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Agriculture is the backbone of Indian economy
and aoarlx two-third of the population depends on it
for thatr living, ZFifty per cent of the gross national
income comes from agriculture and aneillary industries.
The production of food in India has to be kept in pace
with the needs of the uv.maiaczoating population,
S8ince new areas that can ke hrought under plough is
limited, the only alkernative is to imcrease the
productivity of land, Placed in this situsation, there
is no choice but to make the dest possible use of the
available natural resources, namely soil and water amd
to produce maximum from unit area to meet the everw
inereasing demand for food.

Man has practised irrigation since time
immemorial to.produce his foed., It has helped to foster
larxge and prosperous civilizations ever the centuries,
Well planned and efficiently utilised irrigation systems
help to keep the food pxaﬁantion in pace with the
increasing population. in oldcx to achieve these
objectives, adeption of modern methods with all possible
scientific and technological supports tge vital, Henge
it is essential to plan and design an afgiaiant law oost
economic irrigation system tailored to £it natural
conditions and local potential.



A Civil Iigtnctx may define irrigation as the
redistribution of raiafall ia time and space vhile an
Agrieulsural Engineer may define irrigation as the
application of water to soil, %o supply the moiasture
essential for plant growth, Numerous irrxigation
methods are adopted the world over, these differ in
different places from wild flooding t; the very sephistie
cated methods like drxip irrigation, Regardless of their
high or low construgction sost, irrigation by most
methods entail one or several shortecomings like vexry
high labour regquirements, very low overall efficienuy
and low net land utilisation.

. Kerala is a land blessed with bountiful raims
and elaborate watervays, But expsrience has shown
that our agriculture ;vun today is dependent to a greag
extent on the rain. Nore than sevaaty per cent of the
double cropped rice fields lie fallew during summer
for want of irrigation facilities: Many large scale
river-valley preojects are te be commissioned in the
near future, Large areas which are now lying fallew can
be brought under cultivatien after these river-valley
projects afe commissioned,

At present in the command arxeas of major irrige-
tion projects and vhazuvur‘ltit izxrigation facilities
are available, a thixd crop of xice is taken, during
the Ary season. The total water requirement of rice
in the first and second crep seasons is 10-13 mm per day



in loamy sand soils., The pereolation loss in these
seasons is 6-~8 mm pex day., But in summer months, rice
needs 25+30 mm of water per day in which the percolation
loss alone comes to about 20 mm of water per day. Hence
if rice is grown during summer months, there is an
additional wastage of 12 ma of water due to deep perco~
lation,. Growing rice during the summer months in soils
with high rate of infiltration should be discouraged
because of the very low water use efficiency during

this season,

In all other crops, the field is irrigated
only upto field capacity and henge the loss due to deep
percolation is almoss Qltltn;ttd. The water requirement
of field exops like pulses, oil seeds and vegetables
is only 6«8 mm per days Thus, the water needed to raise
one hectare of rice can be more profitably used to raise
about 4 ha. of any other erop, But now, there is ne
ay satisfactory method of irrigation for the dry land
crops in the nearliy level rice !gliawsg

Border strip method of irrigation is hardly
practised anywhere in Kexals, eventhough this is a very
popular method in the other parts of India for r;ising
cereals, pulses and oil seeds. However, this method
is practised there on sloping lands, In Kerala, as
the area is under paddy during kharif and rabi seasons,
the level of the land cannot be disturbed, Fox this



situation, a teshmelegy has to be developed for
efficient use of Aﬁigiiﬂ water available in this
season for ur&cttiﬂg Iurly level rice fallows, The
objective of this preject is to study the hydraulics
of border strip irrigasien in nearly level lands and
to recommend suitable specifications,
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A brief review ef liserature under the following
are included in this ehapter:

Border specifications

Intake rate analysis in surfase irrigasion

Water front advance in irrigation borders

Recession flow in surface irrigation

Hydraulic resistance relationship in irrigation bordar
Deep pereolation losses )
Irtigafion efficiencies

Irrigation when and how much

since nobody has done any work on hydraulics of

border irrigation in level £ields, the litexature .:
pertaining to it is msagre. The literature revieved is

mostly related to border irrigation on sloping lands,

For the border strip fiooding method, the f£ield

is divided into a series ef strips by borders or low

flat dikes running down the predominant slope. To

irrigate, water is turned en to the head of the bordexs
it advances ~¢on££nna and guided by two borders~ in a
thia sheet towards the lower end of the strip, The
application of the border method regquires skill and
can only be applied after a paimstaking investigation

of soil, topography and water eonditions. Otherwise,

this method which is one of the most efficient may

begome a severe liability and create both drainage and

salinity problems,
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2,1, Border spescifisations:

Some gensral swuggestions on width, length and
slope of borders and the sise of irrigation stream are
described as followss

2,1.1, Width of borxder sgxipie The width of boxder <P

usually varies from 3 to 1%m, depending on the sisze

of irrigation stream available and the degree of lamd
levelling practicable -Michasl (1968)., It is not ecomoe
‘mical to keep the width less than about im, as otherwise,
toe many ridges will have to be formed per unit area of
the field surface,

United States Department of Agriculture (1970)
recommended the following boxder strip widths for diffe-
rent gradess

Land grade per geat Naximum strip videh (£2)

o
0.0 <« 0,1 ‘ 120
0.1 -« 0,8 60
0.5 - 1,0 $0
1,0 « 2,0 40
2,0 -~ 4,0 30
4,0 « 6,0 20

2,143, Boxder lengtht- This depends on the infiltration
rate of the soil, the slope of the land and the sise of
irrigation stream available. For moderate slopes and



small to moderate sise irrigation streams, the bordey
lengths can be suggested as follows: |
Sandy and samdy loam soils : 60 - 120m

Medium loam soils ' 100 - 180m
Clay loam and clayey soils 1 150 « 300m (Michael~

1968)

According to USDA (1970), the maximum length

of run for level borders for different depth of flow
at inlet are shown in Takble Ne.({(1).

2+1.3. Border slopet~ The borders should have a uniform
longitudinal gradient, Emcessive slopes will make the
water run to the lower emd quickly, causing insufficient
irrigation at the wpstream end and deep percolation
losses at the downstream. They also cause soil erosion

in borders,

Regommended safe limits of slopes in borders
according to Michael {(1968) are as follows;

Sandy loam to sandy seil ¢ 0,25 -~ 0.6 per cent

Medium loam soils 1 02 «~ 0.4 per cent
Clay to clay loam soils 1 0.05 ~ 0.2 per cent
2s1.4, Size of irrigatiop stXegms- The requirement of

irrigation stream is expressed in terms of the rate of
waterflow per unit width of the border such as in
1/s3ee/m, The size of irrigation stream needed depends
on the infiltration rate of the soil and the width of
border atriﬁ. The Table Me.(2) represents some typical



TANLE -1

Level bopders - maximum length of run (f%.)

“URlE %% of ¥ow ot Ialet (F%.)

NEe FATWY T OE 0.5 64 O.T
0.0300 450 350 300 223 178 100
0.0400 525 438 350 250 200 129
0.0300 625 500 400 328 225 130
0.02%0 70 575 478 350 250 178
0.0200 800 678 528 400 300 200
0.0150 975 825 €30 500 375 250
0.0125 1100 925 738 375 400 278
0.0100 1300 31075 650 650 475 228
o.fbe 1375 1156 925 700  S00 330
0.0080 1500 1250 1000 750 550 378
0.0070 1625 1350 1078 825 600 400
0.0060 1825 1300 1200 935 €75 450
0.0050 2050 1700 1330 1050 750 500
0.0040 3400 1978 1878 1225 875 578
0.0035 2600 2150 1723 1325 950 623
0.0030 2640 2350 1875 1450 1030 700
0.0028 3640 2640 2150 1650 1200 778
0.0020 2640 2640 2475 1900 1375 900
6.001S 2640 2640 2640 2380 1700 1128
0.0010 2640 2640 2640 2640 2200 1450




TABLE «2

Typical values of stream sizes for

different soil types and slopes.
S0il type with _ Flow per
Tate of infil. Bordex metre width
tration - Siope 1/see
Sandy soil, 0e2 » 0.4 por 10 « 1%
2.3 aw/hr, Oub « 046 Pee. 7 - 10
e - - o Aot
Loamy sand, 0s2 » 044 pec. 7 - 10
148~ 2.5 cm/hr Oub=06pce S8
Sandy loan, 0ud » st poa, 5«7
1.2 « 1.8 em/nx, 0.4 » 0.6 p.c. 4 -8
Clay loam, 0415+0,3 PGy 3 -4
06 « 0,8 em/iry 0.3 & %44 pac. 2~ 3
-« - - i O SN Y o A A o AUDah
Clay, 0ul = 0,3 poca 2 - 4

02 » 0,6 en/hr,
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values of stream sises for different soil types amd
slopes (Michael ~1978}),

According te WBDA (1970), the maximum stream
sizes are represented as unit stream which is the flow
of water for each 100 feet length of run, cne feet wide,
The required stream size will be the product of the
unit stream, the length of run xg hundreds of feet and
the width of strip to be irrigated, in feet, The unit
stream for leval borders for different intake families
are given in Table No,(3). |

Petrasovits (19€9) carried out Border Strip
Irrigation tests in the £fields at the axperimental |
farm at Billansh, Buvhtttﬁi, He 444 the tests in
bordcr: ct‘sau. 75m and 100m long. The widths tried
wers 2.5m, 5.0m, 7.5m and 10,0m with the discharge rates
of 1 1/sec/m, 1.5 1/sec/m, 2 1/sec/m, 3 1l/sec/m and
4 1/sec/m. The slope of the experimental £ield was
1.0 %0 1,2 per cent and 0.1 to 0,2 per cent,

Obsexvations during the tests showed that the
2,53 width of border is not satisfactory because of thas
difficulties in making ridges at closer spacings with
mechanical means, although it was easy to get uniform
distribution of water throughout the strip,

On the other hand, it was difficult to assure
good quality irxrigation in horders of 7.5 and 10m width,



TABLR -3

Level bexder -~ Unit stream

;itakn %gg;ir
ats ® - 1*‘
cts cfs efs

afs

15 3.8
cfs cfs

"Wet Ixrid
o] 0
1 0.00368
1¥2 |0.00314
2 {0.0027
ayz  [0.00232
3 lo.002
W2 j0.00172
4 jo.00148
42 |o.0012¢
s 0.00108
s¥2  [0.00094
0.0008
0.0006
0.00044

0.01104
0.00942
0.0081
0.00696
0.006
0.00316
0.,00444
0.00378
0.00324
0.,00282
0.0024
0.0018
0.00132

0.0184
0.0187
0.0133
0.0116
0.01
0.008
0.0074
0.0063
0.00540
0.0047
0.004

0.003
0.0022

0.0368
0.0314
0.027
0.0232
0.02
0.0172
0.,0148
0.012¢
0.0108
0.0094
0.008
0.006
0.0044

0.05%2
0.0471
0.0408
0.0348
0.03
0.025%8
0.0222
0.0189
0.0162
0.0141
0.002
0.009
0.0066

0.,0736 0,1104

0.0628 00,0942
0.054 0.081

0,046 0.0696

0.04 0,086
0.0344 0,03516
0.,0296 0.0444
0.0252 0.0378
0.0216 0.0324
0.018p 0.0282
0.016 0.024

_0.012 0,018
0.0088 0.0132

It



It was very diffienit t¢ regulate the progress of |
the watexfront, and the high water flow (general flow) "
required; caused ereaien,

In the borders with 1.2 per cent slope, the
veloaity of the watexfroak ranged between 8 mn/min.
and 15 w/min, With sueh & velosity, there was the
danger of exeosion.

He conciuded that it was possible to irrigate
effieiently boxrders of 100m length and 5a width
vith a water flovw of 1.5 1/see/m t0 2 1/sec/m (which
makes 7.8 %0 10 1/seq genexal flow per bordezs) . |
The time of irxrigatiom would be then 8.5 minutes
%0 12 minutes. The excess water at the border emd
was not mexe than § to 10 per cent. It was, however,
observed that erosion cecured at the head of the
borders when the water flow was 2 1/sec/m,

3.2, Intake rate amalyls in surface irrigationms

The movenent of water frem the surface into
She s0il is called the infiltration, Infiltratiom
rate or the intake rate is the seil characteristie
deternining the maximwm rate at whieh water can |
enter the soil under specifie conditiens, I% is
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one of the majer wariables in the anslysis of
surface irrigstiom systems like furrews, border
stcips, basing, e,

Asowanlated infilkrasion oy cumulative
Anfilexation is the total quantity of water thag
© entexs the soil in a given time,

lmd tests mﬂ wnder px&»m&u and
Mcm muam mﬂtﬁn showed that
umtmn the mmmmaunawm
the ssoupulated Lafiltration « time relatisnship
Otienael - 1968), |

y*atT ¢, 0fas

t A o, in whieh

8,26+ and b are the characteristic constamis;
Yy = the m muuam. oy and

%t = the dw Sime, lhmtcl.

. Griddle ot gl (19%6) presented an equatien
for calowlating the senkest time necessary, using
the intake rate equatien

P

Integration with respees u time gives ﬂu |
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cumulative inkaks

The required contaet time (¢, ) necessary to apply
the desired depth of irrigation, ¥ Decomes

(1] B e
= required gontact time;

Ser
tor
} = total depth of water to be applied; and

2 = exponent of & in the intake rate equatien.

Christiansen g gl (1966) assuming constant

normal depth at the upper end and using empirieal
power funstions of wvater sivance and intake rate,
related the intaks rate ¥¢ the advance of water ia

surface irrigatien.

Pxatap Singh and Chawhan (1973) determined
vater intake rate frem rake of advance, and repoxted
that this method would previde a good estimate of
intake in surface irrigatien,

Jaswant Singh (1978) ebtained the selution
fox 4ifferent variable Anxtake rate functions, starting
fron the gsontinuity equation

Qdt = hDA ¢ X A &%, proposed by Iaraelsen
{(1922) . The solutien t¢ eontinuity eguatien for



thres casss

0 1= at® em! nﬁ, m(uﬂ T = a(z-0)?
humdm}.l’d, m'm

(2 &‘?‘[“ibﬂ* l;.......]
(1) *"E‘L (#n mm)cbm ]

a0 A '”-ms" whare
igvlh |

= zate of flew

= gime, water has been turned on the landy
average surface head;

= ayea k:w; and

= xate of infilsration,

N’ﬂ'wﬁﬂ
L)

2,3, Waterfront edvanse in irrigatien berders:

The prediction of the sdvance of the wvaser
sheet is critical. This is attained by applying
. the hydraulie principles to overland flow, PField
trials were often made te observe the combined
effect of grop and soil zoughness, stresan sise and
cumulative intake om tha rate of advance. Generzal
solutions of the nm advance pkoblu in
borders have been daveloped by earlier workers.



Hall (19%6) wied a wvater balance equation and
presented a nmnntiinf“ntthbd for estimating the advance
of the sheet of water in a border strip during equal
time increments; This method, illustrated in £ig.l
uses measured cumulative intake as a function of time
and assumes a constant depth at the upper end of the
boxder strip based on v&ﬁu channel f£flow equations,

It also assumes that a ratie or shape factor C, of the
volume of surface storage to the volume described by
qgﬁ_ts independent of time, and an additional average
depth of vater or ‘puddile factor' is needed to f£ill
pockets caused by unevenness of the surface of the
boxder stxrip, The volume of water on the surface of
the soil Vi at any time ti is equal to

Vi=w (CB,+E) xi, where

Vi = volume of water on the surface at time ti,

¥ = the width of the border check,

Do = depth of viinr7gt the upper end,

€ = depth correetion fagtor, and

x4 = distance %o leading edge in time ti,

As irrigation water flows into a f£ield and
progresses down iss length, an ever decreasing porsion
of the total volums of water flows above the ground, |
while the remainder infiltrates into the soil and forms
a part of the subsurface sgerage, Aany rutiohnl approach
to predict the surface irvigation flows must equate tuc'



WATER SURFACE PROFILE
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Fie. 4 _CUMULATIVE INFILTRATION, i, ADVANCE DtsTMaa;E, xi ,’,-.f*m" SURFACE
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total volume of water discharged at the supply channel
to the sum of surface and subsurface storage. Fig.2
is the schematic illwstration of the problem (Michael «1978)

Lewis and Milne (1938) praposed the following
Lnt-gral equation to des¢ribe the advance of water down
a bardcr strip.

qt = dax + /‘%&hta} x} (¢s) ats, in whieh

q = constant rate of flow per unit width utnducod
at the upstream end of the horder, om /m

t = total lime for whish irrigation water has been
applied, minutes

X = dist_anco. the irrigation stream has miu-d. am,
4 = average depth of wagker over the ground surface,om,
ts= value of t at which x (t) = 5 minutes

y(t-ts) = acaumulated infilsxation at the point
xX= 8 at time &5, om,

s = value of X at ¢t = ¥3, am and
X"(tq) = the value e{% s t = ts,

Philip and Farxel (1964) using Faltung Theorem
of the Laplace Transformatisem, obtained the follewing
general solution for the equation of Lewis and Milne.

1 [351’3(1) 2ol ] in whieh
L ['y(t)] aofi'“y(t)dt = w{s)

and 1~} [y o | = yta) .

Michael (1968) conelwded that the waterfroat
advance in vegetated and neasvegetated borders can be
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predicted with m agguracy by the ldh:ﬂl muom

"'g‘[ﬂb r%"T ﬁ;s:;,.—-

%é-—m - > (a) for small values of ¢

ad x = ﬁﬁ[ﬁ#‘l&"r T}'?T"’rta«m"

'ﬁéf’—f(p;q - —{h) foOX large values of ¢
where B = p-Nr, in whieh k = a [ (v+1),

Michael (1968) obtained the following limiting
condigions for the wsa of eguations (a) and (b).
o
xqmuon (a) u suitabie when ﬂ-f!r— <1, and equation

(») is suitable whea -uﬂ,-

Nost of the investigators have used the gontie
- nuity or water balance equation to predict the rate of
advance. Bishop et al (1967) justified the following
less complex approximasions:

- | B + Xy x (613'0 Gg¥,) ¢ Where
= flow per unit width, l/sec/m
= total time of flow, ses

= distance to the leading edge, m

= average cumulative intake over distance x, mm
= depth of water at the uppo: end, mm
= guitulative intake at upper end, ma

¢, = Surface storage ce~efficient; and

€3 = 4intake co-efficient.

qt
x
D = average water depth on the soil surface, m
¥
Do
%9
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The advanee distance at any time will be

X = 355;9§~a§§°¢ The value of C1 will vary with the
advance distance, slope and hydraulie characteristies
of the boxder strip, but for practical considerations
it can be assumed to be indup.ndcﬁt of time, Its
value ranged between 0,67 and 1;0. For steep slopes,
large advance distances and small intake rates, Cj
approached the value of 1,0, For flat slopes and
small advance dist;neen and for very high intake rates,
.cg approached the value of 0,87,

Mishra and Anjanavelu (1971) derived an empiriecal
equation for water advance in furrows based on experie
nmental results, A nomegraph has been presented to
reduce the mathematical cemputation for Karagpur soil,

Sastri anda Aé%&nal {1973) predicted the advance
distance for a given set of 1§it1al conditions such as
slope of land surface, inflow stream per unit width of
flow, infiltration characteristics and hydraulic conduce
tivity of scil bed, by evaluating an irrigation number,

2.4, Recession flov in surface irrigations

Recession flow is comsidered as the depletion
of surface storage. Generally for sloping horder strips,
the tail watsr recedes gradwally from the upstream end |
to the downstream end, Information regarding the
recession time iz essential for design of border or
furrow irrigation systemse
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Simple a:ptoal&ou of recession flow used by
criddlo,gg,gl,(iﬂic) fox cvuluattouf;aliltration pattern
and irrigation efficiency was a power function whieh
showed the cnpiztcal‘ralation between the recession

flow length and time.

Varma (1981) derived a mathematical relation
to determine the recession flow in a check border irrxie
gation system for known advance and infiltration
chiraétorintielt The derivation wai based upon balanaing
the volume of water at different stages of the recession
phase. Subsurface storage was found from the known
infiltration equation and surface storage was approxie
mated by assuming a level surface profile for the poaded

water,

2.5, Hydraulic resistance relationships in irrigation
bordexss

Resistance to flov in borders may be due to the
roughness of the ground surfage or the rotaxaaﬂgg offered
by vegetation. It is one of the dominant variables thak
influences the flow charadgteristics in irrigation boxders.
The flow conditions in irgigation borders differ from
those in open channels in several ways. A review of
past work has revealed that Manning'’s 'n' galculated
for uniform flow at a given depth and velogity applisa
for all practical purposes, $o non-uniferm flow in
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a border sixip and will adequately represent the
composite valus of the hydravlie resistance in a vege-
tated border strip.

The Manning's equation is given by
ved 2¥3 10 wnien

V = velocity of flow m/sec.,

R = Hydraulie radius, m.,

8 = Water surface slope,and

n = Roughness co-effigient of the channel.

Chow (1939) atutﬁt that the value of *n' vas
dependent, among other things, on the roughness of the
‘channel beim&ary. charscherissics of vegetation, sisze
and shape of flow channel and depth of flow,

Cowan and Palmer (1956) stated that the Manning's
‘n' was a suitable parameter $o indicate the net effect
of all facters, causing retardation of the flow in a
channel., RExtensive studies oa the hydraulic gharastes
ristic of vegetation in channels were made during the
past 30 yesars by the United siat-s 80il Conservation

Sexvice,

The tests conduated by Michael and Pandya (1971)
revealed that
(1) A linear relationship exists between hydrauwlis
resistance and entranes stream size in poste
ensrgence border ixrigatien after the plants
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(2) Thers are me substantial difference in the
values of the hydrawlic resistance ebtained
during the different post-smergenee irriges
tions '#n wheat after the plant has hecoms
established and wader average irrigation
conditionsy

) Ixrrigatien Merder flows are gensrally ia
- the turbulant range in vegetated and mems
vegetated barxdex stripsy; and

(4) In border strips having a finely pulverised
seed bed and smeeth surface, as is commenly
obtained during pre-sewing irrigatiens, the
~ value of the Darey - Wiesbaah resistance
 es-effisient 1s 9,025, in the formula,

\ A IE;’H» vhare
g= Muﬂul dus to gravity -/m’. and

f = Dagey - Wisshash roughness eo-efficient
ox Irietien fastor,

2.6. Desp pereclation Lessess

Pereolation is She lmm movemant of water
threugh saturated or asarly saturated seil in respense
to the force of gravity,. Griddie g% 3l (1936) calew
lated the percentage of waler that would be less by
deep percolation (in furrew} as 5,3 per cems.
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Bishep (1962) shewed that deep percolatiea loss ?,
Sage oﬂ the total water nluorhol.
, m oqunou

ﬂ“@om

expressed as L]
mld be ahuM

P - |
P = per cent of vater iatake which is lost by
desp percolation below the xoot sones amd

R = 3 time raties

ter
-tqt.awhuht umm&mmnm

~ time for the desired depth of frrigation water to
be absorbed and t‘ is the advance time and

A = the exponent of ¢ ia the intake equatien;

Murshy (1969) wxm ‘an sxpression to estimate
the deep percolation losses in cheek basin systems
It was shown that ths percolation losses depended
upon the time required te coves initially the entire
area with water and the lesser this time, the lesser
would be the losses,

Chauhan and Pratap Siagh (1973) reported an
analysical solution to estimate the amount of water loss
lulu the root sone through parcolation during surface
irzigatien,

2.7, Irzxigation effiaienciess

irrigation oﬂ“tm indicates how efficiently
the available water supply is being used based oa »
differens methods of evaluation, After the water reashes
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the field supply channel, it is fmportant to apply the
water as efficieatly as possible. A measure of how
efficiently this is done is the water application

"

efficiency,

Israelsen (1939) stated that the water applica-
tion efficlency was clearly a dimensionless physical
quartity which was not.a direct function of crop response
to irrigation,

Israelsen (1962) also stated that the depth
of water applied in each izrigation»wa- a dominant
factor influencing efficieney of application and that
applying excessive water depth in each irrigation

caused low efficienay,

Lyman and Willaxdson (1972) stated that water
application afﬁiaienciél were knowa to be primarily
affected by uniformity of water distribution and the
proportion of water applied that could be stored in the

root zonse,

A numbex of researeh workers including Patil
(1970) and Lad and Kolbhar (1976) found that the water
use efficiency generally decreased with increase in
number of ixxiqatian.

USDA (1970) recommended the design efficiencies
for level and graded horders as given in Table(4)and(S).



TABLE ~4

Design efficiengy foxr level borders

Intake family Design efficiency

0«1 2and 0,3
0.5

1.0, 1.5 & 2,0
3.0

75%
78%
T0%
60%

WA TN NS AR SR AN MR TR AR AR NS AR IR A SRR IR A AN RO SRS R 3 S S S A AN T

TARLE ~$

Design efficiency for graded borders

Slope range m family :

A s 5T e
0.1 - 0.5% 70% To% 79% 70%
0.5 - 1,08 65% 70% 70% 70%
1.0 - 2,06 60% 65% 70% 635%
2.0 - 3,0% 53% 5% 60%

. 0%
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gienayi« Petrasovits (1969)

found that the best trestments from the point of view
of homogeneous moisture distribution and minimum excess
water at the border end were the following:

For a boxder width of Sam,

Border length ~ 100m 75m

Water flow | 2 1/sea/m 1.3 1/see/m
General flow 10 1/sec 75 L/sec -
Time of irrfigation 13' min 18'min

Dry spots S pir cent 5 pex cent

Excess water $ per cent 5 per ceat

Moistawed depth 9=10 cm(i2) 8«10 om(*2)

.

Irrigation in ponded berders possesses the
problem of ponding in the lower length of the borderx,
resulting in deep percolation if inflow is cut off
after the advancing water-fromt reaches the leower end,
High effigiency can be achieved if inflow is terminated
at suitable cutoff ratio, earlier than the water-front
reaches the lower end of the boxder.

Studies were conducted by Sewa Ram (1973) %o
find a suitable cutoff ratio for operations of poaded
borders in silt-clay-~locam soil, The boxders 7.3m in
width and 160m in length were laid at 0.45 per ceant
land slope and sown with wheat erop. Distribution
efficiency for 75, 80 and 85 per cent cutoff ratios
vexe found for first, second and third irrigations for
an inflew rate of 12 1/seg.



uumttmm of distridution effieiency (Rd)
vere obtained tl case of 8% per cent eutoff ratio
in first 1rt1gatton (R4 = 91,53 per cent), 80 per cent
cuteff ratio in second irrxigasion (34 = 93,63 per
aent) and 75 per cent cuteff ratio in third irrigatien
(R4 = 92,78 per cent). Howeves, variations in distrie
bution off&ei&ucy for 80 and 85 per cent cukoff
ratios in first irxxigations and 78 and 80 per acat‘
cutefs ratios in second and third irrigations were
no% appxceinhlo, 2h£n study tﬂggcsth that ponded
bordexs in silt - élay;# Idin'oeilvirtlgnt-d with
an inflow #lto of 1.6 3/sea/m Berder width c¢an be
efficiently cperated at 80 pex cent cutoff ratio in
fixst irrigation and 73 per cent cutoff ratio ia sube
sequent irrigatiens, )

2.8, Irzxigakion - Hhtnvnid:hiw muchs

Israelsen and Hansen (1!‘2) stated that maximum
production could be ahtntntd in noat of the crops, if
there is 30 pex cent of the available water in the
soil, during the vegetative, flewering and wet fruit
stages of the growth,

According to Rathere amd 8ingh (1976), water
use sfficiency was decreassd and grain yield was ingreased
with irrigations,

Hukkery and Pandey (1977) stated that the waser
needs of crops and soil wnsni availability for
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m-auzaq a! minﬂ.m eonu not be eomunrcd in
isolation from that of cxzn.tac factors,



Materials and Methods
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MATBAZALS AND mm

Rorder sirip method of &r&qattoa is practised
suscessfully on the lands with a mild slope in one
direction. But this method has mot been tried da
level or nearly level fields to assass its feasibility,

| The experiments were done at the Agronomie
Ressarch Station, Chalakudy, %i.ichur Distriet duriag
the year 1981-82. The objests of the experiments
were to find out the lptm lmth. width and am
sise of bordex mtpn m m or nearly level :m
fallows, , . *“*

AA oh:;rvnmw trial was gonducted prior to
the main experiment during 1980.81. The average
slope of the field where the sxperiment was condusted
‘was 0,01 per cent, The w“ﬂu of Im, Im and dm
combined with feur discharge rates of 2 1/sea/m, 3 1L/see/m.
4 Vue/a and 5 1/sec/m wexe tried, The leagth of
border taken was 50m. 7The infiltration rate of the
501l was 1 ew/hr. and the sumulative infiltration
folloved the egquation

y = 0,00003¢ 927637 o 036, where

Y = accumulated infiltration, emy and
t = glapsed time; minutes.
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Six irrigations wers given and the interval
between irrigations was seven days. The time of
duuo, for every Sm sdvance of the waterfront was
observed. %The average depth of water was found to be
2 < 2.5 on. The tims of advance for the first irrigae
tion was found to be comparatively more, since seme
qunﬂ.tr of water was umw for the initial wedting
of the dry soil,

Afver the firlt irrigation, cowpea seeds were
dibbled in all the strips *% a spacing of 13 am x 23 em,

el

Fox the last twe mmuou, the time takea
for the advance of th. vaterfront was more than thas
for the previsus mmum; This was due to the
Xasistance to flow offered by the tully grown orop
and the weeds present in tho field. The mean depth
of water over the surfaee during the last two irzriga«
tions increased to 4 « 4.5 em.

Several cutoff lengths were tried to determine
the best cuteff length at whish the ixrigation stream
is %o be stopped, I% was seen that when the stream
vas cutoff bafore the waterfixont advance reached
66 pex cent of the strip length, the water did not
reach the downstrean end in many cases, When the
vater was cutoff at _ 88 m gent, there was excess
. Govnstream ponding,
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The tﬁﬁiiﬂi!th! the tail water wvas mot
gradual, Ususlly fer sloping borders, the tail
water recedes gradually from the upstream end to
the downstrean, From the vaterfront advance ~ time
relationship (Fig. 3, 4 and 3), 1t was seen that
the higher the discharge rates, the lesser vas the
time um for the waterfromt te advance and
v$¢6~Vt§§tg

The actual cutoff time for the stream sises
2 1/ses/m and 3 1/seq/m were !oundriosa than the
theoretical cutoff time caloulated for 5 em depth
of izrigation. For the htghnr discharges of
¢ 1/seu/m and 3 1/ses/m, the actual cutoff time was
greater than the theoretiesl cutoff time, which meant
that application of moxe thar 5 em irrigations were
required for the water %o reach the downstream end
of the skrip. From this observational trial it was
seen that the lesser dlnuhatyaa of 2 1/seq/m and
3 1/sec/m were more effigisnt than the higher
discharges of 4 llhndﬁl snd § 1/sec/m,

But, singe these wexre only the results of
trials without amy replications, it was decided j.f
conduct a detailed experimeat to standardise the
hydraulics of border sirip irxrigation on level
lands with dischaxrges of 2 1/se0/m and 4 1/sec/m
width,
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3.1. Brief desariptisn of the study areas

Jelel. Locations« The experimental area is located
in the Chalakudy Command Area at 109 20°' North
latitude and 76° 20* EBast longitude and at an
elevation of 3.25m above mean sea level.

341.2. Climate:~ The srea is situated in high rainfall
region with heavy southewest monsoon and moderate
nogth-sast monsoon showers, The amcunt of rainfall
received during the different seasons is presented

in Table -6.

The ﬁotal rainfall regeivpd during 1981.82
was 3556;2 mm of whieh 77,6 per cent, 16.4 per cent
and 6 per cent were contributed by the southewest
monsoon, north-east monscom and hot weathf;uins
respectively. The total rainfall showed an increase
of 8.4 per cent over the 11 year average. The mean
monthly weather data recorded at the station during
198182 is presented in Appendix -1,

The 6 per cent rainfall contributed by the
hot weather rains is mostly from the rains during
Degember, Ap;il and May, January, Pebruary and March
are the summar months during which not even a single

of the
‘rain is obtained in aoatkrtnrn. For raising crops



TABLE -6

Amount of rainfall reseived dur

period 136.9 212.4

moRsoon period  21549.8 2760.0

Hexth-sast ;
monsoen period $94.3 583.8
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in these periwis, boxder strip method of irrigatiom
is mostly iultni:&!;iixiyutzou fagilities are there,

3,3,3, : e AGHE AN
fluctuations in the expsximental area is shown in
Table -7 (Anawal Repext, ARS «1981-82).

’010‘0 *

wefs~ Rice - Rice - Cowpea.

322+ Physical propertiss of seil:

3.2.1. The texture of the seil is loamy samnd with
7484 per cent sand, ¢ « 12 per cent silt and 7 - 11
per cent clay. |

3:2.3, Qield capacity and wilting percentages- Field
capacity and wilting percestage were estimated by

- the pressure plate apparatus available at the College
of Horticuliture, The apparstus consisted of ceramis
prassure plates of high air entry values contained
in air tight metallie chamberg strong enough %o
withstand high pressure. The perous plates were
saturated first. The saturated soil samples were
£i1lled in rubber rings and these were placed on the
plates. Then the plat.i were transferred to the
metallic chambers. The plate ouklet tube leaving
the diaphragm was conneg¢ted %0 the outlets of the

39






chamber. The shaubex was closed with special
wrenches te tighten the nuts and bolts with the
fequired torqus for sesiing it.

pressure was sppiied from a COMDPIessor threwgh
gontreol, whioh majntained the desired pressuras of
Y3 and 15 baxs fer detaxmining field capscity and
wilting poist sespastively. Water started to flow
ous from the saturated seil ssmples through outlet
and continued te ssiekie till equilibrium against
the applied pressure was achieved, After that, the
soil samples wers taken out and oven dried, and the
ugzam- contents were determined.

3.2, Bulk dengifyi~ The pulk density of the seil
was determined by wusing standard core cutter: The
cutting edge of the eyliader of the core semples wa$
dxiven into the soil, sad an uncompacted cere was
obtained within the yube, The sample was gazefully
grizmed at Dotk ends of the coxe and its veight was
saken, The ssaple was dried in an oves at 108°%
watil sil the meisture vas removed snd it ves again
weighed. The wolume of the soil core was the same |
us the inside velume of the core cylinder. The
weight of the dry soil divided by ths volume of the
seil core gave the pulx deasisy of the sedl.



. aifferens tests wers condugted m , ,

was used for analysise

5



MEASUREMENT OF INFILTRATION WITH
DOUBLE RING INFILTROMETER IN THE FIELD

PLATE «2, MEASUREMENT OF IRRIGATION WATER BY
V-NOTCH, AT THE EXI® OF THE SUPPLY
CHANNEL
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343+ Preparation d field;

The total area of plot whers the experiment
vas aonducted was of €500 sq.m. 4m and 6m wide stripe
were chosen for ihe experiment. After every strip,'

2 45 om buffer stwip was provided to eliminate the
sffect of lateral sespage oa the adjoining plet. o
™e vidth of boundary ridges of each strip was 30 em .
and the height of bunds separating the strips wvas
20 em, The length of the strip was 43 m simce this
was the maximum pessible length available. The average
length of paddy fields normally will not be mere than
¢Sn, The labour Tequirement of preparing border stripe
in one hestars of laad was aMewt S5 - 7 men-days. The
Plan of the layout is ahewn in Pig.§(e). () and (e) s

3.4. Land slopes

The magnitude amd direstion of the slepe of
the experimental plet were “tmim using a levelling
instrument .,

The stream sizes selected vere 2 1/sse/m width
and 4 1/seo/m width, The experiment vas laid out
with 4 treatments and $ replications, arranged as
by Randomised Block iy The treatmenss ware,
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1) Ty « 4m width, with 2 1/sec/m
2) T3 - 4m vidth, witK 4 1/see/m
3) T3 - 6m width, with 2 1/sec/m -
4) T4 « 6m width, with 4 1/sea/m

3.3, Source of irrigatien water:

The irrigation needs of the experimental field
warl i

wesemet beth vith the cansl wager from Chalakudy
Igrigation Project and the wellewater from the farm,

The conductivity and pit of the water ranged
and .
betwaen 0.10 %0 0.16 mhon/om and between 6.3 4o ord
6.8 xespectively {(Amnwal Repert, ARS «1981),

3.6, Measurement of irrigatiean water:

The supply chamms)l coming fyom the scurce of
water was at a higher elewatiea than the sxperimental
field, 7To mesasure the stream sizes, a 90%V.noteh
was hutnnid at the axit of the supply channel, as
in Plage-1, ' |

. The V-notch was mads wp of mild stesl sheet,
2 mm thiek, 115 cm breadth and 50 om high, A triane
gular opening at the top edge eonstituted the V-notche
The sides of the opening were sharp., EXach side was
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at an angle of 45° 4o vertical or horisoatal, making
a total Metch angle of 90°.

The Venoteh was set at the lovwer end of the
long approsch chamsel, which was sufficiently wide
and deep to minimise the velooity of flow. Gare was
taken to install it exseotly vergical. The scale used
for measuring the head was lozated at a distance of
about four times the appreximate head. The zare of
the scale was uuﬂy on the same lavel as the apex
of the Venotch. The channel section immediately
dowvnstrean from the noteh was protected from erosion.

The head correspending to sach diseharge rates
was maintained by making a temporary by~pass, 5-6m
behind the weir pond,

The head of watar required for different stream
sises were as shown in Table «8., The relationship
between the dissharge and the head is given by the
follewing eguations

Q= 00,0138 Hm 4R which
Q = discharge in 1/sec; and
Hw= h.&do Gk

The waker was turned inte the strips only afiter
the flow in the swply channel was stabilised,



TABLE -8

Head of water for different discharges

measured on V-noteh

Tlow rate Neight of water

(1i%/aee) over Venoteh (om)
8 12,88
16 16.72
12 14,88

24

19.63

o0
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3.7 muﬂ'm?;ﬂ dapth of flows

_ Woeden stales were driven at intervals of
Sm along the length of the border. The stakes were
installed inside the boxder at a distance of about
50 om from the berde: ridge, The top level of each
stake and the ground level at sach point was deter-
mined with a dumpy level from which the height of the,
stake above ground level was established, The diffe-
rengs {n elevation betwssn the top of the stake and
the wvater surface was mesasured at all statiin simale
taneously, just a!t‘cg—t_&l stream was cut off, using
scales, The depth of tmm' at each station was
estimated by deducting the mhrqwa in elevation
between the top of the stake and the water surface,
from the height of the staks above the ground level,.

3.8, Irxigatiom

Altogether seven mum.«m were g.ivqn to the
strips at an intervalsof seven days., After fhc ficss
irrigation, blackgram sesds were dibbled in all the
strips at a spacing of 15 em x 23 cm, Fertilisers
and manures were applied te the crop as recommended
in the Package of Pragtices,



3.9 Cutoff lengths

It was obsexved during the trial conducted
that for uniform diswridution of water in the eatire
strip, the best m: length was 77 per cent of the
total length of the strip, that is 33m from the
upstrean end for a barder strip of 45m long.

3,10, Theorstical cutoff times

The theorstical cuteff time is the time requived
to irrigate an axea %0 a desired depth, 7This can
be caloulated as follewss

Depth of irrigation - % om
Width of stxip - 4m
Length of stxip - 43m

Volume of water needed - 45 x 4 x 0,05m’

Rate of discharges ag the
rate of 2 1/ sen/m - 8 1/see

Therefore, the muan cutoff time to
irrigaté the strip (%o a depth of S cm) =

25 24025 1000 » 18%4s8*

3411, Actual cutoff times

The actual gutett. tine is ﬁﬁm time taken by
the waterfront to reach the designed cutoff leagth.
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. During the euperiment, in some cases, the

Ml.ow had to be stopped before the theoreticel cutoff
tm. hecause the waterfront reached the cutoff length
before that tims,s In some othexr cases, the inflew
‘liud to be contimusd sven after the theorstical cutoff
time, because the waterfront advance did mot reaeh

312, nnm. mmnm and Opportunity times

mtiuolm-wunendzerwnyh PR S
distance from the hesd end of the border, after um ’
ing the- ms.m into the border, Similarly, tM time -
of rmnuu of vater at every Sm distance vas uM i
afger m zm:mm Q! m le; The ‘dvam u‘
recession ﬂu rmma were plotted and e”m
twtrtmtnmrhumh along the hoxduut B
obtained from the cwdinates Detween the advance and

recession cufves.

3.13, Nydraulie resistanees

A commonly used method of estimating the compesite
value of the hydraulie resistance in vegetated shannels
employed the luuu'g squation, 7The 'n' values in |
the equation were defined in relation to depth amd
velocity of flow, M tzpo M lu!.ght of mﬁattm

The following mt«u were proposed to deserids
the hydnutc :umm- Wﬂl as Mamning's ‘a’
in vmtutod boxdexs:
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--l?lﬁum

4 = sounal degth a8 the wpstresn end of doxdes, m.
8 = hydrenlie gredisns, dissnsionless

Q ® WAFaRES SL7een sise ia su.a/ses/unit wideh
of benden,

this equation was derived from the origisal
mm'-mmmuva-il’/’a"'mvu

the velesity of flew weeo and R is the hydrsulie
solins, B, In cass of Degdar strips, the depth is

. aegligible, ecnsidering the width of bosder, that is

nede Bt - Bpds  (stase 'e 1o aepligirle
Moo, vafr o § |

. gubetisusing fer B amd V ia the originel equatim
« - iV, -

L



PLATE -3, sENERAL VIEW OF A BORDER STRI

PLATE «4, ADVANCE OF WATERFRONT DURING FIRST
IRRIGATION




PLATE <5, UPSTREAM SIDE OF A FLOODED BORDER
STRIP

PLATE -6,

A VIEW OF THE BORDER STRIP WITH CROP
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RESUMTS AMD DISCUSSION

4.1, Initial =04l charasteristies:

The physical characteristics of the seil wers
determined, |

4.1.1. Bulk densitys~ The bulk density of the seil
vas 1.3 go/ee - Table «9,

field capacity and uusm peint u the seil in the \
exparimental f£ield vers 14,46 m cent and 8,06 per |
eent respectively. The data are shown in Table -10(a) |
and 10(m).

4.1.3. Iafiltration raggi~ The basic infiltratiom rate

of the s0il was found %0 be 2.4 em/hr, The functiomal
relationship between the awmulative infiltration ud _
the elapsed time e¢ould be represented by fitting a
modified exponential curve of the form Y = at ¥4 b,

The parameters were estimated by using the method
illustrated in Appendix «

The squation te the m was deternined ci
¥ = 0.21520%° 7356, o082, mme curve gave o satistestosy
fit to the data. The do-effiscient of determination

az wvas found to be egusl %o 99,84 per cenk, 7This



TABLE -9
Bstimation of bulk m:s.ty of soil
Welght of !lcmt of ilc&m oX mﬂ\t oﬁo).m mk los-
core sam~ coylinder oylinder soil of cy-
pling + moist + dty 3)={1) linder (WQ: 100¢
cylinder soil
(1) xg (2) xg (3) kg “) kg {(3) ec '(6)0‘!/“
1,45 2,68 235 o0 IxsPas 1.se
1,48 2.7 2.17 0.73 = 662 cc , oss

Mean bulk densitvy = 1,302 gw/ee
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TABLE «10 (l)
Determination of fisld capacity

Weight of Weight of Weight of Weight of Weight of uoutm
u}.ﬁu- can + wet can + d¢y’ ‘t{ s0il moisture

aonten
soil sofl é (1) iz)- (3) ?m:n |
(1) gm (2) gm (3) gm  {g) gm 5) om
46,33 78.67 74.68 20,32 4,02 1442
45,97 V4,74 71.08 28,08 3.89 14,7

TABLE «10 (D)
Determination of wilting point

Weight of Weight of Weight of Waight of Weight of Moisture
moisture can + wet can + dxy l:{ soil meisture coatent
can soil soil {3)(1) (2)=(3) Wx100
(1) gm (2) g (3) om (6) gm (S) gm (6) gm
41,538 72,288 72.7%  31.215 2.838 8.1
48,46 78,89 76431 30,89 2.58 8.4
42,03 68,37 66,49 24,46 1.88 7e7

Mean wiiting peink = 9.0€ per esat
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implied that almest all variations in cumulasive
infilsration sould Me explained by the £itted medel.

An exponentisl gurve of the form r = at® was
fitted to represent the relationship between the rate
of infiltration and $he slapsed time, The equatica
obtained was ¥ = 18,88° 932 0y sonstants were
estimated as shown in Appemdix -3, The degree of
precision of the curve fitted was examined by estimate
ing the cowefficient of dstermination and was found
to be 97,64 per cent, whish meant that the possible
erxors in prediction was only 2.)6 per ceat.

The observed valuas and the predicted values
of acoumulated infiltration x as vell as the rate of
infiltration are pletted in Pig.7.

4.2. hand slopes

The benchmark was assumed as 0.000m at the
downstream end of eash stxip. The levels at Sa length
and 3%m length with respesk %o the benchmark is givea
in Table «11 and the slope of each strip was established
by dividing the differense in sievation between the |
first and the last point, by the distance between the
first and the last point, %he results are ,givcn' in
the last eoluma of Table «1l, The mean slope of the
experimental field was 0,838125 per ceat.
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TABLE ~»11%

Elevation wish respect to Bench mark

!::::EE:“I $.0m . 45m x";:: :1‘;:)'
T, R, 0,010 0,005 ~ 0.00 0,028
R, 0,015 0,808 0,00 0,0378
R: 0.018 0.0%0 0.00 0.037%
R, 0,015 0,010 0.00 0.,037S
Ry 0,015 0.010 0.00  0.0373
7, R, 04010 0.010 0.00 0,033
az 0,020 0,008 - 0400 0,080
Ry 0,018 0,008 0,00 0,037
R, 0,013 0.005 0.00 0,037
Ry 0,015 04010 0.00 0.037%
T, R, - 0.015 0.010 0,00 0.,0378
R, 0,015 0.008 0.00 0,037
R, 0,030 04+020 0,00 0,078
R, 0.015 0,008 0.00 0,0378
Ry 0,015 0,010 0,00 0,037
T, R, 0.015 0.00% 0.00 0,0375
Rz 0.020 0,020 0,00 0,050
R, 0.010 0,008 0.00 0,025
R, 0.015 0,005 0,00 0,0375
Rg 0,015 0,005 0.00 0,037
Sample ealgulations
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4.3. Mvange d wMuf:

The time of sdvance for every Sm interval was
Boted with a atep wateh and the mean values obtainmed
are preseated in Fig.s %0 14, The results revesled
that eut of seven ixrigations, the waterfront of
the !t&at ixrigation toek mtm time to cover 47 per
cent hugtﬁ of the strip: e reason for this vas
that a major partidm of the iatu was utilised for
wetting the dry seil during she first irrigation,
Also it was seen that the rate of advance was faster
with inareasiag the disaharge rate and vice-versa,

4s4. Depth of flows

™he depth of ﬂ.ﬁ ovar the surface measured
Just after the cuteff is tabulated in the Table =11,
The readings obtained, Zanged between 1.6 and 6.1 em,

4.5, Depth of spplications

The usual depth of irrigatien applicasion for
f£ield crops i3 § em in the saady loam soil of she
Agronomie Research Stasion, Ghalakudy. This depth
has been arrived at after taking into eonsiderasion
the moisture helding capasity of the seil and the
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Fig-9._apvance curve
IRRIGATICN No. 2
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effestive MQ SORe u the field axops. If more
than 5 em of water 1s applied, the excess over 5 em
‘will go Deyond the root sene and the oxep will not
be able %o utilise this water, Hence it is very
impoxtant to limit the depth of application of water
to S em, ’

4.6, Cutoff;

¢, 77 and 88 pex ceax (corresponding to 30,

35 and 40m sdvance length) utoff ratios were tried
during the observational trial, It was observed that
in the case of the cutoff rit‘_to of 66 per cent, water
414 net reash the downstream end while in the case of
88 per aent cutoff raio, there was excess pending at
the downstresn end. For 77 per ceat cuteff rile,
almost uniform dAistridution was observed in most of
the cases. Hence it was hudedto adopt 77 pex cent
as the cutoff ratio during the main experiment, |

The time required to apply 3 cm depth of irrie
gation for both the discharge rates were theoretically
caloulated, They were 18'43" and 9'22" for the
discharge rates of 2 1/see/m and ¢ 1/sec/m respestively,

Buring the experiment, vaver was cut/all whea
the waterfroat advance resshed 3Sm from the upstresm
end goxrxesponding to 77 per sent eutoff ratie,
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Time required for this in eash case was noted. The
dats are presented is Table -13,

The actual cukoff time fn the field and the
estimated theoretical time were compared, JFrom this,
it was seen that the actual cutoff time exceeded the
theoxetical cuteff time, 4 times in Ty2 3 times in
%37 21 times in T, and 31 times in T, out of & total
of 33 irrigatioas, Chisquare test applied (»p-ndtx ~43
to this data revealed that. the overall effects of
treatments influenced highly the eutoff time. The
treagments L2 and f, m found to be significantkly
supsxior to the trestments % and T4+ In other words,
the lesser dischaxge of 2 1/ses/m took less time than
the theeretical time, to reash the cutoff length in
most of the cases, while the higher discharge of
4 1/sec/m axceeded the theorstical time in majerity
of the cases,

When the actual cuteff time is less than the
theoretical time, it meamt that the depth of irrigatiom
applied is less than § em, NHenee in such cases, it is
sasy to apply the desired hpth. by sxtending the
cutoff time., But if the cutoff time is more than the
estimated theoretical time, it is not possible 1
limit the depth of application to S em and spresd the
vatex in the entire field wnifermly., In these eases,



74

TARLE «13 |
Actual cuteff tims sk 77 per cent advance length

Treak-
:;::; 1. 2. I s, 6. 74
of imrie

Sasien

Ty Ry 28090 12°30" 15°10% 12°5* 10'30° 17'50° 17'S0*
Ry 280" 13'S" 13°10" 12%0® 131°10% 15'S0* 17'ge
R, 18°40" 130" 14°35% 11%40" 14'40" 14*$S* 16%0"
Ry 26110 13°0" 12°40" 13°30% 13'45* 13'C" 14°s*
Ry gg‘g* 12°15% 17'0% 12°$5" 12°10% 13's* 16°10"

- .
. . - - -ah _—

ra ll ! !Q !'5 ] !QD!Q !‘!!! i!'*S" g'sg» !a.g.
aa "13’ !!02- i!‘!!. !!tagu 1L —2:.&.
R, !Q.!. !szl ,llgn a!tsgu ‘f,’o- 850" gtys»
R, 9%20% _9°38" 10'13* _9°30" 8'0"  g's* J3ege
s lgt!n geon w‘ %10 8B*s0" gtign .

. < ) - ) -

%P3 Ry 1890% 18°S"™ 14°25" 16°50% 13°30" 17°35% 17%4¢"
Ry 21°30" 20°S" 16°20" 16°¢0" 12'0* 16'0"  18'10°
Ry 22'0% 18'20" 14'0 14%45" 14%43% 133" 17420
Ry 18%40" 18'0" 13°20" 140" 13°3S" 15'20% 15tg"
Rg 18°10" 17°30" 14'28% 15%10" 12°30" 14'40" 16°20"

[ ]
$
1
{
}
P
{
1
)
{
}
1
;

E
:

“z !7Sagl 12'8» !!'ﬁ' m- 11%458" K 1F 1L agtoq
Ry 18757 11°33" 13°20° 13°10" 8'30" 30'15" 313'0*
l‘ !"32. tgn ¢ &mu prian 10*10 16'310"
Ry 1310° 33°20" 13°20% 8'ss" 11°'S"  g'ss5 g3tyee

Note: 7The values underlined, represent the cutoff times
that exceeded the theoretical cutoff time,



mere Wnan § e of WME huve 5 be applied for mifem
distridution of wvater fa the f£ield,

In trumﬁ !‘i: m the four cases in 'llw
cuteff time exceeded the thesrstical cutoff time were
during the first frrigatien and in treatment 7,, W
ous of Shree ttna tuuwanrmmmu -
irxigation,

| Mmu of mm revealed that the |
depth could bs limited 2o § emy ummtcnﬂm
cation vas 2 1/sea/m, exespting during the first ixshe
gation, This result m:lm with the result QW
by Gewva Ram (1975) . e consluded that for the firss
irrigation, the best euteff ratis was 85 per cems and
for the second and thind Arrigations the eutoff veties
were 80 and 75 per ceat respectively. |

Amony the treatmemts 2, and T, T, was found ¥
have marginal superisrity thouwgh both the treatments
Were oot satisfacterys Whe sctual cutoff time ia ¥,
axcesded the tmmm«mt time 21 times out of
33 irrigations. This implied that excepk for s few
eases, the depth of irrigation could not be limited
to $ em., With 2 1/sec/m diseharge rate, the widths
of 4m and 6n were on pari The varistion observed ia
Shess treatments might b dus to chance,

75
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4.7. Recessions

The average reesssion time observed for the
discharges of 2 me 4 1/s8c/m in 4m width
strips are shown is Table «14; and the graphs showing
adun,eo and recessien curves are given in Fig,1$ n’d ié,

The recession curve was found almost parallel
to the advance curve, upte _thc £irst I0m length for
the discharge of 2 Vuﬂflo That Q. from 0 to 30m
length, the infiltratiom »mo:mlty time was almost
the same. The mean opportumity time was 33 minutes,
47 seconds, From 30 to 3%m, t'hi opportunity time was.
gradually increasing, ﬂlut is, from I0m onwards, |
there was excess muu«iu opportunity time, which
contributed to wastage of water at the downstream end,
Petrasovits (1969) alsc obsexved excess water of 5 « 10
per cent at the downstream end during his exper iments
on borders of 1,2 per ceat llma

For the discharge of ¢ 1/sec/m, the first 0 « 13m
receded within 32 minutes after cutoff, Then from 15 %o
30m, the curve obtained was almest parallel to the
advance gurve in that nag.. Mat is, the time of ponde
ing was almost the same 4n that range, which was about
32 minutes. From 30m onwards, the tail water receded
more slowly, giving more mty time., The



TARLE -14

Average recession and cppoztuus.ty times obtained with the umarg-
rates of 4 1/sec/m and 2 1/sec/m

4 1/see/n  j R 2 Yees/m
“Length  Time  ¥ime Opportw- | Length Time  Tine Opportu~

of of ad- of xeo- nigy of of of wouo  nmity

0 0 16'40" 16°40" e o - 3vv ner

5 0*45*  22°0  21°15° 5 0°45° 34t .w*w' 1 o
10 1*30% 270" 25°30" 1e 2% ‘:‘”t‘gl B “iag (I
s a%3s%  32°10% ’zs'u{' 13 48y ;3_'1;"45* 3s*30°

30 e*20%  3shiem  3avoe 20 780" a5t 3arse

28 $'S0°  37°20° 31°30° | 25 9'20%  a3tas*  34case

3 7200 41020 mto | 30 11030°  «etest  a3ease

3s $922°  48°30" 39%0" | 35  14'15°  49'4s" 383"

40 10*35% S56°'10"  45%35" ©  16%°45"  S6'43*  40%0"

45 12°5%  64°0"  51°35% 45  1#*35%  5°0° 45°23"

2
-2
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vitiel frem 39° ot 35m te 51°38% at
43m, !hu #Mt in desp percolation at the dows
streem esl, I8 efhar verds, vith this discharge rate,
ffeatly Sime varied frem 16°40° st the wpstrem
end %o ﬁ?!!"" at the downstresn ‘end which cosuitel in
very lew water uuxmuon effieieney, |

Trom these obsm lons, the d&uhaxg- of
2 1/-‘.-/- was fouwnd to b bests This treatment gave
almost the same time of pwm uwpto 66 per cens ot

the advance xuqth.

4.8, Veloeity of flow:

he veloaity of ﬂm water »as detaxinined llg
dividing the length of afivanes by the time of sdvance,
The values olained are shewn in Table -15, The smelysis
of variance table is shewn in Appendix «5. From this,
it was seen that the valesity vas highly inflweneed
by the treatments, the uut of 1:::8.9.“3! and she
interastion of ordex with treatuents, The higher the |
disshaxge rates, the h&m was the vcluﬂr and m
versa. Considering the exdsr of irrigatiom, the mum
of flew was lass for the first irxigation dﬁ to the
higher initial infiltratiem, Velocity of flow ineressed
for the second irrigatien, Ne significant differesves.
vers obsexved betwsen the sesend, third and feurth



TABLE -18 |
Vﬁnﬁy off flowing water (wm/sew)

rrutu:t-/ . _
Oxder o .
irrigation | 2 vz 4 s ¢ 7

T, By 0.036 0,058 0.038 0.048 0.055 0,033 0,033
R, 0.021 0,051 0,044 0.049 0.052 0,037 0.034
R, 0.031 0,036 0,043 0,05 0.039 0.042 0.0
R, 04022 0.051 0,046 0,043 0.042 0.045 0,048
Ry 0,026 0.054 8,034 0,045 0.048 0,045 0,026

Ry 0.059 0,067 0,058 0,087 0,048 0.066 0,058
R, 0.083 0,061 0,089 !;0!2 0.044 0,063 0,089
2y 0.058 0,065 0.063 0,05 0.089 0.067 0.087
R, 0.063 0,032 0,057 0.061 0,073 0,064 0,048

Rg 0.058 0,056 0,086 0.064 0,067 0,063 0,047

e L e

Ty R, 0,037 0.037 0,043 0.039 0.043 0,033 0,033
R, 0.036 0,033 0,036 0.035 0,049 0.03¢ 0,032
Ry 04027 0.036 0.043 0,039 0.039 0,039 0,034
R, 04025 0.037 0.044 0,045 0.042 0,038 0,039
Rg 0.032 0,037 0.043 0.038 0,045 0,043 0.036

RO - —y
o A 4 b ” - -

1 0.037 0.045 0,048 0,049 0,047 0,038 0,048
Ry 0,038 0.048 0,037 0,044 0,03 0,062 0,049
0,037 0,051 0,051 0,048 0,069 0,057 0,048
Ry 0.035 0.048 0,049 0,057 0.063 0.057 0,036
Ry 0.037 0,047 0,05 0.085 0.053 0,065 0,044
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irzigations, Weeding vas done aftex the fourth irzie
gation., B8inee the resistance to flovw offered by the

~ weeds vas reduced; the velocity imereased slightly,

for the f£ifsh irrigation. It was not significansly .
8ifferent frem the sixn irrigation. For the lasy
seventh mte&m the vclocuy again decreased due

to the flow :llim Qtﬂu‘od by the weeds ud iht
fallen dead luﬂm

Petrasevits (1949) ebserved that erosion ves
caused whea the velesity enceeded § m/min, The
vdo'cnf was maximun in the Sreatment "2, and this

velosity was only 3.6 wnia, Hence the wmuy:m

very mugh within the safé limis,

4,9, Hydraulic gradieats

The hydraulie gratisnts for all irrigations vers
entimaged fxom the m.mh of flow and the m
surface gradient, and sre Sabulated in Table «16. The
values obtained, ranged hetween 0,00011 and 0.0016S8.

4.10, Hydraulic resistances

The hydraulie resistance expressed as Manning's
‘n' were computed :;;u tm eguation

n" ',
‘ A
The valuss are showa &n m. «17, The anslysis of
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variance sable is shewm ia Appendix -6, It shewed

that the treatments and the order of irrigstions
influenced the hydrsulis resistance. The ‘a' valwes
wexe found to be -mumxy higher in the treatmants
7Y and !1. In tluh ‘tkumntt; » valus ranged h-wm
.02 and 0.188, |

~ The present study revealed that a diMa zm *
of 2 V/sew/m is the best for ng.tm nearly level
bordexs oi 4= and h widghs for the following reasensy

1) m depth of muatuu can be xmul R
~ $ em even in seils having high rate of o
infiltratien, The present study was coaducted
in loamy sand seil having s bgsie infilsratien
rate of 244 em pey heur, ‘

2) The lowar diseha¥ge rate of 2 1/seq/m reduses

" the time of pending at the downstream end
and this minimise the wastage due to deep
percolatism at the dowastream end,

3) This discharge rate gived almost equal oppere
tunity time throwgheut the entire length of
she stripe. emeapting at the dowastream end,
shus giviag bytter distribution efficiency.

4) 8611 erosion is the strip is minimam at this
rate of discharge.

3) Long strips mﬁ m length in leamy sand
can be irrigated with high degres of efficienay,

canoﬂyammumum




§6

limiged ewatlabilisy of water, an additional
orop oan be profitably raised,

At present, in the command areas of major
irrigation profests and wherever lift irrigation faele
lities are available, a Shird erop of rice is taken
during the dry season, i’ho total water requirement of
rice in the first and second ctop» seasons is 10 - 13 mm
per day in iouy sand soils, The .meoutxoa loss in
these seasons, is 6 - 8 mm per day. But, in susmer months
the rice needs 25 « 30 mm of water per day in whieh th¢
perqolation loss comes %o about 20 ma of water per day.
Henge if rice is grewm mm summer months, there is
an additional wastage of 12 ma of water due to deep
percolations Growing siee during the sumner months ia
seils with high rate of iafiltration should be discouraged
because of the very lov water use efficiengy.during this
season, 38ince in all m: arops, no standing water
is kept n the field N the field is ttrimoi only
upto fiield capacity, the loss due i,:e deep percolatien
is almost sliminated, The Ulw requirement of otluk 3
field crops like pulses, oilseeds and vegetables is
6 « 8 mn per day. In othex words, the water needed %o
raise one hectare of rice ia summer months can be more
profitably used $o raise about 4 ha. of any other cxops |

| S0 far the poliecy of the Govermmeat of Kerala
has been to provide water frem irrigation schemes énly
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h 4

!r xice erops Naw Mo is a shift in the poliey

of the Governments It has been decided to provide
vater for other seassnal erops also during the summey
season, But the m workars arxe not in a posi-
tion %0 suggest any sasisfastory method of irrigationm
for the dryland erops in the rice fallows. Boxder
strip method of irrigation is hardly practised anywhers
in Xerals, evenmthough this is a very popular methed ia
the othex parts of india for raising cereals, pulses
and oilseeds. Hewever, this method is practised thers
on sleping lands, This methed has got the follewing

advantagess

ie Minimum land preparagtion is needed,

2, Distribution and high water application
efficiencies axe pessible.

3. The strip bunds deing amall, is removed
during the land preparation for the next
cxep without inewrring any additional
expenditure,

4. Labour requiremmnt in irrigation is greatly
reduged,

S, Operation of the system is simple, easy
and can be prastised by ordinary farmer
without any ditfiemisy.

The present stuly revealed that this methed
can be practised efficiemtly en level or nearly level .
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fields, sm the methed can De practised successs
fully on nearly lml £ields, this is best suited
for raising s sweeassful crop in the rige fallows
during the dry seasen, MNost of the paddy fields have
a mild natural slope in one of the directions. au
slepe can be used S0 advantage by laying the strips
in the dtrduts.ea of the nmatural slope. This method
can be mmndcd t0 the gultivators tot raising

a mp in the rice fallows,

The specifications of bexder strips for nearly
level fislds, as obtained from the present study
are givea belows

Length of perder '+ Upto 45m
width of border t 4« @n
2 1/set/m

should be laid
4n the dizection
of natural slope

..

Rate of flow

Slops
Height of esrip
bunds s 30 om

hu:i.d,th of 4 30 on




g&(/ﬂﬂ’ldfy
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SUMMARY

In !nralu.\nn:o than 70 per cent of the double
cxopped rice fislds lie fallow during swummer months,
Rice cannot be grown during this season because of thc;
limited av;iluhility of water and the very low water
use o!!iéionuy that can be attained during this season,
The development of a technology for efficient use of
limited water available during summer is necessary to
make use of these rice fallows for cultivating crops
other than rice. As most of the area is under paddy
during first and second crop seasons, the level of the
land cannot be disturbed, Hence an efficient method
of irrigation which can be ptnat;nog‘cn nearly levael
f£ields has to hc'dcvolopcd for raising a successful
crop in these fields during the dry season. The border
strip method of irrigattén. practised on sloping lands
regquires the minimum land gpﬁpnration. The objective
of this project was to stuﬁy the hydraulics of border
strip irxrigation in nearxly level lands and to recommend

suitable specifications.

The experiment was done at the Agronomic Ressarch
Station, Chalakudy during 1981.82 after conducting a
preliminary trial during 1980-81, %hc sources of water
for irrigation were the well water and the canal water
from the Chalakudy I:ristiinl Project,
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The basic seil characteristics were measured,
The field capacity and wiltxng point were estimated to
be 14.46 per cent and 8,02 per cent respectively, The
surface gradient was 0,03815 per cent. The infiltsration
rate of the soil was found to be 2.4 em/hr. The curve
fitted for cumulative infiltration of the form

«2586

) a€c+b vas, y = 0.2152t° + 0,082, The esquation

obtained for the rate of infiltration was
r= 15.5t‘°'3‘2. The analysis showed that these curves

gave a satisfactory £fit to the data.

The experiment consisted of five replications
of four treatments, The treatments were two widths
of 4m and 6m combined wish two discharge rates of

. ¥ LW

2 1/sec/m and 4 1l/sec/m, the length of strip in all #he
cases being 45m, Altogether geven irrigations were

‘given at an interval:of seven days. Blackgram seeds

were dibbled in the field ‘ftc: the first irrigation
and cultural practices as recommended in the Package of

Practices were followed,

~ The stream sizes were measured by using a V-notch
installed at the exijt of the supply channel. The time
of advance of waterfront, the depth of flow and the
time of recession of tail water were observed at every
Sm length for each sirt»§ Based on the preliminary
teats, cutoff point Qiu fixed at 35a from thé upstream
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the

end - 77 pexr cent of strip leagth, The hydraulic
gradient, hydraulic resistance and the veloeity of

flow for each irrigation were determined, The advance

and recession curves were drawn,

The results of the experiment showed that a

dischaxrge rate of 2 1/sec/m is the best for irrigating

nearly level borders of 4m and 6m widths for the follows

ing reasonss

1)

2)

3

4)

$)

The depth of irrigation could be limited to
S om even in soils having high rats of
infiltrationy

The lower discharge rate of 2 1/se¢/m reduced
the time of ponding at the downstream end and
this mininiuod‘th. vactagdldu. to deep percgo-
lation at the ie?nltrttl ends ﬁ

This discharge rate gave almost equal oppor-
tunity time throughout the entire leagth of
the strip, excepting at the dnunatrnu- Qﬂ‘;
thus giving better distridution efficiencyy

Soil erosiom in the strip was minimws at this
rate of discharge;

Long strips “Ptﬂ ‘,. lﬂﬂ'th ia v




6) As only a low rate of discharge was required
to practiiw this method, even in areas having
limited availability of water, an additional

eould

. , e
crepfﬁaﬁg‘L profitably, raised,

At present, in the command areas of major irrigation
Projects and wherever lift irrigation facilities are
available, a thipd cgnp of rice is taken, during the
dry ssason, The total water requirement of rice in the
first snd second erep seasons is 10-15 mm per day in
loamy sand. The pctﬁg&afien loss in these seasons, is
6~-8 mm per day, lﬂt;(tn summer months, rice needs
25+30 mm of water pex day in which the percolation loss
alone comes to sbouk 20 mm of water per day, Hence if
rice is grown duxi;g summer months, there is an addie
tional wastage of 12 mm of water due to deep percolation.
@rowing rige duz;aQ‘tﬁn summer momths in soils with
high rate of infiltration should be discouraged beeause
of the very low watar use efficiency during this seasoem,
8ince in all othct‘;?mp;, no standing water is kept in
the field and the field is irrigated only wpto field
capacity, the loss ‘ﬂl to deep percolation is almost
eliminated, The Waker reguirement of other field ecrops
like pulses, oilseeds and vegetables is only 68 mm
per day. In other words, the water needed to raise

one hectars of rice i@f:ﬁlﬁix&nunths can be more

-
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profitably used te #aise about 4 ha, of any other
-3 1~

80 far tlu peiiey %dv the Government of Kerala
has been to previde water from irrigation schemes only
for rice erop. Now there is a shift in the poliey
of the Government,; It has besn decided to provide
vater for other m& Grops also during the summer
seasen, But the axtension werkers are not in a pesitien.
to suggest any sagisfactory method of irrigation fer -
the dryland exeps in the rice fallows., Border strip
method of irrigation is hardly practised anywhere in
Kerala, even though this is a very popular methed in
the other parts of India for raising cereals, pulses
and oilseeds, Howsvex, this method is practised there
on sloping landss 4

The present study revealed that this method gan
be practised efficiently on level or nearly levsl
u-xaa‘:‘\""ss.m- the method can be practised suessfvlly |
on nearly level fields, this is hest suited fex the
rice fallows during the Aty season, Most of the paddy
fields have a mild umﬂ slope in one ef- the direstions,
This slope can be used %o ﬁmtmc by laying the strips
in the direction of matural slope. This method cam be
recommended to the eul tve
the rige fallows,

s fox raising a erep in



The spesifications of boxder strips for nearly
level fields, ss ebtained frem the results of the
preseat study are given below;

Length of border - Upto .43m

¥Width of border - 4 = 6n

Rate of flow ‘ - 3 1/sec/m

Slope « should be laid in

the direetion of
- natural slope

Height of bunds separa-
ting the strips - 30 om

Base width of bunds - 30 om

94
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Appendix - 1

Rainfall eare %0 ::::4::;‘%:;.
Horth I potal uean | Momger {1 o[ wmte pvinca
() d‘:?{ rainy mum mum ““:m
auagi - - - 35.19 | 20.13 .77
Yo 82 | - - - 35.55 | 22,29 | s0.6¢
Mar 82 || 11.5 | 0.37 1 36.10 | 24.40 79.42
Apr 82 || 67.2 | 2.24 2 35.47 | 25.83 78.33
May 82 [133.7 | ¢.31 7 34.35 | 25.45 83.84
Jun 82 ||911.3 | 30.40 22 29,50 | 23.80 91.90
4

wind

Tevne)

2.20

‘2.’0
3.70
3.73
3.08

3.10




LAY ILERATION AMALYSLS . |
Construction of the mathematical aodel for cumulagivae
infilsxatiom |

- Let y '-ntsc*h

For &, = $'%: Yy = 0.8 em

For %, = 270°, ¥g * 14,5 om

Y o A e [TEIN - 678

Y mrromnuu" tt 36.75* (from graph)w 3.} em,

.

2
‘ BRRL Lf Tl £
Therefore, the value of : - -r-i-;;—i-_-ﬁ:-

o~

= 0,082

Shat is, b = 9,003

Yy = Qfaéd' 0,082

> 0,088 = at%

| Taking ioguuhll'a

log (y = 0.,082) = log a «m,iw t.
OF, Y = A + Ix whare
Y = log (y — 0,082)

A = loga
B =g
X = log %



™e normal equations are,

59 = AR 4 BEX ()

SXY w AK ¢ BEX Doy (2)

Here, n = 1)

cY = 13 A + BsX

£XYm AZX + B

2

= Number of ocbservations

{log (r!o.oaa) (l:' % x!
-0,.1439 0.6990 -0,1006 0.4886
0.2089  1,1761 0.2487  1.3833
0.4499 1.4TT1 046643 2,1818
0.6251 1.6990  1,0631  2,8086
0.7418 1.8481 1.3687 3.4044
0.8207 1,9342 1.,6038 3.8189
0,8819 2,0414 1.8003 4.1673
0.9354 2.1139 1.9773 4.4686
9.,9781 2.1761 2,1284 4.7354
1.0342 2,285 2,3334  5,0864
1.0799  2,3222 2,5077 5.3926
1.1212 2.3802 2,6687 5.6654
1.4990 2.4314 2.8179 5,9117
Zw 9,0922 <m34,871 = 31,0769 s=49,3909




Substituting the values in the noymal equationa,

9.8923 = 13 A + 24.571 B - (1)
21,0769 = 24.571 A + 49,5909 B ———s(2)

From thoiu egquations, the valus of B is 0,7336¢,
and the valus of A is - 0,6672,

that is,<C_= 0,7536.

and log a = “0,0672 = ;3 3328,
Therefore, a = §,2152
Hence, the equation is,

y = 0,2153 t2°7336, o 0s2
SN RO NN AR AR AN AR



aa ! Gt Hatlateh @-p? o
o - T » .
S
s 0.8  0.81  ~0,01 0.0001 0,64
13 1.7 1475 ~0,08 0.,0028 2,89
30 2.9 T 2.89 0.01 0.0001 8,41
S0 63 4.22 0.08 0.0064 18.49
7 5.6 5,63 0,18 0.032¢ 31,36
0 &7 6.53 0417 0,0289 44,89
110 1.7 7.5 0.11  0,0121 39,29
130 8.7 8,60 0.1  0.01 75,69
150 9.6 #,87 0,03 0.0009 93.16
180 10,9 10,97  =0,07 0.0049 118,81
210 12,3 12431 <0,21  0.0441 146.41
240 13,3 1361 =0.31 - 0,0961 176.89
270 14.5 14,87  =0.37 0,1369 210,23
. S 7 o ne.w
£ =98.8 . £m0,3754 {=986,.18
a? .

2 2
Total 8.3, = Y ""’-‘f‘ﬁl-

= 986,18 --gﬁ,f_

- 31’«&’ )

AR




8.8, dus $9 regression = Total 8.8,
- 3.5, dus to error
- 238,3 — 0,37%4

= 334,928

"la - ;*ﬁnw 99.84 per cent,



Let r = nth. in whieh r = rate of infiltration

logr = log a+ ) log & OF,

= A + pX, where

R = log ¥
A = log a

p 4 = log ¢

The normal equations are,

SR ™ nA + B e »(1)

£ RX = AX 4 BEXD e >(2)



. - - ‘8 . = *5
. (leg £)  (leg %)

0.9823 0.6990 0.6866  0.4886

0.7334 161 0.8614 1,3833
0.6812 1,477 1,0062 2.1818
0.6232 1,6990 1.,03988 2.8866
0.5911 1.8458  1,0906 3.4044
0.5188 1.9842 1.0133 3.8189

0.,4771 2,0414  0.9739 4.,1673
0.4771 2.,1139 1.,008% 4.4686
044314 2.1761 - 049388 4.7354
0,4150 2.25%3 0.93%% $.0864
0,3802 2,3222 0.,8829 5.3%26
0.3802 2,3802 0,904 $,66%4

0.3802 2.4314 09844 $.9117
i A0 s - o s on - o -jl

5m7,0699 =m24,571 <m 13,1862 5 =49,5909

Substituting the values in the normal eguations,

7.0699 = 13 A + 34,571 b »(1)
2.2862 = 24,571 A + 49,5909 b ———(2)

Solving these two equations, the value of
b = ~0,342, and

A= 1,1902

that 18, log a = 1,1902

Therefore, a = 15,8,

: -0.34%
Henge, the equation is r = M:-.:..-



*'1221“ g::::‘:‘ ":::a, o % (=02 g
% (min) an/hx - em/hx o
s 9.6 8.94 0,66 0.4356 92,16
15 5. 64 0,74 0.5476 29,16
30 4.8 €84  =0.04 0.0016 23.06
50 42 407 0.3 0.0169 17.64
0 3.9 3.63 0,27 0.0729 18,21 |
20 3.3 3.33  =0.03 0.0009 10.89
110 3.0 3.1 0,11  0,0121 9,00
130 3.0 2,93 0,07 0.0049 9,00
150 2.7 2,99 ~0,09 0,0081 7.9
180 2.6 2,62 =0,02 0,0004 6.76
210 24 2,49 -0.09 0,0001 5,7
240 2.4 2,38 0,02 0,0004 $.76
270 3.4 - 330 0. 0,01 5.76
o - - . .a - R
0.7 , £=1,1198 237,43
R = s dug Xeq |
ptal 8.8,
2 2
Total 8.5, & ¥ *C_i,’;'l: = 237.4 - (4p0) .

= 47,423
5.8, due to regression = Total S.8. —5.5. due
to srror = 47,42 ~ 1,1198 = 46,3038 |

R = aree = P -1 o po it



Comparisons

Chisquare valus

Overall effects of
- freatments

T, and 2,
’x-“é s
7 a1,
- Taamd ¥,
| ’a"‘é"4

' ‘!’ M !‘

65,236%*
17.,982%%
6.158

42,00

31,00

T.0%e

45,07

Notes ** . liqni!tca_uﬁ at&pitcm 1«.,162.0;0'1)



Appendix ~ §

Boures 8.8. as M.S. r

Totad o.0198 139 . -
Replisation 0.0001706 & 0.,0008427 1,122
freatments 0.010294 '3 0.003431  90.2614w

order of e o
irrigation 0.083079 6 0.0005133  13.5025%#

Treatment x ordar " | | |
of irrigatiea 0.002195 18 | 0.0001219 3.20718

grrox | 0.004106 108  0.00003801 -

Note § ** .. ltgu&!icant at 1 per cent level.



I 1 2 3 ¢ s ; ’ | Rean
T,  0.0272 0.053 0,061 0,047 0.0472 0,0408 0,0368 0,0418
T,  0.0602 0,062 0.0506 0.0588 0,0642 0.065 0,053 0.0803
T,  0.0314 0,026 0,002 0.0 0.0436 8,037 0,838 0.0379
T, 0.0368 0,0457 0.047 0.082¢ 0.061 0,088 W 0.0496
Neas  0.0389 0.0487 0047 0,049 0,084 0,0508 0.0428 -

C.D. for comparing treatments « 0.,0029%
«Das order = 0,003899

«Do~ Treat x oxder

= 0,00779.




Appendix - 6

Analysis of variance table for Hydraulic resistance

source 8.8. A .8 | r
Total o.1§3u1 139 -
Replications 0.0042171 ¢ 0.0010293  1.6398 =
Treatmeats 0.020551 '3 o.00e8s 1091174
mgm so% 6 | hwme | 6.6288ee
Mt:;;dm 0.020923 18 0.001162  1,8518
Errox " 0.067802 108 o.000628 -

Mote: ** . Sigmificant at 1 per cent level



Oxdex/

- 1 2 3 ¢ s 6 7 Mean
T, 0.025) 0.0505 0,0628 0.0674 0.0576 0.050S 0.0918 0.0579
T, 0.0199 0.0483 0.0375 0.0439 0.0445 0.0667 0.0690 0.0471
T, 0.0675 0.0829 0.0274 0.0339 0.0653 0.104% um 0.0719
%, yrees 0.0384 0,037 0.0541 0.0408 § 0.0397

Mean 0.,0363 0.0516 0.0418 0.0499 0.0354 0.0636 -

“owre

CebD. for comparing the treatments
«Dow order of irrigation
Interaction of order x treat- = 0,03169

- 0.01%8%
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ABSTRACT

in Kerala, mexe than seveaty per cent of the
double crepped rice fields lie fallow during m
months. Rice ecannot be grown during this nmu
because of the limited lnihbn.uy of water and the
very lew water use efficiensy shat aan be attained
during this season. The development of a technology
for effiaient use of limited water avafhable during
summer is necessary to maks use of thise rice :umu
for cultivating crops other than rice. As most of the

area is under paddy during first and second Gxop seasons, L

the level of the land cannok be disturbed, But now,
there is no any satisfastory method of irrigation
suitable for irrigating nearly level rice fallows,

' The objective of this projeet was to study the hydrauliss
of border strip irrigation ia nearly level lands and

to recommend suitable spesifications.

The experiment was done at the Agronemie Reseayeh
Station, Chalakudy during 198182, It consisted 0! o
five replications of four treatments. The tryeatments e
vere twe Widths of 4m and 6m eembined with two diseherge
rates of 2 l/sea/m and 4 Vuc/u. the lnngth of sexrip
in all cases being 45m, The suxfase gradient was
0.03815 per cent in the directien of matural siepe,




~ Altogether seven uﬂenum; were given at an
interval of seven days. Blackgram seeds were dibbled
in the field after the first 'itti,glﬂ.an and euliural
practices as recommended in the Package of Bractices

were followed,

The time of advance of wakerfront, the depth of .
flow and the time of recession of tail water were .

cbserved at every Sm lemgth for each strip, The cuteff
length was chosen as 77 per cent from the upstream emdy },

The hydraulic gradient, hydrsulic resistance and
of fleow for each irrigatiom wers determined, The

advance and recession m: ware drawn,

The results of ths experimeant revealed that a
discharge rate of 2 1/ses/m is the best for irrigating o
nearly level borders of 4m and ém widths. The depth
of ixugation» ¢ould be limited %0 3 cm even in soils
having high rate of infiltration. The lower dischatye
rate of 2 1/sec/m reduced the time of ponding at she
downstream end and this minimised the wastage dus %0
deep percolation at the demstrsam end, Soil eresiea
in the strip vas minimum at this rate of discharge, asd
long strips upto 45m length in loamy sand could be
irrigated with high degres of efficiency. As only a
low rate of discharge is required to practise this



mathed, even in areas ’hvtng limited availabilisy of
Water, an additional €Xop can be prcﬂtnbljr raised,

profitably um %o raise about 4 ha, of any other crep,
Hence, growing rice during Summer season should be
diseowraged and the 1ana *hould be utilised to rasse
Qther Mnorativ. Crops like pulses, ¢ilseeds ang
Vegetables, Now the Government has decided to Provide
- Water not only for rice but alse for other Seasonal |
| erops duriéq the summer months, mut how, there is no

flelds. Border strip methed of irrigation is haraly
Practised anywhere in Kerala, even though this s a
Very popular methed in the aﬂn: Parts of Indi, tet""‘-*
€8. However, thig

raising Gereals, pulses and u
methed is practised there on tlapzng lands,

8ince the present study revealed thag this
method can be pPractised ctucun;xy on level oy nearly
~ level fields, this is best suited for the rice fallows
- during the dry 80as0n, Most of the paddy !uun have
| 'a mila ﬁatunl slope in one of thq directions, This
slope can be used to advnungptbr laying the strips
in the direction of natural ll s This methed can




The specifisations of border strips for nearly

level lands are as follovws:s

Length of borxder
Width of boxder
Rate of flow
8lope

Height of bunds separs-
ting thes skrips

Base width of bunds

- thﬂ 45m
- § » m
~ 3 )/sec/m

« ghould be laid in the
direction of natural

slope

- 20 om
o““
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