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SOIL DRAINAGE

[Recesved for publication pn 6ih July, 1915.)

Introduction.

HIS paper covers a subject the principles and practice of which will

be fairly common knowledge to any one who has had any practical

experience in  estate and field drainage in England. The work in

progress on the Agricultural College Farm at Nagpur has so often proved

of inerest to visitors and so frequently becn the cause of subsequent

letters on their part, or on the part of others enquiring for details, that
the necessity of a paper on the subject seems well-founded.

The advent of the monsoon and the enormous interest taken in the
arrival and plentitude of the rains—undoubtedly a factor of absolutely
essential importance in Indian farming—have led to a popular [eeling
that rain is all that really matters.

In the writer’s experience, however, this is very far indeed from
heing the case, at any rate over large areas of the Central Provinces and
probably so elsewhere in India. Both the plants growing in the soil and
meny of the lower biological forms of life inhabiting the soil, on which
the plants’ growth depends, demand both water and air—not only water
and air but fresh water and fresh air—for their existence and growth.

In many soils, in particular during the earlier part of the monsoon
downpour, the former is in excess and the latter chiefly remarkable by its
absence or greab deficiency. As the soil pores are chocked with water,
the passage of this water downwards is normally wery slow, and there
is thus a considerahle stagnution of water in the soil which prevents
the necessary entry of air. This takes place ab a period of the plant’s
growth when it is young, delicate, and particularly susceptible to un-
favourable conditions. Not only is the plant root-system practically
suffocated by drowning but certain processes, such as nitrification, almost
cease.  In short, the crop shows all the evidence of being waterlogged.
Plants checked in their growth when young rarely, if ever, recover,
while the effort on the part of such as survive this bad condition to
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avoid the excess of water below the immediate surface layer, tends to the
development of a number of shallow surface-feeding roots with the result
that later the plant is not in a position to sirike down when the excess
water has eventually percolated.

In addition, the various processes of tillage are cither restricted or
suspended. For example, deep ploughing as preparatory for cotton or
kharif {monsoon) crops in general, unless given for the purpose of the
extermination of kans (Saccharwm spontaneum) or hariali (Cynodon
dactiylon), is a process of very doubtful value in many areas and fields
in the cotton tract. The objection to the practice lics partly in the delay
which arises in getting the cotton sown and partly in the increased
water-holding capacity and subsequently intensified tendeney to water-
logging which cnsues. Yet, if conditions exist which permit of the
removal of this water from the immediate root-zone, early sowing,
really done to allow of the establishment of the plant before the
heavy July-August rains, is not essential and the waterlogging effect
does not exist. Dloughing before cotton, in the majority of cases,
cannot be advised as being better than the country surface bakhar
work, except in areas of low rainfall or on fields in which either
position or subsoil permits of a satisfactory soll drainage. Again,
intercultivation, of which the primary objects in the monsoon
are weed destruction and the breaking of hard surfaces to allow of
acration and the adequate production of a soil mulch lafer in the
year, is prevented or reduced to a minimum. Weeds, hard surfaces,
and inferior mulches beecome more and more common feabures of
cotton cultivation as one travels from the areas of comparatively light
rainfalls to those in which the rain of July and August is more
persistent and as one passes from the higher and better drained fields
under colbon to those in tower positions Where the water Teceived for
disposal by the soil is greater and where the soil is deeper and heavier.

Observations in many parts of the cotton and principal kharif
growing areas and on the College Farm (which is situated in one of the
wethest seotions of the cotton tract) have led the writer to the beliel that
lack of adequate drainage is one of the primary factors aflecting the
cutput of cotton over thousands of acres now under this crop. The
great increase in the value of cotton has tended to its expansion t0
fields which are apt to dry out too early for the highest yields at one
extreme, and, -at the other, on to fields which are definitely too wet
in July and August. Even in fields which have grown cotton ‘fOI
a very long period of their history in many places in the eastern scction
of the cotton belt, the soil climate is usually too web for the best
returns. Respectable yields, when compared with those commoner it
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Berar, are only got after distinetly heavy manwing and an exception-
ally favourable distribution of the July-August rainfall. Again,
there are hundreds of fields which might, on the whole, be classed as
suitable for fair production without direct assistance, which contain
jower-lying hollows or corners in which the only choices to the grower
are & very poor outturn or the relegation of the patch to the growth of a
gsecond-rate wheat or gram crop—second rate as, on account of its
isolation, smallness, and wetness in the rains, the cultivation given is
inferior and not on the level of that given to true robi (winter erop) fields,

Poor outturms, lack of effect of the manure applied, and inferior tiilage
appeared to be the direct outcome not of want of water but of excess
of water and resulted in the ‘production, in the classes of soil usually
carrying cotton, i.e., loams and clay loams, of a soil climate which was
detrimental to the growth of semi-arid tropical crops like cotton and
juar (Andropogon Sorghum) and to the development of the lower biolo-
gieal forms of life on which much depends, Experimental work inunder-
drainage and surface drains was thus started on various fields over the
College Farm, till at present there are about 10 or 11 underground
systems, draining areas ranging from a fraction of an acre to 3—4 acres
in extent.  All these have not been completely successful, but in such as
have partly failed in their object the reason of failure has heen identified.
The majority have however fulfilled every expectation. In one or two
cases crops of cotton are now growing on areas which were practically
useless till action was taken, aid on others the cotton crops growing are
earlier, bigger, and considerably more prolific than the same crops on the
best placed true cotton fields of the farm after similar manurial treat-
ment, These results are the outcome of a better environment and
better opportunities of cultivation in the monsoon,

The recent opening up of cotton cultivation in Chhattisgarh has
but emphasized the general observations on the growth of cotton on the
Coliege Farm—that a free drainage in the monsoon and aeration are
essential factors of success, The bhaia soil of Chhattisgarh has little to
recommend it from the general standpoint of a good soil ; it is poor,
stony, and infertile. Given, however, small dressings of manure, it res-
ponds immediately and the growth of cotton and other crops in the mon-
soon is steady, rapid, and unchecked. This arises purely from a natural
free drainage, as the actual rainfall is some 20" in excess of the wettest
Part of the cotton tract proper, Some recent partial trials of cotton
vultivation on some of the heavier soil of the same area, with the assist-
ance of moderately deep surface-drains, have again indieated that cotton
¢an grow in even these soils in wet districts, if attention is paid to getting
tid, sufficiently rapidly, of the gravitationed water from the soil.
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The removal of water on the College Farm has been attempted |
the direct use of under-drains, by the shaping of the field surface intz
gentle undulations like that noticeable on old pasture land on heavy
soil in many counties in England, by a system of contour ditches which
imply a partial surface-drainage flow succeeded by a suction action
on the water in the neighbourhiood of the ditches and by the protection
of fields from water received by surface flow from higher fields. The
writer has, however, principally developed the firs named, in the belief
that the initial cost though greater is more than compensated for by
the increased cultivable area, the grea}er cfficiency of the drainage
the absence of weeds {the usual accompaniment of any open drainagé
system), and the removal of the heavy annual cost of ditch upkeep in-
variable with open drains in the wetter areas on the black cotton soil,

Field Protection.

Before dealing with under-drainage, it may be as well briefly to outline
the work and results of the other three methods adopted to control the
monsoon water in the soil.  Field protection is not drainage in the sense
that there is no removal of water réceived from the neighbowrhood of
the plant and there is no effort to reduce the water received by natural
rainfall.  Many fields, however, in the undulating conditions of the black
cotton country are called on to deal with and dispose of by percolation a
good deal more water than actually falls on the surface in the form
of rain. Considerable relief can thus be given a field by controlling the
surface flow from upper areas. This control often allows such fields to
be sown in kharif crops, whereas hefore treatment it was impossible
to cultivate them. Field protection is arrived ab by the construction
of bunds (embankments) and suitable water carriers. Any form of field
protection demands both. Bunds which check “erosion and possibly
protect the field below them are not infrequently to be seen unaceom-
panied by any means of controlled water-removal. Such systems are
definitely faulty, as the prevention of erosion and damage to the lower
fields is gained af the expense of waterlogging in fields higher up. Any
system of field protection must be designed so as to allow of the
removal of the water held up by the protective checks.

The map attached illustrates the condition before and after protec-
tive measures were started on one of the College Farm fields. (Fig. 1)

Originally ¥ received the flow water of all fields, while C got all the
water of A and part of that of B and E.  An examination of the map
will show that these two fields are now entizely protected. The ared
C was ab first practically a water-cut valley between the higher parts
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of Eand B. Large parts of F are now capable of growing good fodder
in the monsoon and € is fully under cultivation. The upper checks are
now nearly flat and carry kharif crops.

Ridge and Furrow,
This adaptation of an old system, common on heavy soils before the
introduction of under-drainage-in England, has proved quite effective,
The field under treatment is ploughed into lands with alternating
gathered ridges and open furrows. In practice, the final condition of
the field is not reached for 2-3 years, but a very considerable difference
may be produced by completing two ploughings of like character
over the same area. In case any one may not understand what js
intended the plan and section of a field so treatdd are given below,
1 2 3 4 5 6
r3 A . R G AN €

-

4 12 8 {, C 5.4 D is F k
=
n raliLl [ 5 0 % Contour of field
A4 to E.
Fra. 2.

Dileh

Assuming the mould board is on the right, the plough is sent up the
line A—A’, is turned to the right at A' and returns to A, thus throwing
the soil together along A—A’. Ploughing is continued round A—A" till
1—1 and 2—2 arereached When the plough is transferred to B—B', and
the same process continued Il the plough works out to 2—2 and 33,
and so on. At the lines A—A’, B—B’, etc., we have raised soil, while
along 2—2, 33, etc., We have wide open furrows. Water received on
the area A—A’ and B—B' drains down two short slopes without
effecting erosion to the line 2—-2 which acts as controlled water channel
and removes the water to a drain along the line ABCD.

The best distance between 2 and 3 will vary with the texture of the
soil. On the clay loam character of the black soil we have found 30
feet satisfactory. Some attention must be given to the slope of the
field in deciding the direction in which the lands are to be ploughed.
1f the slope in direction PQ above is at all steep, the lands should be pub
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at an angle to the main slope. The ultimate gradient of 2—2,3--3,
whether down the direct slope of the field or at an angle to this, should
probably not exceed 11n 300. Tt is advisable to place a few short pegs,
roughly interwoven with cotton or san (Cretalaria juncea) stalks or grass,
at the point where 2-3-4, etc., reach the main drain. If the two above
are attended to, little or no loss of soil ocenrs, while the general growth
over the field is considerably improved and a reduction is made in the
area usually covered by the meandering streams so commonly seen.

Contour Open Drains.

When working with under-drains on the farm, it was noted that
certain fields responded badly to under-drainage or required so close a
placing of these drains as to become too expensive for common practice,
This was the case, in particular, on fields in which the subsoil consisted
of chopan, a stiff yellow clay. As the areas covered with this class
of soil are of a gentle undulating character, it was decided to use open
ditches. These ditches were aligned approximately along  contour
Jines, small hollows, which might cause the true contour channel to be
too winding, being filled In with carth removed from the ditches, A
contour survey was first made and the lines of the proposed ditches
marked out on the map. The field was then visited and staked
out and subsequently examined with a view to straightening out the
ditch lines.  The ditches were then dug 20”-22” deep, about 1’ 8" wide
at the bottom, and with sides ab about 60°slope.  Alongthe upper margin
of eachi ditch about 1’ from the edge was placed a small check of houlders
about 6"-8" high, surfaced with a little earth from the ditch.

The plan of eue of the arcas drained in this fashion is given on P8
(Fic. 3).

The action during rain is a smface flow over the area bunded
by two contour channels towards the lower channel and its houlder
cheek. At this point the water is close enough to the drain for its suction-
aclion to have effect and the water is drawn through the soil below the
check into the drain, and subsequently flows away down the drain,
which is given a slight fall of about 1 in 400 to the main ditch on the
field boundary. The writer lias termed thissystem © contour open
drains * as they appear to be more likely to be of value wheu laid on
fields which possess a fall. On level or nearly level lands, the surface
flow would be very slow, and in consequence the drainage-ditches to be
effective would have to be sufiiciently close to provide a suction effect,
This would entail either very deep drains or too many, with consequent
0ss of area, as well as difficulty of tillage und excessive cost of up-keep.
When irst set ous, contour surface draing require a good deal of attention
on acconnt of fall of soil and the ke, till the angle of setllement is finally

¥
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reached. They 1equire cleaning annually in order to keep them in
a state of efficiency. In draining stiff soils, they appear to be cheaper
and as effective as under-drains. The cost of the system given in the
p]an was i—

Ra.
Digging and construction of channcls and bunds .29
Bonlders 900 cobhic ft. . . . . o 43
4
ot about Rs. 30 per acra
Under-Drainage.

A study of this method of correcting the water-content of soils growing
crops in the monsoon has now been in practice for 7 or 8 years on the
College Farm and some ten systerms are in working order, Of these only
one is & partial failore. Though it was not till recently that land was
available on which a close experimental study was possible, results
abtained on the arcas selected for improvement have been so marked,
that the advantages gained by the treatment have been obvious. It ig
hoped however that it will be possible in the near future to make a
closer study of the root-development, loss of salts, and the like. In
thispaper it is only intended thata brief description of the results
obained and the metheds employed should be given.

With reference to the former the following are among the larger
systems which have been in work for 3 years or longer.

Field 8. Dart of sewage farm. Soil, a loam developing to a stiffish
clay loam at about 13’ helow surface ; area, fairly high-lying. This
area was under-drained to study the effect on juer, which had given
indications of heing an unsuitable crop for a sewage farm in the raing
on this class of soil. It was under comparison with a similarly sown
and cultivated, but undrained, area on the farm. *

The refurns of juar fodder are recorded below :—

Year Drained Undrained
Ib. 1b.
1914-15 . . lL609 . 7,833
1815-16 . . 20,508 « 15,290

1916-17 . .22100 . . 20450
-

Tn spite of being naturally well placed as regards its drainage, the
effects of under-drainage, partienlarly in the early years hefore tha
soil had got, enriched, is evident.
Field 44, This field is one generally allotted to a kharif crop. Tt
a5, however, at one corner a portion which was totally unsuited to this
o2,
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class of cropping, as it is low-lying and thus receives the surface flgy
of the best part of 15 acres. The soil varied from a free clay loam to 5
clay loam. The following history yields an indication of the effoet
of under-drainage on this block of about 2 acres.

1909-10.

1910-11.

1011-12.

1912-13.

1913-14.

19H-15.

1915-16.

1916-17,

1917-18.

Tur (Cajanus indicus) was almost o failure over the are
owing to excess water.

Juar ; a year of light rainfall ; the erop was about the
game as in the higher arens of the same field,

Gram. Nebt returns about Rs. b per acre.

Wheat. Net returns about Rs. 8-6 per acre.

Under-drainage.

Not a very good cotton year. Return of cotton over
wnder-drained area 355 Ib. per acre as against 2301,
on the balance of the field.

Fodder.  Yield nearly twice that of the rest of the field
per acre.  Crop almost 18,000 Ib. dry fodder per acre,

Juar for grain.  Yield of grain per acre of drained land,
910 1b.; and from the best acre of the balance of the
field 747 lb; fodder not weighed.

A poor cotton crop due to an excessive and protracted
monsoon. Average, over farm, only about 6 annas
of normal.  Outturn of drained arca was not much
above rest of field due to the fact that, as ripening is
about 3 weeks earlier on this area, the bad effects
ol the late rain were more marked.

In this year the rain was excessive in July. The only
part of the field which could be got under cultivation
and sown was the dvained avea.  Therest of the field
was fallow. The cotton crop grew well in spite of
rain, hnt the yield was seriously teduced by the conti-
nuation of the raing to mid-October. The outfurn
163 1h. compared favourably with the poor average
over the farm. The estimated average neb profit
per acre over the first period was hetween 9 and 10
rupees. The average net profit over the balance of
the period when under-drained was Rs, 46 in spife
of fwo years in which causes, entirely apart front
the soil-molsture, markedly lowered the yield.

deld 23, A most unsatisfactory ficld. It was 11311&]1)" badly
waterlogged over two-thivds of its area in the monscon and drw(} o
rapidly in the cold weather to allow of wheat or gram. Under-dramage
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showed a layer of typical black soil to a depth of 18" to 9. Below this
Jay a bed of coarse sand about 3"-4” thick at the lower end and deepen-
in;; as onc passed up the ficld. fl‘his inits turn was underlain by astiff
clay whieh possessed a natural dip from the lower end of the ficld, thus
allowing the increased depth of sand as one moved up the ficld, The
chopan (clay) produced a semi-lake-Tike condition during the monsoon,
The introduetion of under-drains at once corrected the defect and the
ficld now_grows among the best cotbon and fodder crops of the farm
area.

Fiddd 47. A soil of very variable character consisting of loam
near the surlace, passing at the upper end to a sandy murrum, and
i the lower parts to a stiff chopan subsoil. In this ficld the under-
drainage was only successful in parts. Examination showed thus failnre
was due to a fuulty laying of the pipes as regards depth (due to much
surfuce irregularily) and distance between lines, The more recently
laid systems are all working excellently and further extensions have
heew -continued this year which have enabled blocks of more accurately
esperimental character to be taken in, thus allowing of u closer
compatison of results with those on undrained blocks,

Methods employed.

Materials. The pipes used ave home made. They are, practically
speaking, the ordinary wheel tile before cutting for roofing purposes,
i, buked whole instead of halved. The shape of the tile is thus wsually
slightly conical, though more recently the potter has got into tlc habit
of making them more cylindrical, so that the end of smaller diameter
just fits into the end of wider diameter, thus reducing waste by unneces-
sary over-lap, The tiles passed for use are those free of cracks and
possessed of a clear ringing note when tapped, and, on laying, three are
estimated to cach two fect of drain. The cost, all charges included,
works oub abt about Rs. 19 per 1,000 minor drajns and about Rs. 30
per 1,000 main. The minor drains are about 23" diameter at one end
and about 33" diameter at the other, while the mains are 33" and 4"
respectively, The main size is ouly used if the system of minors feed-
ing it is extensive, Allowing for the large quantity of water which has
to he drained out during certain periods of the monsoon, a main would
probably be necessary in any area over two acres; but the minimum
size of main for various areas has not been worked out, though there
is evidence to indicate that a main of a certain size will not deal with the
same area of under-drained land as is wsually estimated in England. In
all systenss the minors are arranged to deliver on the top of the main.
Uinors intended for a junction are closed at the smaller end and have a
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hole cut in the side, which fits over a special main pipe made with a hole
of similar diameter on its side in addition to two ub each end. (Fig. 1)

TYPLES OF UNDER-DRAIN TILES

I T il

Fig. 4.

1. Minor junction tile.
11, Ordinary minor tile, 8" long and 3" diawmcter at A.
111, Main tile at junction of a winor, 9" long and about 33” at B.

T'he process. It may be mentioned here that nothing very diffieuls
las hitherto been undertaken and, further, the majority of the areas
which best respond to treatment are those which are low-lying. In the
black cotton area such spots ave generally reasonably near a nullah and
50 there is not much difficulty in finding a suitable outlet. The area
to be under-drained is examined. Frequently the eye can tell which
way the minors and mains should run. 1f however the apea is flat or
almost 50, a check contour is taken. Aftera chain survey of the ars,
a suitable position for the outlet of the system is selected. If the
general fall is obvious the position of the main and minors is pegged
out on the field and the elevations along the future lines taken. Ifnot
direetly obvious, the position of the drains is worked out on the check
contour play, and then pegged out on the field. The elevations along
these lines may be deducted from the contour check or, when aceurate
work is essential or the ground irregular, a fresh set of elevations may
be made along the field lines.
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Distance and depth of winors, These two are closely associated and
depend principally on the soil to be drained. Tn stiff soils and in drain-
{ng grass areas the drains approach each other and the depth is reduced.
As the soil becomes lighter a wider spacing and a greater depth may be
allowed. Generally speaking 2 6” represents about the minimum
depth and 37 3" the maximum on any classes of soil drained on the College
Farm—the lightest of which is free clay loam with some Janlar.
The closest placing yet adopted was 18", This was in a stiff clay soil.
Though the drains appear to work {reely, even at this distance, on the
stiff soil mentioned, the centval area is only just influenced by the drain,
On very stiff soils it is thus probable that a surface system like No. 3
is more economical, especially if the area has any fall from one drain
line to another. On the black soil proper, o stiff clay loam, the drains
are effective at 21'—23" apart with a depth of 2’ 8” (average). & number
of areas on the farm are slightly less heavy than fypical Dluck soil and
in these 24'—27" have been found satisfactory with a depth of 2’ 10"
(average). It should be noted that one has often, due to surface undula-
tion, to exeeed the average and pass above 3, bul, given that the
distance is correct, care should be taken not to let the depth be less than
96", ifit is possible to avoid it.

Fall of minors. In several areas the fall of these has been about
1100 though falls of 1150 have been used satisfactorily. It is pro-
hable that lower falls can be utilized ; but, allowing for the amount of
water which at times has to be disposed of, the writer is of the opinion
that 11in 200 is about the least fall which should be aimed at and a
sharper gradient, if possible, is advisable.

Ditch gradient and digging. When the ground elevations along the
line of the main from its outlet and that of the future minors have been
recorded, the gradient of the main ditch line is arrived ab by deducting
the ground elevation at the outlet, less the depth at the outlet, from the
ground elevation at the top of the main less the proposed depth at this
point. This figure divided by the length of the main gives the fall per
foot. If unsatisfactory, an alteration in the depth at the outlet or upper
end or both may be necessary. The gradient of mains on the College
Farm has varied between 1 in150to1in 260 but, provided that the
main used is of sufficient size, prohably falls as low as 1in 300 would
be effective,

The ditch gradient of each minor js arrived ab in the same way.
Yo gadient should, if preventable, change from a low to higher one,
a8 one passes up from the outlet of the main or from the outlets of minor
info the main, The reverse is not objectionable ; butiin the event of the
necessity of changivg from a low to a higher gradient on passing up a
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drain a silt catchment box should be introduced as a Precaution,
though the amount of silting in such drains as have been opened up for
cxamination after 2-3 seasons is remarkably small.

The digging out of the ditches of a system is generally done in the
fuir season. On account of the hardness of the soil and the necessity
for pick, phora and gamala, 18” has been the usual width dug.  As the
necessity for digging, grading, and laying the tiles as a continuous jol,
is not essential, the usual process adopted has been to dig out the maing
and minors to some standard depth given by the minimum depth along
the line of drain—say 2’ 6” all over the system—paying for this at the
usual digging rate of 8 annas per 100 cubic feet. This work does not
require skilled supervision and can be left to a contractor of normal
intelligence. The only point js to see that the pegs which mark the
points of known ditch-depth are replaced at the edge of the ditch, The
soil to a depth of 1* is thrown out on the right and the rest to the left of
the ditch.

This being completed, the balance of the digging, the grading, and
the tile-laying are procecded with under a trained overseer’s supervision.
Usually, the extra depth of soil removed is of the width of about 107,
giving a cross section of ditch as in Fig. 5. The depth of this portion

u Y
- 18 -20 \
/ Scction of ditch and

[ minor pipe in a
drammn of  2'—10"
depth,

Minor —TTTTEES

Coarse sand at funes
desirabile.

Fia. 5.

is decided by the ditch-depth marked on the pegs placed up the Iin_e of
the ditch. 'The gradient of the ditch between these fixed points is arrived
at by the use of plumb line and triangle on a ten foob plank laid ou ct}gc
(as in Tig. 6), or better, by the device shown in Fig. 7. The digging
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m—— Guard graded b
d//foen/ folts

*5

3 A.B. Plomb line
C.D. Bose boord

Fig. 6,

'

£~
A i

. Fra. 7.

VI i3 x 2 deal plank 107 long fixed at right angle o A D, a similar plank 3’ 6" long and  held
rigid by the strut K 1
A1 s avimilar plank to D H, bat with a hase plank of suwe length (8" x 47) below ot Itis
. fixed to © Band held in position by P, but is cupablo of {urning al A,
BUisuplank fixed at B and held in position by the peg N according t angle desived, 1t carrios a
. nuwher of loles u, b, ete., which mark various fally,
L s a xpiit lovel,
Ifa fall of 1 in 100 iz desired, ¢ B D is moved ahout the centre A, till tle hale on ( 13,
corresponding to 1 in 100 is over the fived hole in D H, when N is inserted.
The instrument 3s then placed in the diteh bottom. The soil is seraped till the spirit
level reads that it is horizontal whea the correct gradicut is arrived at.

g

1

b
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and grading and Dipe-laying proceeds from the outlet of the 8ystem y
the main, The minors in turn are praded and laid from their Outlets,
the pipes being laid with their narrow end towards the ontlut gnq kept,

fine soil.  Whether this precaution g absolutely necessary is uncertyin,
but, if these coarse materials are easily Procurable, it is probably that
the slight extya cost of doing 8o is worth inewrring, as giving the systen
& better chance of extended efficiency,

Junction of main and minors. The minor should invariably entey
the main in the direction of the fall of the minor, The MInoEs, t0 yeaiy,
this, may be set at 5 slight angle $0 the main or if Juiq 86 right angly;
should be made to curve slightly on approaching the wmain. Qy p
system on the College Farm, the 1ninoy pipe has been wade 4o del
on to the main pips as shown in the section helow, Tig, 8,

it
iver

N If wmois & mipgr PIPES

F/'C/a/w/'/dce,,.--'-""'

LECTT TN
LU TR TL L]

T

Mrhocy/aded itk éasoi
Fie. &,

blocking the mouth, and the end of the pipe must be covered with some
wire net 0 prevent its uge by vermin, In selecting the poiut of outlet
into & diteh or aulleh carg should be taken to see that the water on
leaving the pipe has 4 free fall and that the ouglet i sufficiently high
above the usual position of the water jn the nulla? in the monsoon to

run mo chance of heing bemporarily blocked by wate: except possibly
in cases of abuorwal flood,
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The plans of these systems are attached—the first of the drainage
of a ficld and the others of long hollows lying between twe fairly naturally
Qrained areas but themselves incapable, till drainage, of producing
satisfactory hharif erops. An example s also given showing how the
depth of a drain is atrived at after survey of the drain line.  (Ifigs. 9,
10 and 11.)

79

350

\352
390

levaled ground €levaled ground

Hingrs

%6 Winer changing o Main

Sebmwans

iad

et > . L

Drainage system on field 41

Draining hollow,

Distance between minors 25 ft.

Fall of minors submain  1-100

Fall of main . 1=200

Average depth minors 2707
Fic, 9, '
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L o
surface drain & boad prolecling area from flood waler of vaper field
 prefecling f yper f

" MR

syslem 1 m 47

oraiming a depressien of about 2 acres of shff ety
ouT Ley oshance bebween mincrg 18

oeplhs average -4

Fie. 10,

General effcats. The eflects of under-drainage have shown thewselves
i & steady growth of the plant throughout the mousoon, a dark green
foliage and marked difference in maturity. The first picking of an
under-drained cotton area is from 16 to 18 days in front of the first on the
vest of the field, while juar and fodder become ready for harvest 2-3
weeks sooner. The staple of cotton is improved. The action of the
drain has tended to reduce crosion, and the areas so treated, in spite of
their unfavourable position, have been usually fit for cultivation from
21—36 hours after the heaviest rain and considerably before the higher
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but undrained areas. This has allowed of greater cleanness and a very
much improved mulch at the end of the rains. Casual observations of
the roots show a tendency to deeper growth, As a result of this and of
a better mulch, the plants appear to thrive better than those on undrained
soil even after the monsoon has ceased and dependence has to be placed
on subsoil water.

There has been bus little trial of rabs crops on such areas. In a case
of oats, grown under sewage in the cold weather as a fodder on the drained
area, the crop does better than the same crop on undrained land when
irrigated once a week, but slightly worse when only irrigated with sewage
onee a fortnight. This appears to indicate that crops of this season
may be aflected by the lower water table of drained land and their inabi.
lity to get their roots down fast enough. (Farden crops like cane,
tomato, etc., are certainly benefited by drainage and are able to take
fuller advantage of the somewhat frequent application of water
necessary in sewage farming,

An approximate table of distance, depths and cost per acre has baen
worked out below,

Relation of ground elevation to drain depths.

Ground eleva-  Drain eleva-

Station ! Distances Lion tion ; Depths

- | o {,j -

0 0 ! 1000 679 | 3.3 outlet.

) ; 5 1000 619 | 32

2 } 40 | 10-16 692 | a1

3 o 65 ‘ 1020 705 \ 324

oy W | 033 T8 | 30

6 PR ) | 1036 | 731 305

6 . ‘ 140 ‘ 10-45 744 . 301

7 Jo6s 1066 67 309

8 . T 1 wiz | ot | so

9 . . . ‘ 25, o 185 | 305

(10-88—3)—(10—3-3)—1-18

Gradient of drain = ;Tlg_ = {054 per ft,
]

bout 1 in 185.
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publications of the Imperial Department of Agriculture
] in India.

Lo be had from :—

The Office of the Agricultural Adviser to the Government of India, Pusa, Bihar,
and from the following Agents :—

L Thacker, Spink & Co., Calcnita. 6. D. B. Taraporevala, Sons & Co., Bombay.
2. W. Newman & Co., Calcuita. 7. Thacker & Co., Titd., Bombay.

3. Rai M. €. Sarkar Bahadur & Sons, Calcutta. | 8. Sunder Pandurang, Bombay.

4, Higginbothame, Ltd., Madras. 9. Rai Sghib M. Gulab Singh & Sons, Lahors,
5, Thampson & Co., Madras. 10. Manager, Educational Book Depédt, Nagpur.

A oompleto list of the publications of the Imperial Department of Agriculture in India
can he obtained on application from the Agricultural Adviser to the Covernment of India,
Pusa, Bihar, or from any of the above-mentioned agents. '

These publications are :—

The dgricdtural Journal of India. A Quarterly Journal dealing with subjects connected
with agricultural economics, field and garden crops, economic plants and fruits, soils,
manures, methods of cultivation, irigation, climatic conditions, insect pests, fungus diseases,
co-operative credit, agricultural cattle, farm implements and other agricultural matters in
India. Illustrations, including coloured plates, form a prominent feature of the Journal.
1t is cdited by the Agricultural Adviser to the Government of India, danual Subscription,
Bs. 6 or 8s. bd. including postage. Single copy, Rs. 2 or 3s.

Scientific Reports of the Agricultural Rescarch Institute, Pusa (including the Report of the
Imperial Cotton Speciallst).

Annual Report on the Progress of Agriculture in India.
Proceedings of the Board of Agriculture in India.

Proceedingy of Sectional Meetings of the Board of Apriculture.
Memoirs of the Imperial Department of Agriculture in India.
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(a) Botanical Series,

(b) Chemical Series.

{c) Entomological Series.
(d) Bacteriological Series.
(e} Veterinary Series.

7. Bulletins issued by the Agricultural Research Institute, Pusa.
8. Booka.

The following are the publicaticns of the last two years :—

Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of the
Imperial Cotton Specialist) for the year 1916.17, Price, As. 9 or 10d.

Seientific Repm“ts of the Agricultural Research Institute, Pusa (including the Report of the
Imperial Cotton Specialist) for the year 1917-18. Price, Rs. 1-4 or 2s.

Report on the Progress of Agriculture in India for the year 1916-17. Price, As. 12 or Ls. 1d.

Proceedings of the Board of Agriculture in India, held at Poona on the 10th December, 1917,
and following days (with Appendices). Price, As. 13 or 1s. 3d.

Pl’weedinsg of the Mycological Conference, held at Pusa on the Sth Fcbruary, 1917, and
‘f]ol.lowmg days. Price, As. 2 or 3d.
1
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Botanloal Series.

The Dissemination of Parasitic Fungi and Internationsl Legilation by
E. J. BurLem, .5, F.L.S. Price, K. 1-4 or 2s. ’
The Inheritance of Characters in Rice, I, by F. R. Pinwere, BA, Ag
Dip. (Cantsh.); G. N. RaNGASWAMI AYYANGAR, B.A., and K, Rauny
uAg. Price, R, 1.9 or 2. !
Orobanche as o Parasite in Bihar, by F. J. F. 884w, D.80,, AR.Cg,, ria

Price, R. 1 or 1s. 6d.

Studies in Indian Sugarcanes, No. 3. The Classification of Indian Caneg
with special reference to the Saretha and Sunnabile Groups, by C. A,
Barner, sc.n. Price, Rs. 24 or 3s.

Phytophthora Meadii n. sp. on Hevea brasiliensis, by W. McRa,
M.A., B.SC., F.L.8  Price, B, 1-4 or 23,

The Rice - Worm (Lylenchus angustus) and its Control, by E. J. Bymg,
M8, PLY.  (In the press.) !

Studies in Indian Sugarcanes, No. 4. Tillering or underground brapch
ing, by C. A. BaRBER, C.1.E, s¢.D., L3, (Tn the press.)

Chemical Series.

The Gases of Swamp Rice Soils, Part 1V. The Source of the Claseons
Boil Nitrogen, by W. H. Harr1sox, b.gc.; and P. A, BuskAmania Arvm,
B.A. Price, Rs. 2 or 3. 6d.

‘ Heart Damage ” in Baled Jute, by R. 8. Fixtow, B.SC., F.LO., F.OS
Price, R. 1 or ls. 6d.

Experiments on the Improvement of the Date Palm Sugar Industry i
Bengal, by HaroLn E. ANNETT, B.SC., F.LC.; (lostA DEAany Par, w50
and INpU BriussaN CHATTERJEE, L.Ag. Price, R. 1 or 1s. 64,

Cholam (4. Sorghum) as a Substitute for Barley in Malting Operation,
by B. Viswavarm, T. Larsmaana Row, B.A., and Racuusarsssag
AYYANGAR, Dhp. Ag. (In the press)

Entomological Series.
Indian Sugarcane Leaf-hopper (Pyrilla aberrans, Kirby), by O, 8. Muzs
»h Prica, Rs, 3 or o » Kirby), by O. 8. M,

Report on & Collection of Termites from Indis, by Kaniv and Nis Horw
oRreN, Hogskolas Zootomiska Institut, Stockﬁolm, Translated by T.
BarnsricoE FLRICHER, R.N., F.L.S., F.2.9., ®.e.8.  Price, R, I or 11, 64,

On a Collection of Sphecoidea sent by the Agricultural Research Institats,
Pusa, Bihar, by Rowraxp E. TURNER, F.Z.5., 5.E8. Price, As. 120r I

Bacteriological Series.

A Bacterial Diseaso of Wheat in the Punjab, by O. M, Horcumsoy, st
Price, As. 12 or la
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Kumsi: Combined Diffuse Sclerosis and Cenfral Poliomyelitis of Horse,
by G, H. K. MaCALISTER, M.A.,, M.D., D.P.B., M.R.C.8,, LR.CP Prics
R, 1-8 or 2s. 6d.

The Vitality of the Rinderpest Virus outeide the Animal Body nnde
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