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IRRIGATION.

THE ARTIFICIAL SUPPLY OF WATER TO CROPS.

1. Importance of water to plants.—The importance of water
td 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. Itis thus a matter of the first importance to see that
field crops get the right amount of water at the right time and
iin the right place, and this end is 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 thei
supply of moisture is 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 the
dominant factor under dry or garden conditions is the supply of
Water to the crop, either directly in the case of dry lands t?y the
‘quantity of water naturally available, or indirectly as well, in t}}e

' 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 argumgnFS'
can be brought to support this view. Practically, of course, it is
clear that a very, high market value is placed upon the supply of
Wwater for agricultural purposes in almost every district, even where
it might at first be thought that the rainfall was sufficient. The
ates charged for water in the big delta systems are very low, and
it is not until we see the sums invested in the digging of wells, and
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the ceaseless toil with which their
applied to garden crops

and 5,000 Ib. of straw ; a dry crop averages about 600 Ib. of grain
and 2,500 lb. of

straw: the difference at present prices is about
Rs. 70. This is

of course not all due'to the water, because the
garden lands are highly manured, but e

even making a considerable
allowance for this, it is clear that the valye of the water is
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

i ded in dry fields, without any
nent fertility. On the permanent
y Agricultural Station, the unprece-
dented yield of 1,066 Ib. of * dry’ Sorghum was obtained\in the season
of 1904-05, 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.

Itis of course clear t
siderable influence op t
particular case, and the
general though the state viz,, that moisture is in the
majority of cases the lj may be, yet undoubtly there
are districts where owi tive 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 pla

near the channel, wher i
big and strong,
factor which is keeping the rest of t

Theirrigation of garden land moreover introduces oth
which follow immediately on the a

rtificial supply of water ; que
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

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, though we find practices varying i

n different districts,
a general distinction can be drawn between

hat variation in the soil will have a con-

be supplied, and
ment ahove,

miting factor,

er problemg

‘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

nsider first,
' earth itself. The latter class We may co
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. Ragi (Eleusine
. ical irrigated crop. iy as
¢ i ain, a typical 1irrg ing found equally
course, ;nl St:ir:’; ju;t on the border line, br::fbi quoted as a Crop
coracana ! Sugarcane ( {est
i irrigated crop. . istricts of heav
ara.m-fed gnrd ;lr;lc;rai conditions, even m ?:Sdgligwth, and indeed
::};:‘izllu?le:ds irrigation at some I;ogtlotx;x:rnllndia are grown undgr
’ luable crops ot Soutne€ nly increase the
many of the most va irrigation will not o ¢ will
‘ ’ itions, so thatirrig n above, bu
gail;ider; tlri:n:rldinar,y dry land crops as Srg(f)i::ble crops such'as
yield o s f more D ise be
: ultivation o AP otherwise
:e{)lder pOtSS;:}:ritchearfd betel vine which it would
obacco, tu ’ .
i i row, - ' is the rain, any
lmpso'sSIbltehtougltimate source of all water';’upptlﬁra‘: such deficiency
nce the d to show . dent
endeavoure n insufficien
deficiency—and we have st be due to a < a
N : ommon—mu jon—What is
is far from being unc kes the questio L
T is at once Provoxes tae = ible to give a
precipitation. 'ﬁtgl_s_but to this question it is 1r.npoT181b © oneidered,
sufficient rainfa v must the total amount of ra}nfz:ll heavy falls of
answer. Not Ont ,30 because it is clear that .smg <t3 i the large
but its concen:rarlﬂ;, lead to a considerab1§ was e(,)f the curtace
rain wil not o A he water which runs . ds
. off ’, i.e., the L se the perio
qualr:tltty bo;fngn:‘:)sorb;d, l;ut will necessarlfly Htltcl??noisture in the
without be . d when therefore it is
. : n falls, and w lant. When 1
during which no rai : ted by the plant. WAC o o
what is wan . widely in t
soil may fall below wha t crops differ very wi in their
: hat differen . widely 1n
“urther cquldere? ) and that different soils Vzu’)-rtaiss clear that no
mater re%ulrsrgergirsx,g and retaining moisture, 1
power of abs . nder
R iven. . n that u
deflnite answetr C?)I;r?grfned in America havie:h;)::: required for
. a ¢
Experiments s from 150 to 300 1b. of W [3—26 inches of rain
c;rtam c;:om?huo‘;lf 1 Ib. of dry matter: or from I3
the production .

of watgr
during the crop gfrOthh;' for irrigation.—All the sources
e
2. Sources of wa

. . lly
depend orlgma; -
: 1 purposes ‘ n their
k or agricultura intercepted on
Which may be us;(l frainfall which can be :;ch is stored in the
upon portions Ofrt drawn from the supply W irrigation frorr;
way to the sea 0 ino in almost al
of forming
. Ortant feature
wells being a most 1mp d, to a depth
districts.* 1l is a hole dug in the g;;ugf’water. This
fﬁWells.l-—A r;ﬁ to tap the underground supp
sufficiently g

ill be found
. ater level will §
. aterial, t?‘e w - e contour O
ot Lposed of f;lilayngz rﬁ:lso:: the surface, following th
at a uniform dis .
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the land with fair regularity. Unfortunately such conditions do
not often occur, and

when they do, are often in districts where
irrigation is not a necessity.

In Malabar, for instance, the soft
porous nature of the laterite rock makes conditions ideal for well
sinking, and valuable as such are for drinking purposes, they are
hardly used for irrigation, owing to the exceptionally heavy rainfall
which Malabar enjoys.

Again in most alluvial soils, water is
easily obtained by means of wells, but the soil is frequently found
to be unsuitable for such cultivatio

n 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, dnequalied facilities for well
sinking, but wells simply are not required. Conditions are however
very different in the drier tracts, where the red or black sedimentary
soils are underlain by igneous and metamorphic rocks, frequently of
hard and close texture. Here the water which passes through the
soil or subsoil into the ground, ddes 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 ha

» 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 thig way, but such is the
value of the water, and so assured is the position of the owner of a
good well, that the attempt i

' ' s frequently made, Naturally enough,
people who claim special powers and boast th

at they can Jocate
obtain much credence;

considering the striking successes which hav
these ‘water-diviners.”

¢ attended some of
Elsewhere,
of omens, as in Coimbat

recourse is-had to the reading
ore, where it is saijd 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 successfuj well
may be dug! The matter is of consid

and is expensive, 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

though few wells of this sort have been utilizeq

—

-artesian wellg
for agricultural

'\

* Balletin No. 38 of 19710, Bomb

—_—
ay Department, Ope is now in the i
the Madras Agricultural Department, ' possession o
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) deep, and eventually tap 2
narposes. Such Wf’u; .Zriti)éz-ns:ggient gressure to f.ortc en:; 21;2;:
by o1f ?:‘;er v1",ct>11§f1dl(ar'cesian) or to within a sfﬁ:’t S;SS ama de the
;he 1e‘ée (cs)ub-:r%esian)- The boring of such "'("le a number of wells
sroun in Poadicherry,* but recently river, north of
greatest progress 1 the basin of the Kortaliyar ‘ t,he Pump-
have been sunk in nsiderable success (vide 'Reportﬁ 0for drinking
Madras, and with co rtment, Madras). Artesian Wek 2t Samalkota
mgda? 4 :3 om;)irlgzps):s have been successf;ﬂly sun
and factor - )
(Godavari)yand Anakapal}fs(Xillzla%:rp;f;mdepend on the nature of
. e s
The cost T o}f Suﬁi}::h“cche boring has to be carrled-S face water
the rock through w next be taken of the o the uses
‘ quks.—Not}cewgaz, the sea, which may be @ve;tee cank. The
lntt:'.rcc::pte_d on ltsd the first to be considered is t ross a line of
of irrigation, an k is made by throwing a bund alcf e) so as to
simplest form Ofganefore roughly along a contour 'lge 2SS away
draip age (and 1her drainage which would otherwise p tion of
intetcept the surface, ivers and so be lost. The construc e
into the strehms a;c(iler:i a very high state of devdopmte;r:kmwhich
these tanks hasn:?oh may be made of the Cumbum tank,
parts, and meacut of 5,000 acres in normal years. | and wasteful.
lrn’%‘ateli 'a;ligaaytion is in many respects uneccilno?olrcl:equenﬂy suffer
ankir : shallow, an . i hen
Tanks are from ﬂ;?tli'oﬁaggs though they provxd:heg;atzligfms‘zwes
t:leavfily tf}fomaizlaep(:)f the v’illage in the h;)t Weétt;:;ich is thus lost to
ry for the ¢ he total area, . silt
may occupy up to 2 qua;;(;:- otf):,ing still water reser-‘t'ﬁltrtfé :?vf)fold
crop production. - Mortereams is deposited i them, W::e of silt, while
brought down by the sder them suffer from the absel?ecome reduced.
r;.lsult ﬂf{attheifl Tel:csl;l rtlo fill up and its fCiﬂ\I}’;”‘Cl(;tlydt:smblishec_l tanks,
" the tank itse ith many of the old-estal e.
This in fact is the c;seee:’ sl,tet:iously lessened fror?r;hfef:u:ource of
whose ayacuts have | d. too, that tanks are a qre affected by
It cannot be denie ’mon’gst those whose lands :ﬁght reduction
quarrel and litigation 2 f the land is gentle, a‘veryble area of fore-
them. When the SIOPZ;r will expose a ,ConSIdera gle between the
in the height of thel W:chat there is 2 contl’nuafl sm;ied in lowering
Shore, with the resu tb ve the tank, who are inter ho are naturally
owners of the land ?1 t?le ryots below the tank v‘;he tank, and thus
the escapi v:enj’nznas much water as possible in
desirous of stori

eir-
intaini height of the W
ing or at least maintaining the heig

aim at increasin

e

e

. ition, chapte‘ V. As.8a foot in
* Chattertbn . Lift Irrigation, second edition m

i ies fro
boring vanes ots should be
ini ipes, the cost 0 lisnces, €O
! Excluding the cos{e\(::r:ullll: grgl?n r’ock. - with power app
alluvial soil to Rs. 10 or .

reduced to Rs. 2to Rs. 3 2 foor.\ » i v



b

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 vdrying 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 etiect; 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. 1 and 2.)

' Ttis 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

Cucumber cultivation pernntted.

FIc. 1—Tank clear :
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In the tank, not only by the direct filling of the well, but by the
general tise in the subsoil water due to the surrounding irrigation,
but no extra charge js made in such cases, unless as usually hap-
bens, tank, i.e., Government water, is used as well as the well*

-water, \

Riverse—Finally we have the rivers on which to dra® for water
for irrigation purposes and these form the most important of
all. - The water from such rivers may be utilized either by gravity
or may 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 DiVj
Island project where water is 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 is in
flood, and one when the river is dry. In order to catchthe water at
its highest levels, side channels were dug to meet the river, and
these were dug at such 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, in existence before the construction of the Kistna
anicut at Bezwada, diverting the water from that river. ' A varia-
tion on this method is still practised in the south, to utilize the
waters of the Cauvery, the Coleroon and the Amargvati. Thisisto :
construct temporary dams, known as korambus, w:hlch are built ?ut :
from the head of each channel when the supply in the river begins
torun low. They are made of sand, earth, branches, grass, bamb_oo's
and even logs, and are of course swept away by gach .fresh, being
reconstructed again when the need arises. This is an improvement

on the flood channel and a larger proport;iqn of the river water is
~

impounded by these korambus. , ) S
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

cather cucumber crop,

2—-Growth of weeds duc 1o the stoppage of the hot w

Fic.

e

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

paragraph s. .
+ Board’s Standing Order t, 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 bed, 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 through the bank and gradually above the level of the land
where they can be used for irrigation. The supply is divided intc
a definite number of shares, and the users of the water are bounc
to provide one cooly for each share, whenever the water office
summons them, for in the digging and the clearing of the channe
much labour is required, particularly in the portion in the river bec
which is swept away whenever the river flows. The}distribution i
ingenious, a flat log of wood is fixed horizontally in the channel s
that all the water flows over it uniformly. Vertical divisions ca:
be inserted gvherever necessary, to divide the
number of proportionate parts, accordin
irrigated from each channel.

total flow into an

g to the number of share
(See Fig. 3.)
The upkeep of these division weirs is in the charge of the wate
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 detgiment of their

neighbours,

These methods have the merit of antiquity, hut 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 thaf
the level of the water is raised to a height sufficient to cominand
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 1a
century that the extension of this system of irri oot
most marked.

em uring  sluices which are
_—

* See Lift Irrigation.  A. Chattert n, Ch

t Itis supposed that the G cut et b Page 4

. (second edition
. tand Anicut betw )
first built under the Chals Kinge etween the Cauvery anq the Coleroon was

e

Fic. 3--Method of dividing water-supply (

Chenganur, Bellary district).

e
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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 4n touch with the whole system, so that he
can direct the water where it is 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 naturalslope of such atluvial
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, is 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 is no
silt in the water, which runs practically clear from the high hills,
and secondly that the soil commanded by the water is not alluvial
in nature, and is 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
f manure which has made the Madura

is perhaps this scarcity @ :
ryot sO quick to realize the value of nightsoil for hijs paddy.

Alkalinity is also 2 danger which is on the increase, owing to the
general rise of the subsoil water. -

The problem of making fuller use of the water which, as is
proved by the existence of spring channels, must be stored 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 gand hecomes sucked dry, while the
friction of the passage of the water through it offers considerabkle
resistance. A solution of the difficulty which has been suggested
by Mr. Chatterton, is the erection of a central electric power-house,

from which power may be distributed t0 numerous small installa-

tions, which will be of the nature of doruvu wells, and wil not

interfere with each others
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 .s'ectlc.)ns,
where it was shown that though for a certain class of irrigation,
namely the culfivation of wet paddy, the water was usually

2 &,

3
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€ progress has heep made

other apparatus Suitable
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tably installeq are com-

, it is the cage even no
which small power plants can be profi

paratively few and far between. It beco

showing method of discharge,

FiG. 4-—A four mhote well :
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bucket descends into the well by its own weight, pulling up the
driver who accompaniesJthe returning rope to the top, where he
fastens it by a simple loop and peg,-toa 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. It is 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. TRe bullocks
reverse while thet bucket is discharging. There are frequently
two buckets fitted, one of which is ascending while the empty one
is 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
partly on its mechanical or constructional efficiency, and partly on
the efficiency or the method adopted to utilize the power of the
animals working it. The strength of an animal may be directed tOg
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
is made to raise an equivalent weight, it will perform usual work,
and in the most efficient possible way, because all its energy is
atilized only in moving its own body. On a horizontal road and
walkjng at 2 natural gait, a bullock weighing 800 Ib. can exert a
pull of one-seventh of its OWD weight, i.e., about I cwt. (112 1b.),
and this is mechanically equivalent to walking up a slope of 1 in 7,
for 7 to 8 hours 2 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

i other way it is feasible to employ it.

of gravity, than in any
With the much greater slope of the double mhote, rendered

possible by the fact that the cattle have not to be backed up the

- — S
# Much of the next few sections is taken from Bulletin 35 of the Department of

Agriculture by A. Chatterton.

—————————
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ramp, the weight of the animals is much more effectively uti}ized.
and a bigger bucket* can therefore be lifted for the same size of
cattle. This lift hag alsd 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

, but only their strength; the
their power by pulli

ng at a dead weight
The lift consequently possesses a low

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. 1t 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 ig largely because, being
more complicated, they have implied careful con'struction, if the
mechanical efficiency was not to suffer. Any large moving parts
—_— e ——
®* The buckets used commonly at Coimbatore gre 45,

for the single and double mhotes.

along a level surface.
efficiency,

galions and 60 “gallons

t A little caleulation will make this clear: the adoption of a steeper slope wil]

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 ran: the fact that they walk up instead of

backing up, means that they save time on the ret j at a greater rate, say

t 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 teet (ten
yards) depth, from which forty buckets an hour are lifted, the sum is—

. Run down 40 x 2 = 80 seconds.

Gain Retumm up ) 40 x § = 2

Loss 40 X 4 := 160 !
Gamn per hour

Gain | Rundown
7 Return up

Loss per hour = 171
”»
Thase figures are purely imaginary, tpon

and are not baseq upon experiment,
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’ due
lse the losses
d surfaces, ore 0sSess.
ccurately shape tages they p
rtr:)ufS:-cr;l:?c;I: \(:rrillli:ounterbalance anthtl;::;:li‘;zzuc%l lifts unpopular,
i . ic . as
i to a point W its cheapness
This sends up the cost .. as much for “+ last
ts position as ! ctance of this la
and the mhote holds 1 air: the impo . b
. . ease of repair; . inventors
from its efﬁcll)ency:;gﬁasized The attentlc;riu;)f The late Rao
n .
hee alr'eady ete various parts of the apparh time and money to
been directed SO hba Rao who devoted muc ower of the animal
Bahadur C. K. uduced a mhote in which thel I:form from end to
this auestiof, b0 eans of an oscillating plat ‘Séesaw lift’ is,
was utilized hb};hr: bullock was walked. This ’
end of whic ‘ ‘ i :

BN e en hotograph)~
e The o5 1 t'pltorm of the Subba Rao wates-lift (from a ph ¢ being
. 6—The oscillati ) ._'_ lock’'s wor
e ade, extremely efficient: (;htirl;u}round at the end,—
if carefully n;k u{) an inclined plane an Chatterton (loc. cit.). 1t is
simply fo W2 bly reported on by Mr. de well, suffers from
and was favoura to make, and unless ma however that it 1s
however ex;;lens.le\;el efficiency. It has shown
loss of mechani N . . of
possible to use cattle ;ln ;21511::1Zria1, construction Znéjear?ztfh:tczen-
i ape, . 00
The bucke. iing have also come in for a the buckets being
filling and 'emp:er;g widely in the PreSItdengSi’éhthe tail is applied,
tion. Iron is usec with a hole tow ide. The
1 Shapev kT one side. .
cireular or Cublc'acltl1 min the centré¢ or bllghtlydlw in its rigidity,
on the under SIhe, iron bucket lies undoubteﬁny It is a fact that
advantagek Of tt :;uch easier and quicker to hll
which makes 1
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» the mhotes are w
not be strong enoug

advantage is also mo

orked by boys, who would
h to fill collapsible leather buckets. This
re marked in the cage of low lifts,

1

_ (=

Fig. 7— Diagram showing attachment of tail and of discharge,

o
é
—
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i i i bled up position by

in the bucket. Itis kept' in this dou i Sition oY
:E: r:?lt::);):, a light rope (three tail ropes uzuaflltyh:)fak; an mhote
rope) which is fastened at one end to the en oin over,a comarate
other to the mhote rope near the yoke, ru:n(})u gh. The oot ot
pulley just above the opening of the water tr 1§i oo he length of
the tail rope is so adjusted that When the ka\;ie ronh o e
top, the tail rope pulls th(; tell(llt towards

i ucket. .

eﬂ‘?lc‘;sisﬂ:ﬁs((lzlhssll};; ghi;) ft}:l;egreat merit of being gradtlilael ;:i 2; :2:
Same time rapid, while it requires no extra 'fl(;l"fxe otnhe o part of the
bullocks. The tail rope is also useful in tilting
in the well and helping to fill it quickly.

: s life.
F1a. 8—Tilting bucket as suggested in Stoney’s lift
' 1
ilti ts were
Other Zethods have Dbeen suggested; tlmrri)bgedb‘icl;l:lz: “The
employed in Stoney’s waterlif iup- by two adsustable pivots
“?SCk};ts were suspended in a stirrup bbyev:he centre of gravity
s . v :
. 2ttached to the bucket veryf Shg}tlztalry ef‘l(l)e‘ mouth of the bucket (;s
“of when full of water. . d outwards
“ ?f t.he l)uCkﬁthe lower ends of the stirrup are.t;)ll'ne suspended
“mchned, ag{i to rings sliding on steel wires wh}xlc f?;fning bove.
‘e formclel flr:;m screwed eyebolts attached to t aens to the bottom.
“Tho s ire, e fastened by some convenient med.n and descend-
“ The wxrefl arnd act as guides to the bucket ascendi s:’ aying toand
“ 9f the gepr,:vent it from either turning round or ay,
ing an
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- “fro, and thus striking the sid
“On the bucket being lowered
“as it sinks fills with water,
“vertical position and rises ste
“reached, when the upper side
“ contact with an iron bar fixed
“the stirrup continuing its up
“revolve about the point of con
“and thus discharges its conte

es of the well or the second Bucket.
‘into the water it turns horizontal and
On being drawn up it assumes a
adily till the discharging level is
of the inclined mouth comes into
across the framing of the lift. and
ward motion causes the bucket to
tact of the bucket with the iron rod,
nt 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 emptyin
also been suggested, and so lon
are to a certain extent satisfact

g and filling rigid buckets has
g as they are kept well fitting, they
ory. 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. i
The use of flexible steel ropes
has been suggested *

and some
have recently been on trial with
satisfactory results. A forty feet

rope costs Rs. 10-8-0;
freight Rs. 2-9-0, and packing
Rs. 1-4-0, the price per running
foot works out at As. 4-7% in-
cluding the necessary toggels for
attaching the rope. It has yet
to 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 ise of for the
purpose of lifting water are very
numerous and utilize in varying
proportions the weight, the
strength and the skill of the

individual working them.

* Bombay Department: Anpya] Report of Experimental Work, Dhulia Agri-

cultural Station, tolr1-T10. Madras Departmental Calendar, 1916—17.
t These are pre-war prices,

including

1

F16. 9—Method of makin

g loop in
steel rope.
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The commonest is 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 platforme
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 wicottah is
an extremely efficient lift, as may be seen by referring to
Mr. Chatterton’s experiments * : in which the coefficient of utility,
i.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, and sends the water on its way with a brief
prayer, is 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 ta 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 lifting 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.)

This 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.)

Fic. 13 ~Xarim (Godavari district).

N # Chatterton Joc cit.



18 !

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.

re
L 3
—
- s—;__*‘
- —
—_—— TS
————— .
i T
i;:," -~ - -
%( -
. -

'a . - . ~— %\n

Fig. 14~Malabay Wwater shovey,

Of more Complicateq 3 ’
include 3 0P ated abparatus, may }g noted these which
e :re m theijr COmposition gych as the endlegg chain

. more simply an ascendj i
shown in the picture, (See Fig. Is:)ndmg and descendlng bucket
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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.

L

!

o~

Fig. 16—Chain pum}o : 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, hithe®o considered, but the conditions are different,
in 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 low-lying swamps
sufficiently to take a crop of paddy therefrom. It is a paddle
wheel, with twelve paddles of very neat construction, working in 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. '
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It is only in recent years that the question of lifting 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 the 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 diﬂicplt to state definitely the lowest flow of water at which
it would become profitable to instal an engine and pump. It is
probable that a 3-inch centrifugal pump is the smallest size
‘which can conveniently be ultilized? ; in the smaller sizes the losses
due to friction become proportionately much greater, and the

Quantity of water at least equivalent to 220 kavalaig (of fifty gallons)
in an hour. Not many wells can supply the quantity i ‘
and although the longer hours the i

nstallation is at
profitable it is likely to be, there is a point very much below
the figure named above, when an engine and pPump can show
a profit over the kavalai, and a pump may be installeq 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 wnless 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 24 hours, what the
engine can lift in four, i.e., 44,000 gallons or 7,260 cubic j’eet or two
acre inches, or 1/12th cusec. Itis of course not imagined th;xt 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 m
considerable margin of e

must supply in

ore urgently wanted
Xcess is preferable,

mple, but advice ig
— ————
*The bulk of this artizle has been extract d i
Chatterton r—see i ot Bookes on oege 6. racted from the published Papers of 4,
t In Bombay a 2}.inch pump has

at the Central Station, Coimbatore,

than at others, a .

. afeeof Rs. 10 is levied for inspeotion.

i ac
supervision of the erection of the m
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. i t he wi ine to runi
torily for a tlmeé l:r:lay in his ignorance, allové ;h 161 :ggsupervision is
of tbep;{t;’ a:rliu Ver;"soon wear ilt out. thelnumber of trained
state whic more available, as ; industrial
becoming e":;gmdiinway shops, rnillls, f;ct(;xa'lﬁzdotfo 2 scherne
mechanics, . d attention may also be of a fixed
schools, mcreaﬁi’n?a? of an engine can’d°n payment
an’ er o ined.
Wh:;?l))free I%ave it periodically examine
an J

A worn
and promptly .attendec! to, £ 1
Repairs shov'c bz:z::f: lggine from wqumg, btﬁ1 1et 1{::5{111:: a(;! H
bearing may 17 Qr; is often not very evident tl(:'mself wner, and
of efﬁcie_ncy,—-Wh}Cer does not usually coyxcerr(lia nxlage' ’The ides
with which the Sll.lfrvo'f other ‘and more serious mage. The oer
PR tt}}:nr;? the driver is such a valuable as i,
sonal attenti

| i i fees levied in
, which specifies the
dated Igﬂ:la];'“gh:: xv?orking and transport cha\t:gles;l -
ne.3 1! will be given by the De¢partment ol 1n nstn:\;
e Plaas and estimates will be pre.:pau-ed1 lo?i . pa.yn’xr ”
i installation.

t of the estimated cost' of the msk o meat
{3 fee ot exce=ding e 1 hinery and building will be andertake
o

@ Ses Notification No. 393,
h s:se.s. The ysual char.g? is
s“cf f&dvice as to tHe suitability

L t. S . b
i ir estimated cOS : ions & year, by
of a further 2} per cent ‘;‘Rt:leIS will insure three or more routine inspect
harge o g
1 An annual chare

f Industries, See Notification No. 393 referred to above.
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running of an engine, that it may be advisable to arrange some

bonus, to be paid to him on condition that he keeps down the bill
for repairs.

The installation of an engine and pump implies the expenditure
of a fairly large sum of money in the actual purchase of  the
plant, but etpenditure should not stop here. Besides the money
to be spent on fitting up the engine, and housing it, the owner
must 'be prepared to meet the cost of laying out the extra langh
which his well should enable him to irrigate, and to purchase
the additional manure which he must use in order to get full value
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. 1t wéuld 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 hi
order to maintain their fertility. Care should also be t
that the water is not wasted. This advice may seem superfiuous,
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 apt to become careless, and the water is not
employed as economicall

y 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, sothat 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 wel] be
utilized for lifting hi

s lands, in

che:apness, itis free toall; the great dis

, because a s

Recourse then must beh

to be used for crushing cott
treited materj

spells of calm

ad to storage works.

aken to see
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i i j . Itis
Windmills need carerui erection and careful adjustment

. e height
" necessary to mount the wheel carrying the vanes at som $

catch
from the ground, in order to get clear o_ft h&t;s:sta:)r;i :rizsu Zﬁ;i cateh
i i a ) ,

ind possible, and this necess1 g nace
ﬁlttrk\::s‘:én stgel. The size of the wheel also governs Fhe P

ich the windmill will develop. , ' .

Whl’;tlll main difficulty seems to be that tpe power of theﬂrlniilll vf;:)ie

S0 t“arzely with the wind, being proportgna:ﬁetOOts}logehandg more

. . n ,

are of the wind velocity. ! , Since

tl}’:an thoeur?;1 lc1>}rwater lifted depends on the Yeloilty o.fngot:e;&r:li e

:h:: aw:lheel which in turn varies direct.ly Wlt!’l :1 e ;zlc nd ,

there is o\;viously a loss of energy at high wind ve .

i i led

Aermotors, as the more modern tyg)oeshgi v;;régr;lélllc :cxi'e fza‘l’lour:
o e t?SteﬁaEZescrloat:ttse:rtzzzés?vprovided certair.l cpnditiogs
o oerved. cHe shows that the motion of the air in certain
ols obs?r-ved. tainly sufficient for the purpose, but cr1t1c1secsl
D eap Amort an aermoter, as being too flimsily constructe
e o ot Am(;:lcuse He considers that a 16 feet wheel, on a
to e mucr: wouid be sufficient for most plac.es; the whee;
B i be go ;ed down to the pump shatt, in the ratio of 3 to Ian
o gt?c?uld be from 10 to 20 inches in diameter, depending c;{n
the Il)‘;:n Znsd fitted with mechanism to vary.the length é)f t:w ::,rs% r::
:ﬁletorlna’tically with the strength\l)cf‘ {)}Le gvtltréc(ii. Iirtlho:l ;(rw:mor, re
e e the Olf tile xlt)efelt’h:v:i}:zr as soon as its .veloci.ty exceeds
t’(};lr'o;” :rk)liie"z ae; t?our For such a plant he considers it would be

ir ,
pracgcable to pay Rs. 1,500 to 2,000.

Before leaving the subject of lifting lwatelt' l;zoréllea:;n (;f ggwt;ré
rn
what lessons can be lea . |
e nllla}t'ioxftsaewhich have been erected. Theolargest is tbat e;ec::zi
mstil1 aDivi Island in the Kistna district, \‘IVlth_ a f:a;:m.tly o '(; ©
(;r;otc?lsecs The installation consists of elg}}:t (Ii)l_e§ goxa-egglincﬁ
: d eac rivin -
brake horse-powef an dr L 39~
o '1? ; Il60 ump. The area irrigated by th1§ mstlalliltlo?rr;s,aatl;
centri ?gzaé olz)o acres, but it is designed ul.txmate ybq S] &not
meoscfcl)1 to 5(; 000 acres. The source of supply 1is lflertei1 :r Zﬁlﬁ not
45w;vell but t’he Kistna river itself, and.a number orec(;ted similar but
:malle:r private installations have since been1 e cted to take the
f rivers which at. present flows uselessly or; In
Wateer cc;ses' the engine may be erected, as in an mst‘f‘,‘}?f 0
?amuvery to, supplement other sou;ce; of sgp;):z},, or g
i ’ i tal failure of the oradi 1
against partial or to ¢ o
i dugai) lands a
cases the river bank (padu
ins, which can be grow
crop, such as plantains,
supply, brings in very profitable returns.
4
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—Experiments were carried out some
years ago at Saidapet to determine the cost of lifting water by

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 figyre 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, 1ift

and are as under :—

Monthiy— RS. A, P,
Liquid fuel + 30 0 0
Kerosene-oil ... U L 40 00
Lubricating-oil ., “ 2 0 ¢
Waste: stores, etc. “ I 0 o
Driver .., ey .10 0 ¢
Depreciation and interest at 10 per cent

and repairs S per cent .
- 37 0 o -
S
84 0 o
Liquid fuel costs j C
1d fuel costs in oimbator

with cartage from the station :xfrabetxeignl?on?:ii:d t7>0 : e
gallons, so that i about 250
the cost works out slightly oyer 4* annas a gallon

The bump may be gy i
Pbosed to lift 18 000 :
»000 gallong t
25 feet each hour, or SaY 72,000 cubic feet toa height zfa :;;gf}:c)(t)f
lifted 1 foot for 1 appye 72000 X 164 '
th ) . 84 x 1g—Or 8,500.
€ low side, anq f

Clatterton first wrote,

The working charges

s

Another way of expressing the cost of lifting wateraxs :gr :2(;
the acre-foot, i.e., the quantity of ‘wat‘er needed to c6o(;/:3:f1 an acte of
land to a depth of onefoot. This is equalto 43,5 D o eiee iy
272,250 gallons. On the above figures for the , (;:osork Jfting by
buliock power and by Ehe engine, the cqst vbqu ::1 ore out to 108
annas and 5’2 annas, respectively, the lift being
casg. The duty and use of waters—The duty of water isa most

S . of |
important term in all questions of 1mgaft10n and pl:;l ur:ltiezrslureup /,
ich i crop -
water which is necessary for e
o ertain ° i increase in the amount of water supphed/
to a certain point, an 1n

will mean an increase in the crop produced% but thiﬁig c;fccigtn;;
jcal use of more
ishing returns prevents the economic ! : ¢
:ls:laltrllt%ty of water, which however varies very largely with the
itions in which the crop is grown.
Conéi;tfl:rf; considering the duty of irrigation water, and .thel 13::2?
under the farmer’s control for making the most economica

the 'water at his disposal, it will be as well to see the different ways

irrigati up. There is first a consider-
in WhiCh:":ﬂg;t:l?/Iel;;z{tzertrl?: zvzfelisisonx: the source at which it i.s
able l°tfls "o the point at which it is delivered to the field. This
;;,szli;c:r’s by seepage in the channel along vé'hlch tlltl trgiles :ixtg

i e. Much depends on the ¢

by .evapt? rat;:\l:ufgl)rir; tcri;:?rl;fgtid ; if the gradient i‘s insuifﬁcient the
ik tﬂe . wili be checked, and the losses }mll be increased,
rate of flow bid fall may lead to scouring in the bed of the
anad tolthai%sses from seepage will be largely increased if the
Ch'aﬁrsli)l.orous eand will be correspondingly decreased if the soil is
SO1 ’ . ‘

s : ing.’ riments at Cawnpore* have been
gat19n s tI:rocfee:edrgl]igI;e W?fl‘f):ome accuracy, what these lossres r'na'y
S ~z:)nd are arranged in the following manner. Water is
amount toé into two cisterns, from which it passes along channels
e ralze in length, toa second pair of cisterns:the amount of
150 yalr St :)n the w;Y being determind by measuring the amount
water los assing through each pair of ciste.ms. The object pf
Y s drc))uble system is to determine in one instance the loss in
having al used regularly, and in' the other the loss in a channel
. thlia?nethe first time after a prolonged drougl.lt.. The results of
Six yeard experiments show’that in such conditions, the average
boss is fr ? er cent to 20 per cent, with extremes of 6 per cent
loss is from IS p'c The figures are rather astonishing, and enable
AN YA c]:: formed of the losses which may occur in the larger
soﬁl:l:i;:u:; miles in length. The matteris of interest to the farmer
ca

p—

# Cawnpore Station Reports,

i
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vho sometimes sends the water he has so carefully lifted frOmha
leep well, a considerable distance a}ong an eflr‘then channel to the
ield he is irrigating. Such seepage is often utilized by the cog:onust)s
or other trees he plants along the sides of the c.ha.lnnel (see Fig. 1 1,
but economy would probably be effeqted by lining su.ch chamllle S
and making them water-tight, irrigatfng the trees directly w En
necessary. A cheap form of water-tlghtb channel has yet to be
1d certainly prove a great boon. .

fou??\c’i;l:xrll(:hzo:vater has arrived at the field, it is used up in threza1
ways : it may (a) sink into the soil, be absor.bed by the plant a.tnd
finally transpired through the leaves, or (b) it may be evaporate

directly from the surface of the soil, and serve no yseful purp.ose
save that of ‘fendering the air moist and thus checking trqnsplra-
tion, or (¢) it may soak deeply into the soil and pass away into the

subsoil water, beyond the reach of the crop. The two latter involve

practically a dead loss to the farmer, and though they aré partly
unavoidable,

they may be minimized by the care and skill with
which the water is applied.

These losses and consequently the duty of the water will also
de

pend on a number of other factors beyond the control of the
agriculturist,

and these may be considered first. Itis a well
known fact that certain CTops require more water than others, and
the duty of water will consequently deperid on the Crop grown.
These differences are due to the nature of the plant, that is, the rate
at which tr

anspiration must proceed to maintain the plants’ health ;
to the habit of the plant,—certain cr

ops 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 agai nsiderable influence on the use
made of water by the plant, since a shallow rooted crop will
require more water than a deeper rooted one ; because it will have
to be irrigated more often, though it is probably true that the time
e subsoil where the deeper roots
lly greater proportionate loss by
or instance might never reach a

N excercises co

»Mmay result in an actua
€vaporation, Light waterings f
deep root at al].

~month crop, heing sown

ruary or early March ; it
] irrigations : Camb
April, needs only 2'1 ¢

odia, from September to
b ) n the average. Paddy may be cited as a
crop which Tequires an excessive amount of water, owing to the
conditions under which it is grown.

——

————— : —— e
* Average of four years,

R

IIC‘- IS—COCOD\J!S planted on Cnher Slde 0£ water Cha(mel takmg advanlage of seep

S

age.
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Wh;g:e climate is an equally important factor in deciding the use
b can b_e made of a given quantity of water. As in moist

imates 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 is also checked by low
:‘emperature, 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 is
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 ctop 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 a]ﬁfa}, 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 in
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. S
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 figures 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 foot per second, an amount which is briefly called
a ‘cusec’* or in America “a second foot” In the other method
the measure used is t{e inch, and the duty is expressed usually as

# It is convenient to remember that 1 cusec gives 2 acre-feet ‘approximately in

24 hours,

’
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the number of inches required every ten days. The ‘Duty’ is
considered to represent the amount actually used by skilled agri-
culturists, and is somewhere between the minimum which will
just keep the plant alive, and the maximum which makes the
ground so wet that the yield is reduced. '

To find the amount of water ac
must know the base, i.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

tually applied to the crop, we

may be taken as six months,
1" No. of c.ft. per second
1X60 Do. minute
1 X 60 %60 Do. hour
I[X60X60X 24 . Do. day
IX60 x 60X 24X 30 Do. month
IX60X60X24X%30X%6 Do six months

i.e, the base=1 5,552,000
This figure must be divided by 50 to give the amount delivered
to every acre,

15,552,000 + 50 = 3; 1,060 c,ft,
Divide this again by the number of Square feet in an acre to
get the depth of water in feet.
311060
m-q I3 feet,
To express as the number of inches given every ten days to
each acre is similar.

1x60x60x24xxextz
——— " % X 16 X 12

50 x 43,560 =47 inches,
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 ¥ou are given the depth ang the inter-
val of each watering you can gnd the duty in acres to the cusec
For 1nstance, in the above example, the Crop received 47 inches.
of water every ten days. Each acre therefore in ten days gets
17,061 c.ft,
Now in ten days the discharge of a cusec is
60 x 60 x 24 x 10 = 864,
which at the rate shown above is sy

864,900 + 17,

47
T 43,560 c.ft. =

000 ¢, {t,

flicient for

061 = 50 acres.
This duty, i, .o

accepted as a very roy

under the ordinary in-igatiqn tanks. In such syste
improper management and probably the

occurs from €vaporation, there is consid
besides which more water is actually y

gh average for t

ms, owing to
very large losg which
erable waste of Water,

sed than ig necessary,

31

is low. ;
with the result that the duty n:\SI syste
are available from the large ca in force,
nt system of measurements 18 t times €XC CEF\
Zut of 100 may be reached and a .especially 3 _the b
trogble which occasionally l??cll:rii’e;a})nd for water at ¥
is due to the hig o ch the
the season, is d‘ihe time of *transplanting, in rr:\;r ‘ust before the
seasons, - & let the universal -demand for twa(\)st
i al, ~ N i m .
that in BengS the supply channels to their u ized are only rough
harvest, tax it must again be emphasi ledge of the cir-
These ?ﬁ:f: Sz’md convey little Wi;hou:l na:l 1k\1;1v(i)l‘ivbe By different
apprOlea ] d t the head otrac . bden
y at : the point has
cumstances. The du ing the field: have
ater entering ) Ganges canal hav
from that of the W ements in the distri-
. but measur es ‘85 at the distr
discussed before, e the canal becom _ for
entering th Paddy is the crop fo
shown that I cusec ent ters the field. Pa Do fore
. here it enter . dras and it is there
butary and '56 where - lied in Madras a \ ined
. i dinarily app . ation may be gai
which water 1s OrCL but useful inform . rts
st interest, btained in other pa
the crop of the mo duty of water o r
. of the duty anals of Uppe
from a‘sgngltg:a:;ggs‘ The average1 d}ltf :hfetgc(:ldcweathef irriga-
and wi is is largely fo ‘ for four
.k 267. This1 r round for
India is givﬁn ?gps 733 wheat which occupy :htirge inches each.
tion of Suf]d (:"eceive four waterings of tabso?ollows —
t{}g:tgz;yamay accordingly be work6ed :uéoax 2 120 cublc fegt.
vailable = 60 . th of water in
Amount of ‘Zat:: aacre (area in square feet 1.nto de_li_sox 605 24X 120
Amount required p bic foot. Therefore area irrigable=————g,~
60 into I cubic . bove, but may
fect) 43,3 This is lower than the average fstﬁtgt‘ilr?ng the growth
or 238 acre:(.l by rains which are expeCteit(:l :nywhere is probably
be increas . fficiency reache
he highest e
of thecrop. T

lied to citrus
The water is app ‘
: r hundred days. jon is taken to ensure
476 inches ;vegédlzss to say every precaugofr;;gmy of the soil.
orchards anh'nh s assisted by the depth an

economy, whic

igati iments conducted at
of the results of irrigation experim
shows some

— e f water
has recently been published sl(l;w‘l};gctilr‘:u;‘:';‘;:;o:“ dum,
as r o F, m .W. "

. inthe Godavarl system. itable and sufficient,
actually needed in the Undi m)m‘]_:nwas found that a duty Otf Zio T::‘:glga the rate.of plant-
945 E., dated 22nd ]un? Igsxs?;pply would not bave accell'era :r sl:ae dlings’- For the period
that is, that a more cgpt:ouother factors, e.g., cattle, co:olers;ss 16 to 18 inches of water,
ing being deteriire yhich transplanting was 1t P nf for ,maintz.ining the crop as soon
of four weeks duritg wd sufficient for transplanting & of 1 inch depth, in 24 hours
including rain, was founth’xs latter purpose, an auowar::der consideration. '

p ;ransplar:;e;i , fF9(:'z) ;s made for half the total area .
(equal to a duty ©

+ Lift irmigation: Chatterton, page 341.

[
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# An interesting note
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v e however practical
| d the surface Very small plots have h
. - covere .
Coimbatore and at Cawnpore, as to the amount of water necessary o
for certain crops ;—

disadv w il more trou le in
i antages, in that they aste space and enta b
isa , :

er has from long
their construction, and we fin that the farm

] i : '
! | Cubic feet | Total inches \,

; ese two Opposing -
. between thes .

. fair balance : i a third con-
| . -experience struck at which "the water 15 adn}lfteds o from
Name of cro | Duration of | of water | supplied | Duty of * factors. The rate at WA -~ o ce, and the eXIENOU led into

P ! irrigation. | reqlired | exclusive of '\ water. trolling factor of great ;mp an i baling, will usually be le
' ! per acre. ! rainfall. ! h 8 : i e m < : .
4 P i 3 well from which 2 sing
Coimbatore,

3 ‘garden’ Crops,
i i | irrigation for ‘ga
while with cana
very small beds, ¥

. ience
. ting that experien
‘ It is worth no ab under
;11 be much larger. in the Punjabun
' DAys. 1 INCHES, | the plots glgn?cely fixed the area of the plottﬁ_ 1n -
* Ragi ; (Ridges) average o4 years, 60, 35,000 9'6 222 has very e h being 110 feet * 55 feet. - ¢ water-
Ragi; (Beds) average of 4 years .. go 42,500 | 117 \ 182 canal irrigation eac S . tated that an average Wwa T
Wheat ; average of § years 11z | 62000 | 17°4 \ 156 . riations, it may be s watering will
Hot weather sorghum ; (Ridges) ... 105 | 33,000 | 9’0 275 With these van® bout two. inches; a heavy - ation
Hot weather sorghum; (Beds 105 | 36,000 99 b o2g2 ing? from a well W ill be about h as the sprout irrigatio.
average of 5 years. , ! ’ “ i l‘;lg hree inches:a light watering suc 1y 1% inches or less. We
Cawngpore.t et nree g, 10 transplanted ragimay be o.r:!yanother way. Let us
Pounda cane ... ‘ 292 {154,200 42°4 163 given, C.5» late a watering hoWeyer n.
Potatoes " k 150 | 42,700 1177 303 . may calcu

Ed hOW lll]l(:h v sul pose that amhote can irrlgate'a q“arter Of an act e. a (la VV
wat b P ] > y (5]
. : is er his crop

the mhote bucket contains fifty
may take avgrag?)\?cgk‘gtess;::altifted per hour, %r;ld tl;::ltlzn r::rﬁ
needs, he will generally reply by stating either the total number gallons, fhatr kf:r;g e ot o eght hourds. . v
of waterings it requires, or that it requires watering every so many “'afztuallY. rohus be 40 % 50 ¥ g x *1605 C.ft. Der ay.
days, depending of course on the amount of rainreceived during the 1ifted will't

period. This raises two points about irrigation methods, namely,

.. @35 gqfr, The depth
This irrigates @ quarter of an acte: 1.8s ~ a ‘
the frequency and the amount of the waterings which will give the

. i i shi— .
. r is thus (in inche - )
best results. It may be laid down generally that as much water of wate .39_5_5,5'}_’3_",".635—"—"--""62-36 inches.
should be applied to the soil at each watering as the crop will L 43500
tolerate, without suffering. This is because frequent waterings

mean an increase in the labour bill, a greater loss in seepage in

) records
‘ tractéd from the recor
i ble has been €X
The followmg ta
the supply channels which lose less water when they are thoroughly

A unt given at eac
§ ; dea of the amoOul f water-
i ives a_rough )¢ e the frequency of wa
‘avat!'lai?ll; \f&lcﬁ:rgordiﬂafy °°nd"tmns&:ﬁgesti&i}arity in the armount
: . Jwateri! is ama S '
soaked, and a higher proportionate loss in evaporation. There is ‘Ing is also shown. T'heril_ . .
however a limit to th i R S ch watering * . \ S
: it to the amount which can be applied in one water- applied at em L Tg
ing, as very heavy waterings imply practical difficulties in the eam &% g \ Rt
construction of higher bunds, or deeper furrows, and the risk of 8E \% \.‘é % 5 | B8 ]
damage to the crop. It has as a matter of fact been found that - é’é EFRLY; \ dg| Sw r
except for spe:cxa_l crops, a ‘ watering ’ is a fairly uniform amount. \ Crop. B~ gh g?:_f ofé’ ] %%
It is fixed principally by the time taken to flood the area of the l\&éA CERRE \ gel £% :
plots into which the land is divided, or the length of the furrows L - ]% %,S. FEREER ;%3 z° a”
into which it has been laid. The smaller the unit in either case, - T - MR
the less the amount of the ‘ watering,’ because the shorter the ti ’ \ .
taken to wet the area. In a veryl tme INCHES.  DAYS,
a considerabl . ery large plot or a very long furrow, pavs g 1oz 19
o v«lrh:::: ﬂe; portion pf the water will be absorbed by the area 1' o rdges) o T 90 g g ‘:.75 2'46 xg
€ water 1 i i (planted ! .l oo . 2°% 2
red s admitted, where the water has already ’E:.é‘-\((‘;xmed in beds) ) | 1o | % 3 %.: =% S8
R Hot weather sorghu® (beds) T a2 8 5 :
® Ragi - Eleusine coracana. ) - — W(l)meat. ngore
t The figures on which these calculations ar ‘ Cawngore: g
. . e based - g 2 17
Ajgncu\tural St?'mm Report for the year ending ]unesel;:ze ta'll‘{;:‘ from ;he Cawnpore ’ 3 4 . { 292 2% i 9\5 g ‘76'2 “;5 \ 35
six years’ experiment under conditions which seem more va‘riable Ai,h:;eir: 1:1 zverages o ~ Poundmcape ... T | 150 \ &
daration of irrigation, e.g., in the case of Pounda cane varies from adras. The ~ Potatoes .
to Iz months in 1908-09. from 4} months in 1906~07

/"‘T’
T
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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. I (¢) Furrow irrigation. )
(8) Flooding. i (d) Underground irrigation.
We may consider these more in detail.

'Irrigatz'on by sprinkling or pouring. =
The first system is well exemplified 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
method of irrigation in that it most closely simulates the natural
rainfall. This however is not the case, and it is probably the
Inost 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 b
It must be remembered that when rain falls, the air is necessarily
moistened, and eévaporation with the cloudy sky which accom-
Panies rain, is very considerably reduced, while at the time of
artificial sprinkling, the conditions m

i k ay be very favourable for
rapid evaporation—it is not uncommon i

-beds are gen
se:ed~bgds may also be watered in this
raised in the sand rid are regularly watered from
pots, the water being 1i

of a few feet in a corne

A similar methog is used f isteni rou
imilar _ Or moistening the ground
harvesting irrigateq groundnuts, In Java, a . s

1 : canes are irrigated by
splashing, the water being scooped o

1 ! ut of para
thrown on each side, parallel .trenches and

35

be thought the most natural

F1e. 20—~Wooden scoop for splashing water lo hetel vine cultivation.

In

’
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l;dention 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 planted 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 stdtionary 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
nceded in this country, is 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.

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 rurfning
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 which paddy is grown
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. Inthe case of paddy, the demand is very high, and the water
is received in turn, so that the owner endeavoy
strengthening his bunds to obtain as much wate
single irrigation. The size of the beds depends largely upon the
natural slope of the land; if this is at al] 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 permanenc ‘

rs by raising and
r as possible at a

y of such bunds

* A good illustration of this is given in Willis - Agriculture in the Tropics, plate 1,
page 40. .
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proves an insuperable obstacle to the useé 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 isinterest-
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 2 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 prevent the loss from seepage 2 double bund
is sometimes made, the inner one being made of puddled soil
which is kept moist and smoothed by hand when cracks appear
in it. N
A diskdvantage of the flooding system, especially in heavy
soils,s 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 in ’
alf directions and supply the needs of the plants growing in the
spaces between. (See Fig. 22.)

On thegretical 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 loss of evaporation will be much

reduced owing to the small surface exposed, as also totthe fact that
Further the surface

this surface is below the level of%the ground.
wetted being but a small proportion of the total, the surface soil is
not so compacted as is the case when the water is poured over the

In spite of these advantages, W€ 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 is laborious, Of frequent——and then they occupy a

good deal of space—it is not easy 1O apply very heavy waterings

in this way. Moreover, furrow irrigation, if it is to be prqperly

done needs 2 knowledge of levels, and an ability to atilize this

[
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in laying out the land, knowledge whic
intelligence or energy. Reference m

the tables on pages 32 and 33,
water which may be effected

h may outrun the farmer’s
g .

ay be made to the figures in

which show clearly the economy of

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
pz:;ied into comparatively short furrows which are roughly level
fr

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 bu
required to distribute the water. If the moving water system is
adopted. the furrows must be give
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

een 2 number of furrows, §0 that
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* Trrigation and Drainage, page 354. '
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ified i ia in many
The system may be seen exemphﬁe: 1tns§ozét;1rlnr:)c: e
it is no t
h, as noted above 1 o A
pla;‘;s,st}b?:lg{p’ected. Certain crops seem a(;vlvais ;:eZuently cdim
1f)errowrl)s such as sweet potatoes, onions, an he:n kg e v
v&lrlll;ile ir; certain districts the practice 18 muc

(o} ers. '

ay with the

irrigation is commonly seen. Here lghelf'a;rixr?? gﬁfstﬁf ri}‘rdges amd
a
; ntours and levels by la is turned as
?ecessuy soift ;(;re in small beds, into whlch.thezw)ate{‘ ::nsplan‘ted
izrii‘gsczse of flat bed irrigatigpl. ise(:hilgr’netiod of irrigation,
0 .
mselves more readily . raised from
g::g: tlﬁgilgh:ts can be set out along thet: furr%v::i,r :dcilcigtance, but if
. in i any

se be drilled in lines a . oubtedly

seed :ar} ogf f: ux:ecessary to start. the crop, flooding is und

a waterin
the most convenient method to adopt. ir distance apart, are
The size and depth of the furrows at;?':ﬁleil\fidual case, and the
3 chi .

i ust be decided for ea than in the
matters ::l‘;:rrrnner will nowhere be more clearly s'hotwhz,furrow per-
skill of ;djust{nent‘ of these factors. The wgtels' ll:md as the place
O oo 1 fo the dry soil around in all directions, but below the
colates lllmle water is needed is not at the S\irface: ot with good
Wh?riet it follows that the deeper the furrow, cl())gtsvtrseen the furrows
suii?:uléural practice, the better. The distance
ag
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« i er of the
from evaporation, and toincrease the absorptive pow
loss fro L ot . \
atéring. o
furrowshfot ;h:hlf’x:ﬁv:cess :;r furrow - irrigation d;pen;lst hzn : atxllls
Much o eyt 1 As has been shown, _
: implements used. S !
efficiency gf ’fhera‘:ing,:_i.éﬁrg\ght to a uniform s.lope,las :lt:)t;lgt:lt::
fnuSt-ﬁIStit ?s %mpOSSible to conduct the watel: :‘l’g; ydescribed‘a
s done unless they are very short. Hendersoose o Cahich hac
furf(;,‘z,s-’ which may be utilized for thi: ptl(x)r% > u’sed with a pair
scrapu . . . . . it S
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o ‘(l:)a;::ﬁcraper * copied from the Jg;mal‘xlagfr;cZntlyp e
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A\gricu(lit urf;, X:::: r::;, gg}npsént’)s recommendations § that such
structed, 1
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! he figures showing the water penetrationin th
® Reference may be ma.dc,to the fig
Trrigation in Hilgard's * Soils.
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new Sewage Farm proposed for Madras. An illustration of this is
iven below, (See Fig. 24.) ‘

¢ Implements are also needed for making ‘Ehe furrows. and 'C‘tll)lz
had of various types. (SeeFig.25.) By a simple modlﬁcatlonl,('ng
wooden country plough may be made to act as a furrow-mla; llow
plough, and will work well in well-tilled lands. The sketch b S il
(see Fig.'zé) is from a Hospet plough, but even simpler additio o
may be made. For more thorough work, there are a number o

‘ double mould board ’ or ridging ploughs. The ridging attachfnen

of the Planet Junior will work well in making small ridges,
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¥16. 25— Ridging land (Palur).
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while for deeper woik the E.T. plough, with ridging ‘parts (Messrs.
. Rapsomes, Sims and Jefferies), works excellently. (See Fig. 27.)

Underground irrigation.

In this system, the water is applied to the land by means of
pipes which are either perforated or porous, and are laid at varying
distances below the surface of the soil, so tha{ the water passing
out of them will gradually diffuse into the soil, and pass upwards
by means of capillarity. Practically, it may be said at once, that
the initial cost of any such system puts it quite out of court, except
in very special circumstances, and from an agricultural point of

- view it need not be considered. '

¥i6. 26.

The system is interesting because theoretically it would appear
to be the best way of appiging water té Crops, inasmuch as there
is no loss from seepage of evaporation, no trouble is experienced
from the caking of the soil, nor ate tillage operations in any way
hindered. On the other hand, were this system to be used for the
irrigation of orchards or topes: considerable trouble might be
experienced from the roots getting in through the water outlets
and thus blocking the pipe. . < .

7. Sewage farming—Sewage {é the name given to the
drainage water from towns: it eomtains: many objectionable
substances, and its efficient _disposal is a problem which has
exercised the minds of Sanitary authorities for many years. AS
~ sewage contains matter of considerable manurial yalue, it may be

- qutilized for irrigation purposes.
A ) "
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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
‘cgnsiderable 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 is aggravated if the amount of organic
matter presént 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 gallomns an
acre a day had been disposed of, they would not recommend more
than 30,000 gallons being adopted as a permanent figure. The latter
figure gives a duty to the isrigation water of I7 or about half that
obtained under the most wasteful system of paddy cultivation: a
figure 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 most 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 awhich 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 Wweeks. 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 impérfectly oxidized compounds. : .

8. Drainage.—By #rrigation, 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, But 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 is by no means unimport-
ant. Theexcess may be temporary, or it may be permanent

® Loc, ¢cst., p. 39.
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g:g:lf;;?xz sgl;nng rise to floods, often do tonsiderable damage
 for many years rtOEStroymg the crops, and often spoiling the fizlds
sand on them. S Colim:i by scouring them, or depositing useless
control, and ne;ed ot b fods are however outside the farmer’s
more than usuall nv(:tt ¢ further considered here. But any season,
days will alwa S.Vbr_e , Or even any considerable succession of wet
crop which dozs ing ab9ut an unhealthy state of things, in any
unhealthy state b ;ot obt.am free drainage about its roots, such an
its stunted growthmg"[‘emdenced.by the pale colourof the crop and
must reach & var l he losses in such partially undrained lands
swamps, whick, ); r(z:rge aggregzjlte. There are also the permanent
condition : bosidos thr;e;rii Ciull(:xs\;ag?cll, o:lving to their waterlogge®
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The way to get rid of this excess is to pass it down through the
soilgo 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 ill-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

is 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 an¥ 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 5

alkalinity in soils, and the only feasible and permanent remedy i
to be f0qnd in improving the drainage of such soils. :

The evil effects of water stagnation show themselvas.in many
ways. Where the water is excessive, cultivation is offt of the-
question, and a swamp or marsh is formed, which sé¥ves 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 rotundus) 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. N
[

# 1f a flood decurs in & town, Many of the taps from which the people usually draw
their water may becomse inaccessible, The demand on those that were accessible
would then become excessive, and many would suffer for want of watez, evsnttough

_ 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 ledd 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 th€ 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

47

. 3 0 be,

held up in the tank, the lands immediately beneath it tend

ed. (See Fig. 29.) ‘ b
watgllcohg%irains(will often help to keep the !andsh moc;l:eci;tﬂli ggl o};
logrering the water table, and thus preventing the athe wlation of
water on the surface. Land is often kept wet frorg S\I:ch gnce of
springs, the water oozing upwards from the grc:’ulnn.lles uch spring?
e e aatmon tac‘l;‘l;;,l, anic: ?: Igls)‘tle;;ssible to intercept

their treatment. en S "
?I?ew :xcf:srs of water which any area of land.recelves, a;il';lr;ges:glflt:at
must be made to remove that excess as rapidly as pos ’

F16. 29—Diagram to show how seéepage at the foot of a ta

intercepted by a catch drain,

nk bund may be

drains. These drains will be led across the line of fall, and will
thus approximate to the contour lines, except that they will have

a gfmtle fall in order to lead away the water they intercept. - Such
drains are not always possible,

as they depend for their efficiency

on the s}ope 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

F16. 30— Irrigation and drainage performed by th.e same channel.
A, as imrigation channel ; B, as dnain,

il. "Thi ter may be removed over
i no harm to the soil. "This wate: ‘ :
'lt;lrer»]:gf::e or beneath the surface, and this has given rise to the
two systems of Surface DFainage_ ancli anz:lgdrozzi aDpr:tnaéee.thdd o
ace Drainage is the simple _
dea?i‘;r; 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 ultimately be collected in a larger trench

and thus removed from the land. Such drains, though at tinves

very efficient, offer considerable hindrance to agricultural opera-
tions and need constant attention. If the sides are made steep, in

order to avoid wasting more land than is necessary, 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. If 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 its
level may be raised, and the water pass over the lands at the side:
as soon as irrigation is complete, the barrier is removed, the water
ll:vel lo)wered, and the excess drained out into the channel. (See
ig. 30.) -

Another method of removing the excess of moisture from soils
is by underground channels which do not lead to the waste of
cultivable 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
?ainted vyith alkali, there seems some chance of its successful
introduction {see page §8). 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.)

For a more permanent type of drain, it has been suggested that
short lengths of bamboo, tarred to prevent decomposition, might
takt? 'fhe ;?lace of the tiles which are commonly used when’ under-
draupng 1s,.practised. An experiment describing an attempt to
reclaim a piece of alkali land in this way is noticed later (page

58) as it is only in connexion with alkalinity tha i

are likely to be used. d tsuch drains
- This practice of underdraining has, in vi its i

_ ) » In view of its importance

accumulated a considerable literature, and the questions of thé
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] tile,
depth of the drains, their distance apart, the bfast st:agincfﬁéns
tkepmost suitable gradient, the methods of formm%1 thee ]t RN
of the tile drains, the construction of the outfalls an

i i nd
© * details of laying the tiles have all received much attention, 2

i rican
will be found discussed at length in any European or Amen
bosk on the subject.

3

, LEVEL.
GROUND _ . ;

iggi h, putting in stones and covering
o  Drains (A) formed by digging out trencih, : |
fie. 31 Draine w?ith turf; (B) ditto using bundles of sticks.

Y i ining land by forﬁiing
ining is a method of underdraining .
opel\:c::lﬁa(rlll:;ls ir% the subsoil with the least possnblle dxsturtl;:?iz :i
i ' d by a mole or s
oil. These channels are fo'rme.
'::};iriseo(; at the end of a coulker which 1is macjelz to lpazsht?sro(\l,\rgal; ;tg
i the mole plou
: d at any depth required. As th :
fli:::gh the g)rround (usually by steam pqwer) it le?v}?zl: n;;;g;rw
vertical slit, with a wider opening like a ra .
(See Fig, 32 " in sti ils the channel may
The slit quickly closes, but in stiff clayeiy ?o;his o et in
interest ©
remain open for some years. The in e ot ’ 3
: i tried/in the'Punjab as a
t that it has been suggested and _
:::t&:;i f)or underdraining and reclaiming alkali lands (see page
57).All systems of draihage whether intended to intercept the v._la;tler
before it reaches the land affected, or to re;ngve ;he Wate’li‘ }?;lslcdi g
i i lace of discharge. -
when it has got there, imply some P . € s
i ce such form
e will naturally be into some€ stream or river, since
‘t:ll::r;glatural means wheréby ultimately all drainage 18 effected.
y .
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It is qnly when drainage by natural means is lacking, that m

steps in to_ bring it about by artificial means. It may ha;)pen h 82
ever tha_t in order to work to a proper outflow, it will be neces ary
to. consider large areas of country as a who i
wxll' become of considerable size,
ordinary individual. The assistance of the Government in such
cases has been found necessary, and legislation exists in sc‘)lx:xe

and outside the reach of the

le, when the drains "

-

ground by the pas

sage of the mole.

ahestinn vious that individya
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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
itself is sufficient to account for the well-known and obvious evils of
alkalinity, but there is evidence to show that some salts ¢an 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
grow. ,

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. It is the accumulation of these
salts, which takes place as a result of inadequate drainage, which -
is 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 area 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 notth:
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. Itis 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
stand 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

* Note on Well waters with special reference to Sugarcane Irrigation, K. Krishna.
murti Rao, Madras Agricultural Students' Union Journal, 11, Patt 1, page 15.



52

or less extent, is characteristic of well waters such as are
used generally for garden crops; paddy cultivation is usudlly
carried on with the aid of rain or river water, stored or diverted
for the purpose.

Th(j, cause of this accumulation must be understood before any
remedial measures can be suggested. The subsoil water isin 2
state of continual movement, sometimes upwards when evaporation
at th.e sufface 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

\l;)vater at the surface is.moving slowly downward to the permanent
ottom water, and so into the general drainage of the country It

fo.llow‘s;.that in dry climates, the upward movement of th

will be increased, because not only is rainfall less ab\mde Wa\t)ert

also becausej the rate of evaporation at the surface is proportiz::\rl:,t ‘11

greater, owing to the greater heat of the sun. The resti"lte;;r

Z: 0:;2.:" ofl u_pward movement over downward movement isto cause

an_acoer ulation of salt, at or mear the surface, because the salts

o :eet\}r\aporated along with the water.

Gon is ObVioss\;vat:;t tab.lg is near the surface, the rate of evapora-

o o ti) o i?file (;3(?, because the distance through which
is reduced, and consequently water to

repl '
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alleviation are just sufficient to maintain the land in a state of
productivity. . .
Not all the sg\lts contained in the soil solution of such alkaline
fands 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 Yvhxch
contribute most largely are generally harmful, and consist of
sodium carbonate, and the chlorides and sulphates of magnesium

SEpepanev 3l_j 4 - —— T ALY

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 dt’:ﬁocculatmg
the clay particles, it ‘puddles’ the soil and makes 1t ex'trem.ely
imperwious 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 nota very serious one in the dry lan_d 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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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,

it would present some difficulty. Yet again a temporary improve-
ment might follow by the thorough inversion of the soil which
would be an improvement, until the salts worked up again.t
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 area free from alkalinity,
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 is
insufficient, irrigation water must be atilized 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 it to
drain away bearing the salts with it. This is what happens in the

. R
¢ Allahabad, 1914, published by the Government Press, Aliahabad.
+ Bilgard: ¢ Soils,” page 456. .
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nor is such
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sultivation of swamp paddy, the removal of the salt solution being
:ffected partly over the surface and partly underground. It will
be shown later that the cultivation of swamp rice, is often the only
feasible way of making use of irrigation water without the risk
of spoiling the land. The quantity of water must be adequate, or
the remedy will fail, and may even do a great deal of damage, to
the.lar}d.by ?ncreasing the evaporation. Under the old system of
basin irrigation in Egypt, the land was thoroughly washed for fifty
da){s a year and was kept sweet : the perennial system of watering
which }}as replaced it, implies as many as twenty waterings in a
year with a total depth of seven feet; the moisture never sinks
much more t?li'ln two feet into the soil and is then evaporated.
I{l these cc?ndmons the increase in alkaline Jands is not surprising,
since spec-xal precautions in the way of allowing for the removal
of the drainage water have not, until recently, been taken.
h.’I‘ll’:e process of * wa'shing > which has to be adopted to free lands
w 111cd ha\{e begn spoilt by such injurious accumulation of salt, is
well described in the Text-book of Egyptian Agriculture (Foaden
and Fletcher, Volume I, page 201) where the necessity of forcing the
:vtater throggh the soil is emphasized : merely letting the water in
uns(;rtliesfir(‘:torir,l*d out at the other, is shown to be wasteful and
Egypn'fm experience has also been utilized in the reclamation
work 'camed on by Henderson in Sind, and fully described in
Bulletlp No. 64 9f 1914 of the Bombay Department of Agriculture
There is a c.on51derab1e quantity of kalar tand in Sind, which aé
present, owing to the scarcity of the population, the in’sufﬁcier’lc
of t.he uiater-su;.)ply, and the habit of fallowing the land, is not velz
serious : t.here is, at presc;nt, sufficient good land to ut’ilize all the
water available. There is a prospect however of an increase in the

number of perennial canals, and this wi
. . ) this will mean i
rotation will have to be adopted in order to that some kind of

water. The system adopted by Henders

sa!t by wash.ing it down into the subsoil, and then grade up th
501.] by growing repeated crops of ‘berseem '’ { Trifolium al’;xane
drium : Egyptian white clover). The usual rate allowed under th;
canal rules to this land was 1 cusec to 300 acres, which allowed
only one-third of the gross area to be irrigated’ in any season

This proved quite insufficient for reclamation work, and Henderson

calculates that f :
allowed. t at for thorough washing, a duty of 25 would have to be;

obtgin a return for the
on, was to get rid of the

The lx;eclamation has proved entirely successfulh; for various
reasons beyond the. control of the experimenter, it has not actually

# See also ** Reclamati i ; ”
Bulletin No. 21. ation of alkali lands in Egypt.” Thos. H. Means. U.S.A.

.t The details of the scheme, the meth i ividi
given in detail in the bulletin referredu::g, \?lilit?l{ x:::;egzngo:zgltig‘dmg 1P the land are

57

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 in¢reased 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 g¢plony, this
rise is reckoned at the rate of two feet every year. This has again
increased 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 mlake 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 concertec
effort is likely to be successful.

Some experiments were carried out for some years at the village
of Terkutteru near Madura, where various remedies were tried. It
was ultimately found that the village lay in a shallow depression,
the land sloping gently upwards in all directions, for a consider-
able distance,

and the true remedy was the construction of a proper
system of drai

Inage 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. ) :

Lastly 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 Eucalyptus is considered
a simple remedy for the amelj i

way. The experiment has
has not proved successful.
pits, carried through the s
filled at the time of planting with a mixture of sand and ma
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., p. 49). Babul also gave areturn: mango proved a complete
failure.

As has been pointed out above, the general position in Madras
Is 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 parden lands condi-
tions vary, but where the water is of an alkaline nature, and the
soil naturally impervious, the dread of alkalinity is never far from
the mind of the ryot. He is usually able with the resources at his
disposal to keep it down, though it undoubtedly causes great
reduction in the yield and perhaps more markedly in the quality
of his produce. A more extended use o

, and
nure,

! - Itisalso generally
. . ain crops are able to resist quantities of salt in the
soil which would be fata] to others.

In Hilgard’s “ Soils several
pages'are devoted to a thorough comparison of the diff ering powers
of resistance possessed by many field crops, based on much careful
experiment, but such knowledge is not yet available in this country.

* Cawn
Station.

pore Agricultural Station Reports, 1909, and subsequent : Tyl}; Usar Sub.
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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, and 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
utilized. Thisis 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 is 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 pO‘SSible to say how far Ponnalur experience would be
repeated elsewhere.
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 rainfail, 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 year13;
whether water was wanted or not would certainly lead to’tro uble
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, Thé
demand for water must be a regular one, in order that the project

Salt was present to a considerable extent as \
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shall pay, and this can only be obtained by' paddy .cul'c‘ivatio'rlih(?r
the Introduction of regular garden (i.e., intgnste) cultwatlo.n. : t‘lfsl
means the most skilful tillage combined with hbera_l fnanurmg];m
marketing conveniences at hand, and such conditions are by no
means universal or indeed easy to find. N o

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 cropci
and the strong «desire shown to grow it wherever possible are based
on past experjence. Allusion has been madsa t? th'e trouble cauie
in Egypt, by/the substitution of one form of irrigation for anot et;i
while it mfay even be thatthe cause of the many abanc.lone
ancient irrigation systems is to be found in the accumulatxo_n of
harmful alkali salts, due to the careless use of the water supplied.
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