬂr_thﬂ plant, as it is for the animal, and

o bt ?Eﬂttﬁe reason ; it suffocates the plant, preventing it

is cnntaineg i: the necessary supply of oxygen. This oxygen

spaces are filled :Ehalr In the pore spaces, and the more these

the | _ with water, the less room there is for the air, and
ess chance for the plant to breathe.* (See Fig. 28.)

3
Plants are grown successf
but special precautions

’ ully in water cultures, with their roots entirely submersed :
ave to be taken to supply them with oxvgen.
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The way to get rid of this excess is to pass it down through the
soil to the water table below : if this is itself too high, it must
be lowered. The cause of the trouble is therefore twofold : either
the soil is too close in texture for the water to pass through readily,
or the level to which it can pass is too close to the surface to
allow of proper root development. And this leads to an indirect
evil arising out of bad drainage: the plant cannot form a good
root spread : and cannot therefore search the soil for food. It is
consequently ‘1l-nourished, and further, and this will sound absurd,
suffers more from lack of moisture than if the water table were
lower. All its roots are crowded into a small area, and the demand
for water is concentrated at one place, to which, although the water
¢ near, surface tension cannot pass the water sufficiently quickly.”
By lowering the table, the roots spread through the soil, and though
the water is actually more remote, the demand for it at any one
point is reduced, and it can be absorbed at a sufficient rate.

Drainage further has a most improving effect on the texture of
the soil. When the soil is over wet, it becomes very soft, and
animals and men sink into it. The particles slip over one another
easily because they are floating in water, and thus have no adhe-
sion : when the excess passes away, the soil becomes firm, the
particles cohering by the surface tension of the film of water at
the points of contact.

A wet soil will always be cooler than a dry soil, owing to the
evaporation of the water at the surface: this operation absorbs
a large quantity of latent heat which reduces the temperature,
and may affect the growth and especially the germination of some
crops. Finally lack of drainage is the underlying cause of all
alkalinity in soils, and the only feasible and permanent remedy 1is
to be found in improving the drainage of such soils.

The evil effects of water stagnation show themselves 1n many
ways. Where the water '« excessive, cultivation is out of the
question, and a swamp Or marsh is formed, which serves no good
purpose than possibly to provide a small quantity of rough pasture
in the drier months., This is of course an extreme case, but many
lands suffer intermittently from excess of moisture and these
may be known by certain outward signs. The soil takes on an
unpleasant and unhealthy appearance, and the herbage is quite
characteristic. The grass growing in such places is coarse, and
the other plants, often bitter and unpalatable. The common nut
grass (Cyperus otundus) is often an indication of underground
moisture in cultivated lands, and will be found abundant in low
pieces or along the lower edges of sloping fields where the water
is held up by the bund.

—

# [f a flood ozeurs in a town, many of the taps from which the people usually draw
their water may become inaccessible. The demand on those that were accessible
would then become excessive, and many would suffer for want of water, even though

the supply was if anything, better than before,
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Growing crops show usually a rather pale colouration as the
result of waterlogging, and this if continued too long will lead to
a reduction of the crop. This paleness may be due to an interrup-
tion in the processes in the soil which are elaborating the food the
crop needs, or they may be due to a lack of air.

Inasmuch as the source of all the moisture in the soil is the
rain that falls on the surface of the ground, it follows that where
places are found suffering from an excess of moisture, it is due to
the fact that they are receiving not only the rainfall which is their
due, but the rain which has fallen elsewhere and passed on to
them. On the general principle that prevention is better than cure,
an endeavour should first be made to prevent this flow from higher
lands, and this can sometimes be done by means of intercepting

F16. 29 —Diagram Lo show how seepage at the foot of a tank bund may be

intercepted by a catch drain.

drains. Th:ase drains will be led across the line of fall, and will
thus approximate to the contour lines, except that they will have
a gfentle fall in order to lead away the water they intercept. Such
drains are not always possible, as they depend for their efficiency
on the slope of the land, and on an outfall, where the water can

be carried away by the permanent drains, i.e., the rivers and
streams of the area.

Rather similar are the drains which may be cut at the foot of a
tank bund, where, owing to the greater height of the water
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held up in the tank, the lands immediately beneath it tend to be
waterlogged. (See Fig. 20.)

Such drains will often help to keep the lands moderately dry by
lowering the water table, and thus preventing the accumulation of
water on the surface. Land is often kept wet from the presence of
springs, the water oozing upwards from the ground. Such springs
are often very difficult to tackle, and no general rules can be laid
down for their treatment. When it is not possible to intercept
the excess of water which any area of land receives, arrangements
must be made to remove that excess as rapidly as possible, so that
o b Seie ceatb I D S RO b 1. 15

FIG. 30— Trrigation and drainage performed by the same channel.
A, as irrigation channel ; B, as drain,

it may do no harm to the soil. This water may be removed over
the suface or beneath the surface, and this has given rise to the
two systems of Surface Drainage and Underground Drainage.
Surface Drainage is the simplest and cheapest method of
dealing with excess of water. Trenches are dug at intervals over
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the land, and the water soaks into these from the sides and
by surface flow. If they are arranged on a slope, the water will
pass along them and will altimately be collected in a larger trench
and thus removed from the land. Such drains, though at times
very efficient, offer consiclerable hindrance to agricultural opera-
tions and need constant attention. If the sides are made steep, in
order to avoid wasting more land than is necessarly, they are
always falling in and becoming blocked, and need constantly
regrading : if the sides are made sloping, the amount of land
wasted is considerable. Great care must also be taken to avoid
laying such surface drains on too steep a slope, as they will scour
out and give trouble. 1f it cannot be avoided, they may be keptto
their proper bed levels by cross bunds of masonry at intervals,
or even large stones fixed in the beds.

It often happens that a single channel may be made to serve both
for the supply of water when irrigation is needed, and for its
drainage when there is an excess. In such cases, the channel
must be provided with means of holding up the water so that 1ts
level may be raised, and the water pass over the lands at the side :
as soon as irrigation 1s complete, the barrier is removed, the water
level lowered, and the excess drained out into the channel. (See
Fig. 30.)

Another method of removing the excess of moisture from soils
is by underground channels which do not lead to the waste of
cu_ltivable land necessitated by open drains, and which will, if
properly made, last for years without attention. Such a system
of drainage has in many countries, reached a high stage of
development with markedly beneficial results: in South India,
the capital cost of such work puts it out of the question even
if it proved to be beneficial, though in the special case of land
tainted with alkali, there seems some chance of its successful
‘ntroduction (see page 58). Various methods have been adopted
to procure a free passage for an underground flow of water, and
though pipes are now generally used, there are many other cheaper
though less efficient means. The bottoms of the ditches may be
filled up with loose stones over which a thick sod of grass may be
placed, before the soil is once more filled in : this will leave an
effect something as in (4) in the figure. Or twisted bundles of
branches covered with a grass turf (B). (See Fig. 31.) |
Ehnftﬂieiggf &Efgﬂ‘z‘lﬂt tf;t:. n; tdrain, it has been 5ug_g‘ester1 th at
take the place of the tilés wh?chﬂ RISRAHT Hegamucanan, iight
draining is practised A.n ex eriﬂre Cfrgmﬂn_hflused HHALHD AT
reclaim a piece of alﬁkali 1andpin ?1'11?2 W E'E‘-Cirlbmig R gl
58) as it is only in connexion with 11kﬂﬂ}ii;%tnﬂt;E-Ed e (pa:ge
e e alkalinity that such drains
B aationg o e

erature, and the questions of the
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depth of the drains, their distance apart, the best shape of tile,
the most suitable gradient, the methods of forming the junctions
of the tile drains, the construction of the outfalls and the technical
details of laying the tiles have all received much attention, and
will be found discussed at length in any European or American
book on the subject.
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F1G. 31~ Drains (A) formed by digging out trench, putting in stones and covering
with turf ; (B) ditto using bundles of sticks.

Mole draining is a method of underdraining land by forming
open channels in the subsoil with the least possible disturbance of
the soil. These channels are formed by a mole or steel cone
carried at the end of a covlter which is made to pass through the
ground at any depth required. As the mole plough is dragged
through the ground (usually by steam power) it leaves a narrow
vertical slit. with a wider opening like a rat hole below.
(See Fig. 32.)

The slit quickly closes, but in stiff clayey soils the channel may
remain open for some years. The interest of this system lies in
the fact that it has been suggested and tried in the Punjab as a
method for underdraining and reclaiming alkali lands (see page
57).

All systems of drainage whether intended to intercept the water
before it reaches the land affected, or to remove the water quickly
when it has got there, imply some place of discharge. This dis-
charge will naturally be into some stream or river, since such form
the natural means whereby ultimately all drainage is effected.

1
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[t is only when drainage by nan}ral means is lacking, that hman
steps in to bring it about by artificial means. It miay happenj OW-
ever that in order to work to a proper outflow, it will be necessary
to consider large areas of country as a whole, when the d.r.'mlns
will become of considerable size, and outside the reac:h. of the
ordinary individual. The assistance of tf}e G:::werm'{]ent in such
cases has been found necessary, and legislation exists:in some
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F16. 32—Mole draining, (A) the mole, (B) diagram of the channel left in the
ground by the passage of the mole.

countries enabling the necessary steps to be taken
every farmer can within reason, find
wishes to remove from his land. A striking illustration of the
need that may occur for such legislation, will be noticed later in
the case of the saline land at Terkutteru, where it was found that
the alkalinity was caused by the accumulation of the drainage of
an area of several miles in extent, Though any properly con-

stituted authority could have casily taken steps to iImprove
matters, it was obvious that individua

* | action was out of the
question.

9. Alkalinity—The problems of
insistent in a tropical climate, because of
which, in addition to the other evil effect
ed in the last chapter, is to
evaporation is unduly high.

The evil effects of such alkalinity, whic
concentration of the soil solution,

to ensure that
an outlet for the water he

drainage are esp'ecially
the danger of alkalinity,
s of l-drainage mention-
be feared wherever the rate of

h is brought about by a
arc twofold, Any concentrated
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salt solution of whatever sort, upsets the normal life processes of
the plant, because by its greater osmotic pressure it draws the sap
solution out of the cells, and thus causes the plant to wilt, This in
iteelf is sufficient to account for the well-known and obvious evils of
alkalinity, but there is evidence to show that some salts can and do
produce a distinctly poisonous effect on plants, when present in
anything more than the smallest quantities.

The appearance of plants growing in areas partially affected
with salinity, but not to the extent to cause death, is one of general
sickliness and ill-health. The foliage is pale, and often sheds
early ; the plant is stunted and does not produce fruit. Certain
crops are less able to resist salinity in the land, and all plants
suffer more when they are young ; thus from the interference with
germination, the crop in such places is often thin and sparse. In
bad cases, the soils of course completely sterile and nothing will
gTOW.

The origin of the salts is the soil itself. The soil particles
are undergoing constant change, and as a result, salts are constantly
being dissolved in the soil water. [t is the accumulation of these
salts, which takes place as a result of inadequate drainage, which
s the cause of the trouble. In certain cases, the origin of the salts
may be looked for in the seawater, which, in low-lying lands
near the sea, may occasionally overflow them, or which may
have been evaporated over them in lagoons which have become
separated from the sea, but these are a small and unimportant
proportion of this class of land, and present certain differences.
Occasionally salts are carried by the wind to lands otherwise
unaffected. It may also be noted that the waters of wells which
are used for irrigation are frequently saline, and that their long
continued use may in many Cases end in rendering the land
alkaline. The water from an old well, now filled in, just north
of F. 30 at the Central Farm, was alkaline in nature, and had
certainly rendered the fields it commanded so, while a similar
instance may be quoted from the Sugarcane Breeding Station at
Chettipalaiyam. It is said that water containing up to 60 parts
of salt in 100,000 can be used for any crop and may be classed
as good water: more than I50 parts is considered bad for crops
which occupy the ground for some time, though some crops can
«tand as much as this without risk. The four mhote well at
Coimbatore for instance contains 204 parts total solids per 100,000,
yet it will grow good crops of ragi and cholam. Precautions have
to be taken by frequent dressings of silt or municipal rubbish,
to keep fields irrigated from it in condition, as they have a
strongly alkaline tendency. The presence of salts, to a greater

L - e S —— —_— —_—— ===
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¢ Note on Well waters with special reference to Sugarcane Irrigation, K, Krishna-
murti Rao, Madras Agricultural Students’ Onion Journal, 11, Part 1, page 1§.
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or less extent, is characteristic of well waters such as are
used generally for garden crops; paddy cultivation is usually
carried on with the aid of rain or river water, stored or diverted
for the purpose. :

The cause of this accumulation must be understood before any
remedial measures can be suggested. The subsoil water is in a
state of continual movement, sometimes upwards when evaporation
at the surface is great, and when the ' pull ' exerted by surface
tension is towards the surface, where loss from evaporation is
going on, sometimes downwards when after rainfall, the excess of
water at the surface is moving slowly downward to the permanent
bottom water, and so into the general drainage of the country. It
follows, that in dry climates, the upward movement of the water
will be increased, because not only is rainfall less abundant, but
also because the rate of evaporation at the surface is proportionately
greater, owing to the greater heat of the sun. The result of
an rxcess of upward movement over downward movement is to caiuse
an accumulation of salt, at or near the surface, because the salts
cannot be evaporated along with the water.

Where the water table is near the surface, the rate of evapora-
tion is obviously intensified, because the distance through which
the water has to be lifted is reduced, and consequently water to
replace that lost at the surface, can be more readily supplied. It is
also clear that the use of irrigation water may be attended with an
increase 1n salinity, partly because over large areas it may raise
the water table with the effects noted above, and partly because
any water applied at the surface, will be largely evaporated at the
surface, anle will increase the amount of salt in the soil by the
amount which the water itself contained in solution. This is the
o e e e e ADUlled Hace haavy

: movement as would
remove a portion gf the salts down to the bottom water, and out of
risk of further injury; light waterings which could never reach
the permanent water, would be wholly evaporated at the
and the d_issnlved salts left to increase the trouble.
be !mrnE}n mind that it is actual!y the concentration of the salts
which brings about the evils described above more than their total
quantity. The diagram below (see Fig. 33) H;Fill -indimtu i DI‘?
is brought about, and show how a partial ﬂuwiatenn UEIJ l}l%

~ obtained by distributing the salts more evenly through t?‘hl.’)’ JiL
though it is clear that a complete cure can only be nbtﬂgi 1e soil,
ned by the

removal of the salts from the sphere of action. Many of tl
methods which are adopted and adopted SUCCE;ESfull g oL G0
distributing the salts through the soil, and thus redugi Elln;l 28
cnnceqtratiﬂn, and‘ in places where the salts are not e;lc:gess;?er
d stationary position may be reached, where the methods ﬂf’

surface
It must always
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alleviation are just sufficient to maintain the land in a state of
productivity.

Not all the salts contained in the soil solution of such alkaline
lands are harmful, for the same causes that bring about the accu-
mulation of the harmful salts, also bring about the accumulation
of the useful ones, as nitrates and phosphates. The salts which
contribute most largely are generally harmful, and consist of
sodium carbonate, and the chlorides and sulphates of magnesium
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Fig. 33—Diagram to illustrate the concentration of alkali near the surface.

and sodium. Sodium carbonate is one of the worst, because of
its secondary effect upon the texture of the soil ; by deflocculating
the clay particles, it ‘puddles’ the soil and makes it extremely
impervious to the passage of water, thus aggravating the situation.
Sodium chloride is also very generally present.

Bearing in mind that alkalinity is the result of the prepon-
derance of the upward movement of the soil water over the downward
movement, and the consequent concentration at the surface of the
salts dissolved therein, we may see what remedial measures are
adopted to prevent land becoming alkaline.

The problem is not a very serious one in the dry land of the
Presidency, and where it does exist, is, as a rule, found in small
isolated patches, the cause of which is generally to be traced to
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underground moisture of some kind. It is a much more pressing
question on any land which is irrigated, as on such lands th.e {:ate
of evaporation is much increased, while the water used for irriga-
tion may and often does, itself, contain considerable quantities of
salt in solution (see page 5I supra). On garden lands, attempts
at reclamation are seldom made; the aim i1s more to alleviate the
evil and maintain a state of equilibrium. This is commonly done
by improving the texture and perviousness of the soil, with heavy
dressings of manure or silt. One of the most marked effects of
alkali is to render the soil close and sticky, and thus aggravate
the conditions which originally were the cause of its appearance.
The use of bulky organic manures, such as farmyard manure, or
town rubbish counteracts this, and by keeping the soil Upén,
enables the water to pass through; even if it does not reach the
bottom water, itis atany rate diffused more widely through the soil,
and the risk of concentration avoided. A similar effect, though not
so obvious, is the use of tank silt in large, sometimes very large,
quantities ; the effect again is to keep the soil open. Methods of
cultivation are sometimes adopted in wet lands cropped under
garden conditions which seem to indicate a realization of the risk
of alkali, and its prevention by suitable methods: a striking
instance of thisis the very careful drainage given to plantain topes,
in the wet lands in the Cauvery valley; attention, often insuffi-
cient, 1s also given to the drainage of sugarcane fields in wet land.

Wet cultivation, i.e., the growing of swam paddy stands on
rather a different footing ; the maintenance of standing water on
the surface of the soil means that no upward movement is possible,
and provided water is abundant, little trouble isin general experi-
enced with alkalinity. It is only where the water is itsclf charged
with salts, the land is affected by the proximity of the sea, or the
water-supply is scanty, that trouble is likely to arise. In such
cases alleviation isqpreferred to cure; and the remedy is similar to
those already mentioned. Large quantities of leaf or other organic
matter—in parts of the Kistna, they only cut half the straw, leaving
the r.:utl_ler half to be trampled into the field—are incorporated with
the soil. .

To effect the same purpose, i.e.. to improv

the soil, a2 recommendation has been made to use Gypsum (Calcium
Sulphate). This is for soils where sodium Carbonate is present as
the main source of trouble; a chemical action takes place between
these two salts which results in the formation of Calcium Carbo-
nate and Sodium Sulphate, the latter a comparatively innocuous
substance. This method of treating such soils is referred to in

“Investigations on Usar land in the United Provinces” by J. W.

Leather," where it is reported to have been successful, though the

® Allahabad, 1914, published by the G overament

¢ the permeability of

I

ress, Allahabad,
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cost was prohibitive (the gypsum cost Rs. 20 a ton, and the dressing
necessary from Rs. 700 to Rs. 800 an acre).

The practice of careful mulching will, by reducing the amount
of evaporation at the surface, reduce the upward movement of the
water, but this is nowhere so far as the writer is aware, definitely
practised for this purpose. It "is a matter of observation, that
lands when they are once allowed to go out of cultivation, rapidly
deteriorate. '

Other remedies which have been suggested, and indeed put into
practice, are to scrape off the salt incrustation and the first inch or
two of soil charged with salt, and remove it. An experiment at
Gursikran in the United Provinces by J. W. Leather, where the
salts were thus scraped off the surface regularly twice a year, was
found, after eight years, a complete failure.” It is suggested that
digging out the whole of the top salt-impregnated soil, up to a
depth of four feet if necessary, might prove not only successful but
profitable. The disposal of the soil thus removed does not appear
to have been considered : if the practice became at all common,
1t would present some difficulty. Yet again a temporary improves-
ment might follow by the thorough inversion of the soil which
would be an improvement, until the salts worked up again.f

Though all the remedies treated above are in certain conditions
successful in maintaining the fertility of lands more or less
impregnated with salts, it is clear that they cannot be considered
efficient. as they do not remove the cause of the trouble, but merely
mask its effect. The only remedy for such lands is drainage,
as by drainage only can the salts effectually be removed. In
temperate climates, when the evaporation caused by the heat of
the sun is less, and when the rainfall is greater, alkalinity does
not occur a heavy rainfall, in conjunction with a porous soil,
keeps the West Coast submontane ared free from alkalinity,
nor is such found in the plantations and estates maintained at
considerable elevations on the hills of Southern India. If the
natural drainage is bad, it must be improved ; if the rainfall 1s
insufficient, irrigation water must be utilized to increase the down-
ward movement of the water through the soil. Drainage may be
combined with other remedies to increase the perviousness of the
soil, and crops selected which even before reclamation is complete
will bring in some return, and aid in the process, but ultimately,
the leaching out of the salts and their removal by some system of
drainage, lies at the root of every permanent cure.

The simplest method of doing this is by flooding, i.e., covering
the surface with a copious supply of water and allowing 1t to
drain away bearing the <alts with it. This is what happens in the

¢ Allahabad, 1914, published by the Government Press, Allahabad,
t+ Hilgard: * Soils,” page 456

9
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cultivation of swamp paddy, the removal of the salt solution ben::g

- d partly underground. It will
effected partly over the surface: and p B i o
be shown later that the cultivatmq nf swamp rice, is often el i
feasible way of making use of irrigation water without the }‘:sr
of spoiling the land. The quantity of water must be adequate, ?
the remedy will fail, and may E'VEI]‘dE} a great deal of damage {;
the land by increasing the evaporation. Under the old system o
basin irrigation in Egypt, the land was tflurc}pgllly washed for ﬁ*fty
days a year and was kept sweet : the perennial system Df' wate_rmg
which has replaced it, implies as many as twenty waterings In a
year with a total depth of seven feet; the moisture never sinks
much more than two feet into the soil and is then evapm"a_ted.
In these conditions the increase in alkaline lands is not surprising,
since special precautions in the way of allowing for the removal
of the drainage water have not, until recently, been taken.

The process of ‘ washing ' which has to be adopted to free lands
which have been spoilt by such injurious accumulation of salt, is
well described in the Text-book of Egyptian Agriculture (Foaden
and Fletcher, Volume I, page 20I) where the necessity of forcing the
water through the soil is emphasized : merely letting the water in
at one end and out at the other, is shown to be wasteful and
unsatisfactory.*

Egyptian experience has also been utilized in the reclamation
work carried on by Henderson in Sind, and fully described in
Bulletin No. 64 of 1914 of the Bombay Department of Agriculture.
There is a considerable quantity of kalar land in Sind, which, at
present, owing to the scarcity of the population, the insufficiency
of the water-supply, and the habit of fallowing the land, is not very
serious : there is, at present, sufficient good land to utilize all the
water available. There is 2 prospect however of an Increase in the
number of perennial canals, and this will mean that some kind of
rotation will have to he adopted in order to obtain a return for the
water. The system adopted by Hendersc:n, was to get rid of the
salt by washing it down into the subsoil, and then grade up the
soil by growing repeated crops of ‘berseem’ (Trifolium alexan-
drium : Egyptian white clover). The usual rate allowed under the
canal rules to this land was 1 cysec 0 300 acres, which allowed

he gross area to be irrigated in any season.
insufficient for reclamation work, and Henderson

a duty of 25 would have to he

The reclamation has p
reasons beyond the control

-—

roved entirely successful ;
of the €Xperimenter,

— —-_'-——___-—_..\___

for various
it has not actually

-  —

e —

* See also ““ Reclamation of ajkql; lands in Egypt,»
Bulletin No. 21. EYpL.

t The details of the scheme,
given in detail in the bulletin refe

Thos, H. Means, U.5.A.

the method

of levelling and dividing up the land are
rred to, which may be consulted. i
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proved a financial success, but it is clear, from the figures pub-
lished, that such reclamation will ultimately pay, and in fact the

farm at Daulatpore made a handsome profit during its last year
before it was sold.

A serious increase in the amount of alkalinity has attracted
considerable notice in the irrigated colonies of the Punjab, and it
is of interest to see what recommendations have been made. The
general causes assigned for the increase were four: the dry
climate, the general lack of contour which exhibited little natural
drainage, the sandy soil of comparatively recent origin, and lastly
the newly-added effect of irrigation. The water has increased the
amount of chemical action, and thus increased the amount of salts
to be reckoned with, and the continual effect of irrigation has
raised the subsoil water enormously, mainly through seepage from
canals made in such porous soils. In the Chenab colony, this
rise is reckoned at the rate of two feet every year. This has again
:creased the risk of salt by increasing the rate of evaporation. It
is clear that the soil must in some way be washed, but with the
water table so high, it is not feasible to force the salts down
into the subsoil and they must be completely removed. This it is
proposed to effect by the use of a mole plough, such as has been
already described.

The water is run into an open drain and thence into a puddled
tank where it will evaporate (this process will be accelerated if
necessary by pumping it over suitable structures) : the salts thus
obtained will, it is hoped, form a considerable asset in reckoning
up the cost of the scheme. The cost of this scheme, which has
been evolved by Barnes of the Punjab Department is calculated to
be Rs. 10 an acre ; the tackle will cost Rs. 22,000 and will do seven
acres a day with drains eight yards apart ; allowing 40 per cent of
time taken in moving it about, it should do over 1,000 acres a
year.

Besides the above, very costly trials have also been made in
cementing the canals to make them water-tight, at a cost of over
a lakh a mile.

An experiment on a small scale may be referred to here, which
was carried out on some slightly alkaline wet land on the Central
Farm, Coimbatore, designed to ascertain the cost and efficiency of
underdrainage as a means of reclaiming land. The experiment
has been fully reported in the Agricultural Journal (Volume IX,
page 295) to which reference may be made. The experiment has
shown that there is no difficulty in laying down such subsoil
drains, but their effect on really bad alkaline land has yet to be
proved, though it is hoped to test this aspect of the question before
long. The most serious trouble will probably be found in arrang-
ing for a sufficient slope to the drains and an outfall for the
drainage water they remove, since it is in those places where
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natural drainage is bad, and where the subsoil water is high, that
such cases will be found. |

In this connexion, it may be emphasized that individual efforts
are in many cases not to be thought of, and that only concerted
effort is likely to be successful. .

Some experiments were carried out for some years at the wllage
of Terkutteru near Madura, where various remedies were tried. It
was ultimately found that the village lay in a shallow depresﬁiﬂn,
ihe land sloping gently upwards in all directions, for a consider-
able distance, and the true remedy was the construction of a proper
system of drainage extending over the whole of the area concerned,
one of several square miles. This is a case in point, where the
individual was helpless, and the intervention of the State was
indicated.

I astly it has been said that the planting of trees in alkaline
lands may be attended with success, and that the trees will gradu-
ally pump the water out, and by lowering the water-table, diminish
the causes which have given rise to the alkalinity. It is true, for
instance. on the hills, that the planting of Eucalyptis is considered
a simple remedy for the amelioration of swampy land, but salts are
absent, and it may be doubted whether much can be effected in this
way. The experiment has been tried in the United Provinces, but
has not proved successful.®* Butea frondosa trees were planted 1N
pits, carried through the salt layer to the coarser sand below, and
flled at the time of planting with a mixture of sand and manure.
The trees grew and gave a profitable return for this class of land,
but Leather shows that they have no effect in reclaiming the land
(loc. cit., D. 49). Babul also gave a return: mango proved a complete
failure.

As has been pointed out above, the general position in Madras
i< not very serious, in that there are no large stretches of alkali land
calling for reclamation. Alkalinity occurs sporadically, sometimes
on dry lands, more often on wet lands. On garden lands condi-
tiqns vary, but where the water is of an alkaline nature, and the
s0il n::nurall},r Impervious, t}le dread of alkalinity is never far from
the mind of the ryot. He is usually able with the resources at his
dlS]JDE-':ll to keep it down, though it undoubtedly causes great
redu.ctmn in the yield and perhaps more markedly in the quality
of hlslprﬂdulce. A more extended use of green-soiling and the use
of an inverting pl:uugh would be good practice. It is also genei‘tﬁ]ly
kn.ﬂwn 'that certain crops are able to resist quantities of salt in the
soil which would be fatal to others. In Hilgard’s “ Soils ” several
pages are devoted to a thorough comparison of the differing powers
of res!atance possessed by many'ﬁelcl crops, based on much careful
experiment, but such knowledge is not yet available in this country.

® Cawnpore Agricult 1
i por gricultural Station Reports, 1609, and subsequent : Tulli Usar Sub-

- b



Ragi and tobacco are two Crops which do not seem to suffer much,
while wheat grown at a drier portion of the year fails to produce a
full berry on land but slightly tainted. The question 1s one of
great interest, because in any scheme of reclamation the sooner 4
crop can be taken the less will be the cost of the operation. In this
connexion, the use of a coarse red rice, or on still poorer lands
‘dineba’ (Panicum Omogali)® in Egypt may be noted: they are
used partly as indicators to estimate the amount of salt stil]
present, and partly to bring in some return during the process of

reclamation.

On wet lands, except when the drainage is especially bad, or
when the water-supply 1s insufficient, alkalinity is not common.
The system of cultivation adopted, in itself tends to remove the
salt formed, since water is kept standing at the surface and thus the
downward movement is accentuated. So it is that except In very
unfavourable circumstances such land is not found. A notable
exception is the ‘ncreasing area of alkaline land to be found in
the area irrigated by the waters of the Periyar in the Madura
district: allusions have been made above to the experiments
conducted there. Much of the trouble is caused by insufficient
attention to drainage, which has brought the water table too
close to the surface, or which has kept the lands moist during
the dry weather and thus increase the quantity of water evapo-
rated at the surface. The state of affairs 1s aggravated by the
necessity for manure and the difficulty of obtaining it; unlike
the other large paddy growing systems of Madras, the land 1s not
of an alluvial character nor is any silt received in the water.

From this aspect then, the cultivation of swamp paddy has
reason behind 1t and though at first sight it seems WrOng that
water should be used as liberally as the system demands,t when by
its judicious use for the ordinary dry crops, it could be made to go
much further and perform a higher duty, there are strong grounds
for believing that the system is the result of experience, and 1S
‘ndeed not only the most desirable but often the only possible

system.

The matter has attracted some attention, and quite recently an
experiment was carried out under a newly constructed tank, to test
the possibility of using such water for the purpose of irrigating
dry crops, 1.€., for garden cultivation. The experiment ended in
failure, but there ‘s much to be learnt from It.

= _ - e S —

s [J.S.A. Bulletin No. 21, Page 28.

$ Saidapet Farm Records, page 142. ' It is popularly generally believed that the
amount of waler generally used for irrigating the crop is far in excess of its actual
requirements—it monopolises water which might be far more usefully employed for
irrigating maize, wheat or other crops which mi%ht be grown with a little o the water
now used far paddy—--nnd yet the extension O irrigation works on the old system

goes on,”
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The site of the experiment was Ponnalur, a village in the north
of the Nellore district : the tank was originally designed to water
1,000 acres, partly red soil and partly black regada lands. A
prohibitive water-rate of Rs. 20 an acre was charged for paddy,
water for any other crop being allowed free. This was in 1904 ; the
concession was originally for three years, but was extended.
During this time there was a failure of the ordinary rains, but in
spite of this, the people for the most part obstinately refused to
use the water. A certain amount of ragi was irrigated, but the
general opinion was that using water in this way would spoil the
land by rendering it salt and unfit for further cultivation. In 1909
the idea was given up, an« the use of water for swamp paddy has
gradually been taken advantage of by the people of the village.
There is still (fasli 1324) a certain amount of irrigated dry crop, 136
to 290 acres of paddy, but there was a large area of the same dry
crops grown dry, which shows that even now the water is not fully
utilizecd. This is not wholly due to disinclination, it is true, for
there are certain difficulties in arranging for channels passing over
other people's property. Itis very significant that a deficiency
of manure is felt: in fact it is practically true that this limits
the area which might be brought permanently under garden
cultivation.

There 1s no doubt that the land has suffered where water has
been used for irrigation (dry crops) as opposed to swamping
(paddy), and there is also distinct evidence to show that some of
the lands marked in fasli 1320 as hopeless, have been improved by
growing paddy on them. The evidence here seems clear, but it is
of course not possible to say how far Ponnalur experience would be
repeated elsewhere. Salt was present to a considerable extent as
shown by analysis, mostly in the form of Sodium Chloride, and
the effects were almost instantaneous: it may be presumed that
they would be similar elsewhere, though perhaps not so rapid.

It may be said that such water might be stored against a season
of draught, when it might be used to save a wide area of dry crops
from destruction, but a little reflection will show that this is not
feasible. Firstly in a dry year, i.e., a year of short rainfall, when
the demand would be the highest, the supply, which ultimately
depends on the rainfall, would probably be at its lowest: and it
would not be possible to meet all demands. The loss in seepage
in running water down new and unsettled channels would be very
high, and the financial arrangements would be difficult to settle.
A system of insurance, i.e., a fixed sum to be paid yearly
‘whether water was wanted or not would certainly lead to trouble
and waste of water, while if the ryot was only to pay when water
was used, he would not ask for it until the very last minute,
when everyone would be clamouring for water at once. The
demand for water must be a regular one, in order that the project
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shall pay, and this can only be obtained by paddy cultivation or
the introduction of regular garden (1.e., intensive) cultivation. This
means the most skilful tillage combined with liberal manuring, with
marketing conveniences at hand, and such conditions are by no
means universal or indeed easy to find.

It is therefore probable that in the conditions obtaining in the
Presidency, the cultivation of swamp paddy is the best method of
using stored water, and that the universal adoption of this crop,
and the strong desire shown to grow it wherever possible are based
on past experience. Allusion has been made to the trouble caused
in Egypt, by the substitution of one form of irrigation for another,
while it may even be that the cause of the many abandoned
ancient irrigation systems is to be found in the accumulation of
harmful alkali salts, due to the careless use of the water supplied.
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