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ANNUAL REPORT FOR THE YEAR 1987-BS8

SECTION—A

Title of the Scheme
I.C.A.R. Sanction no.
and date.

Date of conrmcncernent of
the project.

Date of completion

Sanctioned grant for
1905-90.

Sanctioned grant for
the year for which the
report is prepared.

All India co-ordinated Re-
search Project on Agricul-
tural Drainage under Actual
Farming conditions on water-
shed Basis, (ICAR), Regional
Centre, (KAU)# Karumady P.O.
Alleppey District, Kerala
State.

Original sanction no.f.4-5/

77/ae dated 20.3.1901 of
I1.C.A.R.

} 1.12.1901
S 31.3 .1990
5 16 lakhs.
| 3. J lakhs vide order Mo0.4-2/
f ,IC, . N 7
| d 5 / of ICAR.
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/m StEff position daring 19B7-8B.

ol NO-OT " No.of  NO.

: lame of post : posts pos

HO. tioned ¢i1ed vac

post

1 2 3 4 5

1. Ac:oc.professor 1 1
(Acrl-Engg.)

2. A35t.professor 1 1
(Acronomy) .

3. aset.professor 1 1
(Acr 1.Engg.)

4. Farm Asst.sr.Gr. 1 1

5. Draughtsman 1 1
(Civil gr.n) B

a. FurmAsot.Gr.il. 2 2
Technician Gr.i1. 2 2 -

of

ts Name of incumbent Scale cf _Da-te-of
ant pay joining.
6 7 6
Sri.E. K.I'athew 1950-2950 1.10.E4 to till
date =
Sri.nadhusudan Nair 1500-2685 27.9.86 to L,
Sri.T.D.Raju 1500-2685 1.10.84 tc .
Sri.R.Madhavan Pillai 975-1720 10.6.65 to L
700-1140 wvacant - since
Inception.
1) Sri.K.0.Shahul 675-1125 12.9.66 to till
Hameed. at.
2) i1.KTiahnakumari f1 11.7 .86 to (,
1) Sri .K.P.Sreedharan /] 30.5.66 to »i
Nair.
2) Thomas “~caria #* 5.6.86 to f#



1Q.

11.

12.

| t.

Overseer(civil

Typist Gr~de-1

Assistant Gr. 1.

Lab.Asst.Gr.il.

Driver lev Gr.iil.

Fecn.

watchman

Gr. |

)1

Smt.K.K.Mary

Smt.H.K.Khadeejo Beevi

sri.K.Govindan

Sri.M.Mohammed Bashir

Sri.K.Kunju pillai

K.V.Kumar an
T.M.Francis

M.Mohammed Haneef

1) ri.Raveecdran
2) r.G.Thomas

3) C.A.Chacko

7 8
780-1320 15.7.85 to 3.6.87
4.6.87 to till
date.
780-1320 5.9.84 to 3.6.87
4.6.87 to till
date.
675-1125 1.1 .87 to
640-1000 8-1 .86 tol5.6.8"]
/] 15.6,87 to till
date.
550-800 7.12.85 to §
s/ 16.11.85 to 3.6.07
/| 19.6.87 to till
date.
/T 7.12.85 to

825-1430 Vacant - since
Inception.



Expenditure

. SaneQ1'-noJ : @ as % of the

SN_'ID- Year grant for UQ;‘\;CCI’:ibn Sxpendlture ganct kmed
the yea-'. grante
1. 1981-82 1,2C, 100/ 36,000/- 7, 242.85 5.65
Bi 1982-83 4,78,200/ 4,37,000/- 1,26,509.58  26.45
3. 1983-84 3,83,800/- 3,83,000/- 2,4%,951.39 63.82
4. 1984-85 3,80,200/- 3,30 -200/- 3,38,008 .35 88.90
5. 1985-86 2,86,000/- 2.36,000/- 2,61,094.23 91.04
6. 1986-87 3,50,UGO/- 3,50,000/- 3,23,997.91 95.57
7. 1987-88 3,30,000 * 3,30,000/- 4,08,504.66 123.79
ii) Expenditure statement of the year STyEa'S Tx ™
1.4.87 to 31,3,1988. o

: Sanctioned ICAR univer- Total -pendi-
Sie Budget ) - ™ : re as %
No. head %rr]ant for f_ane Sltt){ Apendl_CSLI! e

e year. Ion. Sanction. L ure. sanctioned
grant

1. Sal - =

- o>atary 2.86,649.87 14993C
L | 10,000/- - 10,000/ .9,281 .3S i"312.81
3 Rec U ing 60 000/- 50.000/

Contingency

H

Non-recurr- .

59,983.54



PROJECT AREA - A RRIEF DESCRIPTION

Kuttanad

Kuttanad tract is a deltaic alluviiun formation
of four river systems viz - 1Meenachill/ 1pampal,
'Manimalal, and 1Achen coill and the low Ilying areas
in and around 'Vembanadu Lakel. The total area of
Kuttanad tract is about 870 Sq.Km. out of which 290 Sq
Km. is under garden lends, scattering all over the
tract and is lying 1 to 2m above the sea level, used
mainly for coconut cultivation and habitation. The
remaining portion which was unr'er submergence was pro-
gressively reclaimed as polders by constructing ring
bunds. These polders lie about 0.5 to 2m below mean
sea level and the impounded water is drained out by
using locally manufactured axial -flow numps. The are'*
of e™~ah polder unit ranges from 75 to 500 ha. and the
total area under rrolder cultivation ir estimated as
about 520.89 Sqg.I'm. The whol* .ir< u iIs criss*-crossed
by rivers, channels, canals and other waterways. The

general topogrjphy of the arc i1 i1s flat *nd level.

The total watershed area of the above four river
Is nearly 5,000 Sg.Km. and discharge their writer into

Kuttancid region. After flowing through a net work of
canals and channels, they join thc vembnnad Lake.
The catchment area bar an annual rainfall varying
between 280cm to 380cm# A good part of the rains,
50% are received during south West monsoon re soilting
in floods and most often submerging thc low lands.
The Kuttanad region experiences fairly uniform tempe-
rature throughout the year ranging between 21 °c and
36 °c. The mean relative humidity is high and is
about 70%.



The verrtonnad Lake which i£ the non-recl~imed P

3 J

of the Kuttdnad extends between AllepP”?Y NNd coch n w

an area 0of 80 Sqg.Km. This lake i£ connected to Arablan

Sea at cochin. The water IN the lake ic saldne except

during the monsoon season wherjy the surface water
sweetened by flood water. v/hen the flow i1In the rivers

dwindles from the month ol December, the saline water

from the sea intrudes thc entire arc u due to tidal action .

The salinity 1n the northern parts KUttanad goes beyond
limits of tolerance- for rice cultivation from January on-
wards and It spreads rapidly to the southern parts. The

surface water remains saline till the first flooo washes

it during the succeeding south Kest Monsoon.

The soil i1s acid sulphate in nature and is having
high acidity. Three major problems encountered during

cultivation In this area are:

1) high acidity

2) damage caused by floods and

3) intrusion of saline water during the fag end
of crop period.

11) Kari Lands:-

The whole KUttanad tract iIs differentiated into
three types of lands, namely Karappadam, Kayal lands and

Kari lands. The Kari lands occupies an area of nearly

7,000 ha. They are located iIn the Taluks of Shertallai

Ambal h d KUtt d of Alle ev Disi-rini- N .
mbalapuzha an ana PP isi rlﬂl_ and Vaikom

and Kottayam of Kottayam District.

The Kari lands are a unique agricultural trs
with Kari soils - black charcol coloured organic

These lands are quite similar to that of N -
Nuctanad re-

gion with respect of topography, formation, climat

vegetation, but the organic matter content cn:o]c 6 and
SOI

IS very F\Iigﬁ-



It is believed that this soil was formed and deve-

loped in the distant geologic past when the area was covered

by dense forest vegetation, in the succeeding geological
ages, the sea advanced and engulfed many places. After thou-
sands of years, the sea receded exposing the coastal region
and part of the present midlands. During this geological up-

heavals, the entire forest area was submerged far below the

ground and thereafter siltecf upto varying levels.

The profile of Kuttanad alluvium <consists essentia-
Ily of alternating layers of clay and sand, admixed with
varying proportions of organic matter. The clay 1is usually
a grey, dark or bluish black in colour. This alluvial forma-
tions exist in layers varying upto 30 metres in depth under-
lain by sand stone and mottled clay of tertiary formation.
Still distinct, the Kari seals can be readily be discerned
by the deep black charcoal colour, due to high organic matter
content. The top soil 1s admixed with well decomposed organic
matter to the tune of 10-30%. Rut, underneath, the top layer
Is the nartially decomposed, fibrous olant residues contain -
ing less than 50% mineral matter. nonce, these soils are

both mucky and peaty in nature. in some places, large 1logs

of wood locally known as 1Kandamaraml occur embedded 1in the
sub soil. Beneath this layer, the soil is an admixture of

sand, organic matter rind clay and still deeper It becomes

river sand.

Kari soils arc extremely acidic in reaction with pH

ranging 3-4.5 and the pH reduces further when the soil gets

dried up. It i1s found that thc extremely low pH on drying is
due to thc production of free suJdphuric acid by oxidation of
sulphur compounds In the soil. The fertility status of the
soil 10 poor. Besides, thc soil contains toxic concentra-

tions of pe, al and toxic organic products.

B* i1ll) The Project Area: m Kavil Thokkumpuram Padasekharam.



n.iii(el) Location and Art j: -

The project art.i IS a typical .. presentat
tract of Kar I land with an area of 89-99 ha. Th
pro < ct arc \comes under Ambulapuzha vitrage ,jnj
T jluk of Aliujjp y District - Jt lies 4 kms. east

of Ambalapuzha jJunction on national Highway 47.

I'nt p djsekh iriim i. encircled by Arribalapuzha -Thaka
zhy road at north/ K'jlI Jtnil thodu at cost, Kari
thodu at south and Rarumady thaau at west.

(b) physiography and Hydrology . ®

The project field i1s located 1 to 1.5m below
mean sea level. The water collected ir. the project
area i1s drained out by pumping to ne -rby canals us-
ing axial flow pumps (petty and par”~h). There arc
two pumping outlets/ one with a 30hp an the other
with 20HP axial flow pump. The former is installed
on the ring bund of Karum'dy thodu and the latter on
the ring bund of Kari thodu. two drainage channels,
with an average width of 2.5m and a depth of 0.7m/
are inter connected and lead water to the pumping
bays. There is a net work of small drainage chan-

nels which opens out Into thc main drainage channel.
The land has got almost an even topography

The water level in the surroudiifid water ways

will be higher by 1 to 1.5m than that in
1 Lne poddy

Tne havoc
of flood, over topping and breaching of bund-

fields during the season of cultivation

flooding of paddy fields are anticipated dur
the period of sw monsoon. i1nundation of

water and damage of crops are experienced dur’
the period January to March. rn



B -iil(c)

B-iti(d)

Climate

The project area experiences a typical tropical
climatee The monthly mean of the weather parameters

for the period from 1976 to 1986 and that for the
period from 1987 January to March 1988 is given in
table-A- The monthly changes in climatic parameters

have also been i1llustrated through fig-A and b -

Land Holding and U tilization:-

From the survey conducted at this station and
from the records available with Revenue Department
it is found that altogether 125 cultivators are

there in the project area, farming /75.238 ha of

paddy fields- when the- tenureship of the land is
classified based on the extent of holding/ it was
seen that a substantial number of holdings fell be-
low 1 acre. Out of 125 NOS.of holdings/ 75 holdings

were with an average extent of 1 acre or below that
and 35 holdings were with an average extent between
1l acre and 2.5 acre. Only 15 holdings were with
mean acreage above 2.5 acre. Thr average size of

holding is 0.601 ha (1.49 acres).

The total area j_the project field if 8b.919ha
and actual paddy field 1i1s [5.238 ha. Thr rest of
the land 1s occupied by roact;, trenchc.f and re *
claimed dry lands. The dr> lands are used for

human habitation and for the cultivation of pere-

nnial crops, mainly coconut.

B-iii(e) croppingi ®

The one and the only crop raised in the wet

land is paddy and there is 100% coverage under

HYVs.
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Table - A.

Monthly variations of weather parameters In the project area

(a) Total Rainfall cm.

Total
mean.

Jan. Feb. March April May- June July August sept. oOct. NOV. P3C.

A 0.93 3.19 4.70 11.52 27.37 64.92 52.13 39.82 29.99 28.76 -1.46 6.12 29C.el

B. 0 3.05 0 0.54 17.40 3.68 16 .34 41 .43 13 .59 29 <4 26.10 4.61 156.38
C- 0 2.48 7.00 .-

(b) Monthly mean maximum Temp.°C.

A- 33.67 33.35 34.34 34.58 33.55 30.54 30.10 30.28 31.41 32.06 31.63 33.51 32.42
B- 32.30 32.80 33.14 33.43 32.00 27.86 30.81 29.7/7 31.20 31.29 31.67 33.00 31.61
C. 33.21 33.52 34 .27 mm

A = Monthly mean for theyear 1976 to 1986
B = Monthly mean for theyear 19G7
C

= Monthly mean for theyear 1988
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(c) Monthly Mean minimum Temp.°C.

Tot =1

jan. Feb. March April May June July August Sept. Oct. MOV. Dec. mean

Ae 22.01 23.23 25.01 25.15 25.59 24.43 23.90 24.31 24.68 25.31 24.26 23.31 24.27

B. 22.10 22.60 24.55 26.33 24.75 24.93 25.08 25.84 25.15 25.44 24 .27 21.50 24.38
Ce 21.62 23.90 25.73 ..

id) Monthly mean evaporation (mm).

A - 3.74 4 .24 4 .77 5.02 4.90 4.24 4.36 4 .11 4 .39 4 .21 3.89 3 .53 4.28
B - 3.41 4 .79 *.86 -1.89 5.2% 3.99 4.14 0.47 0.54 0.84 0.82 0.86 2.82
C. 0.90 1.02 1.14

= Monthlymean for the year 1976 to 1986

= Monthlymean for the year 1987

C = Monthlymean for the vyear 1988



Figure - (%)

Mean monthly v-jrijtion in <cotal_J” iJnfalj-

. _ _ 6.4
6b <nr cv-)pA>r. tion in Lh< project A~rgc,Jd
- V T ‘
04 5.1
60 4.8
Wf V \ > . 4.2
46 - 3.9
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40 - 3.3
36 - 3.0
99 - 2.7
28 . 2.4
24 - 2.1
2U -1.8
16 r 1.5
12 1.2
8
0.9
4
~m 0.6
0
0 K 0.3

Total rainfall
NESTEItion
Monthly mean for the

period 1976 to 1986.
For the year 1987.
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H .i11(f) Soil characteristics : =
_ i-vndcd- sail.
The son of the project area X> yP- N
A soil monolith frcm 0~2rn dept 1 10'J N
the project area and has been displaye In
box. From the visual observation it lA seen a
ironi 0~60cm depth, tin :oil i-* cl Ny y

colour due to high organic matter content.

clay typ< i1s the expanding one and large crack- arc

formed on drying. From 60~90rn depch, lot of wooden
debris, unuccomposed organic material, arc -ecu
embedded. gclow that, the roil xs jr. admixture of
clay, sant and organic matter. From the depth of
1.5m onwards, the soil i1s almost of the river send.
type.

SECTION -C ..

Objectives of the ;xo0]jpct ;

2.

to comprehend the effect of a surface and mhsnrfror

drainage system on the movement of coil liauids:

i) to study the effect of surface an'- subsurface

drains in preventing the rise of toxic products
from subsurface soil Into root zone.

1) to stud, the effect of surface drains In removino
the toxic products already preset ~

Zzone.

i1i) To study the influence of sub—,,.-*- o

_ 0 rCe djr9 jnc

on Towering water table and N
xes effect cn

growth and development of roots

to study the pattern of hydrological c
the watershed area and iIts importa CyClfc °Ccuring 1in
the drainage. Ce anc™ influence on



3.

- s 15 s-

to develop a feasible technology for the layout of sub-
surface drainage system suitable to peat and muck soils:

+t) to develop the criteria for the design of sub-

surface drains Iin peat and muck seals.

iI1) To evaluate the types of drains (such as tile drains,
PVC pipes etc.) and size and spacing of slots on

drains suitable for the lay out of subsurface drains.

i1i) To evaluate the filter materials to be used for the

layout of subsurface drains.

iv) To deci e upon the depth and spacing of the layout
of sub-surface drains.

v) To develop the criteria for the design of auxiliary

structures of subsurface drains.

to develop criteria for desjgn paramctors of surface

drainage:

to develop the drainage pattern required for different

Crops;

1) to determine the drainage requirement of rice crop
under static and fluctuating conditions of v;ater
levels.

11) To study the feasibility of changing monocropping
pattern to diversified cropping md to develop
agro techniques required for th* diversified
cropping.

1i1) To fix up the drainage requirements of the compe-

tent crops of diversified cropping.

to evaluate the feasibility of using the return flow
from drainage for irrigation iIn relation to water

guality ratings.

to evaluate the nocio economic benefits accrued from

the drainage projects.



TECHNICAL FROCRAMIIK FOP_THE JfEAP~ | S'87 186 .

The following technical programmes were approved

In the* previous annual workshop.

1. Monitoring of periodical changes if; the qgqj-jlity of

surface ano subsurface water in the project ”“rea.

2. Monitoring of seasonal fluctuations of ground water

table with reference to surface water level -

3. Assessment of hydraulic properties of the tile

drainage system.

4. Effectiveness of the tile drainage system in the

Derformanc’- O* paddy crop in ahe Kari land.

5. Evaluation of different filter materials to find
Its economic suitability including its design

criteria for the subsurface drainage system.

6. Studies on the changes of soil chemical proper-

ties with respect of time on sub-surface
drainage.
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I1. Brief technical progr onme of - rojects taken up at

the centre during 1987-88.

Si -

NO. Title of the project E ition page ?io
1. -eriooicol changes 1iIn rber *82
quality of surfc.ce ontinuing. 18
in the project area.
2. Seasonal rluctuatiors of
ground water table with 7"n -'ry '82 26
reference to surface- ' 'ntinuing
water level.
1. Assessmgnt of hydrayllc 3c: ber '84
properties of the tile L 36
) : ntinuing
dr airegj system.
4. Effectivene:3 of tile
drainage sy:ten m the []L bex
porfoimerce o ; entinuing.
ir ~nr
5. Evaluation of dulf®rent
filter mater |Is t< fxri'
its economic uitabillty j nu Y 1C7 to
including it Je:ign C t uuing
criteria for o0.e nub *
surface rriir g system.
6. Studies or th* clrange : _
of soil chemic 1 nro- I r iber '87
perties with rr-'j,;ect t m tf> cntinuing. 67

tirrc on sub-sur f icr*
or linage.



EX PEP

Ti-tJ-S5'
Ocriodicn.l c h an

. g .
Monitoring or p— ~ ,projeCt area,
surface and subsurf -t «'

.. rf(P." ju quflity of
r

r

Ob i-.vitiven j-

L in qguality

1) ¢to i.;r nar the period -

- j
_ o nr in.-jgevnttr and ground
cj flou'liriM watoL /

) - IV-rffytm f1l -ctujciou ir- the quality ot
o vr Lt r- &l 1llov.’ jr. and
t a i ril]i XiiCl t I*- P

at/lhiv ~jon.

or _ *ifAtJ a*'H my

Tn<_ GLuUu”My S I fjivn aroful ir f m o tion cn t h e
ffn iiiLy of T/-itc> inovi.rv. iij the n rciject -_rec: anrn enable
to rV 'hy i.-~p ot cm aliry o f vviter Ci tb ecology
0.. the ore j. The inf >rii-tion thue oh m _ c-™n serve
of fee i -r lj i the p i rning o f cultlv -_tsc - j.r, t h e p r o -

lechll\cel proqr arde : -

I'dtdar <JTlplee .jr; t ~MVr
3 _ ¥ -vn It weekly Inver-
vale ;.r™ the drainage channels ard ; 4
- w ‘udr wavs an Its
qua icy such as pK and BC assessed.

Observahions t aken: -

PH and EC of the water mm-i

at weekly intervals. s' e-0 were estimated

Date of starting

] * December i1g82
Date of completion

Thr°ughout
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progress of works-

Water samples were collected at weekly intervals
from predetermind places for studying the periodic varia-
tions in pH and EC. The data has been consolidated and
monthly averages are given 1in the table-1(1) and graphy-

cally represented in the figures 1(1) to 1(2).

A study of the data and graphs shows that the pH
ranged from 3.63 to 6.30 in the irrigation water and that
of thc drnined water from 3.4 to 6.11, revealing the fact
tliat the trend is the came. This proves that by adopting
only surfjce drainage the acidity could not be reduced to
a considerable extent. However, the favourable period
could be arrived at, is from December to March for the
year 1937-88. The EC values for irrigation water and
drained vmter were found to be In between 0.5 to 6.3mmhos/
cm, the trend being th- same for both. The favourable
period for optimum growth :f paddy in the case above was
found to h’ frcr* December 1907 to March 190B. Thr high

rainfall r thc crececoina months from august 1987 to
November 1967 coul* ]/ attributed for keeping the better

cpi lity of irrigation water for the months December '87

to March 1983, when the flow o' the: irrigation witer wis

checked by the closure of spillway near the sea.

The pH and EC values for the five years 1981-84 to
1987 -88 ore pooled and presented in thc t Oles 1(2) to
1(3) ax graphically represented in the figure 1(3).
A critical review of the* djt » show that optimum pH of 5.5
to 6.0 required for paddy 1i1s available for the months from
July to March. The favour ible EC range (0.8 to 1.4 mmhos/
cm) ic also found to be? during the same period. It is
also evident that the summer months of April to June should
be avoided for paddy cultivation. However, the best period
for growing paddy can be considered to be from the month of

August to Movembcr.



Monthly vuri.itaon_ of PH und EC (nwho_/ _ ),

lor the vp~-T 1P87 -bb.

EC (mnr.hos/cm)

pH
NOnth inijition sur€£icl irri(jatlon
v/dter . dr ni ncd wate r
vmtc.r -

April 132~7 5. 23 S.11 3.87
Hay 137 5.01 3.40 5.61
,~u:.e *37 4 .20 .74 3.89
July '37 3.30 3.56 1 .53
August '37 3.63 3.55 94
Sspteir'oer 3.8C 3.0l * D
October 3.86 3 .63 1 .01
Novernbcr 3.74 3.50 0. 50
December 4 .73 3 .71 0.51
January 188 4 .65 4 06 0 74
February 183 5.23 4. 67 0 .72
March ‘83 6.30 4.15 0 48

Surfoce

drained
water

..58

1.11

0.68

0.84

0.83



Month

April

May

june

July
August
September

October

November

December

January

February

March

21

Table - 1(2)

Monthly variation of pH of

1983-84

5.41

2.84

4. 26

4.48

3.75

3 .30

3.16

irrigation

water in the project area from
1983-04 to 1987-88.

1984-85

5. 26

6.30

5.92

5.95

5.85

5. >/

4.72

4 .61

1985-86

5.26

7 .06

6.58

6.11

6.39

/.36

7.08

6.54

1986-87 1987-88

5

6

73

.90

.52

.33

12

.38

37

.01

.48

91

.85

.30

5. £3

4. 20

3 .81

3.63

3.80

3 .86

3.74

4.79

4 .65

Mean

5.374

5.585

4 .416

5.182

5. 246

5.304

5.390

5.186

5. 274

5.174

5.403

6.130



Moritlily variation_ X EC of_ vit-l—r-

wobei in the AjLOJC—CtAS£--£~TM

1983-04 to i (>87- b8 .

EC mmhoe/crn

l( 4--*

Month 1933-84 1984 -65 1985 -86 1986-87 1907- 68 Mean

April .. 061 2.60  3.81 387 20
May . 0. 5a 1.66 2. 27 5.ClI 2.530
June 2.03. 0 44 X.71 2.94 3.89 2. 202
July 1.97 0.16 1.03 1.13 1.03 1.184
Auguct 1.45 0.40 0 .87 0.44 0.94 0.820
September 0.96 1.03 0.°6 1.00 1. 22 1.033
October 0.59 1. 21 1.38 0.77 1.01 0.992
lI'ovember 0.68 2.01 0.53 0.70 0.50 0.884
December 0.77 2.63 1.73 1.92 0.51 1 332
January 0.99 1.95 0.86 0.38 0. 74 0 964
February 1.23 0.81 0.38 0. 64 0 79 0 756
March 0.31 1.69 0.86

1136 0.48 0.940
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Figure - 1(2)

Monthly variation of ec for the year 1987-88.






EXP E R N JIP—"

Title 2«

L i Fiactuations Of ground
Monitorinj uf seasona' Huctua e. J

i .mirface water level-
water table with reference to ~urt

ObJectlve:::

a) Study on the seasonal changes in ground

with refcrt nco to surface water movement iIn

water ways outside-

b) rfeastn.l changos on the level nid movement of

water iIn waterways.

c) identification ana charocterisation of aquifer/

If any/ existing in the project area.
pi actic31 utility: -

This study will enable to understand the change
thot take place in ground water after the layout of sur

face and subsurface drainage system.

Technical programme:

in order to record ground water table fluctua-
tion, observation wells win be installed at a depth

of Im. using 40mm or 50mm of pvC plpes a( N t
The pipes will be perforated with 6mm hoie™ * 1 5
spacing and will be wound with nylon ropes coix N
prevent clogging. Water level 1IN o °

;o . ese wells wjii Tke
recorded at weekly intervals. D
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observations to be taken»-

Water levels In observation wells/ waterways

and piezometers will be recorded at weekly intervals.
Date of starting . june 1982
Dote of completion s Till the saheme work 1is

completed.
progress of work;-

The field 1s installed with 24 observation wells
In 3 bands at 100m apart to record the water table fluc-
tuations. The observation of water levels in these
wells had started since Its instdilation. The data
generated since 1982 had shown that there is no de-
finite pattern of ground water movement in the soil
and i1s greatly influenced by the outside water level,
iIntermittent floooirg and draining. The movement of
ground water vith reference to thr water level of cht
surroundjng waterbody j/ graphically illustrated 1iIn
figure 2 (2) and 2(3) for the cropping period. The
monthly aver-gc values of wit', r tobl< <« v iLion

given in tabic 2(1) to 2(iii).
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Observations to be taken

Water levels in observation wells, waterways

and piezometers will be recorded at weekly intervals.
Date of starting . june 1982
Date of completion . Till the ssheme work 1S

completed.

progress of work:-

The field is installed with 24 observation
in 3 bands at 100m .part to record the water tabl”
tuations. The observation of water levels in these
wells head started since 1its installation. Th” data

generated since 1982 had showr that there i*. no de-

finite pattern of ground water move, snt in the soil

wells

fluc -

and is greatly influenced by the outside water level,

intermittent flooding ind draining. The movaiknt o
ground water with reference to thr water level of t
surrounrljng waterbody i graphically 1illustrated 1in
figure 2 (2) an'it 2(3) for the cropping Dcriod. The
monthly average values of water tnbli *1l«v 1tion arc

given in tabic 2(1) to 2(iij )-

f

he
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Table - 2(1)

Ground water table In the project area (as read from surface bench

murk elcvat ton - 1000 cm.)

Mc nth OBWI  03>v2 0~W3 03W4 05W5 OO0W6 0'-w7 OBW8 OO0OW9 10 oBWII OBWL2 Mean
L y 3 - 3 7 8 9 10 11 12 13 14
April 13/ sSo".0 793.5 .. . . . .o 744.5 768.5 777.38
K3y I g15 814.3 CI-iJy ¢c_~.U 8_7.75 811.0 815.0 814.5 813.50 812.5 815.5 815.20

jar ¢

iV ! /1
.\ uru?Pt 't /]
Se ! I

(’3. tl o
Il o v . : /o
Dec 824 S 824.5 811 .i - - 615.S 321.5 812.1 019.9 816.0 .- 816.1.816.4 817.99
saru -rySS 07 .8 c27.: 41l1.7 8J.G.7 £ 1.7 8*1 .7 823.5 820.8 .. 824.5 824.3 822.56
R S -D &, . . S16.0 3* .5 322.4 823. G 319.3 824.9 826.0 322.01
‘I'rch ©&IC2T7T ¢ -5 "t 3 .- ooc.9 803.3 816.7 £14.5 796.32 .. 807.8 803 .8 808.17
Me JT. 8l_ .6 313.5 31 ~ !'ﬁmfl\l_l-../ £18.1 318.0 819.1 813.2 .. 805.1 809 .1



Hontl' OBW13 OBW-2  Onvli o>-W5 (B.'13 oN."17 C  rer

APril 187 791.00 790.50 781.50 755-50 797.05 777.00 790.. / /¢ 782.cl

Mci/ r 818.75 310.50 314.5., 779.50 520.50 617.75 - £15 .31

June r L. Flood 5-1 lov/ir

I*ly I I

August " /]

SYotaiilLler /1

October 1 |/

Novem Ih rodf [/

Ix"Cember " &27 .530 0 50 ulo .J 812 .75 B< .75 c2c.13 04".00 ey ks Bim Qb
J.IU C'Tyi's 824 .50 527.00 « . mwObl 017 .50 827 . " 5 Ce06 VSIL.17 245.17 £27.52
Fcbi niix y 517.J0 02. .50 016.7J 0 6.:0 t 7. * o51.22 G j 047 .50 £27 ,60
March " 80S.00 802.00 8.1.1 .C'3 SO 3.17 80° .00 811 .8/ £ 27 .47 I 1 .83 81-.. 39

rcan 814 .52 813.50 1 J11.58 7" b .1 3 817. 9 815 -42 9§t62 22 2 .38
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Month BN 20 OBW:6 OBW/21 O3W CBW -24 Mean
Apra.l '87 . . - 730.50 : 730.50
May " 813.00 811.00 812.50 812 813.50 812 .45
Tunc : Flood
jail
Auyusr. "

October N

Dec " 822.63 322. 50 815 .63 819 816.0 ) 819.15
january 130 329.00 522.67 817.67 821 820.83 822.30
February ‘ 330.33 320.50 812.38 819 819.25 820.43
March " 810. 'C 30 .83 788 .50 794 796.17 798.60

Mean 8 21 .CO 816.10 796.1 9 813 813.15



Table ~ 2(2) Table 2(3)

surface water level In the era
age civi.r.el (as read from Bene
mark Elevation - 100G cm)

Surface water level In waterways, which
surrounds the project area (as read from
surface bench mark elevation - 1000 cm).

Month WL-1 WL-4 DC -1 DC- 2
April 87 822.00 818 .13 741.00 757.75
May I 832.00 826.50 776 .38 793.50
June I 880 .17 679.67 881 .35 895 .17
July I 873 .50 872 .90 878 .70 866.60
August | 862.00 881.88 666.00 660 .67
Sept. 1 871 .75 869.50 874.13 882.00
Oct. I 892.80 891 .60 692.20 902.40
Nov. I 894.63 893.13 619.00 831.00
Dec. 1 091.90 890.30 792 .90 515.80
Jan. '88 880.50 877 .50 796.75 S0S.68
Feb. I 862.25 857 .50 764 .88 808 .50
March |l 867.90 662.90 798.00 806.50
Mean 870.95 860.46 624.86 839.25
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EXPERIJod J- N°* =

Title: =

j riHt-r'i- 1PJ Of 1110 tlI1O
Assessment uL hydrnul P

dr caiu.jy, by.i(in.

Objectb vis:

d) Tu estimate* dii fercrit parameters of hydruul-cs

>f the tile dr.iin”ige system iri Kori l.jn«.«s.

b) To evalua™.* the per fori,ihjCc of tile clainagc

system in the project Irci.

c) To collect iIinformation to develop a viebJde t ch
nolot.v for mb mrf icr drainn ,¢f system in the

project eri -

practical utility:

Thi- 1s a basic study <,ined at gathering vcl -<able
p rameters of the hydraulic* of the tile drainage system
The ‘nfornicition collect. O-anr compiled can ’'ae usc-d for
deriving a suitable t,chnolog- for the design of a sub

surface tile drainage system 'or the kari lan”™c of
TOittanud.

Technical programme? -

Planning was «.*« to I™ 9 Jines of parallel tilP

drains. The first six lines wcra to be spaced -t ~’

~m

and to have 75m length and the remaini,g ,src to J

spaced at 3Um and to have 100m Icnath

line designated as 1315, the sixth"'II" N

6315/30 and the last line, Shnn & UeSlgnated as
Nere lair"l +

as buffer lines to minimize the : function
wundoryv P

lines designated as 2el5, 3E15, 4el(- “ fer* « 1 ts. Thec

perimental lines of 15m spacing and”® ~ SE15 °re c¢x-~

8E30 are experimental lines of 30S thC Ilnes 7E30 and

N sPacing.



37

Further replication of parallel drains of 30m spacing or
some other else could not be planned because of the geometry

of the location.

All the above dr air.r, wor. to run at a slope of 0.2%
and at an average Ljcpth of 0.375m. Thc drains were to bo
provided with a sand filter o, an average thickness o™ 10-13
actr . all around the crajn. All the parallel drains v;ere to
open Into separate collection sumps where the discharge
measurements wcr* to be made. Th* collection sumps ware
Inter connected by PVC pipes of llU/160inm 1a lei at 0.4%
slope which drum into m.-jin jrair.agv “*urmp from v/horc thc

dr .incd wat* r s pumped into th- outsi-.e w ter’ejdy.

The tile rr .in. ar' cf Diked -I™.y, 60n long/ with

bell mouth one eid (125 in c¢c’'c r "t 1 nc x0r;r inn-r fia).
These drains are provic-d v;ith 15 no.,. jf 6iu holes in t'*ree
bands of 5 hols', « ch, on thc 1/3rd riphery ar«

A s rier or o rvatien w 1ls war- 1 o to > In -

stalled m the cxp.rin ntal fi* Id to ncord <chi cu-.ribncc

of ground watar .

5. observations to K r e a O

a) Rate of dischrjrg it ct*eh  "lit ctlon Mimp.
b) Water Lcidjle rc r-ings ri cic i rv ition \111.
c) Computatd jn ofctr innniim Ivity, hydLdul ic conducti-

vity/ drainage mt ns ty f-clot In <fleet ivr

porosit/.
6* Date ofstart 2 Dee .iner 1984
7. DaLt ofcompletion 2 rill th' end ol thc scheme.

Q. progress of work-*
Th' Installation of thc drainage system was com-

pleted Juring 1905-06and the complete laying proce-
dures arc mentioned in the Annual RC[ort 1903-86. The

layou: o[ the Systran is given in figure 3(1).
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The pattern of data collection was the same as that
oc the crccecain; years. ;atcr table recession through ob-

servation wells due to the continuous drainare from differ-
ent tile drains were collected along with the drain dischar-
ges. This was continued for 170 hours me the data interpo-
lated for lu hour interval i1s gi/cn In appandix-1. The gra-
phycal reprCoeneation of the ducn drawn for discharge versus
head has confirmed the earlier results that ticrt is a con-

tinuous recharge towards the <t ains from thv_ outside water -
bocy t,nd the intensity of thi- recharge reduces with distune”.

The drainage flow wa: analysed uoirVj the ncn-stcody state

o-proach v;hich is given iIn appendix-2.

The parameters found on the. basis of thr analysis 1is
given in ”~able 3(1) along with the values a”riv* o at the

prcc'eeing yrir.
TQId £ 3(1)

'lyjarjrulic paramo trjr based on™the annuals

Parameters voltios for 87-88 Values lor 60-87
K (hydraulic conductivity) 0.2 m/'tiy O.lh ro/day
Kd 0..'8 rn”™/duy 0.4 in™Ndny
d (equivalent depth) 1.08 m. 2.1 m.

Valuc-3 of discharge and average hydraulic head
at identical v dues of clapnet time ire given in table 3(2)

and their corresponding grophicol representations are given
in figure 3(2) to 3(4).



Time

emm
0
10
20
30
40
50
60
70
>>0
00
100
11 r
120

130

1-i1U

150

1 GO

170

Tarie

Values of discharge and aver:jC hycir
elapsed time

2e 15

g h

(mrr/oay) (m)

13.00 0.55

7.50 0.42
6.30 0.37
5.50 0.35
5.05 0 33
4 .05 0.3 2
4.70 0.31
4 .60 0.31
4 .55 0.30

4 5v_ 0.30

4 .47 0. 29
4.4 0 0.29

4.35 0.22

- 30 C 29
.30 0.22
.30 0.29
i 30 0
.30 0

3E15
g h

(mrr/e‘ey) (n)

13 .40 0.47

7.60 C. 3:

5.7 3 0 .33
4.90 C.3C
4.50 C.29
4 .15 0.27
3 9n 0O .76

3.70 0O 25
5.60 0.2".

J.50 J. 2-.
3.40 0. 23

3.30 0.
3.20 .23
7 .10 0.

3.10 0. 22

3.0 0.2
3.00 0,
3.00

12.20

It 15
Ca h
'y ) (n)
0 .47
. 22 0. -15
_ *
2.21
jo u.25
90 r 3
' 0 o--'
70 - U
.25 0 .31
.60
5
I To
.35 U. 26
.30
.9

3J2)

illc_ 't ee -t 1'er,tic | luec cf
5e 10 7E3C 3F32
0 n -t h
(ran/y) (rji) (r /m*.y)(r’ (rr/'-.y) (r)
i C.-17 | E MR T C.2E
| aH 5 21 0. 26
7N e2. 25
o 2 . 23
C.39 0.21
i " 37 " T ?2¢c 0.19
X 5; . .52 - '~ C.35 .13
i C.34 1 25 .35 16
X.2 _ 2 .23 15 C 3C 15
1 2j .31 15 X 13
- a .10 12 C.26 2.12
I v 2 .13 ‘.25 U.ii
L | O 10  o.i C.7? C.xC
1.05 X.xO -.10 0. -3 0.09
1.>-0 C.24 0.10 0.09 0.13 0.03
00 0.73 0.06 11 0.07
1. 2 122 C.10 0.07 C.10 0.07
0 0.21 0.06 0.06
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Figure == 3(2)
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Fic/ure - 3(3)
Hyareulic head vs tin>_ (2rl5 ' 3e33)
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experi, . ht W

Title:

_ _ _ .. . e ‘tern In thr- prr
Effectives i of tile cx -iriaj

lormane;: of paddy cin p in uhe Hnri Jan’

Objectivesm

a) to =T the inca nor i §7 ue
to tiU (t ®y 1 Li-ii.
b) To stu™y the pro./Lh Jdttcrr A j croP under

tile drlinage system.

c) To study the effect of tile or .mage m t]ie

Improvement of rout zone rofjlc of K ri lands.

Practical utility:

Earlier studies in this line rcvesleh a ranarliable

Improvement on the growth an vyield jf :ta ¢ crop and

also on the fercility of root zcrm.. Hence, thir detailed
experiment will bring out the magnitude of iIncremental
productivity of kari lam c¢ with laying of - e mable
drainage system. Thr study will also help In arriving

at an optimum spacing of tile or ins.
Technic_al progr airme:

Poddv crop i1s to be rajsed Jn the 5\&\8 1’0 "L OUL
with the- lateral drains, giving uniform oacbar” /

tices In the whole experimental area vk 'e °* proc"
will he divided into different strips of 5 ET:andin9 croP
the drain line. The first stri n - m Width along
| Natiarnt bt \
fall 2.5m on either side of the cent: wi | |
line. The second, t2, will fan v J ° °f the dre,in
_ _ _ ~ oe-twetn 9 t
from the drain line on either c4d- L F and 5m
sjg0 and '/*3
between 5m and 7.5m from the drai - W ill fill
In lino on

either side.



Hence, lateral drains of 15m spacing will tfivc four treat-
ments TI/ T2, t3 anci acontrol end 4 replications (4 experi-
mental lines)- The drain lines with 30m spacing will have
7 treatments (Tl to t7) with 2 replications. The different

grotith parameters will be recorded for each strip and ana-

lysed .

5. observations to be recorded |

a) Growth and yield parameters of paddy-

b) Monitoring of quality of drainage and

irrigation water.

6 . Date of start - December 1984.

7. Date of completion ;, Till the scheme ends.

§ . progress of work:

a) Crop performance:-

During the year 19G7-0C puncha season (Rabi 1987)

the pa"dy variety selected was nK/\RT\TIKA I ~ a short

duration high vyielding, red kennelled variety evolved
from the Rice Research Station, rancomcn of Kerala
Agricultural university. The- crop was £own on 25.11.87
and harvested on 1.1.1980. "11 thc otlv r practices
with refers ricx to €ee0Jd rat , ftrtilizrr application,
use of insecticides/pesticides etc. wirm followed as

per the recommenced tackags of practices for rice
cultivation in KutLannd. The pumping out sub-

surface drained water was ccntinued day and night

till the harvest.

The effect of sub -surface draino ,e on crop per-
formance was studied and observations on the yrowlh
and yield parametcro recorded vide table Mo0.4.1 and
4.2. The pl.'nt populntion/mdid not vary signifi -
cantly for the rﬂf:Cerent treatments .showing thot the



Moan values of

Treat-

ment
NO.

%.

Treatment

2.5m from drain
line to cither
side.

2.5m to 5m on
either sa.de.

om 1.0 7.5m on
either side.

control (ho
drainage).

CD

- . 46
Table - 4.1

pi ant growth one’ yicld_ j3ttributing characters (15m)

NO.of Ht. t panicle Ho.of Grain Straw 10Ocrain N

plants/ matunity length grain”~yield yicl: -weight " 'e, *
nr (cm) (cm) panicle nt/ha mt/ha (gm)

137 .5 97.16 -0.56 105.73 5.46 5.95 2.57 15.50

143.75 89.25 19.72 93.44 4.59 z. 2.67 2C.25

125.25 95.25 55.14 5.2S 2.60 20.50

107.50 63.15 Uu .3- 69.46 2.39 3.48 .34 75.25
N. S i/ 0 1.42 15.--6 2.4 1.35 G.lI 6.09



Mean values of plant:

Treat-

me Nt
NO.

Treatment

2.5n from drain
li-L to either

side.

5n on

'Iv_

2.bn t -
cither

5m on
.-iccC.

5 to 7.
either

ICn
side.

7.5 to
either

IOr to 12 .am

to 15ir
side.

12.5.-
on either

Control
drainage).

(mo

CE

No.of
planes

per m-

152.5

135.0

160.0

161.0

132.5

125.0

37.5

growth and yield

a7

Tablo

4

Hoiaht at panicle
maturity length
(cm) (cm)
Q ™ 20.46
91.15 20.42
90.18 20.78
88.90 19.54
90.45 19.72
91.51 20.59
76.55 18.25

9.93 0.90

2

straw
yield
MT/hn

100.05

101.05

105.20

S5.07

90.65

108.40

76.98

N.S

Grain no. of
yield grains/
MIl/ha panicle

5.68 5.18
4.72 5.20
4.22 4.15
4.27 4.03
3.93 5.53
4.71 5.20
2.61 3.33
0.64 n.S.

IOOgrain
weight

(gm)

2.587

2.565

2.563

2.398

2.649

2.565

2.464

attributing characters(30m)

Chaff
%

16.75

25.75

27.00

27.50

19.25

21.75

23.75

N.S
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J W.-s rioc jrheat g adversely. This

the germination |X_rccncu , _
WJter submerge nec ir. the

rny bo >u- ta Liu long .uui- == _
. . _ . inur.ri. ... 3J1 -effects of
field itieee-fLari jJ 1lu oi1o . wnich

boeh aci'iicy jnil -—’bnﬂ'ty. .<f1rt’cr>u rdt, as the crop growth

ctl uictu, thir (.ifl uienci "J&AW iy tr <ntittnt; wau four.r to be
cl rtpici'uu’\. Tif V'iy phy ic 1 "h* |ir JjCr f

ilu line (J . .5m eilLhir I1-ox 1 * ' - 40111 e
fTin superibr Lu tAat in M Gui”Y U EEREEDL Y (F T3 IUCIT £XA
Liic nr line) v/ncrt <s the central plots r« '""Jc 'J very poor
tjrcvth as evidenced I~y chr height of chc crop Xc other

cliorcct ristica. Thc ornc tr* no v e rvct Iin the

Ism anc 30in set of ex.* rimcnts.

A stucy of the* data on gr in yielr one yield ottri
bating characters clearly revealec ch"t TlI/ (r* 2.5m cither
sice of the dr ins), v/herc m ximu/n drain t» coox place, was
signi- leantly superior co other treatments, Th<= graii vyield
recorded was/high as 5.68 t/ha against 2.61 terc/ha iIn the
control. The overall increase iIn cjrzin :ield b\ the criop-
tion of sub-surface drainage was 2.1 t/h:. Tn. Increase can

specifically be attribucsd to the hich r ‘'cnic”™c.ler th

. : L e
number of grains/panicle, 1d) a_trcalr? 7Ci'.v— we lower chaff

percentage in thc T1 treatments. r-ri. n thr -

1 tl tbc previews ysars
also the treno was more or | r- .~ _ _
r tuJO the s-ne viz. ml t2 1e

those areas lying nearer the line- ,rnr _
0 J proeucco hinVhrr nr-,'"

vick and were on par within thems, W ., "9

The grain yield data for tge | -
presented in table Mo0.4.3 and -Lost 3 years ere

diagrams in figure 4(1) anc- 4 "2. n form of Dbar

b) Evaluation olwatg qud itv

drains :- P J----~ by the tile
The quality Qf watcr dr

rimental lines were anai” £roa soch -

the changes in pH and ~ “Nn"Nhtly co N

-««ence to tin,..
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Table = 4.3

Grain yicla for the period from 13U5-86 to

Treatin', nts

r.-2.5m,
2.5--5m,
5-7.5rn,

control

Tl
T2
T3

Treatments

0-2.5m/
2.5-5rn.

5-7 .Jin.
/. 5-10m/
10-12.5m
12.5-15rn,

Control

Tl

T2
T3
T4
T5
T6

TV

19877"3sV

(Grain weight ton$/ha)

15m spacing

19B5-CG 1986-37 1987-38
7.01 3.94 5.46
7.17 3.99 4.57
6.21 3.77 4.88
4.<j7 3.60 2 .96

30n spacing

1905--8C 1986-87 1907-8
7.30 ' 5.6B
8 . 38 'K 35 4.7 2
7.11 .52 4.22
6.27 1.5.3 1. 27
5.98 4.36 3.93
8 1] 4.34 4 .71

5.31 3. 61J 2.61
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, ] aAaAand graphically reprc--

The data i1epresented JnlT ab?¥ u c or the
P Nl /A(/? Thce observ. ’tll_lono or. one
* 3\ _

scntccl in the* figure 21(3), 4 ( _ _ ,,rara v -iz
r inktheprevious years viz.

same chractfristJcsrecorded oil W , r-t.-nn in J-Hr
_ ior omparioon iIn "-nc.
1985-86 one 1986-87 art- ul-o piesent c -

same figures.

. uu hll show th €

J2 Li The pn vulm a lor tin V- >f

there was a dal for mt.ruz wasF1ii>ﬁg ‘-l f”i ’ﬂi{’y7 w."th regard to
thr lines denoting thr arc js on th-. lines had a pM differ

chee. It may be noted Lhut i-lic di.-t-mt Iline (/E”NU, 8E30)

from the irrigation channel r”-cordrd a very low pH 2.> to
3.5 initially und shot up as the- sr. son edvnnce-d giving a
clear indication tint i1t could warh f Jirity to a consi-
derable extent, other lines behaved more or less iIn thc
same pattern remaining in the Lolcr ible Ilimit: of pad y crop
in the next year (1986-37) itself .all the lines showed uni-
formity in both the pattern ol change iIn pH and were In the
range of 5.5 to 6.8 showing tlvt it could contain the aci-

dity remarkably.

However, in the current season (1987-83) the pH
level In the initial ocriod was too low for .all the Ilines,
values ranging from 2.5 to 3.5 indicating high acidity.
This may bo due to severe drought encountered diring the
early part of 1987 which rendered the top soil acidic by
oxidation. it also proves that the nearer area frorn the

irrigation/surface drainage channels represented b. the
2¢15, 3E15 and 3E30 could attain a higher PH earlier

washing off the acidity, while all o”™hrrc :

high acidic level of 3 to 3.5 D, rc'PlLlining 1n the

EC: The pattern of the graph fOr

same trend as In pn with respect to the Eh>ows the

effect of different lines, 1t 5! . & Uniformity of the
" -Lso ind

values could be lowered consider'bJ **_t- that the EC
! y in tfue course of
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Table

: 2e15

21.10 6.10

5.11.
26.11

10.12
6 .1 -

Date

23.10
6.11
20.11
4.12.

18.12

Date

10.12
24.1 2

7.1.

21 .1 .

4.2.

17.65
. 7.35
. 6.40

2e 15

6.10
16.35
6.20
7.00
6.30

2E15

2.95
3.30
13 .10
14.0
j3.95

-4 .4

3E15

6.10
/.88
7.30
6.20

3E15

6.10
6.30
6.20
6.55
6.30

3E15

3.05
3. 25

3.20

'4.70

4.00

4el5

7.30
8.49
9.35
6.10

4e 15

G.25 6.20
6.20 5.25

6.15 6.10

6.6 0
6. ftij

4el5

3.30
3.00
3.10
3.60
3.90

53

‘erater sample data taken of fortnightly
—collected from tiles.

intervals

PH

1985-86

5el5 7e30 8e33J 2el1l5 3elb

5.9 2.43
6.37 ,..40
8.34 4.60
4.10 5.80

PH

5el5 7e30

6.50
6.15
6.05
6.50 5.05
,.40 6.75

pH
5el5 /e30

3.00
3.05
3.45
3.60
3.35

2.90
2.60

2.75
3.00

3.56j 3.30
8 .30j 2.40
8.651 2.40
5.60: 2.50

2.50

1986 -87

1

8e30’ 2e 15

6.30
6.25
6.20
5.-.5
7.00

1.90
2.10

2.60
2.50

2.50

1907 -88

2.94
3.30
3.00
3.50
2.40

EC

4el5

2.13
4.20
3.90
6.20
2.4

EC

5el5

27
4.80
4.80
5.70
3.60

7e30

6.06
6.30
6.30

4.80

8e 30

4.92
4.80
4.80

4.40

3eld5 4el5 5el15 7e30 8e30

1.801.00 2.10 2-10 2.25
'.802.00 3.45 3.40 3.90
3.30 3.00 4.30 5.30 5.00
3.204.00 4.50 4.70 4.70
3.303.904.80 5.25 5.44

8EJO 2FJ5 3el5

2.90 2.25
2.90'1.2tJ
't.55 2.05
3.20 1.60
3.10 2.00

2.05
| . 80
2.10
2.10
2.15

EC

4el5 5eld5 7e30 8E30

2.40 2.25 4.20 3.60
2.15 1.7/75 2.15 1.15

1.901.00 2.50

1 .90

2.102.10 2.90 2.35
1.901.00 1.65 2.30
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Figure -~ 4(1)

VAtINMtion of EC In watcr samples collected from
d_iffcrcnt tile drains at fortnightly intervals.

1985-86
r 8e™0

p.i/io/os 5/1ile:. 25/1i/w5 10/12/05 6/1/86

1986-07

ooooooooo

2 J/ire 7/, 1/06 2U/1 i/06 4/ 1/86 18/12/86
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‘K- - urfaoc .'rainage sys.
r&] “to  d.imhoc/cn. in 19L6 -B6

r
j < jr.. afcer the inception of

Ln Tht v i «+ widch r K (I

1,J r,d to to 1 ro.li.-Voi.. It "'It Injtl1"1 'Crio o
to , .i1Jl 'oo-i- v.I'.0 V b. low immhc.Vcm
h jtj 1>,/ <3 H1 t» = 2prific 1 1n d that

Lu wit i iin!m-. re-in i1 i'm ijrll
Villiu hi. 1 . 6nind» /«. 1 r<

,n 1l e.urin . Iye rr. mi ' n 14i prove s that by

d '‘Mtiii.,, sub -lui fce ‘<r«iincrr '3 ~Weth* tot BHolu*ole salts

t bbe 1 m undi control -uf r f voir mlf 1C r™nge Jor good

co jiov/ith amyi«lrd canj®t jtto no.

Mr. . /F30  WiJCh £ CoJTCid
r’ 1/ i QJALl;dte low 3 nimho5/,

N) Qu JLity comp ri* jo of irr.ii; iiion i/x- r/ .werfoco Jho sul>"

o*wl "Ci or irum w-.t |

Weekly municorino o, oT Cre N oirriy cion w ter,
nurf-ct cir mod -.'ter -re o'osurf .Ce dr -in. w_t~r were also
one during thc cropping sens. The »at_1i1c given in thc
tmloc 4.5 & 4.6 and graohicully rcprco amd in figure 4(5)
nr 4(5). The pM values of eurface 3r”~inc™ water were found
to ~ary on par with th t of thc irrigation v:t r rav rng from
4.0 to 3.0 in 1535-36 *m 5.0 to /MJin 15jr-37. raring

these years the subsurfoo drained v:iat- r recorded although a
higher p", Lie trend war more or |It.f tht | znr_ that

it could contain thc acir it/ as good -s the surface drain-

age channels anr was always in the tolerable limits for

crop growth, ~utin th> current yggri_tq,ﬁeo%j Al é\u'osurface
drained water was found to be much lower *>x~ _

_— _C : rc'lcm in rhe
range of 3 to 3.5 whereas theirrigation andsurface
drained water recorded higher value of t ¢ »

1 J*) to 6.0. Thit
difference may be due to the high acidac conditio f

py the severe drought darino the earl-* ~ 10‘ f°rmch

-] Ptraocd of Igpv
This eventually proves that the acidity }J@rllyk

controlled to a signifjc arrc extent b" _ _ ~~-g® Qe
_ J au°pting the
sub-surface drainage systeo*.
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Table - 4.5 Weekly averages of pH
1985-85 1986-87 1987-88
— : mt;_ﬁ_,,__ﬁ

J} 0T . oo S = ®e: o0 © = Oo-

g A6 Ecs z 2« =c2 Tof 2985 0 o g

8 uPnscs £ °s. . tff 35% Sv8f o £2% 5Eg
w 3 Wo3_ n b \ - AL T _ N

2

26.1C.85 5.79 4.36 7.10 ! 9.10.86 5.95 5.10 7.60 10.12.87 3.65 3.25
31.1C.35 3.36 3.83 7.90 g16.10.86 5.30 5.50 7.78 17.12.87 6.10 4.20
6.13.85 6.63 7.10 3.00 ;23.10.86 6.75 6.50 7.50 24.12.87 3.15 3.30
13.13 .85 /7.61 5.77 8.10 730.10.86 5.50 5.90 6.20 31.12.87 5.10 3.60
20.13.35 7.9C 7.13 7.60 i 6.11.86 6.25 6.30 6.40 7.1.1988 3.40 3.25
23.13 .35 9.23 9.66 7.30 I3.11.86 6.50 6.C0 6.02 14.1.88 3.40 3.40
s.i: .85 6.35 6.55 7.10 j20.11.86 6.20 6.80 7.03 21.1 .88 3.30 3-30
11.12.85 6.54 6.13 7.10 127.11.86 6.10 6.25 6.73 28.1.88 3.45 3.60
18.12.35 7.00 7.02 6.70 [ 4.12.86 7.00 6.50 >5.73 4.2.1988 3.60 3.65
27.12.85 7.38 7.0c 5.50 (11.12.36 6.00 5.70 8.15 11.2.88 3.65 3.65
1.1.1*86 5.7 6.83 6.90 II18.12.36 6.05 6.25 7.13 18.2.88 5.45 4.75
m e » @ e 125.12.86 nm ] 25.2 .88 5.90 4.40
"o 0 » ce oo 1.1.1987 6.90 6.45 8.00 . oo -

water.

face
drained

Subsur-

© N ©
© W o

L W ©
O W

AN w w w w w w w N N N N
O g NN ' : '
O 0 0 Ul R

N
ol

0
©
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26.10.85
31-10.85
6.11.85

13.11.85
20.J1.85

2C.J1.85
6.1:.85

11.J2.85

10.p 85

27.1 2.85
1.1.1966
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Table - 4.6 Weekly averages of EC (nmhos/cm)
1985-86 1986 -87 1967-88
1V IL T
~oou t U QM

E %D-‘D 5 Iy g g 0

LR I R w;g B § e ] e

H £ W ')J 7 e lLJJ M
1.19 1.07 2.40 9.10.86 0.75 0.89 3.65 10.12.57 0.59 1.08 1.65
1.40 0.93 1-98 16.10.86 0.65 0.69 255 17.12.87 0.23 0.63 1.81
0.32 0.23 2. 20 23.10-86 1.01 0.99 1.17 |24.12.87 C.29 0.53 1.38
0.37 0.48 3.38 130.10.86 1.44 0.93 1.60 31.12.67 0.63 0.98 .47
0.89 0.67 4.05 | 6.11 .86 0.45 0.12 2.45 |7.1.38 1.07 1.40 1.52
1.68 1.67 3.80 113.11.86 0.18 0.40 2.55 114.1.88 1.15 1.10 1.71
2.24 2.22 4.65 20.11.86 0.31 u. 24 3.43 21.1 .t6 1.29 1.10 1.35
2.13 2.06 4.25 27.11.86 2.25 . .40 3.80 28.1.88 1.25 1.20 1.75
2.45 2.74 3.44 1 4.12.86 2.70 1.70 3.80 4.2.88 1.07 1.11 1.68
1.51 2.60 4.10 }'11.12.86 1.35 1.90 3.90 11.2.83 1.17 1.17 1.27
2.45 2.61 3.95 118.12.86 1.20 -m 3.85 18.2.88 0.93 0.96 1.16
" nm oo 25.12.86 .- .- ft 25.2.88 0.50 0.60 1.05

1
N e * 1.1.1987 0.29 0.79 4.10 - ft m [ W ft ft
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Figure™-- 4(5)

0 1985-06
S’ 0
/. A
R I * vk
- v S
’ REZ
f fis .
/ y \ t. |
\ ' ¢ irrigation
\ L Suirf:cc dv -jj-: water
n ' water. Sub-surface
L BN drained water
3 -
26/1.0 31 6/11 13 20 4> 6/12 11 10 27 1/1
_qglT . =
3 iIbt
0 1936-87
7 --
Su’-.cur ¢ c- Surface irr igo.iiior
dr "linert vrt'f dr inor] water -
4 wit' r.

9/10 16 23 30 6/1J J3 2n 27 4/1- 11 18 P> 1/ 107
e -85
1587 - O

ruj ,tj =>n
vvn 1l i

N Surf.cl
I' drained
wati r

irf cc dr >LiN
watr r

10/12 17 24 31 7/1 14 28 V2 11 1B 26 1/3

S7 ‘U
DntCB



Li

16 23

Fia.uf c.

19 8573

1INl water
sub -surface

surface ar.-inc”
0 \jat N
0

xrrig”™tion watCr

50 6/12 11 To 2.7 1/1.

- 80
2,01-5 31 u/il 13 20

1930 -2

Cf. cotrchagjgjwercr

o.p0' Trrig tion wr.tu:
1 surface dr -ined
W *:te I
%

20 27 -/12 11 18 '-5 1/1/87

0000000

Surface drained water

rSub-surface drained

| water
Vv

77
Lo°oc,00 Wj?s -3 \pCChf>

irrigation water

| 1 A 1

n/l2 17 24 31 7/1 14 21 20 4/2 11 13 25
07 80

S3N L

Dates



61

A critical evaluation of the figure 4(6) indicate

1 iILé: t fIC S'Ub «<3UXf GC" d n/ t )
~ G- viatcr recorded thc highest EC

Vc Jc-a in , 11 the consecutive years from 19G5“<¥ to 1987-88
vhcreao th <c¢i1 feroncc '->ctwecn that of the surface drained

water and irrigation water vvs negligible. 7Tnhis conclu-

ivel rov h-t- v- -y .® :
sively proves th-t d_ ajoputlng su.0 surface drainage system

<0l ujljg.1 sclt c "t be brought down significantly,
~,hc Ouh..r mtcre-cir._  f- jture "crivcd from thc 1ijur- 1is
that in ch. course of 3 years time, the FC v due of the
~ N - *Dbrou.iit oj;/, sijni -icanti- fror.i 4.5 co
1.7 mrnhos/c

n . irj.'.e t fr 3 th< t .jlu 4.G that the

"N Inll 2v. r If. r.nt— iIn rc o tvWren th itric tion

wat.r -no SulL-crf ee dr unc< v/ot.r roi.i the years 1585.-85,
1536-87 .re 1-W -7 jro 1.96, 2.75 ,, 0.56 rnmhoc/cm r. c-
pcctivodv. Ttv cu .ntitatively express.'.d, the sub'surface
drains reiriO"rd, 125 kg, j.'h. hr;, end 36 kg of ea]J]t per ha

per cm of dr jdnod wit r .iril th< r. . acctivc oerioclr,
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EXPF?.11u JI HQ. 5

Titlei =
Evaluation of different falter materials to

I inrl its economic sul t. 'aj 1jty including its design cri e

L ita for tli rub-ourfno. drcJdnuge .c/stern.
Cb jecL ivi 4:

To study thc effective ricu and econcmic suita -
bility of different envelope, mat'r 5is use and jts de-

tign criteria.
practical utility:

une of th* m.irj faccois v/hich mere sc.r thc cost
per hectare of the sub-surface tulc drainage system 1Is
the envelope inte-lal used. The studj, c_r throw light
into the effectiveness of cht envelope materials used

and can suggest an economicallv viable envelope material.

Technical progr anna -

The filter material will be st:tisticell , tested
by the Raoomized glock Design technique. Each block con
sists of 7 treatments and there will be three replication

The treatments are:

I Sea sand all around the drain
'l Sea sand around the joints only
11 Rijver sand all around the drain
A River sand around the- joints only

\_’ paddy Straw around che joints only
VI- coir f~re arointf the Jolnts -

Vil No filter materials.



I.ie fi1 tor ‘'3Li.rials v/or™® selected according to

cnc local -variability. Each treatment is g tile Iline of

40t l.ncjcn <nc 10 spacec at 15?7, Thc drainage flow and the
-ub”™i'.on_  o_ \l u r table vfili be studied from each treatment
inr . datt olsc will he collected from each treatment.

5. Observations to he recorded’

‘" Tt.er tabl . olev tions
1) Drainage flow
3) Crop yield ~"ata

6. mate of stTt . January 1987
7. Date of completion . December 1990

8. progress of wuorh.--

Thbe fr.stcllation of th'- tile ‘drains W3r carried
out Iin 19b6-07 aft' r the h rvc?t of thc crop t ic layout of
which i1s given in figure 5(1). \11 the observation well:
have been Inst -lied In the expcr t'vrn.al urea ruring the

period under report to monitor thc water tabic fluctuations

and discharge rate:

Obocrv ,tLon: rc.ldLcd to this:;, o: x riiiK nt eould
not be recorded daring thc period u- to unfiv™ur hie con-
ditions. Th< co t e tin ihc oft I*lying | r-ub—Mireei* dr iln
age system using #lifer'nt filter mat- ri > f-u 1 30m spec
ing is given in table 5.1 an' tly eu I/h 1l in table 5.2.
Thc system has to be ir.corpor- ted with tlv already existing
main surface channels thereby fully utilizing thc existing

potential. Th< co t -bcry f11 ratio of the system will he

worked out and present'd lat r.






Table -5.1
Cost estimate of laying f jAsub-surface tile drainage system

C
/X v D 3'0
I c C cH>Ig-|
f c S Xo U~ g T ") M :
6 ®cC 1 0 X 0hg u \H M o UE
w, £ g - a. .C Oo 4]
% 1°hr- U o N h (O VN J r-i ru ®
9" a A~ ac oo N L Ao
o M gﬁ o a% S H.O0E g~ i*H ~ \h A in
- . ’
; o+ T ®
- v ija 7 x 0 +1th rofi %?i%l g?a{ﬁ 8)5
© dmag " P ®. ~ooond C i1
4 ¥ o < a = t °7 E R J
3 RS HCR L T
u 0 a %7011 aor J H
! san all_ 11.3C 5.1C 1
air :nc craxr
' 3. rc around /i 1.7
e jo..ras on Ly I - S '
ver s r.q -~I1 / /
ounc th, dr _ir | !
-) rivrz A aroun: [ t/ /
thc joints anl_ |
-») Coir Eihre around Y /] Yy l.Skg/m 1.5 ~aj

cho j~ir.cs onl!/

5) ?ado_ scraw around o
t. e joints on_; [/ /1 C.5L:g/Ti 0.5 19.60

7) ;¢ __Lc-1 rucon*-! | » /1
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Table - 5.2

Cost/ha for different tile era inage system for ¢ 2Cm spacing*

Si.NO. Filter ematerial Cost/m

Sp-ci ng Cost/ha

1) Sea sand all around the drain R 25 .15 20m. R 6383/--
2) Sea sand around the joints only . 0 35 Fa6763/-
3) River sand all around the drain '110 s R 9033/-
4) River sand around the joints only rs 20.75 R 6917/-
5) Coir fibre around the joints only N 20.65 7S 6SS3/-
3) p; ddy straw around the joints only 15.Q0 fc 6533/-

Ne filter material R 10.15 7S 6050/—

* Tliis estimate does not inclade the pumping system and thc collector syste-v
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EXPERIMENT MO-67

Title;

Studies on the changes of soil chemical properties

with respect to time on sub-surface drainage.

Objectivc s:

1) To study tne different ionic concentration iIin the
soil t the critical stages of plant growth -

2) To monitor the changes iIn the soil chemical proper**
ties with reference to time.

Practical utility :

This study will give an indication of the toler-
ance of paddy croo to different salt concentrations.
The quantity of such toxic solt~ remove also can be

assessed.
Technic j! oro jramine :

A few location: will b fixed, wherofrom ceil
samples nerd 'xa drawn jnd chemical analysis wort cor,
ducted at fixW invr;valo. to compare its effect soil

samples wiLl be drawn ironi th< control nl is also.

Observations to X I corded:

The TFfollowing ionic concrMirations and other
changes in physico chehdc jl proper Lie: of thc s all

sampler du to thc adoptJon of sub--surfnew drainage

system will be assesses

pH/ EC (mmhos/cm)/ FO/ GO*/ Cu, Mg./ CIl/ Na,
\/, Al/ HO03/ HC03/ C03/ Av.N., P20y etc.

Date of st irt e November 1937



: Till the scheme ends.
Date of completion

progress of workt

During the period under report a total number of

66 locations were marked in th whole urea of 4 h
sub surfaci drainage system ha: come ip to vogue un.er
experiment..il heaos ac mentioned below for comparing with

the control e where farmers ./'opt -urf -Ce drainage ”“y-tem
only.

1) Effectiveness of the nubs .rf-.ci (t linage system

in the performance of paddy crop ju th . kari

lands (E)-

2) Evaluation of different filter materials for the

subsurface drainage :yster.i (F).

The modus-operandi in'l other details of soil
sampling are shown iIn the following table.

Trcatments(site) Mo.of coil
samples at Pcma rks
c ime
EIS5 on the line 4
between the line 4
Soid samples were
On the line 4 taken on 8 differ-
E30 between the line 4 ent dates viz. 21d
November, 10th &
on the line 21 24th Dec. 1987,
7th & 21st January
between the line 19 th & 18th FEebru-
ary anc 17th March
Control 10 of 1988.
Total 66

These locations were selected to f e

effect due to differential subsurface dr1”™ °Ut thG

the 15m and 3C*n spacinys (pis r . ramage among
— « EJU) 1.,

“ carT>e Into



effect since 1985-G6 and compared with thc newly laid out
experiment (f) 1967-83 and control.

These soil camples were subjected to laboratory
analysis for studying periodic changes in the chemical pro-
perties viz. pH, EC, Fc, SO0./ Ca, rqg. and Cl concentrations
on different oat™s as mentioned above. The data is then
consolidate' on monthly b _sis and presented In the tables
6(1) to 5(5)- Accordingly they arc represented graphically
in the Figure Mo0s.6(l) to 6(5). The results are given bclow

one by one.
1) Effectiveness of subsurface or linage system:

The* figur- r.o -6(1) nr 5(7) cloarly indicated the

following.

a) pH:
In ill the ircftm_nts during the croppirg perioe p:i
tends ta mere "na;? ormly giving a stable value
around 1-5 to 6. Thir value snows a drastic decline
at harv" t aft' r, consrou* nt to thc stoppage of
Nrair .y . its minor drop in pH during thc second

observ jt 1lon oorr™*”pind to the dewatcring given to
f-cill-tt" Frrti‘iterr m3'llc ‘“tion. among thc treat-
ment valuer, or pH "on the* line" tends to be lowc.r
iIndicating th' efface of* the higher wuorob «city
created during the cropping rror.on, thus suppress

ing thc pr+ increase.

b) EC
EC values clearly indicate more or less the i enn
trend with respect to changes Jn time. However, thc

values for independent observation gives the highest

figure for c ontrol, thus revealing thc effectiveness

of subsurface drainage 1in controlling the total so-
luablt saltse The rinal increase In sc Is supposedly

due to the stoppage- of drainage at harvest of thc crop



rreatrro nl;

1 OL,(15)
T L(15)
0 >fiLrdil

Tro

EOTj (1->)
E17 (15)
Control

Treatments

EOL(15)

Z'5L(15)
Control

Treatments

EOL(15)
E3L(15)

Control

n(* r-

Tabic -
O o

11 17 .5.38
1I?.§.eb

a.135.8 /i’i2.in 21.J.00

gi_}]J 3.37

4.63 4.2 3 .30 3 47

_ 1 ™1 0.21 :
4Lu .1§J "
' 3.79 3.11

<150 3.75 ,. 34

E$C (ir»il'°;4/Cin)

VI.iY.U7 2.07 *2*1.1.0. i.J. --0 . 3.<38
u.LG 0.3 5 0 .04 1.52
0.61 0 .... 0 .41 0 .30 1.74
1 02 1.27 1.05 0.65 2.66

Oo (ppm)

21.11 <1 24.12.37 21.1.0L Ib./.v1* 17 .3 .80
0 0 0 0

24 .00 24 153 00

S04 (ppm)

21.11.07 24.12.87 21.1.BL 18 288 17 3 33
314 907 1005 15 24 a8
805 791 GBO 802 cas
1240 1667 1141 1645 076



—5 /1 e

Ca( ppm)

Trc3tncnts 21 .11 .E7 2-.12.07 21 .1 .06 Ib.2.UG 17 .3-08

EOL(Ib) 50 90 177 149 124
E~L(15) 36 75 105 110 128
Control 170 203 205 170 237
:19 .(pjpni)
TrcEt. Ntw | .11 - .. 12.07 21.1 ...J 16 *2 B3" 17 .3.6"
EGTAI-. ) T 1146 11 '3 1330 1622
(1 3> 4.5 i -4 7/ 13 21 1GC2
C *ra-£ ol 1.7-1 1461 1C41 2*/6 6
mO- [ _J
C) (i-i:i>.)
o0 eoeoeo * k%
Trr atir® nts 21.1j.0/ L -Jd-.0/ IR L(..7.0. 17.3.0..
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Table e 6 2

OH

- N, N 4
Treatments 21.11.37 2-v.12.87 21.1.08 18.2.80 17.3.33

EOL(30) 4.52 3.69 4.15 5.18 3 .45
EBL(30) 4.50 3.80 5.21 -5.86 ' 3.25
Control 4.50 3.73 5.34 5.79 3 .11

EC (imihos/cni)

Treatments N"1.11.8/ 2*'.12.n7 l.l.uu IG.y.Cd 17.3,0c
EOL(30) 0.7] 0.46 0.66 0.42 1.04
rBL(3n; 0.71 0.66 0.77 0.5, 1.75
Control 1 .02 1.27 1.05 0.65 1.66

Fc (ppu)

Treotmr 21.11.87 "*:7.i7Yv7 7 | .1 *ob* 18.2.88 1%~ 8 .08
EGL(3U) 0 0 0 0] 1
EOL(3U) 0 0] 0 0] 0
ConLrol 24 24 3 2 153

604( pl)iti)

TrVvV.thunt7T" 21 .1 w17 ‘17*1.127.37 *Z_Y'Q "18.*2.00 ' 1775780
EOT,(30) lino 7U7 953 1063 976
FOL(30) 0 L3 °53 792 1011 1279
Control 1240 1667 1141 1645 2076



recatments

EOT, (JO)
E*'L(30)

Control

Treatments

EOL(30)

EBL(30)

Control

Treotmciyts
**

EOL(30)
EBL(30)

Control

1 . IT.dV “

U
48

170

21.11.07

68

346

696

840
770

814

Co (.ppm)
f.Y.. U7"*21 -1--G 1L-*" m36 £L\3\8E
127 156 122 161
M) (PPm)

24.12.87 21.1.68 |pb.7.86 17.3.88
1263 1110 1300 1159
1068 1355 1189 1668
Cl (ppm)

24.12.87 21.1730~ _ = e emmoreeee-

______________________ — * N«0o8 17.3.8S

578

595 963 980
683

780

1138 119C

8 23

770 1120

1260
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*6 (. Clicmic ol ClViyjjcs on drcirayc (3Q0m spacing)

T PH = EC(..mhos/cm)
6 *
Fc (pim) . So 4 (pom)
160 2104
?
120 L- 8) 157
80 5 105
40
0 A . it n 0 C c Il
C'i(ppm Mcy (ppm)
nLO i(pp P
180 J.-7
| 20 |Ob(L y
'/
6u )
)
A " G U
1 el A —- 21.1L.87
EoL(30) ci(a..) U
<V
97:- - C =  11.87
--------- EBL
(30) Vv _ L
650-
gaaao Control 329 A= ic.?.bo
0 3 M= 17.3.00



C) S
: ,.rrtv-ic quantities 1s
proseno or water uolufib |-t n " thc.#tarjr.ont
oli* I'tvecd onlv In Lh control ji ot..#
¢-.u'f rtftaction# leading

u-iur 1t f 1tfie i1.rit cr.-xn n to cau-c 1e
. 4 h the othf £ BAD
to high Woter “uLublt F- cohtcnt . F © 0

N N h 5, t r "Olublc FC W-S control lee
cr | u\ibpy>lii- lev X * ~N-L
. o . 1,_ eonso'uent acrobicity
bv cn<e inoi . ,ut ‘'l .'I, e 1 -J
- I ro vjjt>. r insoluble
a<c Tli.'  ierr l° n J -(- %/ 0 Ml

v.iric | =aTin! .

1' 80-#, C _ Cl
Tliv uniformly oj.irvohigh v 1" s forcontrol <clearly
bring:. oat the rol 0 *u:urf ice -r a .if- 1n reducing
che concentration of S -# Cn f'g Jn  rl'nc'i j-if I f si-
tuations. gow-.vcr, tw en thc tre itmcn-S "or.the line"
rr.d "bttv.-cn the lir. thcformer gives higher values
for sol # ca# Ecr Thj: ¢ n cue to thc high re-
tention capacity ofLb_  oil with rat>ettopolyvalent

ior.s upon drainage. This 1 >r ir accclarcted by the
hi'jb CIX of th<. coil cri I the high: r ber, 1 jJ # rgics for
oolyvalenc cation... "hr colloidal sysim trr.es to ad--
just itself by throwing mor< of morovaler.t cations in

the solution ph'sc Zn"giving provision for adsorption
of the polyvalent cationr .

2) comparison among on thc lino, bbuvn_ thc lin(_

sePtr.°’A.-1 n- - filter _stu.lies_excxrimcent:

A study of the figures 5(3), 6P|\/,I m

_ -(->) reveals the
following ; -

P--

The control and treatments ohow not ~

and the pattern of chances ar, ,, o urtren
-e more or 1Pcc fv

same. However, during the last observe-

age was stopped# the fall of PH valuer When flrai

all the treatments including contr **"*rrSBtic N

(o]

- This may



7

due to the prc.h-on/~cf _ o _ _
~ c.ocjurc of 1irrigation and allowing the

soilF to nry for o _
-cilitating the harvest of crop.

EC 2

E conductiyity valjos show values toelow 2 mmhos/cm
I j the cropping period and after harvest, when the

croinag, /as stopped the values, however, increased to more
than 3 rnmhos/crn. The same trend is observed for all the
treatments. *urchc:™ the values for independant observation
in the caot o- control appeara to be slightly higher/ though
not significant. The drastic spurt in EC values during the
last observation la supposedly due to thi« high accumulation

or oalts (ions) conscqui nt the sudden stoppage of drainage.

Fe

Soil Fe concentration as extracted by distilled water shows

high to moderately high valuer during the cropping season

In the treatments'on the line*

in i1ll the treatment, the 'leercase in Fe (water sol.)
concentration during the 3rd obst rvution may be cu to the
fluctuating hydrological flux created by repeated clcwatcring
anr letting m oj water -o ms to fcilitjte fertilizer appli-
cation. Thr ri(rol«cit/ err nt d by these operation, though
not sign ifidJ nt Is cdd”™s cc-'de in controlling the dynamics

of soluable Ft under civ »Jdc fuming slfntion of the lo

calxty.
The analytic 1 values lor SO4, C:'+, MJo++ and

chloride ul.ow. patterns si,nil .r to Li, one u<pl,inccl above.

Thi-« particutar cxf=ull.Knc ht<s juwt been storied
during thin year -nr' hence any conclusive evidence regard--
Ing the changes Jn nutrient cone, ntration, EC, PM etc.

cannot be arrived <t with t u pr*™cnt data-



'ft L uLiik nt n

FOF

FTi,

Contiol

TrLOUiunr.."

FOL
F'iL
Control

Tro pLmcnts

FOL
F3L
Control

Treatments

FOL
FBL
Contr iQ

21 .1: -u7’

1.67
4 1%/

ri.11.Q7

0.91

0.64
1.C2

21.11.87

170
24

24

21.11.L7

2437
1491

1240

v |

Tcibl* - 6.3
pH
21 b 1 sB
'j_uu 5.18
3.9 = 4.5/
i 76 3.34
EC (idii]i'j : Uii)
"x..12.07 21.1.6D0
U.80 j.77
0.84 .90
1 .27 1.05
Fc (ppm)
26.12.37 Pl.i.cb
139 73
79 50
24 3
s°4 (ppm)
24.12.87
21.1.68
220.J 2389
2229 1594
1667 1141

V8 .2.88

3.69
6.56
3./9

jo. .3

€. 23
0.71
.05

18./.08

127
45

16.2.68

2433
1776

1645

<«
"'7\ 3 .68
2.91

3.1U
3 .11

J/.3.C8

3.32

2.60
2. 66

17.3.38

233
200
153

17.3.38

2450
2188

2075



Treatments

FOL
F3L

Control

Treatm r :S

FOL
FOL
Control

Treatments

FOL
FBL

Control

21.11.87

163
110
170

21 .11.07

1213
341
696

21.11.8/

55/
06 2
814

Ca (ppm)

24.12.87 21.1.88
190 240
213 256
203 205

og Cppm)

24.12.07 21.1.08
1946 2312
1580 2' 54
1474 1461

Cl(ppm)

24.12.U7 21.1.88
720 687
7/0 759
023 77U

13.2.88

200
168

178

18 .2.88

2037
1699

1541

18.2 .08

1140
1120
1120

17.3.88

177
15C
239

17.3.C6

2107
2384
" OSS

17.3 .88

1313
1395
12GU
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Treatment:

EOL(15)
EOL(30)
FOL

Control

Treatments

EOL(15)
EOI1; (30)
FOL

Control

Treatm ntr

EOL(15)
EOL(30)
FOL

Control

Treatm' nts

EOL(15)
EOL(30)

POL
Control

Table — 5.4
PH
21 .
sl <9/ 241797 21.1.8b
4.5 2 3 .69 415
4.67 3 08 5 18
EC (mmhos/cn)
..m_ —®. - ., . —H #_
21 .11.07 71.12.07 21.1.80
0.56 0.39 0.64
(i.15 0.46 0.66
0.0° 0. .0 0.77
1.0 8 1. 27 1 .05
Fo.~pprn)
1aioc F o~ 2.0 1 cr
.25 0 |
0 Ll 0
170 139 n
24 24 3
SOW pf m)
N~ra* A (6 N
] 11.07 24 .1 '".07 21.1.88
014 907 1005
11009 787 953
2437 2200 2309
1240 1667 1141

18.2.80

6.03
5.18
5.69
5.79

18. 2. 80

.32
42
.93
.65

o O O O

18.1.8b

127

18". 20>6 '

1274

1053

2413
1645

17.3 .88

3 .37
3.45
2.91

3.11
U N

17.3 .30

1.52
1.04
3.32
2.66

1.3 .83

H .0
0
233
153

o eox . e

17.3.8C

1402

976
2450
2075



-1 32

Ccj(1Jdpin)
o o 1.1.07 Jui.2<03 17.3.33

Tr* itmi.nl c 5i.1-1.G7 2-1

149 124
EOL(13) > > . 122 1C1
EOL(30) 70 127 15C
FOL 163 198 240 200 e
Control 170 2U3 205 178 2317
MO=m)

Treatments 21.11.37 4.1 .7 21.1.87 1G..88 17.3.66
EOL(15) 480 1146 1123 1332 1822
EOL (30) 668 1268 1118 1300 1199
FOL 1213 1946 2312 2037 2107
Control 696 1474 1461 1641 20S6

Cl .(prm)

Tr men
eatments .12.87 11 .1. 87 13.2.08 17 3
EOL(15 700
EOL((30)) 840 :(7): 045 893 1070
FOL o957 720 637

1140 1313
Control 314 8213 270
1120 1260



300

225
150—
75
0 ----momem- 1  Lajui & oy |
™= r- » A C ™ r; E
C-(ppm) t 1o )
240 ¢ - 1 1r-°0, . 250C
T oo P 09
180 ijK X */*3n'e>>c, 1875 O y
_ . )
120 12 CC
02 /
0
O.L
A C E I, If D\ (: T
EOL(15) ci (ppi-i). o~ i
1U5C_ = 12,
=OL(30) E = 21.1.00
0 701
00 Qo 0 _
mon Ge 18.2.88
35
XXXXXX control
J —L G M= 17.3.80



TrL-wti,u. nti.]
E*L(15)
T L(3U)

FIT,
Contr ™1

rii itmontl

E~L(1S5)
t r (3« )
PpT

Coo-rol

Trc atr.icnt£
F-1L (15)
E "5L(30)
FAL
Control

Treatments

ESL(15)
EBL(30)

FBL
Control

~e 84 i~

i .11 .87 ™~ .1 .8/ °Sl.1

* .50 3.95 5.41
4. -o 3.0(] 5.91
4 .57 3.97 4.97
4 .50 3.75 5.34

EC (inmhcc/crr’)

*1.11 .".7 4.1 .3/ 1.1.UU
M.CI O.'to 0.41
i).71 u.66 a4
0.6 . 0.04 u.96
1 .02 1 . -5/ 1.05

FH-3/Jd2n)

21.11.87 24.12.87 21*71 . 0

0 0 0
0 C 0
24 79 50
24 24

SOl (ppm)

21.11.37 24.12.07 21.1
805 791 330
813 953 792

1491 29229 1994

1240 1667 1141

jb.~2.-1.

C. 21
5. UG

5.58
S.79

lc.2.88

46

1t3.2.bo

802
1011

1776
1645

J7.3.U8

3.47
3.25
3.10

3.11

17.3 .8

1.74
1./5

2.60
2.66

17.3.38

200
153

17.3.88

1544
1279
2188
2075



Treatments

EBL(15)
E?>L (30}
F3L

COitrol

Tre tr.cn

E M, (15 ;

FAL

Contiol

Tr—iiinv ntr.

EBL(15)

EOL(30,
EEL

rontrnl

G5 ®-

Co(ppm)
21 .11 .e7 24.12.87 21.1.88
36 75 105
48 92 110
110 213 25S
170 .03 205
r'q(r\j'o
2  1.67 ' 21,12.37 21.1.88
.S +454 87 m
Jv It 6 1355
54 X ljoU 7
<7 . L:C]
B .
CU: il
;. .11.87 - 2 .12.87 vi-1.60
7 5 595 613
770 583 780
06 2 770 759
814 U 23 770

'rc. L] L]

18.2.88

118
114
160
173

Ib.2.38

13 21
1139
1629
16 41

Ib.

945
1138
1120
1120

e NiMtM
.00

17.3.38

128

180
150
237

17 .3 7.38

1832
1663
233 =
7066

1234

1190

1396

1260
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. ¥ 4°nitoring of quality of irrigation and
surface rrained vac _ _
continued this year also. The

acidity an-1 railnit* of t-hr . :
cne cijL. .-rcnt waterbodies were eva-

I"J‘—f(r 1Bfron 3 .vg to 6.33 for both/ where-
/[-1.r o ranged fro.a .j.5 to 6.8 mmhos/c;n, thr. trend

O mm_j or aoth irrigation and surface drained water

N~ N N1 ddoution of£ surface drainage alone
cannot la”~rov. tne soil hralth by reducing the acidity or
Solinit/. Th ata pooled over foi thelast 5 years show

that hh<* : oeinuin con- cion for growing pa™* Iin Kari soils

Is fro I Augj -t to rove iber when thr o Tand nc of irrigation

water regain in =3 f vo.ir ahl» limits.

*/ith reg Jjro to eha e: >eriinenton finding the water

thalc fluatu :ivnin the project ore > the data generated
minc L90> h d -Vvwr th. t there 1S no c"rriitc pattern of
gruunclwit r frr/i* n- m tno oil*» ui t the Wc.ter mo”e

ment 1s greatly inr la' nce™ by the '«d:shr water level,

iInteriTiittant floe/'In™ ne Jrain”rg-

The in Jy:.iv wi '-ne h/<!l milenu.r rciic 01 1lhe

_ _ , r > ronri t 1 eho earlie r i« *ults
tile drain.* 1:/m r
. oo WL or -, rMO thvi «rrl. tiv o c'r d.ns
thnt ther*. i- w®mswntjr.-'-u r'f*“
T Y I.h* Jnu-i1,. 1v O- Lilic r' e
from thooi> 1 e W - < -
., h tlk -'n ujc hyrlr.ivillc run -

-1 f P _ : _ :
chrirrtc rf/ucc % -» Tnorrljy Os aJd InSt 0.J.3[Frrl, |yf
Nactivity of th. at- 1 °* m *

. 'n kifirev.ions yfnre
I-hG voluenrr 1l d| =

c>erifTi"nL "F.fff ct.l.vurioiis of tile
under the —m

.Jjceformanee of padey crop iIn Kari
eiroin” ;-y .-on in J dJLfcrtncr in the
e : oo I-Nprc ixg3 »
Hino® i vy i M1 o0 oyioltl,

Y
(vr form.. SCO of cron QW\I



: r .in ylo.L Dby the adoption i< tile-

Tl.t xvcrall Incroj. 1 -n J Jjncrcdw ua”n
of .iiilo. wito ?. = t / N ANO:1 . 1 1Hci Line of
r.ihily found in the trcil. r.tr Lone/ho. The

mj. ~r. t ! rr(C’hrri( fj 1~ 1

I\}I lir™’ r : : IK. Ihb'.-BG

. : : 4+h /C.nx *' o
"i- 1 ruionuti® on for rlv [=1-"" v (r S:nx v

Lr»™Mj~»3/ snce 1*nv-uli reved-* ith N LiJIthe Ikt yilire V\_/ere
Ahttiinct iioni the trc ibm ne= " P N Tirh Oleither
Uc v o tilt] in. Sl At m e A 1rTht_-11 Ity of weiter
l. >m ich itll him-ukh." 'V 1luuuU" <ivcompeled with
h n mim | =mjiz ,1.0 Miif.it. "1 1", viot. i The p;i values
t i 1 Qi 1 L >riu: P virioin- i'i be v<ry low,
vr N\ i 11X awi'ju y ir,. ihix i 3 S [ the
em .14 Mljtert i civ. "» jrv> *j lrcvious
i «1i V e I ni , tLil L*5 « irrigation
- j ' - : r*v in* | y ben jvc alike
x7% e jOi j ir.  -e E. rrA o wit]*] time.
1 Ti - In>- I ‘nr -r Jdw y. h__icr m i ir tile
r m*x Tjt r t* mii r i *iw «>i- or j-§f rl/jf j.e . ur~ual
J O ch i .j.ol JI. It 1jU'jh LI,.(~tur<e v, jS
T ' &'l iiimho.i/fo. 11 i §io " .5 "thoc/c: showing
.. .. Xx,n.*io .c shin, of * it. h-«/c f . ter. ce. It has
e. hi,.. -h t >w i eh y. .tc C ,Coc.rjiz and
1-7 it - a ci, -SIM. u-kg T- 3%:.3 «= ,-lItt/halon
of wwiinor® Vitr T Ty gy me'Qy V. 1, eeeth.,: off frora
ihr e orifnoiit'l nrr

install ation of tile
of different fir'

The
the suitohilit

corriec

drainage system was brounht ini-

out during the signer of”™ 93

n"- e
N finr:ing
2 /\ /N /N\ /N\
' Altil°a9h the

* mtoeffect tvn* /N

mrr its/denier its could not- _ season the
re accertai pr-- -
able conditions iIn the farn.r. ~ QOUfc to unfavour-
1
tiori indicated the advcntanr vy tfti A visilal evalua-
better crop growth un the linpc« _ ., ANrins by the overall
I than tK « o
However, the effect due to differ&nt _ ° at mldspcicing.
not so conspicuous. Thc tOet f filter materials were
ayin oin- 1l : .
y % the tile draai

' <ap



--Iter niatrrt -ic v

minii/ru.-" e:xc Jenditur- - - o : Y OGtn 'worked out. The
str ~w arounr tfr J% iMts -‘1*/\ 13 wes involved for tho padcv
required tor thn ~er *NO0 riaximum of in-9u33/ha was

fibre as filter nator”- N 311 ar°Urk3 ths drsinS- The coir

of installation anc”™~h"1 2 rXInd tg ?e thu e3SiGS- In terms
- -no"cot is I1.6e?3

DAriarv. th™n

N\ J now ~porimtnt entitled "studies
on the ch”sny*. 3 c¢f sn-i -v, _ _
N _ X nei.iical oronercies with resouct to
tigno on suoslljcfaec r --nxr*it _
_ J v,a3 InJcroc'uceo. ™ fixed number
Gl 06 SICC-. V/™;, r\ Sn _ _
- 1rat-ricec* for drawing soil samples fort-

N A*" AMthnic™Ml an: lysis of the samples showed that

ti.cre 10 not nucnor uirfci' no in pu and EC for the treat--

prnt..* . _n thvilm*_, bctv/ir rn the linr n, control. The
chjn_, in tn cte™n jj. ic, magnitude was also s ine at the
critical seayes of croi. growth. in the other observations
viz. Li2, So4/ ga, ;cj, Jdr cl concentration the control re-
corded hi*hei values at 1i1ll fti.j<-r-, bringing out thc role
of subsurC c¢c <*.\na c sjr™o-, in redl. mng the ionic concen-
tration".. unr”~r ~ct'ejl *a ,,iIn condition* . Among thr other
two ereClients ;lori :he 1'nf'l reeorr j] giut r vilucc which
nay br v «0 eh'hl h retention capacity oP the nolle with
refcrcnc- t j ->Arjb nttons v/ion “ninoje. This < again
m'Coder ;ird by - - .oC th* 011 an" highc r bonding
n;gi' Lor p * v 11 ri“c*jllonse The colloiool cyi tcm

ten - to ..rijunt itcc-U by throwing nor- ol monovalent
cations it, thc olutjon ol, ' > t/iviny pr<wt.-jon ror
adsorption of thc L>olyv..ilrnt cation' . In all the civcr-
vatlonr;, thc vaiu t wcr,. i1o«n mto itcrra,- .sub, cnlj oftcr

thc havost o-: th- crop wlvn 'V an. sc p.mpino was stopped.

This 1o m inl’b@zﬂf' 00 Hnd o GUI01 fter the
-vin-, 0?7 1.he t0|l surface.



3)

b)

SECTION __ F

r-—m —

Monitoring » periodl > ch ner ¥ In
s irfjcl ai<lsub-surf*ce oat* r In the project area.

A/scs; mnL Q hydraulic j oprrties of the tile

drainatje syrtei.u

Effectiveness of tile drainage system in the per-

formance of paddy crop in the vyari land.

Evaluation of different filter materials to find
its economic suitability including its design

criteria 1.or the .uueaif drainage -v stein.

studies on the changes oi soil chemical properties

with resneec to time on sub-surfao. drainage.



- War”™ i-f )
CAEF AT phE T T eEmenmiday
: . . .ilp. grains

Tine 'E1S5* i Y T st T
nvr/Oa o '*E15* *
171 ay ] SE15 7TE3C5* 8e 3(]P
un/rl = . oqu '
y duy nny'cay rmrv/d ay
0 13 .00
: 13 .40
12.90 12.10 2. 25 2.50
10 7. Si) 7 GO
' . 70 4.00 0.S5 1.00
20 5.3 J 3 .70
- : 3.10 2 .90 0. 55 0.70
> .50
4.5 J 2.60 2.20 0.38 0.55
40
5.0S 4 .5u 2.3". 1.720 u.30 0.43
iJ .05 4.15 2.00 1.65 0. 23 0.39
50 4 .70 3.9., 1.9Q 1.50 J. 20 0.35
70 4.5 ] 3.7 | i .i-0 J..O o0.1b J.33
00 e .55 3.60 1./0 1.70 0.15 u.30
0o 4 .50 3.0 1.65 1.5 0.13 0. 20
100 4 .10 J.40 1.60 1 .15 0.10 0.26
110 * o 3.3 1.50 1.10 0.10 ¢
120 4 35 3 20 1 ) 1.10 <J. lo 0. .3
130 1. 30 i .10 I “i0 1.05 0.10 0. 3
. 1 0. 21
150 4 30 1.00 1.15 1 .00 0 0
1.00 0.10 0 20
10 4 .30 -.GO 1 .30
2 1 25 1.00 3.01 0 .30
370

i 30m r,pacing



- In “
Avot ogt., htpcm at lo J4ur Ir.tcrvdd. {1

fur <l <rtnt 11lis tir J_iiic

«

rime 2E15* THEE CEL->y ‘rﬁl = 7e3lA- 8e 30
0 0 55 0.5J 0.46 0.4% U.35 0.30
10 0.4y 0.47 0.4 7 J.4 2 0.32 0.28

0.46 0.44 0.4 2 0.40 J. 30 u. 26

30 0.42 0.41 0. o 0.38 0.8 0. 25
40 0.e0 (.38 0. 38 .. iC 0.2 6 0. 23
50 0.37 0.35 0.35 0.35 0.25 0. 21
60 0.35 -.32 0.33 0.32 0. 23 0.19
70 0.34 0.30 0.31 0.30 0- 21 0.18
<30 0.32 m). 2G 0.29 0. 20 -j.19 0.16
90 0.31 0.27 0.28 0. 26 J.18 0.15

100 0.31 O.,.6 ".26 0. 25 0.16 0.14

110 0.29 C.24 U.'>5 0. 3 0.15 0.13

120 0.29 0.23 0.2 2 C. 2 0.13 0.12

130 0. 23 0. 23 0. 22 0. 21 0.12 0.11

140 0. 20 0.22 0. 21 0.19 011 010

150 0.27 0.21 0. 21 0.18 010 0.09

160 021 0.21 0.20 0.17 J.09 0.00

170 0.27 0.21 0.19 0 16 o o8 0 08

* 15m spacing

fec 30m spacing



Time

10

20
30
40

50
60

70
80
90

100
110

120
130

14u

150
160

170

[}
~

Hydr_auilic hcad at 10 hour

OBW-III

0
0

.580
310

m]. 2-iS

0.210

0.105

0.175

0.150

0

0
0

0
0
0

0
0

0

150

145
140

135

.130

.125
.1 25

1'5
-125

0.120

0

.1.0

The subscripts

1. First digit

2. second digit
3. Third digit

well

indicate-’
Indicat'

Inbicut-
numb r from the drain

05W--112

J 55e
0.515

0.4CO
0.4.i5
0.43

0.010
0.395
J.330

0.3 |
0.351

0.34 5
0.235

0.330
0.3 26

u3/0
J. 320

* «

of observ-

w lls

the chain

the
line

Hearl (m)

® eooowme (

03 /-113

0.57i)

0.15 =

J . -Ou
0.376
u.355

0.345
0.325

1> 325
0.315
U.3x0

0.300
0.3u )

the observation well

Interval

03"/“ 114

O.53'm

9.365

. 315
0.275
2.160

-).250
0.245

0.240

0. 235
m1.130

ei. 225
0. 27

0. 215
0.115
0. 21U

0.:05
0. 205
). 235

... hote thr

lino number

N

linr

/xa:_dﬁ.-nntnt observr cion wells

oaw-lili

0.445
U.370

U.31 )
0. 265
0. 225

0.195
0.j.75

0.155

r .140
0.125

0.1 20

0.110

m>.106
0.100
0.095

>. 095
0. U9u
0.085

following ,

number

position oC the observation
towards the north.



Ho;)'1t (in)

Tim ol i 0.0 12 oBW-123  03W 124 030-125
0 0.510 m. 55 0.6"°5 1.1.50 0430
10 1). 26 j 0.> 4 i). '56 L3S0 0.325
20 m.170 365 0.47 0. 340 0.250
JO 1.125 0.J15 0.440 0.30". 0.200
<10 0.095 0. 236 (i.390 U.77fi M.1CO
50 1 Uo5 0 .-.60 0 .360 ]. 146 0.335
6C 0.060 0 .24 ] 0.31 5 0..15 0.3 20
70 0.075 U.IV.O (J. 235 U. 205 0.100
30 0.070 0. '00 0. 270 0.195 0.0S5
90 W.070 0. 2GU o 0.090
1U0 0.065 O.<5U 0.135 0.035
110 0.060 u. joo 0.740 J. 165 0.000
1x0 0.060 U.loS U. 235 0. 165 0.0/5
130 0.050 O .loD 0./.25 0 X6 0070
140 0 .055 0.130 0. 23u 0 155 0 070
150 0.055 0.175 G. /25 e 1EE 0 065
160 0.050 0.175 0.2 25 0. 155 0 065
170 0.045 0.170 0 ™25 0 155 0 ueo



10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

.510

150

075

.045

.045

.040

.035

.035

.035

.030

.030

.030

025

025

025

025

025

025

.905

.280

.230

.200

.185

175

175

170

165

160

.160

155

150

150

150

.145

.145

145

0.415
0.350
0.300
0.270
0.255
0.240
0.230
0. 220
0.210
0.205
0. 200
0.195
0.190
J.190
0.185
0.185

U.1BO

).1uo

0.480

0. 280

0.230

0.200

0.190

0.180

0.175

0.165

0.160

0.160

0.155

0.150

0.150

0.150

0.150

0.150

0.150

u.l50

.320

295

.250

. 215

.185

165

150

140

135

130

125

120

110

.105

105

100

.100

.100



I 96 1I1-

Tim e (Head (m)

(hrs) obw- 141 A OTW=14T pPgW-144 0QW--145
0 0.325 0.315 0.460 0-500 0.470
10 0.155 0.310 0.355 0.230 0.250
20 0.090 0.295 0.315 0 .175 0.170
30 0.065 0.285 0.290 0.180 0.130
40 0.055 0. 270 0.170 0.135 0.110
50 0 .055 0.255 0.260 0.130 0.095
60 0.055 0.240 0. 245 0.125 0.090
70 0.050 0.225 0. 240 0.125 0.080
80 0.050 0.215 0. 230 0.120 0.075
90 0.050 0. 210 0. 225 0.120 0.075

100 0 .050 0.200 0. 220 0.120 0.070

110 0.045 0.195 0. 215 0.120 0.070

120 0.045 0.190 0. 205 0.115 0.065

130 0.045 0.185 r.200 J. 115 0.065

140 0.045 0.180 0.200 0.110 0 060

150 0 .045 0.175 0. 200 0 110 0 060

160 0.040 0.170 0. 200 0.105 0 055

170 0.040 0.170 0 195 0 105 ) oss



Time
(hrs.)

10
20
30
40
50
60
70
30
90
100
110
120
130
140
150
160

170

obw-151

.265

225

195

170

155

145

135

125

120

105

175

.1°35

. loo

0.340
0.310

0.285
0. 260
0.240
0. 220
0.210
0.195

0.190
0.180

0.175
J.17i.

0.155

0.160

0.155
> 155
1150

0.150

OBW-155

0.380
0.205

0. 235
0.200
0.175
0,160
0.150
0.140
0.130
0.125
0.120
0.115
O.l1iO
0.105
0.100
0.100
0.100
0.100

GBW-15(

0.395
0.350

0.310
0.275

0.245

@)

220
. 205
190
.180
175
165
.160
.160
.160
155
155
155

O O O O O o o o o o o o

155



Head (m)

(hr ODW-161 OBW-162 OBW7163 qbW-164
0 0.360 u.385 0.380 0.300
10 0.290 0.350 0 .350 0.280
20 0. 245 0.315 0.315 0.265
30 0. 215 0.285 i .290 0.250
40 0.190 0.260 0. 265 0.230
50 0.170 0. 235 0.240 0.215
60 0.155 0. 220 0. 220 0.200
70 0.150 0. 200 0. 200 0 .185
80 0.140 0.190 0 .180 0.170
90 0.135 0.180 0.165 0 .160

100 0.130 0 .175 0.150 0.145

110 0.125 0.170 0.140 0.135

120 0.125 0.165 0.125 C. 125

130 0.120 0.165 0.115 0.110

140 0.120 0.165 0.105 0100

150 0.115 0.165 0.095 0. 090

160 0.115 0.165 0 085 0 080

170 0.110 0.165 0 080

0.075



Time

(hrs.) 03W-17T Head (m)
OBW-172 OBW-173 OBW-17 4 OBW-175
° 0260 0.270 0 .275 0.275 0.275
0 0.215 0.245 0.235 0.230 0.225
20 0.175 0.225 0.215 0.195 0.185
39 0.150 0.210 0.295 0.165 0.160
40 0.140 0.195 0.180 0.140 0.135
>0 0.130 0.185 0 .165 0.125 0.110
60 0.125 0.175 0.150 0.105 0.095
70 0.120 0.165 0.140 0.095 0.085
80 0.115 0 .155 0.125 0.085 0.070
90 0.110 0.150 0.115 0.075 0.060
100 0.110 0.140 0.105 0 .065 0.050
110 0.10b 0.135 0. 095 0.055 0.045
120 0.105 0.130 0 .05 0.050 0 .040
130 0.100 0.125 0.075 0.040 0.035
140 0 .100 0.1 20 0.065 0.035 0.030
150 0 095 0.115 0.055 0.030 0.025
160 0 090 0.no 0.04 5 0.020 U.020
170 U 090 0.105 0.040 0.015 0 .015



N\

Head (m)

(Eirng?) OBW-181 oBW-182 ~ ~03W-183 opw-1800  opw.tes
) 0 360 0 270 0310 0.360 0.320
10 0.240 0.230 U. 285 0.310 0. 290
20 0 180 0195 0 .765 0. *95 0. 265
30 0.140 0.165 0.245 0.275 0.240
40 0.105 0.145 0.225 0. 260 0.225
50 0.085 0.125 0. 205 0.250 0.205
60 0.070 0.110 0.190 0.235 0.190
70 0.060 0.095 0.175 0.220 0.175
80 0.055 0.085 0.160 0. 210 0.160
90 0.050 0.075 0.150 0.200 0.150

100 0.045 0.065 0.135 0.190 0.135

110 0 .040 0.055 0.125 0.180 0.125

120 0.035 0.050 0.110 0.170 0.115

130 0.030 0.045 0.100 0.165 0.110

140 0.025 0.040 0.095 0.155 0.100

150 0.025 0.035 0.085 0.150 0.095

+o0 0200 0-030 0.030 0.150 0.090

+r0 0.020 0.025 0.075 0.145 0.085



Time Head (m)

(hrs.) oBw-211 OBW- 212 OBW-213 OBW-214 OBW-215
0 0.565 0.565 0.575 0.565 0.550
10 0.265 0.465 0.450 0.415 0.330
20 0.175 0.410 0.405 0.350 0.245
30 0.145 0.375 0.380 0.320 0.205
40 0.140 0.360 0.360 0.305 0.180
SO 0.135. 0.345 0.355 0.295 0.165
60 0.130 0.340 0.350 0.290 0.155
70 0.130 0.330 0.345 0.285 0.150
80 0.130 0.320 0.340 0.280 0.145
90 0.125 0.320 0.335 0.275 0.140
100 0.125 0.315 0.330 0.275 0.135
110 0.125 0.310 0.325 0.270 0.130
120 0.125 0.310 0.325 0.270 0.130
130 0.125 0.310 0.325 0.365 0.130
140 0.120 0.305 0.3 20 0.210 0.130
150 0.120 0.3 05 0.3 20 0.210 0.130
160 0120 0.300 0.3 20 0.210 0.125
170 0115 0.300 0.3 20 0.210 0.125



—: 102 t

Head (m)
(hr OBW-221 OBW-222 OBW-223 OBW-224 OBW-225
0 0.600 0.550 0.520 0.500 0 -%25
10 0.050 0.250 0.39U 0.355 0. 200
20 0.045 0. 220 0.330 0. 295 0.155
30 0.045 0. 205 J-.310 0.260 0-140
40 0.045 0.195 <. 2095 0.240 0 .130
50 0 .045 0.195 0. 285 0. 230 0.125
60 0.04 5 0.190 0. 275 0. 220 0.120
70 0.045 0.185 0 .270 0.215 0.120
80 0.045 0 .185 0.265 0. 210 0.115
90 0.045 0.185 0.260 0. ;05 0.115
100 0.040 0.180 0. 255 0. 200 0.110
110 0.040 0.180 0.250 0. 200 0.210
120 0.040 0.175 0. 250 0.195 0.110
130 0.040 0 .175 0. 250 0.195 0.105
140 0.040 0.175 0.250 0.190 0.105
150 0-035 0.175 0.250 0.190 0.105
160 0.035 0.170 0. 250 0.190 0.100
170 0.030 0.170 0.250

0.185 0.100



Tir
(hri

10
20
30
40
50
60
70
80
90

100
110

120
130
140
150
160
170

0.600

0.030

0.025

0.025

0.025

0.025

0.025

0.025

0.020

0.020

0.020

0.020

0-020

0.020

0 .015

0.015

0.015

0.015

0.430

0 .380

0.340

0.295

0.265

0.235

0.210

0.190

0.175

0.160

0.150

0.145

0.135

0.130

0.1 25

0.1 25

0-120

0.120

420

.385

335

. 295

.280

.250

240

. 230

220

. 215

210

.200

. 200

195

195

195

195

195

0.460

0.340

0.285

0.250

0.225

0.205

0.195

0.180

0.175

0.170

0.165

0.160

0.155

0.150

0.150

0-150

0.150

0.150

0.545

0.195

0.140

0.115

0.105

0.100

0.100

0.095

0.090

0.005

0.085

0.080

0.075

0.075

0-075

0.075

0.070

0.070



104 i

Head (m)

Time
(hrs.) OBW.241 OBW. 24 2 OBW-24 3 OBW-244 OBW-245

0 0 450 0 385 0.520 0.415 0.470
10 0.330 0.360 0.505 0.380 0.310
20 0.230 0.335 0.495 0.335 0.225
30 0.200 0.310 0.480 0.300 0.175
-10 0.145 0. 205 0.460 0. 265 0.140
50 0.125 0. 265 0.445 0. 240 0.115
60 0.110 0.245 0.430 0. 220 0.100
70 0.100 0. 230 0.415 °, W 0.090
80 0.090 0.210 0.400 0.185 0.085
90 0.085 0. 200 0.385 0.175 0.085
100 0.080 0.190 0.375 0.160 U.080
110 0.075 0.175 0.365 0.155 0.075
120 0.070 0.165 0.3 50 0.145 0.075
130 0.065 0.160 0.340 0.140 0070
140 0.065 0.150 0.325 0.135 0070
150 0.060 0.140 0.315 0.130 0 065
160 0.060 0.135 0.305 0125 0 065
170 0.055 0.130 0. 295

0.125 0.065



Time

Head (m)
hrs )
( ) OBW-251  oBw-252 OBW-253 OBW-254 OBW-255 03W-256
° 0550 0.425 0.410 0.4 JO 0.445 0.455
0 0035 0.385 0.3 80 0.395 0.285 0.440
20 0.030 0.340 0.360 0.375 0.215 0.415
30 0.030 0.305 0.345 0.350 0.180 0.395
40 0 .030 0. 275 0.325 0.320 0.160 0.375
50 0.030 0.245 0.300 0. 295 J.145 0.350
60 0.030 0.220 0 .285 0.270 0.135 0.330
0.305
70 0 .030 0.200 0.265 0 .250 0.130
0.285
80 0.025 0 .180 0.250 1.235 0.120
.2
90 0 .025 J.165 0.230 0. 225 0.115 0. 265
i 0.245
100 0.025 3.150 0. 215 0.210 0-110
0. 230
0 0 .025 'j. 140 0.200 0.195 0.105
11 : :
0.215
J 025 0.130 0.185 0.185 0. 105
120 - 0.205
0.100 .
0.025 0.1 20 0.180 0.175
o | 0 155 0.170 0.100 0.195
0.025 0.115 :
0 0.165 0.095 0.185
0.025 0.iio 0145
+0 | 0.160 0.095 0.180
+o9 00 0120 0. 155 0.090 0.175
170 0.025 0.100



-1 106

------------------------------------------------ Head( i n )

(hr OBW-261 OBW-262 OBW- 2b3 "OBW--264
0 0.405 0.385 0.400 0375
10 0.345 0.350 0.370 0.350
20 0. 290 0.320 0.350 0.325
30 0. 250 0.295 0.335 0.300
40 0. 220 0.275 0.315 0.2BO
50 0.195 0. 250 0 .305 0. 260
60 0.175 0.235 0. 275 0.240
70 0.160 0. 220 0. 260 0.220
80 0.150 0. 230 0. 240 0.200
90 0.140 0.190 0.220 0.180

100 0.13 0 0.185 0. 210 0.165

110 0.125 0.175 0.195 0.150

120 0.115 0.165 0.175 0 .135

130 0.110 0.160 0.160 0.125

140 0.105 0.155 0.145 0.110

150 0.100 0.1 50 0.135 0.100

160 0.100 0.145 0125 0 090

170 0.100 0.140 0120 0. 085



Tin
(hrs

10
20
30
40
50
60
70
ao
90
100
170
120
130
170
150

160

OBW-271

0.325

0O .280

0. 240

0.205

0.180

0.160

0.150

0.140

0.120

0.1 I1r-

0.105

o .095

O .0960

0.09'J

) -085

Uu. 060

OBW-27 2

0.360
0.335
0.315
0.295
0.275
0.255
0- 240
0.225
0. 210
0.190

j175

o.090

r.080

107

Head

oOBW-273

0.260
0.235
0.215
0.195
0.180
0 .160
0.140
0.125
0.110
0.190
0.030
0.065
0O.C55
0.045
0.035
0.025

0.015

0.005

(m)

oBw-274

0.295
0.255
0 .225
0. 200
0.180
0.160
0.145
0.130
0.120
0.110
0. ICO
0.090
0.085
0.075
0.070

0.060

0.055

0.050



10
20
30
40
50
SO
70
80
90
100
110
120
130
140
150
160

170

OBW-281

0.295

0.21.5

0.195

0.165

0.145

0.125

0.110

0.100

0.090

0.080

0.075

0.065

0.060

0.055

0.050

0.045

0.045

OBW-202

0.300

0.270

0.24c

0.215

0.185

0.165

0.150

0.135

0.120

0.110

0.100

0.095

0.085

0.080

0.075

0.065

0.060

0.055

108 1i-

Head (m)
Obvj-203

0.3 U8

0.195
0 .183
0.173
0.160
0.150

0.140

0.133

0.128

0.120

0.115

0.113

oOBW-284

(J.835
0.3 20
U.305
0.295
0.280
0.270
0.2G0O
0.250
0. 210
0.230
U.22u
0. 215
0.210
0. 205
0. 200
0.195
0.190

0.185



10

20

30

40

50

60

70

380

90

10U

110

120

130

140

150

150

170

0.49C

0.425

0 .365

0.3 20

0. 250

0. 225

0.200

0.130

0.125

0. L20

0.120

0.115

'.]5*:0
0-510
0 .400
0,460
0.440
0.415
0.395
0.375
0.360

0.345
j.33]
0.3 2J
tj. 310
0.300
U./.9G
0. Alb
0.200

0.7 75

O™N.W-313

0.510
0.510

0.475

0.445
0.420
0.4u)
0.380
0 .355
0.350
0.340
0.330
u.320
U.310
0.300
0. 295
0. 290
0.285

0.205

037-314

0.490

0.400

0.325

0 .285

0.260

0. 245

0.235

0. 225

0. 215

0. 210

0. 200

0. 200

0.195

U.190

0.190

0.190

0.105

0105

OBW-315

0.435

0.365

0.300

0. 245

0. 210

0.180

0.155

0.135

0.115

0.110

0.090

0.080

0.070

0.065

0.060

0.055

0.050

0.045



Head (in) _

(hirisr.')c OBW-321  OBW-322  OBW-323  OBW-324  OBW-325
G 0.435 0.465 0.635 0.490 0.590
L? 0.345 0.4 25 0.655 0.520 0.535
20 0. 275 0.390 0.650 0.500 0.480
30 0. 230 0 360 0.615 0.465 0.430
u10 0.190 0.335 0.5 60 0.425 0.380
50 0.150 0.310 0.510 0.385 0.335
60 0.120 0.290 0.4 65 0. 345 -.295
70 0.095 0. 270 0.420 0.300 0.265
00 0.060 0.2 50 0.3 90 0. 270 0.235
30 0.065 0. 235 0.355 0. 24Q 0.210

100 0.050 0.125 0 .335 0. 210 0.190

1-U 0.040 0.210 0.315 0.185 0.170

120 0.030 0. 200 0.30U 0.160 0.155

120 0.025 0.190 0.185 0. 140 0.140

140 0.015 0.1B5 0. 270 0120 0 130

J50 0.010 0.1eo0 0.260 0. 105 0.120

1CO 0.010 0.175 0.250 0.090 0.110

170 0.005 0.170 0. 240 0.080 0.105



(hrs.) oBw—=331 Head (m)

OBW,332
OBW-333 QBW-334 OBW-335
0 0.645 0 505
- 0.490 0.435 0.460
10 0.400
. 0505 0.535 0.475 0.470
0.250 0.450
0.535 0.480 0.390
33 0.185
0.385 0.520 0.445 0.305
40 0.095
0.330 0.485 0.390 0.235
50
0.070 0. 280 0.450 0.340 0.185
60
0.055 0. 240 0.415 0.290 0. 140
70 0.035 0.205 0.375 0.250 0.115
30 0.025 0.175 0.340 0.210 0.095
90 0.020 0.150 0.310 0.185 0.0S0
100 0.015 0.130 0.200 0.160 0.065
110 0.010 0.115 0. 150 0.140" 0.055
120 0.005 0.100 0 .230 0.125 0.045
130 0 080 0. 200 0.115 0.040
0.165 0.095 0.030
150 0 .055
0.150 0.090 0.025
o 0 .140 0.080 0.020
170 éf



(hr

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160

170

OBW-341

0 .495

0.365

0.240

0.155

0.110

0. 8o

0.055

0.040

0.035

0.025

0.025

0.020

Q..020

0.015

0.010

0.010

0.010

OBW-342

0.530

0.470
0 .415
'>.370
0.3 25
0. 290
0. 255
0.2 25
0. 200
0.175
0.155

0.135

0 ,XXu
0.095
0.090
0.080

0.075

112 i-

Head

0 .470
0. 565
j.55'
0.530
0.500
.1.460
0.4 20
0.385
0.250
).320
0.290
0.265
0. 240
0. 220
0. 200
0.1 GO
0.160

0.145

(m)

OBW-343

OBO0O-344

0.550
(J. 355
0. 255
0.190
0.145
'm'.125
0 160
0.100

0.095

O ot

0.080
0.075
0 .065
0. 060
0.055
0.050
0.045

0.045



(hrs

10

20
30
40
50

SO
70

80

100
110
120
130
140
150
160

1/0

BW-351

0 .325
0.175
0.110
0.080
0.065
0.060
0.050
0.050
O.1 45
0.040
0.035
0.03u
j.03

u.03J

.uz2b5

0.015

03W-352

0.485
0.430
0.395

).360
0.325

0. 295
0,260
0.230
0.205
J.180
0.155
0.135
J.115
;.100
0.035
0.070

(,.J5]}

0.045

Head (m)
03W-353

0.425
0.410
0.395
0.370
0.350
0.320
0.300
O. 275

0.250

0.2- 5

0 135

J. 160

0.140

0.120

/.095

0.075

0.050

OBW-354

0.515

0.3 25

0. 280

0. 240

0. 215

0.200

0 .180

170

0.160

0.145

0.135

0.125

0.115

0.105

0.095

0.090

0. 0<30

0.075

OBW-355

0.475

0.335

0. 255

0.205

0.100

0.165

0.150

0.135

0 .125

0.110

0<100

0.090

0.000

0.070

0.060

J . 05->

0.050

0.04Db

OBW356

0.410
0.365
0.330
0.300
0.280
0.255
0.240
0. 220
0. 200
0.180
j. 165
0.150
3.135
0.125
v.110

0.100

.1.090

0-080



Heaci (in)

(hr OBW-361 OBW-362 OBW-363 OBW-364
0 0.580 0.455 0.4 25 U.415
1C 0*545 0.425 0.415 0.390
20 0.520 0.400 0.400 0.365
30 0.490 0.375 0.390 0.340
40 0.460 0.350 0.375 0.315
50 0.440 0.325 0.360 0.290
60 0.415 0.305 0.340 0.265
70 0.395 0.280 0. 220 0.245
80 0.375 0. 260 0.305 0.225
90 0.355 0. 240 0.285 0. 205
100 0.335 0.215 0 .265 0.185
110 0.320 0.195 0. 245 0.170
120 0.300 0.175 0.230 3.155
130 0.285 0.160 0. 210 0J. 40
140 0.270 0.140 0.195 0.130
150 0. 255 0.125 0.175 0.115
160 0. 245 0.110 0.160 0105

170 0.335 0.095 0.145 0.095



Tin
(hr:

10
20
30
40
50
60
70
30

90

100
110
170
130
140
150
160

170

OB/7 371

0.475

0.075

0.065

0.060

Uu.060

0.000

0.055

0.055

0 .050

0.045

0.045

0.040

0.040

0.035

0O .035

0.030

0-030

0 .025

OB.,-37 2

0.330

0.290
0. 250
0. 225
0.195
0.175
3.150
0.130
0.115
0.1200
0.090
0.030
0.070
0.060
0.055
0.04 ~

3.040

0 .035

115

Head (m)
OB'-F373

.345

.330

.310

290

. 270

. 245

. 225

2ub

190

175

.160

.140

.130

.120

. 105

. 095

.005

.075

OBW-374

0.365

0.260
U. 195
0.165
0.145
0.140
0.130
0.120
0.115
0.110

0.105

0.100
0.095
0.095
0.090
.1.090

0 .065

OW-375

0.440

0.080
0.070
0.065
0.065
0.065
0.065
0.065
0.060
0.060
0.063
0.055
0 =055
0.050
0.050
0.045
0 .0"5

0.040



rime
(hr n.)

10

30
40
50
60
7u
30
90
100
110
120
130
140
150
160

170

O3W-301

0.535
0 170
0.155
n.I§5
0.155
0.155
0.155
i.155
0.155
0.155
0.155
0.155
0.155
0.155
0.155
0.155
0.155

0.155

OB'J-3b 2

0 .353

0.090

0.0L5

0.085

0.085

0.005

0.085

», 116 |-

Hearl

0.305
0.300
1'.205
0.7 70
235
11.245
| 230
0. 213
0.205
0.195
J. 185
0.175
0.170
0.16b
J3.1C0
0.155
0.150

0.150

(in)

ORW -383

OBW--384

)’

OBW-385

0.330

0.290

0.285

0. 235

0.210

0.190

0.175

0.1CO

0.150

0.1'.5

0.140

0.135

0.130

0.125

..120

0.120

0.115

0.115



Q n°n~st.cafly state condition
The differential

as derived on U . e<luation for non-steady state flow,
t-nt. dasis of av,
tion 1is Dtipuit - Forchheimer assump-
6 -y2 ~ -~ 1 - R or (a)
X t) t
the recharge rate R equals zero
KD +hx
T ? “ e |P— where (b)
KD ~ transmissivity of the aquifer (m~/day)
R ~ recharge rate per unit surface area (n\/day)
h = hydraulic head as a function of x and t (m)
X = horizontal distance from the centre of drain
t = tine (days)
>*1= drainable pore space (dimension less)
The solution to equation (b) 1s found by Glover
which i1s given belowc«
—2 Ct : L\
h(X/t) = 4nho n='t ~3,5,le Sin n*x  (c)
E n
A 2kd (reaction factor, days"l) where
W here
N2
L is the spacing
vanht at midway between the drains at
For the water table height %// g 2~',cn
. , B T and hence ht - 4 ho X -3,5n e“n (cl)
any time ; X If

Apparently the va ue

of each term of equation (d) decreases
0>2 the second and next term

with iIncreasing N may be negiccted. Thus
will be comparative Yy
equation (d) reduce’ (e)

4 ho e



118 1.

IfeUCk it time t = tl M-I t e t?
M« M
htl » 4 1O o
*
lit2 = 4 ho e'”"t2
A
Therefore, htl (D)
ht2 -w 12
C
Fioni DureylX* luv;/ \J c.m prove thut
* ] -3t » '\
qtf C (9)

qt2 - a--* '-17.

Hence a ploe of gt or ht on a log nc.le and time

(t) on a linear scale will result Iin * straightline and the
slope of the line will give the f actor or, vjhere
06 - A 2id (h)

"1 L2

To calculate the hydr mlic conductivity K, plot gt

vs ht. The relationship yields a straight line when most
of the water passes to the dr vins thr ajgh the soil below the

drain level.

Therefore, Kd = ¢ 1c L (i)
h 2a ~
once the Kd value i1s known, the * , the effective
porosity can be fcund out from equation (h).

The equivalent depth c can be found out from the

expression d = . IT'Ig <k\ .
d i d ~ wher
XL U >
Uu = , Fr being the radius of the drain.

If D>-i/2 Then "d 1S taken as 1/2.



dividing

for

The
the

The

the last

Drain
line
MO

2E15
3E15
4E15
SE15
/e 30

8e 30

Average

hydraulic

119

S_

conductivity

k IS

from

(@

1.27

1 .27

1.27

Kd value by d.
parameters arrived at
Season is given below.
Kd
l/day m2/ day
13 .33x10~3 0.477
13.33x10“3 0.477
o x 10"3 0.179
4 x 10"3 0.143
0.83x10 0.119
2 x 10~3 0.286
13! 0.28

then

the

data

nv/day

0.375

0.375

0.141

0.113

0.054

0.13

0. 20

found

out by

collected



Tr.

T1

T2

T3

T4
(Control)

Total

Bluck

Treat

Error

Total

R

120
140

170

110

5*0

Df

31

R2

110
120

160

90

480

SS

5650
6075

20025

32550

A PP 2

o 120 :—

N 1 x -

No.of plants/m”™ (15m_Sj? 3cing}

vari.-.rwc t blc

R3 R4
150 160
90 170
110 100
100 1]
450 550
NS
807.14
2025 .01
991.67

R5

170
ioC

20

r:.tlj

0.81

2.04

r6 R7
7C IE*'
180 1E~
1 2C isc
SO 14 C
45 .
GIT -

- veme

2.4 77

2.772

ns

140
170

127

12 7

Rcnor’

IC. S

N. S

Near

127.50
14 2 .75

126.25

107.50

TCci7 = 4120



Treat. RI

T1 91.50

T2 35 .00
T 91 .s:

"N
b S0 .

(Controi)

Total 359.1..

MM M Mm e—

Slock
rre™t
Error

Total

104.30

4 .57
93.45

32-

Df

21

31

01l <60

—J 121

Height at maturity (15m spacing) (cm)
R 3 Rt Ru r7
93.91 90.§J 90.44 101.10 39.4C
67 .10 37.00 101.20
ON.-t 1C3.31 03. 1 99.1 m 99.90
00 .O. 63.6") [l.0.V 7. .0 = 87.10

.3 360.11 373.2, 345.s4 321.00 377.30

Gr md Total
Varianc ta’''le
SS MS F ratio F table

203.17 29.02 0.95 2.497
962.77? 320.92 10.50 3.072
641.72 33.55
1837.71

r8 Mean
103.7C 97.16
84 -20 89.15
92 .70 95 .26
9 .20 83 .40
377 .30
= 2L B.57
Remarks
N.S

Significant



Treat. RI

T 19.77
12 « 1.5

t3
T4 17 .9_’

(Concrol )

Tocal 61
llocL 7
Treat 3
Zrror 21

Total 31

20. j-.
16.6:
12.1.°

20.00

70 .47

R3

1 .5<e
13 .J
i9.72

0.7 0

75 .50

e 172

Length of panicle

21 .13

17 .73
12.56

16 13

75.55

j_

R5

21.70
.05
12 .60

13 .60

79.95

Variance taOle

£.941

24 .655

3¢c.975

77.573

rs

1.277

<-.219

1.856

F ratio

0.683

4 .4 28

(cm)
R6 R7
Il .05 18.30
19 50 . B
19 .60 21.30
16 .6 : 18 .10
76 .75 81.15
GranO Total =
F taOle
2.497
3.072

RO

20.15

19.45
21.4 2

16.52

77.52

561.66

Remarks

N.S

Mean

20.56
1S .72
2U .4 2

13.32

Significant



HQ.of grains/p anicle (15m spacing)

eat:. RI r2 r3 rd r5 roé r/ r8 Mean
?71 05.20 100.80 107.60 111.70 124.10 1-0.1094.30 102.0 105.73
TO 112.30 7 3.S0 75.30 70.00 105.1n 89.90 123.00 97.7 93.44
T3 105.07? 73.0N 85.00 99.40 39.50 34.0') 130.5v 115.5 96.14
ontrol) S5.1005.CC 56.30 65.40 86.30 57.40 71.10 60.4 69.88
Total 339.60 335.33 335.50 345.5C 405.10 356.60 393.90 375.6

Grand Total = 2921.40

variablce table

— S5 MS F ratio F table Remarks
Aloch 1 12%4 ¢3 177.84 C. 793 2.4-97 N. S
Treat 3 5550.55 1053.55 6.251 3.07 2 significant
Error 1 4711.61 224 .36

Total 31 11517 .14



124

Groin y _ield frr/h - 15m rpr.cing
Treat. RI R2 R3 R4 R5 r6 -7 llea
Ti 5.17 5. 21 5.97 5.32 5. 7 5.70 a.z22 N, 81 5.42
To 463 3.53 4.23 4,95 _o 513 5.24 Swub  4.59
t3 5.02 5.1. 4 .68 5.09 4 .37 4 .7j. m. £ - 18 —=\\
T4 3.07 2 «GC 2.0* 2.96 5.35 2.2. 3.17 2. 34 2. 95
(Control)
IT "7 A -]
Total 17.6S 16.82 16.22 13.32 r.o. 22.72
Grer.c Totzl = 14i°95
1Z-\e
DF SS t:s -1 Cio r tv'ic ?er..cries
OlocJ; 7 1.75 0. .75 .M Db ..,07 j.-.S
Treat 3 34.57 11 .01 75.70'* 3.07 2 Sicn-ficcnt
orror 71 3.1b 0.15
Total 31 39.48

CpP - 0O.tO



Treat.

T1 2

T2

t 3

orrtiol)

Tot 1 i

Block

Treat.
Zrr er

Total

&K 125

100 gram vei™ht

FU R2

2.533
A 2.237
o 415
mw wi — 2 35
533 S.52 2

u S3

7 0.03

3 0.43

0.25

3 X 0.o1

2

10

p3

.-95

.-91

. <29:

405

.037

R4

.arl4
2.700

2.590

2.35L

10.22:

15m spacing (g)

R5

.951

2.

10

variance tSobile

1S

.01

.15

.01

.539

617

259

075

7 ratio

0

13

CD

.88

.31

R6 R7

2.G0?

2.551

2.166

10.138

Grand t

0.11

R8 Mean
312
Remarks
N.S

Significant



»Trcat-

. 0 l_kh —-FI_. M

Lo

T2

T3

T4
(Control)

Total

NLack

Treat
Error

Total

RI

14
24
29

13

30

DF

21

31

R2

15
19

la

75

SS

590. 5

380.5

720.5

1791.5

R3

17

22
17

24

80

126

Chaff 96- 15m s Dacing

R4
25
2S
25
48
X 24
variance
IS
91 .6
b
74.33

R5 R6
17 12
21 17
20
42 65
93 Hr-
ccv'e
r 1Tjig
7..<'7

cr =

27

14
11

20
15

: .4 97

&. 09

10
72

kW

Tear,

15.50
20.25
20 .50

20.25

Re vr

Signific unt



Str.iw yi«UIl »w»ri'/lia - 1.5m apacinn
Tr«at <l K k3 (4l R3 R6 RY7 r-0 N .l\/slcta*asrils -
Ti a. 70 v« G0 7. 0U 5.70 1.00 7. )w 6.60 6.60 5.99
T2 b.oo J.Ju .1.00 _muu 4 .70 4 HJ 0.ro 3.50 .06
510 ]-)0 5.0 <1-0 590 4.0n  3.60 <j0  5.oH
= j. A » tjc i .50 Asii :tce 1.60
(Carr ro 1) o) 4. \X) 3.40
e 4N 4 * m-— . I_. - l. .. , . ™ mSe * X Smy I r« o' SBSSMfl
et 1 11»  19.1 ;1 .0.10 1050 1770 75.U0 iw 60

Ciand total = 156.UO

v.H i.inct t ‘il
r**. .
S.* MS F ratio P tAMr Remark a
>ck / 1i. IS 1.91 i «J| 1.497 M i
4 16.U4 ri. 95 > =20 3.07 - sign ificant
~rror 1 1e M i .70

° 'CvL 31 N (e]

Cl - 1-«



Treat.

Tl

T2

T3
Tb

Ib

T6

T7

(Control)

Total

Mock

Treat
Lrror
Totul

R2 R3 R4
oo ««R | »—
130 130 140 140
130 1S3 120 130
160 150 140 190
10 10 i 160 220
1SO 110 J30 140
130 9u bO 200
130 40 1JO 60
1000 000 670 1080
Grand Tot |
1*
vrriiInc'i- tobl c
OF SS fIS F ratio
3 2925.00 2973.00 ".Ob
6 16685.71 "70'1/Jb 2. SO
18 18>00.u0 J04/1.4>
27 44 M '.71

123

No.of plants/in”®

30m Sspacing

o\ @ oe» o’eod

Mea

N

152.50

135.00

160.00

165.00

132

.50

125.00

37 .50

3830

rt 'Me

3.

FI

p.

n.S



Treat.

Tl
T2

T3
T4

TS5

T6

T7

(Control )

Tot al

Block

Treat

Error

Total

DF

3
6
e

27

s 120

m'eight at enaturity

RI

100.10

9-..7C
96.40

75.4.
35.1.°

A

84.

75.60

R2

95.20

101 .00

90.50
97 . '
91.50

58.55

70.10

Clj .OU G62.U5

r3

CO.-!15
7...13
01.10
91.10
9b. 10

9-. .00

7(1.60

507.":5

« 30m spacing

61

R4

92 .20
90.02
92.30

91 .30

92.10

89.30

80.90

.92

rrand tot

Viri.inci ta 1€
SO MS F rjiio
"10C .47 13j.'i'J (.i) .
717.40 1Xx9.57 .00
OH.5' '™M .70
19~0.40

F

= 2483

t ill

1.160

661

(cm)

Mean

92.24

91.16

90.18

88.90

90.45
91.51

76.55

.92

Rvrii

rki

M.s

signiti
 >nt



130 -

o nicl_o_ ggin T'fXidpei. (cin)

Length
Treat. RI R2 R3 R* lie an
------------ - . oy ®) Yoo ___ . '
Tl '‘O.u0 20.05 20.'5 19.90 70.46
T.2 J< &0 21 .25 19. 9 20 .45 20.4 2
T3 2'J.33 20. 36 20.70 21.05 20.7b
T4 1C.3i 20.35 '""0.15 J.9.75 J5 .64
T5 19.50 19.95 50.10 19. ,5 19.7 2
To 19.79 20.55 21. 50 20.35 C.59
T7 18.15 18.30 18.11 Ib. 45 13 . 25
(Control)
Total 137 .36 20. 23 140.66 1'9.85
Grand Total = 559 .48
Variance tahlc
DP SS -
M5 Fratio g taple Remarks
Block 3 1.422 47 4
0 1.291 3.160 n.S
Treat 6 18.445 . . ]
3.074 8.375 2.661 signi-
Error 10 6.607 0.367 ficant
Total 27 25.474

CDh = 0.90



Trent

Tl

T2

T3

TS5

T6

T7

Total

Nnlock

Treat

Frror

Total

* 171

crains/panic la

* 30m spacing

RI R2 R3 r4 Mean
106.20 99.40 93 .50 101.10 100.05
10d.50 117?.0C 92 .10 90.30 1Jl .05

SO.1J 102.70 105.U0 122.20 105.20
56 .70 99.90 10J.50 105. 70 95. 07
JI .DO O/m/ i U.?0 02.10 90.65
3L 10/ .20  139.00 100.50 100.40
N /i u2."U 91 .10 76.9b
.do 675.1J 721 .7u 693.0J
Or Lwital - 27; O.bO
DF SS r.e f r ltiio f 1 ,1ir R X«
| |
3 709.04 6 (A 247 3.160 n.s
6 2570.27 «45. 4 2 415 2 661 n. s
10 1' 'a. 06 179 .12
27 6504 .13



Treat. RI
TI 5.53
T2 5.16
T3 3.88
T4 4.27
T5 ‘.31
T6 .23
T7 2.43

(Control)

Total 29.81

DF

Olock 3

Treat 6

Error 18

Total 27

4.3 2

31.53

0.549 0.103

20.947 3.>01

3.380 0.1J0

24.875

132 s-

Variance™ t bit

F ratio

0.9/4

10.592

CD - 0.64

Grain yield - 30m afacing (MT/ha)

R3 R4 Mean
5.39 6.11 5.68
3.5U 4. 81 ‘112
4.16 4.22 4.22
4.14 4.27
4.01 3.2 2 3.93
' .80 4.98 4.71
' 62 2.9<] 2.61
28. W  30.38
Grand total = 120.54

F trIblO Remark

3.16 N.S

2.661 Signi
f leant



IOC grain v/eidic

133

e 0rii spacing (g)

Treat. RI1 R2 R3 R4 Mean
T B.516 2 516 7.1m 2.538 2.587
T2 2 .583 2.547 2.516 2.613 2.565
T3 2.613 2.579 2.550 2.402 2.563
T4 ;. 293 2.450 N 1.473 2.398
Th 2.562 '. 730 2.683 2.613 7.649
T6 2.648 <.70 2.544 2.491 2.555
T7 2.39 2 2.521 2.4 46 1.493 2.4 64
(Control)
Total 17.."" 20 17.929 17.934 17 .578
Grand Total = 71.163
V«jrianc> tabic
ET SS MS F roio Ft .ale R-marka
a * @ E " inm . m e ecece
Nock 3 0.01 0 . m=07 3.160 M. S
Treat 6 0.16 J.03 J.in ~.661  SIigNif i =
cant
Lrror 1B O.1lu 1.01

Total 21 0.2u
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Chaff % _ A SPac-ing

Treat. RI r2 Total Mean
Tl 25 13 14 15 67 16.75
[ 20 30 29 24 103 25.75
T3 30 31 27 2'J 108 27.00
T4 38 1S on 26 102 25 .50
tbh 11 20 23 23 77 15.25
T6 21 25 19 22 07 "1.75
T7 29 24 gn 13 95 23.75

Total 17-, 159 1G3 143

Variance tabic

DF SS \V;5) F ratio F t i>le Ri'id.rk:
Bloch 3 70.6N A AL 0.6") L 3.160
Treat 6 339.36 55.jJC 1 661 N. S
Error iU 706.07 39.: 3

Total 27 1116.11



135

Straw yield - 30m spaclr.g (MT/ha)

Treate RI R2 R3 R4 Hean
Tl 5.3u 6.0'J <. 80 i . 60 5.10
T2 5 .80 7 .30 4 .10 .60 5.20
T3 5.20 3.90 3.90 .'60 4.15
T4 3.10 3.00 4.10 .90 a.03
T5 5.90 G.90 a. /70 .60 5.53
T6 5.10 6.80 5.00 .90 5. 20
T7 a. 30 2.80 3.30 2.90 3 .33
(Control)
TOt dI 34.70 36.70 29.90 29.10
Grand total = 133 .40
Variance tablr
DF So MR Fr tio F tar-)lo Rr< mark™®
3lock 3 5.C? 1.54 1.74 3.1Q&0 N.S
Treat 6 16.17 e-.69 *2.41 2. Gl N.S
Error It ?20.17 1.12
Total 27 42.11

%



