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ANNUAL REPORT FOR THE YEAR 1987-B8 

S E C T I O N — A

T i t l e  o f  t h e  S c h e m e

I .C .A .R .  S a n ct io n  no. j  

and d a t e .

Date o f  conrmcncernent o f  j 
th e  p r o j e c t .

Date o f  c o m p le t io n  s

S an ct ion ed  g ra n t  f o r  
1 9 0 5 -9 0 .  5

A l l  I n d i a  c o - o r d i n a t e d  R e ­

s e a r c h  P r o j e c t  o n  A g r i c u l ­

t u r a l  D r a i n a g e  u n d e r  A c t u a l  

F a r m i n g  c o n d i t i o n s  o n  w a t e r ­

s h e d  B a s i s ,  ( I C A R ) ,  R e g i o n a l  

C e n tre ,  ( K A U ) #  K a r u m a d y  P . O . ,  

A l l e p p e y  D i s t r i c t ,  K e r a l a  

S t a t e .

O r i g i n a l  s a n c t i o n  n o . f . 4 - 5 /  
7 7 / ae da ted  2 0 .3 .1 9 0 1  o f
I .C .A .R .

1 .1 2 .1 9 0 1

31 .3  .1990 

16 l a k h s .

S an ct ion ed  g r a n t  f o r  | 3 .  J lak h s  v id e  o r d e r  Mo.4 - 2 /
the year f o r  which th e  f ,lC , .  ̂ „_____
r e p o r t  i s  p r e p a r e d .  | d 5 / o f  ICAR.



7■ StEff position daring 19B7-8B.

- 1 2 i -

c l. . .  lame o f  p o s t  HO.

NO.Of
sanc­
t i o n e d
p o s t .

No. o f
p o s t s
f i l l e d

NO. o f
p o s ts  Name o f  incumbent 
vacan t

S ca le  c f  
pay

Date o f  
j o i n i n g .

1 2 3 4 5 6 7 6

1 . Ac: o c . p r o fe s s o r
(Ac r l - E n g g . ) 1 1 S r i . E .  K.I'athew 1950-2950 1 .1 0 .E 4  t o  t i l l  

date  ■
2 . A35t . p r o f e s s o r  

(Acronomy) . 1 1 . .  Sr i .nadhusudan Nair 1500-2685 2 7 .9 .8 6  t o  , ,

3 .  aset . p r o f e s s o r  
(Acr 1.E n g g . ) 1 1 S r i .T .D .R a ju 1500-2685 1 .1 0 .8 4  t c  , ,

4 .  Farm A s s t . s r . G r . 1 1 Sri.R.Madhavan P i l l a i 975-1720 1 0 .6 .6 5  t o  , ,

5 .  Draughtsman 
( C i v i l  gr . n ) 1 — 1 700-1140 vacan t  -  s in c e  

i n c e p t i o n .

a. F u r m A s o t . G r . i l . 2 2 1)  S r i . K . 0 . Shahul 
Hameed.

2 ) i .KTiahnakum ari

675-1125

f 1

1 2 .9 .6 6  t o  t i l l
a t .

11 .7  .86 t o  ( ,

. T e ch n ic ia n  G r . i i . 2 2 -  1 )  S r i  .K. P .Sreedharan  
N a ir .

2) Thomas ^ c a r i a

/ / 

# *

3 0 .5 .6 6  t o  » i 

5 . 6 . 8 6  t o  f#



Tt
X

9 3 4 5

3 .  T y p i s t  G r ^ d e - 1 1 1

9 .  A s s i s t a n t  G r . 1 . 1 1

IQ .  L a b . A s s t . G r . i l .  1 1

1 1 .  D r i v e r  l e v  G r . i i i .  i  1

1 2 .  F e c n .  1 1

1 " .  watchman 2 2

I t . Over s e e r ( c i v i l  G r . I . )  1 -  1

5 7 8

Smt.K.K.Mary 780 -1320
Sm t.H .K .K hadee jo  B eev i

s r i .K .G o v in d a n  780 -1320
Sri.M.Mohammed B ash ir

S r i .K .K u n ju  p i l l a i

K.V.Kumar an 
T .M .F r a n c is

M.Mohammed Haneef

1 ) r i .Raveecdran
2) r .G .Thom as

3) C .A .C hacko

640-1000
/ /

1 5 .7 .8 5  t o  3 .6 .8 7
4 . 6 . 8 7  t o  t i l l

d a t e .
5 . 9 . 8 4  t o  3 .6 .8 7
4 . 6 . 8 7  t o  t i l l

d a t e .
675-1125  1 .1  .87 t o

8 -1  .86 t o l 5 . 6 . 8 ' ]  
1 5 .6 ,8 7  t o  t i l l

d a te .
550-800 7 . 1 2 . 8 5  t o § /

s / 
/ /

/ t

1 6 .1 1 .8 5  t o  3 .6 .0 7
1 9 .6 .8 7  t o  t i l l

d a t e .
7 .1 2 .8 5  t o / /

825-1430  Vacant -  s in c e
i n c e p t i o n .



s i .
NJO. Year

Sane 0.1'-no J 
g ra n t  f o r  
th e  y e a -' .

Un: vc k •? 
a * a c t i o n

S x p e n d ltu r e

Expenditure
as % o f  t h e  
s anct i< med 

g r a n t •

1 . 1981-82 1 , 2C, 100/ 3 6 , 0 0 0 / - 7 ,  24 2 .85 5 .6 5
t*d- i 1982-83 4 , 7 8 , 2 0 0 / 4 , 3 7 , 0 0 0 / - 1 , 2 6 , 5 0 9 . 5 8 2 6 .4 5

3 . 1983-84 3 , 8 3 , 8 0 0 /  - 3 , 8 3 , 0 0 0 / - 2 , 4 * , 9 5 1 . 3 9 6 3 .8 2

4 . 1984-85 3 , 8 0 , 2 0 0 / - 3 ,3 0  - 200/ - 3 ,3 8 ,0 0 8  .35 8 8 .9 0

5 . 19 85 -86 2, 8 6 , 000/ - 2 , 3 6 , 0 0 0 / - 2 ,6 1 ,0 9 4 .2 3 9 1 .0 4

6 . 19 86 -87 3 ,5 0 , UGO/- 3 , 5 0 , 0 0 0 / - 3 ,2 3 ,9 9 7 .9 1 9 5 .5 7
7 . 1987-88 3 ,3 0 ,0 0 0  ' 3 , 3 0 , 0 0 0 / - 4 , 0 8 , 5 0 4 .6 6 1 2 3 .7 9

i i ) E x p e n d i t u r e  s ta te m e n t  o f  th e  y e a r VO CD -J 1 0D 00 Hi »i 3

t

1 . 4 . 8 7  t o  3 1 , 3 , 1 9 8 8 . 9K 1

S i • Budget 
No. head

S a n c t i o n e d  ICAR u n i v e r -  
g r a n t  f o r  s a n e -  s i t y  
t h e  y e a r .  t i o n .  s a n c t i o n .

T o t a l  - p e n d i -  
™  t u r e  as  %^ p e n d i - Q f  t h e

L.ure. s a n c t i o n e d
g r a n t

- • ■1 .  S a l a r y
2. T . * .
3 Rec u in g  

C o n t in g e n c y
4 .  N o n - r e c u r r -

1 0 ,0 0 0 / -

6 0 ,0 0 0 / -
ir ]

■

• 9 1 0 ,0 0 0 / -  

6 0 , 0 0 0 /

2 , 8 6 , 6 4 9 . 8 7  14993C
. 9 , 2 8 l  .3S  i "312.81

5 9 , 9 8 3 . 5 4



PROJECT AREA -  A RRIEF DESCRIPTION

i )  K u t t a n a d

K uttanad  t r a c t  i s  a d e l t a i c  a l lu v i iu n  f o r m a t i o n  
o f  f o u r  r i v e r  s y s te m s  v i z  - 1M e e n a c h i l 1/ 1pampa1,
'M a n im a la 1, and 1Achen c o i l 1 and t h e  lo w  l y i n g  a r e a s  
in  and around 'Vembanadu L a k e 1. The t o t a l  a rea  o f  
Kuttanad t r a c t  i s  a b ou t  870 Sq.Km. o u t  o f  w h ich  290 Sq 
Km. i s  under  g a rd en  l e n d s ,  s c a t t e r i n g  a l l  o v e r  t h e  
t r a c t  and i s  l y i n g  1 t o  2m a b ove  t h e  s e a  l e v e l ,  u sed  
m a in ly  f o r  c o c o n u t  c u l t i v a t i o n  and h a b i t a t i o n .  The 
r e m a in in g  p o r t i o n  w hich  was unr 'er  su bm ergen ce  was p r o ­
g r e s s i v e l y  r e c l a i m e d  as  p o l d e r s  b y  c o n s t r u c t i n g  r i n g  
b u n d s .  T h ese  p o l d e r s  l i e  a b o u t  0 . 5  t o  2m b e l o w  mean 
s e a  l e v e l  and the  impounded w a te r  i s  d r a i n e d  o u t  b y  
u s i n g  l o c a l l y  m a n u fa c tu r e d  a x i a l  - f l o w  numps. The are'* 
o f  e^xah p o l d e r  u n i t  r a n g e s  f r o m  75 t o  500 h a .  and th e  
t o t a l  a r e a  under  r> o lder  c u l t i v a t i o n  i r  e s t i m a t e d  as 
a b ou t  5 2 0 .8 9  Sq.I 'm. The whol*' .ir< u i s  c r i s s * - c r o s s e d  
b y  r i v e r s ,  c h a n n e l s ,  c a n a l s  and o t h e r  w a t e r w a y s .  The 
g e n e r a l  t o p o q r j p h y  o f  t h e  a r c  i i s  f l a t  *nd l e v e l .

The t o t a l  w a t e r s h e d  area o f  th e  a b o v e  f o u r  r i v e r  
i s  n e a r l y  5 , 0 0 0  Sq.Km. and d i s c h a r g e  t h e i r  Writer i n t o  
Kuttancid r e g i o n .  A f t e r  f l o w i n g  t h r o u g h  a n e t  w ork  o f  
c a n a l s  and c h a n n e l s ,  they j o i n  t h c  vembnnad Lake .
The c a t c h m e n t  a r e a  bar an annual r a i n f a l l  v a r y i n g  
betw een  280cm t o  380cm# A go od  p a r t  o f  the  r a i n s ,
50% are  r e c e i v e d  d u r in g  s o u t h  West monsoon r e  soil t i n g  
i n  f l o o d s  and m ost  o f t e n  su b m e rg in g  th c  l o w  l a n d s .
The K uttanad r e g i o n  e x p e r i e n c e s  f a i r l y  u n i f o r m  te m p e ­
r a t u r e  t h r o u g h o u t  th e  y e a r  r a n g i n g  b e tw een  21 °c  and
36 ° c .  The mean r e l a t i v e  h u m id i t y  i s  h ig h  and i s  
a b o u t  70%.



T h e  verrtonnad Lake w h i c h  i £  t h e  n o n - r e c l ^ i m e d  P
f J  J _

o f  t h e  K u t t d n a d  e x t e n d s  b e t w e e n  A l l e p P ^ Y  nnd c o c h  n w 

an a r e a  o f  80 Sq.Km. T h i s  l a k e  i£ c o n n e c t e d  t o  Arabian 
S e a  a t  c o c h i n .  T h e  w a t e r  in  t h e  l a k e  i c  s a l d n e  e x c e p t  

d u r i n g  th e  m o n s o o n  s e a s o n  w h e r j  t h e  s u r f a c e  w a t e r  

s w e e t e n e d  by f l o o d  w a t e r .  v/hen t h e  f l o w  i n  t h e  r i v e r s  

d w i n d l e s  f r o m  t h e  m o n t h  o l  D e c e m b e r ,  th e  s a l i n e  w a t e r  

f r o m  t h e  s e a  i n t r u d e s  t h c  e n t i r e  a r c  u d u e  t o  t i d a l  a c t i o n .  

T h e  s a l i n i t y  i n  t h e  n o r t h e r n  p a r t s  K U t t a n a d  g o e s  b e y o n d  

l i m i t s  o f  t o l e r a n c e -  f o r  r i c e  c u l t i v a t i o n  f r o m  J a n u a r y  o n ­

w a r d s  a n d  i t  s p r e a d s  r a p i d l y  t o  t h e  s o u t h e r n  p a r t s .  The 
s u r f a c e  w a t e r  r e m a i n s  s a l i n e  t i l l  t h e  f i r s t  f l o o o  w a s h e s  

i t  d u r i n g  t h e  s u c c e e d i n g  s o u t h  K e s t  M o n s o o n .

The s o i l  i s  a c i d  s u l p h a t e  in  n a t u r e  and i s  h a v i n g  
h i g h  a c i d i t y .  T h ree  m a jor  prob lem s e n c o u n t e r e d  d u r i n g  
c u l t i v a t i o n  i n  t h i s  a r e a  a r e :

1 )  h i g h  a c i d i t y

2) damage c a u s e d  b y  f l o o d s  and
3 )  i n t r u s i o n  o f  s a l i n e  w ater  d u r i n g  t h e  f a g  e n d  

o f  c r o p  p e r i o d .

i i )  K a r i  L a n d s : -

The w h o le  KUttanad t r a c t  i s  d i f f e r e n t i a t e d  i n t o  
t h r e e  t y p e s  o f  la n d s ,  namely Karappadam, K a y a l  l a n d s  and 
K a r i  l a n d s .  The K a r i  l a n d s  o c c u p i e s  an a r e a  o f  n e a r l y
7 ,00 0  h a .  They are  l o c a t e d  in  t h e  Taluks  o f  S h e r t a l l a i  
Ambalapuzha and KUttanad o f  A l l e p p e v  D is i -r in i -  ^—  _ and Vaikom
and Kottayam o f  Kottayam D i s t r i c t .

The Kari l a n d s  are a u n iq u e  agricultural trs
w it h  Kari s o i l s  -  b l a c k  charcol coloured organic
These  l a n d s  a r e  q u i t e  s i m i l a r  t o  t h a t  o f  ^1 -

^ u c ta n a d  r e -
g i o n  w ith  r e s p e c t  o f  t o p o g r a p h y ,  f o r m a t i o n ,  c l i m a t
v e g e t a t i o n ,  b u t  t h e  o r g a n i c  m a t t e r  c o n t e n t  cn= 6 Qnd

. .  . ° f so i li s  v e r y  h i g h .



7

I t  i s  b e l i e v e d  t h a t  t h i s  s o i l  w a s  f o r m e d  a n d  d e v e ­

l o p e d  i n  t h e  d i s t a n t  g e o l o g i c  p a s t  w h e n  t h e  a r e a  w a s  c o v e r e d  

b y  d e n s e  f o r e s t  v e g e t a t i o n ,  i n  t h e  s u c c e e d i n g  g e o l o g i c a l  

a g e s ,  t h e  s e a  a d v a n c e d  a n d  e n g u l f e d  m a n y  p l a c e s .  A f t e r  t h o u ­

s a n d s  o f  y e a r s ,  t h e  s e a  r e c e d e d  e x p o s i n g  t h e  c o a s t a l  r e g i o n  

a n d  p a r t  o f  t h e  p r e s e n t  m i d l a n d s .  D u r i n g  t h i s  g e o l o g i c a l  u p ­

h e a v a l s ,  t h e  e n t i r e  f o r e s t  a r e a  w a s  s u b m e r g e d  f a r  b e l o w  t h e  

g r o u n d  a n d  t h e r e a f t e r  s i l t e c f  u p t o  v a r y i n g  l e v e l s .

T h e  p r o f i l e  o f  K u t t a n a d  a l l u v i u m  c o n s i s t s  e s s e n t i a ­

l l y  o f  a l t e r n a t i n g  l a y e r s  o f  c l a y  a n d  s a n d ,  a d m i x e d  w i t h  

v a r y i n g  p r o p o r t i o n s  o f  o r g a n i c  m a t t e r . T h e  c l a y  i s  u s u a l l y  

a g r e y ,  d a r k  o r  b l u i s h  b l a c k  i n  c o l o u r .  T h i s  a l l u v i a l  f o r m a ­

t i o n s  e x i s t  i n  l a y e r s  v a r y i n g  u p t o  30 m e t r e s  i n  d e p t h  u n d e r ­

l a i n  b y  s a n d  s t o n e  a n d  m o t t l e d  c l a y  o f  t e r t i a r y  f o r m a t i o n .  

S t i l l  d i s t i n c t ,  t h e  K a r i  s e a l s  c a n  b e  r e a d i l y  b e  d i s c e r n e d  

b y  t h e  d e e p  b l a c k  c h a r c o a l  c o l o u r ,  d u e  t o  h i g h  o r g a n i c  m a t t e r  

c o n t e n t .  T h e  t o p  s o i l  i s  a d m i x e d  w i t h  w e l l  d e c o m p o s e d  o r g a n i c  

m a t t e r  t o  t h e  t u n e  o f  1 0 -3 0 % .  R u t ,  u n d e r n e a t h ,  t h e  t o p  l a y e r  

i s  t h e  n a r t i a l l y  d e c o m p o s e d ,  f i b r o u s  o l a n t  r e s i d u e s  c o n t a i n ­

i n g  l e s s  t h a n  50% m i n e r a l  m a t t e r .  n o n c e ,  t h e s e  s o i l s  a r e  

b o t h  m u c k y  a n d  p e a t y  i n  n a t u r e .  i n  s o m e  p l a c e s ,  l a r g e  l o g s  

o f  w o o d  l o c a l l y  k n o w n  a s  1K a n d a m a r a m 1 o c c u r  e m b e d d e d  i n  t h e  

s u b  s o i l .  B e n e a t h  t h i s  l a y e r ,  t h e  s o i l  i s  a n  a d m i x t u r e  o f  

s a n d ,  o r g a n i c  m a t t e r  r ind c l a y  a n d  s t i l l  d e e p e r  I t  b e c o m e s  

r i v e r  s a n d .

K a r i  s o i l s  a r c  e x t r e m e l y  a c i d i c  in  r e a c t i o n  w i t h  pH 
r a n g i n g  3 - 4 . 5  and t h e  pH r e d u c e s  f u r t h e r  when t h e  s o i l  g e t s  
d r i e d  u p .  i t  i s  f o u n d  t h a t  th c  e x t r e m e l y  low  pH on d r y i n g  i s  
due t o  t h c  p r o d u c t i o n  o f  f r e e  s u J p h u r i c  a c i d  b y  o x i d a t i o n  o f  
su lp h u r  com pounds In th e  s o i l .  T h e  f e r t i l i t y  s t a t u s  o f  t h e  
s o i l  i o  p o o r .  B e s i d e s ,  t h c  s o i l  c o n t a i n s  t o x i c  c o n c e n t r a ­
t i o n s  o f  p e ,  a 1 and t o x i c  o r g a n i c  p r o d u c t s .

B* i l l )  T h e  P r o j e c t  A r e a : ■ K a v i l  T h o k k u m p u r am P a d a s e k h a r a m .
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n .i i i (e i )  Location and Art j : -

The project art.i is a typical r e  present at
tract of Kar I land with an area of 89 -99  ha. Th

•j

p r o  j<_ c t  arc \ c o m e s  u n d e r  Ambulapuzha v i l l a g e  ,jn 
T j l u k  o f  A l i u j j p  y  D i s t r i c t  - J t  l i e s  4 K m s . e a st  
o f  A m b a l a p u z h a  j u n c t i o n  o n  n a t i o n a l  H i g h w a y  4 7 .

I'ht p d jsekh ir *irn i. encircled by Arribalapuzha - T h a k a  

zhy road at north/ K'jI Jtnil thodu at c o s t ,  Kari 
thodu at south and Rarumady thaau at west.

(b ) p h y s i o g r a p h y  and H y d r o l o g y  : •

The project f ie ld  i s  located 1 to  1 . 5m below  
mean sea le v e l .  The water co lle c te d  ir. the p r o je c t  
area is  drained out by pumping to ne -rby can als  u s ­
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 i s  i n s t a l le d  
on the ring bund of Karum'dy thodu and the la t t e r  on 
the ring bund of Kari thodu. two drainage ch an n els ,  
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 le v e l  in the surround inn^uvj_mg water ways
w il l  be higher by 1 to 1.5m than that in

11 Lne poddy
f ie ld s  during the season of cu lt iv a tio n

T n e  h a v o c
of f lood , over topping and breaching of bund- 
flooding of paddy f i e ld s  are anticipated dur 
the period of sw monsoon. inundation of  
water and damage of crops are experienced dur ’
the period J a n u a r y  to  March. r'^
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B - i i l ( c )  C l i m a t e

The p r o j e c t  a rea  e x p e r i e n c e s  a t y p i c a l  t r o p i c a l  
c l i m a t e • The m onthly  mean o f  t h e  weather param eters  
f o r  th e  p e r i o d  from  1976 t o  1986 and t h a t  f o r  t h e  
p e r i o d  from  1987 January t o  March 1988 i s  g iven  i n  
t a b l e - A -  The m on th ly  chan ges  in  c l i m a t i c  param eters  
have a l s o  been  i l l u s t r a t e d  through  f i g - A  and b -

B - i ± i ( d )  L a n d  H o l d i n g  a n d  U t i l i z a t i o n : -

F r o m  t h e  s u r v e y  c o n d u c t e d  a t  t h i s  s t a t i o n  a n d  

f r o m  t h e  r e c o r d s  a v a i l a b l e  w i t h  R e v e n u e  D e p a r t m e n t  

i t  i s  f o u n d  t h a t  a l t o g e t h e r  125 c u l t i v a t o r s  a r e  

t h e r e  i n  t h e  p r o j e c t  a r e a ,  f a r m i n g  7 5 .2 3 8  h a  o f  

p a d d y  f i e l d s -  w h e n  t h e -  t e n u r e s h i p  o f  t h e  l a n d  i s  

c l a s s i f i e d  b a s e d  o n  t h e  e x t e n t  o f  h o l d i n g /  i t  w a s  

s e e n  t h a t  a s u b s t a n t i a l  n u m b e r  o f  h o l d i n g s  f e l l  b e ­

l o w  1 a c r e .  O u t  o f  125 n o s . o f  h o l d i n g s /  75 h o l d i n g s  

w e r e  w i t h  a n  a v e r a g e  e x t e n t  o f  1 a c r e  o r  b e l o w  t h a t  

a n d  3 5 h o l d i n g s  w e r e  w i t h  a n  a v e r a g e  e x t e n t  b e t w e e n  

1 a c r e  a n d  2 .5  a c r e .  O n l y  15 h o l d i n g s  w e r e  w i t h  

m e a n  a c r e a g e  a b o v e  2 .5  a c r e .  T h r  a v e r a g e  s i z e  o f  

h o l d i n g  i s  0 . 6 0 1  h a  ( 1 . 4 9  a c r e s ) .

The t o t a l  a r e a  jL the p r o j e c t  f i e l d  i f  8 b . 9 l 9 h a  
and a c t u a l  paddy  f i e l d  i s  /'5 .2 3 8  h a .  Thr r e s t  o f  
t h e  la n d  i s  o c c u p i e d  b y  r o a c t ; ,  t r e n c h c . f  and r e  * 
c l a i m e d  d r y  l a n d s .  The dr> la n d s  a r e  u se d  f o r  
human h a b i t a t i o n  and f o r  the c u l t i v a t i o n  o f  p e r e ­

n n i a l  c r o p s , m a in ly  c o c o n u t .

B - i i i ( e )  c r o p p i n g i •
T h e  o n e  a n d  t h e  o n l y  c r o p  r a i s e d  i n  t h e  w e t  

l a n d  i s  p a d d y  a n d  t h e r e  i s  1 0 0 %  c o v e r a g e  u n d e r

HYVs.
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M o n t h l y  v a r i a t i o n s  o f  w e a t h e r  p a r a m e t e r s  i n  t h e  p r o j e c t  a r e a

( a ) T o t a l  R a i n f a l l  c m .

T able  -  A.

J a n . F e b . M a r c h  A p r i l May- June J u l y August s e p t . O c t . NOV . P 3 C  . T o t a l  
mean .

A 0.93 3 .1 9 4 .70 11 .5 2 27 .37 64 .92 52 .13 39 .82 29.99 28.76 -1 .4 6  6 .12 29C.ei

B. 0 3 .05 0 0 .54 17 .40 3 .68 16 .34 41 .43 13 .59 29 .<*4 2 6 .10 4 .61 156.38
C- 0 2.48 7 .00 ■ •

(b) M o n t h l y  m e a n  m a x i m u m  T e m p . °C.

A- 33 .67 33 .35 34 .34 3 4 .5 8 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 3 2.00 27 .86 30 .81 29 .77 31 .20 3 1 . 29 3 1 .67 33 .00 31.61
C. 33 . 21 3 3 .5 2 34 .27 m m

• — • - «• *

A = Monthly mean f o r  th e  year 1976 t o  1986

B = Monthly mean f o r  the  year  1 9G7

C = M o n t h l y  mean f o r  t h e  y e a r  1988
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( c )  M o n t h l y  M e a n  m i n i m u m  T e m p . ° C .

j a n . F e b . M a r c h  A p r i l May J u n e J u l y A u g u s t  S e p t . O c t . M O V . D e c . T o t  =>1 
m e a n .

A • 2 2 . 0 1 2 3 . 2 3 2 5 . 0 1 25 .1 5 2 5 . 5 9 2 4 . 4 3 23 . 9 0 2 4 . 3 1  2 4 . 6 8 2 5 . 3 1 2 4 . 2 6 23 . 3 1 2 4 . 2 7

B .  2 2 . 1 0 2 2 . 6 0 2 4 . 5 5 2 6 . 3 3 2 4 . 7 5 2 4 . 9 3 25 . 0 8 2 5 . 8 4  2 5 . 1 5 2 5 . 4 4 24 .27 2 1 . 5 0 2 4 . 3 8

C • 2 1 . 6 2 23 . 9 0 2 5 . 7 3 • •

i d )  M o n t h l y  m e a n  e v a p o r a t i o n  ( m m ) .

A - 3 . 7 4 4 . 2 4 4 .7 7 5 . 0 2 4 . 9 0 4 . 2 4 4 . 3 6 4 .11 4 .3 9 4 .21 3 . 8 9 3 .53 4 . 2 8

B- 3 . 4 1 4 .7  9 *x . 86 -i . 8 9 5 . 2 * 3 . 9 9 4 . 1 4 0 . 4 7 0 . 5 4 0 . 8 4 0 . 8 2 0 . 8 6 2 . 8 2

C . 0 . 9 0 1 . 0 2 1 . 1 4

A = M o n t h l y  m e a n  f o r  t h e  y e a r  1 9 7 6  t o  1 9 8 6

B = M o n t h l y  m e a n  f o r  t h e  y e a r  1 9 8 7

C = M o n t h l y  m e a n  f o r  t h e  y e a r  1 9 8 8
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H . i i i ( f ) S o i l  c h a r a c t e r i s t i c s  : •
 4- v n J c J -  s a i l .

The s o n  o f  t h e  p r o j e c t  a r e a  X> y P -  ^
A s o i l  m o n o l i t h  frcm  0~2rn d e p t  1 10‘J ^
th e  p r o j e c t  a rea  and has  been  d i s p l a y e  i n
b o x .  From th e  v i s u a l  o b s e r v a t i o n  i t  la s e e n  a

ironi 0~60cm d e p t h ,  tin : o i l  i - ‘ c l  ^y. y
c o l o u r  due t o  h ig h  o r g a n i c  m a tter  c o n t e n t .
c l a y  t y p<_ i s  t h e  e x p a n d in g  one and l a r g e  c r a c k -  a r c
formed on d r y i n g .  F r o m  60~90rn d e p c h ,  l o t  o f  w o od en
d e b r i s ,  unuccom posed  o r g a n i c  m a t e r i a l ,  a r c  - e c u
embedded. g c lo w  t h a t ,  the  r o i l  xs jr. a d m i x t u r e  o f
c l a y ,  sant and o r g a n i c  m a t t e r .  From t h e  d e p t h  o f
1.5m on w ards ,  the  s o i l  i s  a lm o s t  o f  the  r i v e r  send.
t y p e .

SECTION -_C_._

O b j e c t i v e s  o f  t h e  ;xo  j p c t  ;

I .  to  com prehend the e f f e c t  o f  a s u r fa c e  and m h s n r f r o r  

d r a in a g e  system  on th e  movement o f  c o i l  l i a u i d s :

i )  to  study th e  e f f e c t  o f  s u r f a c e  an'- subsurface 
d r a i n s  in  p r e v e n t in g  th e  r i s e  o f  t o x i c  products 
from s u b s u r f a c e  s o i l  i n t o  r o o t  z o n e .

i i )  to  s t u d ,  t h e  e f f e c t  o f  s u r f a c e  d r a i n s  i n  r e m o v i n o
t h e  t o x i c  p r o d u c t s  a l r e a d y  p r e s e t  ^  
z o n e .

i i i )  T o  s t u d y  t h e  i n f l u e n c e  o f  su b— ,,.-*-
_ 0  r Ce djr9  j nc

on l o w e r i n g  w ater  t a b l e  and ^
x e s  e f f e c t  cn

g ro w th  and deve lopm ent  o f  r o o t s

2 . to study  t h e  pattern o f  h y d r o l o g i c a l  c
t h e  w a te rsh e d  area  and i t s  im p o r ta  CyClfc ° C cu r i n g  i n 
t h e  d r a i n a g e .  Ce anc  ̂ i n f l u e n c e  on



3 . to  d e v e l o p  a f e a s i b l e  t e c h n o l o g y  f o r  t h e  l a y o u t  o f  s u b ­
s u r f a c e  d r a i n a g e  s y s te m  s u i t a b l e  t o  p e a t  and muck s o i l s :

± )  t o  d e v e l o p  t h e  c r i t e r i a  f o r  t h e  d e s ig n  o f  su b ­
s u r f a c e  d r a i n s  i n  p e a t  and muck s e a l s .

i i )  To e v a l u a t e  t h e  t y p e s  o f  d r a i n s  ( su ch  as  t i l e  d r a i n s ,  
PVC p i p e s  e t c . )  and s i z e  and s p a c i n g  o f  s l o t s  on 
d r a i n s  s u i t a b l e  f o r  t h e  l a y  o u t  o f  s u b s u r f a c e  d r a i n s .

i i i )  To e v a l u a t e  t h e  f i l t e r  m a t e r i a l s  t o  be  u s e d  f o r  t h e  
l a y o u t  o f  s u b s u r f a c e  d r a i n s .

i v ) To d e c i  e upon t h e  d ep th  and s p a c i n g  o f  t h e  l a y o u t  
o f  s u b - s u r f a c e  d r a i n s .

v )  To d e v e l o p  t h e  c r i t e r i a  f o r  the d e s i g n  o f  a u x i l i a r y  
s t r u c t u r e s  o f  s u b s u r f a c e  d r a i n s .

4 .  to d e v e l o p  c r i t e r i a  f  o r  d e s j g n p a r  amct o r s  o f  s u r f a c e  
d r a i n a g e :

5 .  to d e v e l o p  t h e  d r a i n a g e  p a t t e r n  r e q u i r e d  f o r  d i f f e r e n t  
c r o p s ;

i )  to  d e t e r m in e  t h e  d r a in a g e  r e q u i r e m e n t  o f  r i c e  c r o p  
under  s t a t i c  and f l u c t u a t i n g  c o n d i t i o n s  o f  v ;ater 
l e v e l s .

i i ) To s t u d y  the  f e a s i b i l i t y  o f  c h a n g in g  m o n o c ro p p in g  
p a t t e r n  t o  d i v e r s i f i e d  c r o p p i n g  md t o  d e v e l o p  
a g r o  t e c h n i q u e s  r e q u i r e d  f o r  th* d i v e r s i f i e d  
c r o p p i n g .

i i i )  To f i x  up th e  d ra in a g e  r e q u i r e m e n t s  o f  t h e  com p e­
t e n t  c r o p s  o f  d i v e r s i f i e d  c r o p p i n q .

5 .  to  e v a l u a t e  t h e  f e a s i b i l i t y  o f  u s i n g  t h e  r e t u r n  f l o w  
from d r a i n a g e  f o r  i r r i g a t i o n  i n  r e l a t i o n  t o  w a te r  
q u a l i t y  r a t i n g s .

7 .  to e v a l u a t e  t h e  n o c i o  e c o n o m ic  b e n e f i t s  a c c r u e d  f ro m  
th e  d r a i n a g e  p r o j e c t s .

- s 15 s-
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T h e  f o l l o w i n g  t e c h n i c a l  p r o g r a m m e s  w e r e  a p p r o v e d

i n  the* p r e v io u s  annual w ork sh op .

1 .  M o n i t o r in g  o f  p e r i o d i c a l  c h a n g e s  i f ;  t h e  q j - j l i t y  o f  
s u r f a c e  ano s u b s u r f a c e  water i n  t h e  p r o j e c t  ^ r e a .

2. M o n i t o r in g  o f  s e a s o n a l  f l u c t u a t i o n s  o f  g r o u n d  w a t e r  
t a b l e  w i t h  r e f e r e n c e  t o  s u r f a c e  w a te r  l e v e l  -

3 .  A ssessm ent  o f  h y d r a u l i c  p r o p e r t i e s  o f  t h e  t i l e  
d r a in a g e  s y s te m .

4 .  E f f e c t i v e n e s s  o f  the t i l e  d r a i n a g e  s y s te m  i n  t h e  
Derformanc'-  o* paddy c r o p  in  ahe K a r i  l a n d .

5 .  E v a lu a t i o n  o f  d i f f e r e n t  f i l t e r  m a t e r i a l s  t o  f i n d  
i t s  e co n o m ic  s u i t a b i l i t y  i n c l u d i n g  i t s  d e s i g n  
c r i t e r i a  f o r  t h e  s u b s u r f a c e  d r a i n a g e  s y s t e m .

6 .  S t u d i e s  on t h e  ch a n ges  o f  s o i l  c h e m i c a l  p r o p e r ­
t i e s  w i t h  r e s p e c t  o f  t im e  on s u b - s u r f a c e
d r a i n a g e .



- :  17 :~

I I .  B r i e f  t e c h n i c a l  p r o g r  o n m e  o f  t ' -  

t h e  c e n t r e  d u r i n g  1 9 8 7 -8 8 .
r o j e c t s  t a k e n  u p  a t

S i  -
N O . T i t l e  o f  t h e  p r o j e c t E i t  i o n p a g e  ? i o

1 .  - e r i o o i c o l  c h a n g e s  in  
q u a l i t y  o f  s u r f c . c e
in  t h e  p r o j e c t  a r e a .

2 .  S e a s o n a l  r l u c t u a t i o r s  o f  
ground  w a te r  t a b l e  w i t h  
r e f e r e n c e  t o  surface-  
w a te r  l e v e l .

1 .  A s s e s s m e n t  o f  h y d r a u l i c  
p r o p e r t i e s  o f  t h e  t i l e  
d r  a i r  eg j  s y s t e m .

4 .  E f f e c t i v e n e : 3 of t i l e
d r a i n a g e  s y : t e n  m  the 
p o r f o i m e r c e  o  :

i r   ̂ nr

5 .  E v a l u a t i o n  of d u l f ^ r e n t
f i l t e r  m ater  I s  t< fxri 'j
i t s  e c o n o m ic  u i t a b i l l t y
i n c l u d i n g  i t  J e : i g n
c r i t e r i a  f o r  o .e  nub * 
s u r f a c e  r‘ r  i i r g* s y s t e m .

r b e r  *82 
o n t i n u i n g .

,7" n - ' r y  '8 2  
.. ' n t i n u i n g

3 c ;  b e r  ’ 84 
n t i n u i n g

18

26

36

Dr _ bex
• n t i n u i n g .

j  nu y 1C7 t o  
C' t u u in g  .

6 . S tu d ie s  o r  th* cl range : 
o f  s o i l  chem ic  1 n ro -  
per t i e s  w ith  rr- ' j , ;ect  t  ■ 
tirrc on su b -su r  f icr* 
or  l i n a g e .

II* r iber '87  
t f> c n t i n u i n g . 67
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. , , w ‘ udr w a v s  a n d  i t squa icy such as pK and EC assessed.

Observahions t aken: -

PH and EC of the water mm-i
a t  w e e k l y  i n t e r v a l s .  s '  e -o  w e r e  e s t i m a t e d

Date of starting 

Date of completion
* December i g 8 2

:  T h r ° u g h o u t



8 .  p r o g r e s s  o f  w o r k s -

W a t e r  s a m p l e s  w e r e  c o l l e c t e d  a t  w e e k l y  i n t e r v a l s  

f r o m  p r e d e t e r m i n d  p l a c e s  f o r  s t u d y i n g  t h e  p e r i o d i c  v a r i a ­

t i o n s  i n  p H  a n d  E C .  T h e  d a t a  h a s  b e e n  c o n s o l i d a t e d  a n d  

m o n t h l y  a v e r a g e s  a r e  g i v e n  i n  t h e  t a b l e - 1 ( 1 )  a n d  g r a p h y -  

c a l l y  r e p r e s e n t e d  i n  t h e  f i g u r e s  1 ( 1 )  t o  1 ( 2 ) .

A s t u d y  o f  t h e  d a t a  and g ra p h s  shows t h a t  t h e  pH 
ra n g e d  from  3 . 6 3  t o  6 . 3 0  in  t h e  i r r i g a t i o n  w a te r  and t h a t  
o f  t h c  d r n in ed  w a ter  f r o m  3 . 4  t o  6 . 1 1 ,  r e v e a l i n g  t h e  f a c t  
t l ia t  th e  t r e n d  i s  t h e  cam e. T h is  p r o v e s  t h a t  b y  a d o p t in g  
o n l y  s u r f  j c e  d r a i n a g e  t h e  a c i d i t y  c o u l d  n o t  b e  r e d u c e d  t o  
a c o n s i d e r a b l e  e x t e n t .  H ow ever ,  t h e  f a v o u r a b l e  p e r i o d  
c o u l d  b e  a r r i v e d  a t ,  i s  f r o m  December t o  March f o r  t h e  
y e a r  1 9 3 7 - 8 8 .  The EC v a l u e s  f o r  i r r i g a t i o n  w a te r  and 
d r a i n e d  vm ter  w ere  f o u n d  t o  b e  in  b e tw e e n  0 . 5  t o  6 .3m m hos /  
cm, t h e  t r e n d  b e i n g  th- same f o r  b o t h .  The f a v o u r a b l e  
p e r i o d  f o r  optimum g r o w th  : f  paddy i n  th e  c a s e  ab ove  was 
fou n d  t o  hr frcr* December 1907 t o  March 1 9 oB .  Thr h ig h  
r a i n f a l l  r t h c  c r e c e c o i n a  months from  a u g u s t  1987 t o  
November 1967 cou l*  ]/ a t t r i b u t e d  f o r  k e e p i n g  th e  b e t t e r  
cpi l i t y  o f  i r r i g a t i o n  w a te r  f o r  t h e  months December '87  
t o  March 1 9 8 3 ,  when t h e  f l o w  o '  the: i r r i g a t i o n  w i t e r  w is 
c h e c k e d  b y  the  c l o s u r e  o f  s p i l l w a y  near t h e  s e a .

The pH and EC v a l u e s  f o r  t h e  f i v e  y e a r s  1 9 8 1 -8 4  t o  
1987 -88 o re  p o o l e d  and p r e s e n t e d  i n  t h c  t o l e s  1 ( 2 )  t o  
1 ( 3 )  an« g r a p h i c a l l y  r e p r e s e n t e d  i n  the f i g u r e  1 ( 3 ) .
A c r i t i c a l  r e v i e w  o f  the* d j t  » show t h a t  optimum pH o f  5 .5  
t o  6 . 0  r e q u i r e d  f o r  paddy i s  a v a i l a b l e  f o r  th e  months from  
.July t o  M arch .  The f a v o u r  ible EC r a n g e  ( 0 . 8  t o  1 . 4  mmhos/ 
cm) i c  a l s o  f o u n d  t o  be? d u r in g  th e  same p e r i o d .  i t  i s  
a l s o  e v i d e n t  t h a t  t h e  summer m onths  o f  A p r i l  t o  June s h o u ld  
be  a v o i d e d  f o r  paddy c u l t i v a t i o n .  H ow ever ,  the b e s t  p e r i o d  
f o r  g r o w in g  paddy  can  b e  c o n s i d e r e d  t o  b e  from  t h e  month o f  
A ugust  t o  M ovem bcr .

- :  19 •-



M o n t h l y  v u r i . i t a  on_ o £  pH u.n_d__EC _ ( n w h o _ /  _  _),

l o r  t h e  vp^-T 1P 8 7  - b b .

MO nth

pH

i n  i  j it ion sur £ icl 
v/dter . dr ni ncd

vm tc.r -

EC ( mnr.ho s /  c m )

i r  r  i(j a t  I  on
w ate r

S u r f o c e  
d r a i n e d  

w a t e r

A p r i l  13^7 5 .  23 S . 11 3 .8 7 5 . 2 4

,* lay 1 37 5 .0 1 3 .40 5 . 6 1 6 . 7 6

,~u:.e *37 4 . 20 '  .7 4 3 . 8 9 . . 5 8

J u l y  '37 3 .30 3 .56 1 .53 1 . 7 2

August '37 3 .63 3 . 5 5 '. .94 1 . 1 7

Sspteir'oer 3 .8C 3 . o l * . 2 : 1 . 2 6

O c to b e r 3 .86 3 .63 1 . 0 1 1 . 1 1

Novernbcr 3 .7  4 3 .5 0 0 .  50 0 . 6 8
December 4 .7 3 3 .71 0 . 5 1 0 . 8 4
January 188 4 .65 4 .06 0 . 7 4 0 . 8 3
F eb ru ary  183 5 . 2 3 4 .6 7 0 . 7 2 0 .79
March '8 3 6 .30 4 .1 5 0 . 4 8 0 . 8 7
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M o n th ly  v a r i a t i o n  o f  pH o f  i r r i g a t i o n  
w a te r  in  t h e  p r o j e c t  a r e a  f r o m  

1 9 8 3 -0 4  t o  1 9 8 7 - 8 8 .

T a b le  -  1 ( 2 )

M o n t h  1 9 8 3 -8 4  1 9 8 4 -8 5  1 9 8 5 -8 6  1 9 8 6 -8 7  1 9 8 7 -8 8  Mean

A p r i l 5 .4 1 5 .  25 5 .  20 5 .7 3 5 . £.3 5 .3 7 4

May • • 5 .5 7 5 .86 5 .9 0 5 .0 1 5 .585

ju n e 2 .8 4 5 .  26 5 . 2 6 4 . 5 2 4 .  20 4 .416

J u ly 2 .9 1 6 . 3 0 7 .06 5 .33 3 .81 5 . 1 8 2

August 3 . 9 3 5 . 9 2 6 . 5 8 6 . 1 2 3 .6 3 5 .  246

Septem ber 4 . 26 5 .9 5 6 .1 1 6 . 3 8 3 . 8 0 5 .3 0 4

O c t o b e r 4 . 4 8 5 .8 5 6 .3 9 6 .3 7 3 .86 5 .3 9 0

November 3 .7 5 5 .  >7 7 .36 6 .0 1 3 .74 5 .1 8 6

December 3 . 30 4 . 7 2 7 . 0 8 6 . 4 8 4 . 7 9 5 .  274

January 3 .16 4 .61 6 .5 4 6 .9 1 4 .65 5 .1 7 4

F e b ru a ry 5 . 6 6 3 .2 1 6 .0 4 6 . 8 5 5 . 23 5 .403

March 5 .3  2 6 .1 4 6 .5 3 6 .3 0 6 .30 6 . 1 3 0
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M o r it l i ly  v a r  i  a t i o n _  1 £ _  E C _ o f  _  vt-'L— r-

wobei i n  the ĵLoJc-ct̂ S£--£~™
1 983 -04  t o  i  (>§7- b8 .

EC mmhoe/crn
1 « 4 • - *

Month 1 9 3 3 -8 4 1984 -65 1985 -86 1 9 8 6 -8 7 1 9 o7- 68 Mean

A p r i l ■ « 0 .6 1 2 .6 9 3 . 8 1 3 . 8 7 2 .7 4 5

May •  ■ 0 .  5a 1 .6 6 2. 27 5 . Cl 2 .5 3 0

J u n e 2 .0 3 . 0 44 x .71 2 .9 4 3 . 8 9 2 .  202

J u ly 1 .9 7 0 . 1 6 1 .0 3 1 .13 1 . 0 3 1 .1 8 4

A u g u c  t 1 .4 5 0 . 4 0 0 .87 0 . 4 4 0 . 9 4 0 . 8 2 0

September 0 .9 6 1 .03 0 . ° 6 1 . 0 0 1 .  22 1 . 0 3 3

O c t o b e r 0 . 5 9 1. 21 1 .38 0 .7 7 1 . 0 1 0 . 9 9 2

I ' o v e m b e r 0 . 6 8 2 .01 0 .5 3 0 . 7 0 0 . 5 0 0 . 8 8 4

D e c e m b e r 0 .7 7 2 .63 1 .7 3 1 . 9 2 0 . 5 1 1 . 3 3 2
J a n u a r y 0 . 9 9 1 .9 5 0 . 8 6 0 . 3 8 0 . 7 4 0 . 9 6 4
F e b r u a r y 1 .2 3 0 .8 1 0 .3 8 0 . 6 4 0 . 7 2 0 . 7 5 6
M a r c h 0 .3 1 1 .6 9 0 . 8 6 1 136 0 . 4 8 0 . 9 4 0
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M onthly  v a r i a t i o n  of EC f o r  t h e  y e a r  1 9 8 7 -8 8 .

Figure -  1 (2)





i ri a c t u a t i o n s  of g r o u n d  M o n ito r  in  j  uf  s e a s o n a l  f l u c t u a t e .
.m ir face  w a te r  l e v e l -  w ater  t a b l e  w ith  reference t o  ~urt

ObJe c t l v e : : : ■ *

a )  Study  on th e  s e a s o n a l  c h a n g e s  i n  g r o u n d  
w ith  r e f c r t  nco  t o  s u r f a c e  w ater  m ovem ent  i n

w ater  ways o u t s i d e -

b )  r f e a s t n . l  c h a n g o s  on th e  l e v e l  n id m ovem ent  o f  

w ater  i n  w aterw ays .

c )  i d e n t i f i c a t i o n  ana c h a r o c t e r i s a t i o n  o f  a q u i f e r /  
i f  any /  e x i s t i n g  in  th e  p r o j e c t  a r e a .

pi a c t  i c  31 u t i l i t y : -

T h is  s tu d y  w i l l  e n a b le  t o  u n d e r s t a n d  t h e  c h a n g e  
t h o t  t a k e  p l a c e  in  ground  w a te r  a f t e r  t h e  l a y o u t  o f  s u r  
f a c e  and s u b s u r f a c e  d r a in a g e  s y s t e m .

T e c h n i c a l  p r o g r a mm e:

in  order to  record ground water t a b le  f lu c t u a ­
t io n , observation wells w in  be in s ta lle d  at a d e p t h  
of l m. using 40rnm or 50mm of pvC plpes a(. ^  t

The p i p e s  w i l l  be  p e r f o r a t e d  with  6 mm h o i e ^  *  1 0  5

s p a c i n g  and w i l l  be  wound w it h  n y lo n  ropes/ coix  ^
p r e v e n t  c l o g g i n g .  Water l e v e l  in °

, , . e s e  w e l l s  w j i  i T-«e
r e c o r d e d  a t  w e e k ly  i n t e r v a l s .  D

EX P E R ^  J .l°—^

T i t l e  2 «
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5 .  o b s e r v a t i o n s  t o  b e  t a k e n » -

Water l e v e l s  i n  o b s e r v a t i o n  w e l l s / w aterw ays  
and p i e z o m e t e r s  w i l l  b e  r e c o r d e d  a t  w e e k ly  i n t e r v a l s .

6 .  Date o f  s t a r t i n g  : j u n e  1982

7 .  Dote o f  c o m p l e t i o n  s T i l l  t h e  saheme w ork  i s
c o m p l e t e d .

8 .  p r o g r e s s  o f  w o r k ; -

The f i e l d  i s  i n s t a l l e d  w i t h  24 o b s e r v a t i o n  w e l l s  
in  3 b a n d s  a t  100m a p a r t  t o  r e c o r d  t h e  w a ter  t a b l e  f l u c ­
t u a t i o n s .  The o b s e r v a t i o n  o f  w a te r  l e v e l s  in  t h e s e  
w e l l s  had s t a r t e d  s i n c e  I t s  i n s t d i l a t i o n . The da ta  
g e n e r a t e d  s i n c e  1982 had shown t h a t  t h e r e  i s  no d e ­
f i n i t e  p a t t e r n  o f  g rou n d  w a te r  movement in  t h e  s o i l  
and i s  g r e a t l y  i n f l u e n c e d  b y  the o u t s i d e  w a t e r  l e v e l ,  
i n t e r m i t t e n t  f l o o o i r g  and d r a i n i n g .  The movement o f  
g rou n d  w a te r  v i t h  r e f e r e n c e  t o  thr w a te r  l e v e l  o f  cht 
s u rro u n d  j ng w a t e r b o d y  j /  g r a p h i c a l l y  i l l u s t r a t e d  in  
f i g u r e  2 ( 2 )  and 2 ( 3 )  f o r  t h e  c r o p p i n g  p e r i o d .  The 
m on th ly  a v e r - g c  v a l u e s  o f  w it", r tobl<  < l« v  i1:i o n  
g i v e n  in  t a b i c  2 ( 1 )  t o  2 ( i i i ) .
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WL-1 ->

3M p o in t
(Karumac^ 
k u t t a n )

K. I'Uiili io\
th oo ’u

'DC 1 inr.^j —> 
'DC 1 ou t e l

F inur  ̂  - 2 ( 1 )

p r o j e c t  a re a  and l o c a t i o n  o f  o  r s e r v a : i o n  w e l l s

===- rain open d r a in  
  S e co n d a ry  open d r a i n

\mbalapuzna 
^  Thakaz 'iy  r o a d

x L o c a t i o n  o f  o b s e r v a t i o n  
v : l l .

r ~ l  Loc r io n  c f  p i e z o m e t e r

y.z.3

sr:-2

\

A
V / A x

7

K ^ l s t h i l
t h o c u

<- i n n e r

K i r i t h o o u



5 .  O b s e r v a t i on s  t o  b e  t a k e n

Water l e v e l s  i n  o b s e r v a t i o n  w e l l s ,  w aterw ays  
and p i e z o m e t e r s  w i l l  b e  r e c o r d e d  a t  w e e k ly  i n t e r v a l s .

6 .  Date o f  s t a r t i n g  . ju n e  1982

7 .  D a t e  o f  c o m p l e t i o n  : T i l l  t h e  s s h e m e  w o r k  i s
c o m p l e t e d .

8 .  p r o g r e s s  o f  w o r k : -

T h e  f i e l d  i s  i n s t a l l e d  w i t h  24 o b s e r v a t i o n  w e l l s  

i n  3 b a n d s  a t  1 0 0 m  . p a r t  t o  r e c o r d  t h e  w a t e r  t a b l ^  f l u c ­

t u a t i o n s .  T h e  o b s e r v a t i o n  o f  w a t e r  l e v e l s  i n  t h e s e  

w e l l s  head s t a r t e d  s i n c e  i t s  i n s t a l l a t i o n .  T h ^  d a t a  

g e n e r a t e d  s i n c e  1982 h a d  s h o w r  t h a t  t h e r e  i * .  n o  d e ­

f i n i t e  p a t t e r n  o f  g r o u n d  w a t e r  m o v e ,  s n t  i n  t h e  s o i l  

a n d  i s  g r e a t l y  i n f l u e n c e d  b y  t h e  o u t s i d e  w a t e r  l e v e l ,  

i n t e r m i t t e n t  f l o o d i n g  i n d  d r a i n i n g .  T h e  m o v a i k n t  o f  

g r o u n d  w a t e r  w i t h  r e f e r e n c e  t o  t h r  w a t e r  l e v e l  o f  t h e  

s u r r o u n r l j n g  w a t e r b o d y  i  g r a p h i c a l l y  i l l u s t r a t e d  i n  

f i g u r e  2 ( 2 )  a n ' 1 2 ( 3 )  f o r  t h e  c r o p p i n g  D c r i o d .  T h e  

m o n t h l y  a v e r a g e  v a l u e s  o f  w a t e r  t n b l i  * 1 « v  i t i o n  a r c  

g i v e n  i n  t a b i c  2 ( 1 )  t o  2 ( i  i j  ) -

-  2 27 • -
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Ground w ater  t a b l e  In  t h e  pr o j e c t  a r ea (a s  r e a d  f r o m  s u r f a c e  bench
murk e l c v a t  ton  -  1000 c m . )

2? s-

Table -  2(1)

M c nth OBWl 03>V2 0^W3 03W4 05W5 O0W6 0 ’-w7 0BW8 O0W9 1 0 OBWll 0 BW1 2 Mean
1 y 3 1

** 3 7 8  9 10 1 1 1 2 13 14

A p r i l  13 / SO" . 0 79 3 . 5 • « m m «• ■ ■ ■  ■ « • • m m 7 4 4 . 5 7 6 8 . 5 7 7 7 . 3 8
K3y 11 8 15 8 1 4 .  3 -N * ^  r- Cl •  i  J c _ ̂  . U 8 _ 7 . 7 5  8 1 1 . 0  8 1 5 . 0  8 1 4 . 5  8 1 3 . 5 0 « « 8 1 2 . 5 8 1 5 . 5 8 1 5 . 2 0

ja r  :
C

" ‘ I i  V
u

/  /

. \ u r u P t
It

/  /

Se ro .•m

II
/  /

• tl
C. . /  /

I  o v .
: i

/  /

D e c .
i i 8 24 .  S 8 2 4 . 5 8 1 1  . i * • 6 1 5 . S 3 2 1 . 5  8 1 2 . 1  0 1 9 . 9  8 1 6 . 0 ■ ■ 8 1 6 . 1 . 8 1 6 . 4 8 1 7 . 9 9

J a r u  -rySS o i 7  . 8 c 2 7 . : 1 "  7«y j  ■ r ■ ft 8J.G.7 £ 1 . 7  8*1  .7  8 2 3 . 5  8 2 0 . 8 ■ - 8 2 4 . 5 8 2 4 . 3 8 2 2 . 5 6

? _ c .
ti ^  n  -

C  C • • • D C "—> — » • • ■ S1 6 . 0  3*. . 5  3 2 2 . 4  8 2 3 .  G 3 1 9 . 3 m ■ 8 2 4 . 9 « 8 2 6 . 0 3 2 2 . 0 1

' I ' r c h it &J.C?.  7 C  • D
r- ^" ± r 3 ■ • o o c . 9  8 0 3 . 3  8 1 6 . 7  £ 1 4 . 5  796.32 • m 8 0 7 . 8 803  . 8 8 0 8 . 1 7

Mfe JT. 8 I_  .6 3 1 3 . 5 s31 ^ ■" • - r\
-  £. m ' 1 L I - . . /  £ 1 8 . 1  3 1 8 . 0  8 1 9 . 1  8 1 3 . 2 m m 8 0 5 . 1 8 0 9  .1



Hontl' 0BW13 0BW--2 OnTvl‘i 0?-Wl 5 OB .'13 0 .̂"17 C !:er

APril 187 791.00 790.50 781.50 755-50 797.05 777.00 790.. / / C;

rr

ii

Mci/

June

JL* ly

August "

Ŝ ptciiL1 er

O ctob er  11 

N o v c m I h  r  rf

,r 818.75 310.50 314.5., 77 9.50 520.50 o

. . . . . . .  Flood 5-1 lov/ir

917.75 -

782.cl 

£15 .31

/ /

/ /

/ /

/ /
/ /

Ix - 'C  e m b e r  " & 2 7  . 530 o . 5 0 u l o  . J 8 1 2  . 7 5
, - < o.'0- •- . 7  5 c  2 c  . 1 3 ^ ;  " v_ ^ . O' O' H • * 0  7  sv_ - V " < o  ?  -  o  c,O ^ 22 .  -• C

J..  I U  C ' T y i ' 5 8  2 4  . 5 0 5  2 7 . 0 0 « . ■ • 0 b. 1 i. 1 7 . 5  0/ 8  2 7  . I. , * ' - > c. ._C • O' 0
t - 

V ' - L- . 1 7 2 4 5 . 1 7 £ 2 ? . 5 2

F c b i  lii x  y 5 1 7 .  J O 0 2 .  . 5 0 o  1 6  . 7  J 0  6 . :  o t 7  . >1 o' 5 1 . '2 2 CV—' _ -i o 4 7  . 5  0 £ 2 7  , 6 0

M a r c h  " 8 0 S . 0 0 8 0 2 . 0 0 8.1.1 . C ' 3 S O  3 . 1 7 8 0 °  . 0 0 8 1 1 . 8  / £ 2 7 . 4 7 l  1 . 8 3 8 1 - . .  3 9

r c a n 8 1 4  . 5 2 8 1 3 . 5 0 i J 1 1 . 5 8 7 '  b . i  3 8 1 7 . ~o
c----- 8 1 5  - 4  2 O *) t  v_ 8---- . 6  2 2 2  2 . 3 8
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M o n t h  OBW 20 OBW-6 OBW-21 03 W

A pra .1  ' 8 7 •  • a  • 7 3 0 . 5 0 ■

May " 8 1 3 . 0 0 8 1 1 . 0 0 8 1 2 . 5 0 8 1 2

Tunc " F l o o d

j a i l  "

A u y u s r .  "

O O L .  ■

O c t o b e r  n

■ » 7 >  »  I I

D e c .  " 8 2 2 . 6 3 3 2 2 .  5 0 8 1 5  . 6 3 8 1 9

j a n u a r y  13 0 3 2 9 . 0 0 5 2 2 . 6 7 8 1 7 . 6 7 8 2 1

F e b r u a r y  : I 3 3 0 . 3 3 3 2 0 . 5 0 8 1 2 . 3 8 8 1 9

M a r c h  " 8 1 0 .  ' C 3 0  j  . 8 3 7 8 8  . 5 0 7 9 4

Mean 8  21 .CO 8 1 6 . 1 0  7 9 6 . 1  9 8 1 3

CBW - 2 4

8 1 3 . 5 0

Mean

7 3 0 . 5 0

812.45

8 1 6 .0  ) 

8 2 0 . 8 3  

8 1 9 . 2 5  

796.17

8 1 9 . 1 5  

8 2 2 . 3 0  

8 2 0 . 4 3  

7 9 8 . 6 0

8 1 3 . 1 5



T a b l e  ~ 2 ( 2 )

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

Month WL-1 WL-4

April •87 822.00 818 .13
May II 832.00 826.50
June II 880 .17 679.67
July II 873 .50 872 .90
August II 862.00 8 8 1 . 8 8

Sept. !l 871 .75 869.50
Oct. II 892.80 891 .60
Nov. II 894.63 893.13
Dec. II 091.90 890.30
Jan. ' 88 880.50 877 .50
Feb. II 862.25 857 .50
March II 867.90 662.90

Mean 870.95 860.46

T a b l e 2 ( 3 )

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

DC -1 D C -  2

741.00 757.75
776 .38 793.50
881 .35 895 .17
878 .70 866.60
666.00 660 .67
874.13 882.00
692.20 902.40
619.00 831.00
79 2 .90 515.80
7 9 6 .7 5 SOS.68
764 .88 808 .5 0
798.00 806.50

6 24.86 83 9 . 25
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F i g u r e  3 ( 1 )

Moveme n t  o f  ground^ v;ati_r t r ’o l e  in the  n r o j e c t  area

T im i (v/c

( 8 4 7 . 0 )

( 8 2 1 . 5 )
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1 . T i t l e : •
j r i-it- r'i- 1 P Jj O f  1 1 10  t l l OA ssessm ent  uL h y d rn u l  P1 P

d r  c a i u . j y ,  b y  l i (. in .

2 . O b  j e c t b  v i  s  :

d) Tu estimate* d i i  f e r c r i t  p a r a m e te r s  o f  h y d r u u l - c s  
>f t h e  t i l e  dr.iin^ige s y s te m  iri K o r i  l.jn«.«s.

b )  To evalua^.* the per fori,  i hjCc o f  t i l e  c i a i n a g c  
system  in  the p r o j e c t  l r c i .

c )  To c o l l e c t  i n f o r m a t i o n  t o  deve l o p  a v i e b J e  t  c h  
n o lo t .v  f o r  m b  m r f  icr d r a i n n  , c* s y s t e m  i n  t h e  
p r o j e c t  eri  -

3 .  p r a c t i c a l  u t i l i t y :

Th i-  i s  a b a s i c  s tu dy  <,ined a t  g a t h e r i n g  v c l  -<able 
p  r am eters  o f  the h y d r a u l i c *  o f  th e  t i l e  d r a i n a g e  s y s t e m  
The ‘ nfornicition c o l l e c t .  0 -anr c o m p i l e d  can  ’ae usc-d f o r  
d e r i v i n g  a s u i t a b l e  t ,  c h n o l o g -  f o r  th e  d e s i g n  o f  a  s u b  
s u r f a c e  t i l e  dra inage  sys tem  'o r  th e  k a r i  l a n ^ c  o f
TOittanud.

b .  T e c h n i c a l  programme? -

P la n n in g  was « . * «  t o  l ™  9  l i n e s  o f  p a r a l l e l  t i l P
d r a i n s .  The f i r s t  s i x  l i n e s  w cra  t o  b e  spaced - t  ’
a n d  t o  h a v e  7 5 m l e n g t h  a n d  t h e  r e ma i n i „ g  „ s r c  t o  J

s p a c e d  a t  3Um a n d  t o  h a v e  1 0 0 m  l c n a t h

l i n e  d e s i g n a t e d  a s  1 3 1 5 ,  t h e  s i x t h ' l l ^  ^

6 3 1 5 / 3 0  a n d  t h e  l a s t  l i n e ,  S h n n  & U e S l g n a t e d  a s
^ e r e  l a i r " 1 +-

a s  b u f f e r  l i n e s  t o  m i n i m i z e  t h e  ,  f u n c t i o n
w u n d o r v  -p

l i n e s  d e s i g n a t e d  a s  2e 1 5 ,  3 E 1 5 ,  4 e 1 ( - ‘  f c r * « : t s .  T h c

p e r i m e n t a l  l i n e s  o f  1 5 m  s p a c i n g  a n d ^  ^  5 E 1 5  ° r e  c x ~
8 E 3 0  a r e  e x p e r i m e n t a l  l i n e s  o f  3 o S  t h C  l l n e s  7 E 3 0  a n d

^  s P a c i n g .

EXPERIJ0 s] JT- N-° *- ■

~<rn



37

Further rep lica tio n  of p a ra lle l  drains of 30m spacing or 
some other e lse  could not be planned because of the geometry 
of the lo c a tio n .

A l l  the above dr air.r; wor. to run a t  a slope of 0.2%  
and at an average Ljcpth of 0.375m. Thc drains were to bo 
provided with a sand f i l t e r  o, cm average thickness o^ 10-13  
actr . a l l  around the c ra jn . A ll  the parallel drains v;ere to 
open in to  separate c o l le c t io n  sumps where the discharge  
measurements wcr* to be made. Th*- c o l le c t io n  sumps ware 
inter connected by PVC pipes o f  llU/160inm ia  le i  at 0.4%  
slope which drum into m .-jin  jrair.agv *urnp from v/horc thc 
dr .incd wat* r ±s pumped into th- outsi-.e w te r ’ ejdy.

The t i l e  r r  . in .  a r '  c f  D iked - l^ .y ,  60 n l o n g /  w ith  
b e l l  mouth one  • id (125 in c ’ c r " i  i nc ±0r;r inn- r  f i a ) .  
These d r a i n s  are p r o v i c - d  v ; ith  15 no..,. j f  6i u h o l e s  i n  t '* r e e  
b a n d s  o f  5 h o l s ' ,  • c h ,  on th c  l / 3 r d  r i p h e r y  ar« . .

A s r i e r  o r o r v a t i e n  w 1 Is war- 1 o  t o  >c in - 
s t a l l e d  m t h e  c x p . r i n  n t a l  f i *  Id t o  n c o r d  chi c u - . r i b n c c  
o f  g rou n d  w ata r .

5 .  o b s e r v a t i o n s  t o  K r e a 0:
a) Rate of d ischrjrg it c t*eh "l it  c t l o n  Mimp.
b )  Water LciJjle rc  r - i n g s  r.i c i c  i r v i t i o n  \h 11 .
c )  C o m p u ta tJ jn o f  c t r  innniim I v i t y ,  h ydL du l  i c  c o n d u c t i ­

v i t y /  d r a i nag e  m t  ns  t y  f  - c l o t  in < f l e e t  ivr 

p o r o s i t / .

6* Date o f  s t a r t  2 Dee .iner 1984

7 .  DaLt o f  c o m p l e t i o n  2 r i l l  t h '  e nd  o l  t h c  schem e.

Q. p r o g r e s s  o f  work-*
Th' I n s ta l la t io n  of thc drainage system was com­

pleted Juring 1905-06 and the complete laying p ro c e ­
dures arc mentioned in the Annual RC[ort 1903-86 . The 
la y o u : o [  the Systran is given i n  figure 3 ( 1 ) .
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The p a t te rn  o f  d a ta  c o l l e c t i o n  was th e  same as t h a t  
oc the  cr c c e c a i n ; y e a r s .  ;a t c r  t a b l e  r e c e s s i o n  through o b ­
s e r v a t io n  w e l l s  due t o  th e  c o n t in u o u s  dr a in are from d i f f e r ­
ent t i l e  d r a in s  were c o l l e c t e d  along w ith  the  drain  d i s c h a r ­
g e s .  T h is  was c o n t in u e d  f o r  170 hours me the  data i n t e r p o ­
la t e d  f o r  lu  hour i n t e r v a l  i s  g i / c n  in a p p a n d ix -1 . The g r a -  
phycal r e p r C o e n e a t io n  o f  th e  ducn drawn f o r  d i s c h a r g e  v e rs u s  
head has c o n f i r m e d  t h e  e a r l i e r  r e s u l t s  t h a t  t i c r t  i s  a c o n ­
t in u ou s  r e c h a r g e  towards the <± ains from thv_ o u t s i d e  water - 
b o cy  t,nd th e  i n t e n s i t y  o f  t h i -  r e ch a rg e  r e d u c e s  with d is tu n e ^ .  
The d ra in a g e  f l o w  wa: a n a ly sed  uoirVj the n c n - s t c o d y  s t a t e  
o - proach  v;hich i s  g iv e n  in  a p p e n d ix -2 .

The param eters  found on the. b a s i s  o f  thr a n a l y s i s  i s  
g iven  in ^ab le  3 ( 1 )  a long  w ith  th e  v a l u e s  a^riv* o a t  the 
p r c c ' e e in g  yr i r .

TQld £  3 (1 )

’lyjarjrulic paramo trjr based on  ̂th e  a n n u a l s

Param eters  v o l t io s  f o r  8 7 -8 8  V alues  l o r  60 -8 7

K (h y d r a u l i c  c o n d u c t i v i t y )  0 . 2  m/’ t iy  O. l h  ro/day
Kd 0 . . '8  rn^/duy 0 .4  in^/dny
d ( e q u iv a le n t  d e p th )  1 . 08  m. 2.1 m.

Valuc-3 o f  d isch arge  and average h y d r a u l i c  head
at i d e n t i c a l  v d u e s  o f  c lapnet  time ire g iv e n  in t a b l e  3 ( 2 )  
and t h e i r  c o r r e s p o n d in g  g r o p h i c o l  r e p r e s e n t a t i o n s  are  g iv e n  
in f i g u r e  3 ( 2 )  t o  3 ( 4 ) .



Values of discharge and aver: jC hycir illc_'i ee -t i'er,tic_l v luec cf
elapsed time

T a r ie  -  3J 2 )

Time

• mmm •

2e 1 5 3 E 1 5 It 1 5 5 e 1 -0 7E 3C 3 f 32

q  h  
( m r r /o a y )  (m)

q  h
(m rr /e 'e y )  ( n )

ca
( rr.rr\/ ‘  y

h
) ( n )

Q
(ra n /  y )

n 
(r,i)

'-t

(r / ■ * . y  )
-  7  

( r ’ ( r r / ' - . y )
' h  
( r )

0 1 3 . 0 0 0 . 5 5 1 3  . 4 0 0 . 4 7 1 2 . 2 0 0  . 4 7 i : . _ ' C. - 17 " . I E m m m w w- r - . - C . 2 E

1 0 7 . 5 0 0 . 4 2 7 . 6 0 C . 3 : . 22 0 .  -15 ■ V •  4̂. . _ 5 . 2 1 : . : 0 .  2 6
2 0 6 . 3 0 0 . 3 7 5 . 7  3 0  . 3  3 3 . : ; * ~

x l  .  ' • t  r •  _  w :  . 7 ^ •2. 2 5
3 0 5 . 5 0 0 . 3 5 4 . 9 0 C . 3 C ~ r . c *

m  W  O

O  “  « ■ *  

*  • : .  : i •  w  _ 2 2 : .  23

4 0 5 . 0 5 0  3 3 4 . 5 0 C . 2 9 • 2 . 2 1 1  . o , C . 3 9 w
- v  / 0 . 2 1

5 0 4 . 0 5 0 . 3  2 4 . 1 5 0 . 2 7 -  •  j 0 u . 2 5 x  .  v -  — " . 3 7 ry - -
■  w

T
N -  ------------------- '  . ? c 0 . 1 9

6 0 4 . 7 0 0 . 3 1 3 .  9 n 0  . 7 6 x . 9 0 r -3 x .  5 ; v .  . 5 2 A  *

s .  •  ( . C .
f  | C . 3 5 0 . 1 3

7 0 4  . 6 0 0 . 3 1 3  . 7 0 0 .  2 5 x .  ' , 0 O- - '  - i . C . 3 4 —  -j «“ * 2 . 2 5 2 . 3 5 2 . 1 6
>>0 4 . 5 5 0 . 3 0 5 . 6 0 0 . 2 ' . i  .  7 0 , ' - . U x . 2 _ 2 . 2  3 C . I 5 •  C 2 . 3C 0 . 1 5

0 0 4 .  5v_ 0 . 3 0 J . 5 0 J .  2-. i  . 2 5 0 . 3 l 1 .  2 j . 3 1 v .  1 5
■«w »

. . .  X — * •  w 0 . 1 3
1 0 0 4 . 4  J 0 .  2 9 3 . 4 0 0 .  2 3 1 . 6 0 •  * . i  .

>  .  a 
• . 1 0 :  . 1 2 C .  26 2 . 1 2

1 1  r 4 . 4  0  0 . 2 9 3 . 3 0 0 .  j j . .  5 ■ I .  lv ~

V  •  <  o 2  •  » \ . 2 . 1 3 '  2 5w  «  V f *  w

r s  - j

U . i i
1 2 0 4 . 3 5  0 . 2 2 3 . 2 0 ' . 2 3 1 .  j .  ■ >  ^

V  .  X . x  * L .  l 'O
• ,  . 1 0 o . i : C .  7 ? C . x C

1 3 0 4 . 3 0  Cl .  2 9 7 . 1 0 0 .  ‘ 1 f 1 . 0 5 •  -  w x . xO - . 1 0 0 .  - 3 0 . 0 9

1-iU 4 . 3 0  0 . 2 2 3 . 1 0 0 .  2 2 1 . I .  To 1 . > - 0 C . 24 0 . 1 0 0 . 0 9 0 . 1 3 0 . 0 3

1 5 0 4 . 3 0  0 . 2 9 3 . 0 0 . 2 1 . 3 5 U .  2 6 x  .  0 0 0 . 7 3 V .  .  X V . 0 . 0 6 '  . 1 1 0 . 0 7

1 GO •i .  3 0  0 .  2 2 3 . 0 0 0  
V  f l 1 . 3 0 o  r

^  b 1 .  2> ' . 2 2 C . 1 0 0 . 0 7 C . 1 0 0 . 0 7

1 7 0 4 . 3 0  0 .  2 9 3 . 0 0 1 .  . 5 ^  * ~  

v  1 •  o X  .  0 0 . 2 1 .  l v ' 0 . 0 6 0 .  2 0 0  . 0 6
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F ig u r  e  - 3 ( 4 )

D i s c h a r g e  v c r s u s _ h y c r a u l i c _ h e a d ( 2^ l b -  0E 30 )

H y d r a u l i c  h< »l (m)

!



•r ‘ tern i n thr- pr r

e x  p e r i; :  ht_ w

T i t l e :

E f f e c t i v e s  i >r o f  t i l e  c »: - ir ia j  
1 or  mane;: o f  paddy cin p i n  uhe H nri  Jan'

O b j e c t i v e s ■
»  • *  • • ••• • .• • •

a )  t o  *• >rtrr th e  i n c a  n^r* i  j  ̂ u e
t o  t i U  ( t  *• y i Li-iii.

b )  To  stu^ y the  p ro . /L h  . i t t c r r  A  j c r o P u n d e r

t i l e  dr  l i n a g e  sy s te m .

c )  To s tu d y  t h e  e f f e c t  o f  t i l e  or .m a g e  m  t ] i e  
im provem ent o f  r o u t  zone r o f j l c  o f  K- r i  l a n d s .

Pr a c t i c  a1_ u t  i  1 i t y :

E a r l i e r  s t u d i e s  in  t h i s  l i n e  r c v e s l e h  a r a n a r l i a b l e
im provem ent on the  g ro w th  an y i e l d  jf  : a c c r o p  and
a l s o  on t h e  f e r c i l i t y  o f  r o o t  zcrm.. H e n c e ,  t h i r  d e t a i l e d  
e x p e r im e n t  w i l l  b r i n g  o u t  th e  m a g n itu d e  o f  i n c r e m e n t a l  
p r o d u c t i v i t y  o f  k a r i  lam  c w i t h  l a y i n g  o f  - e m a b l e  
d r a i n a g e  s y s te m .  Thr s tu d y  w i l l  a l s o  h e l p  i n  a r r i v i n g  
a t  an optimum s p a c i n g  o f  t i l e  o r  i n s .

Techn ic_al p rogr  airme :

Poddv c r o p  i s  t o  b e  r a j  s e d  Jn t h e  f i r i o  i • -J- lC lO  ] , 0 i H OUt
w i t h  the- l a t e r a l  d r a i n s ,  g i v i n g  u n i f o r m  o a c b a r ^  /  
t i c e s  in  t h e  w h o le  e x p e r i m e n t a l  a rea  vk ’ • ° *  p r o c "
w i l l  h e  d i v i d e d  i n t o  d i f f e r e n t  s t r i p s  o f  5  E T : a n d i n 9  c r o P
t h e  d r a i n  l i n e .  The f i r s t  s t r i  n - m W id t h  a l o n g

*■ ^ atiar nt *t»i \ . _

f a l l  2.5m on e i t h e r  s i d e  o f  t h e  cent: wi l l
l i n e .  The s e c o n d ,  t 2, w i l l  f a n  v  J °  ° f  t h e  d r e , i n

oe-twetn 9  t-
f r o m  t h e  dra in  l i n e  on  e i t h e r  c -i - ' *  a n d  5ms j q 0  and '-̂ “3
betw een  5m and 7 .5m  from  t h e  d r a i  • W i l 1  f i l 1

i n  l i n o  on
e i t h e r  s i d e .



H ence ,  l a t e r a l  d r a i n s  o f  15m s p a c i n g  w i l l  t fivc f o u r  t r e a t ­
ments Tl / T 2, t 3  anci a c o n t r o l  end 4 r e p l i c a t i o n s  (4 e x p e r i ­
m e n t a l  l i n e s ) -  The d r a i n  l i n e s  w i t h  30m s p a c i n g  w i l l  have  
7 t r e a t m e n t s  (T l  t o  t 7 ) w i th  2 r e p l i c a t i o n s . The d i f f e r e n t  
g r o T-7th  p a r a m e te r s  w i l l  b e  r e c o r d e d  f o r  ea ch  s t r i p  and ana­
l y s e d  .

5 .  ob s e r v a t i o n s  t o  be  r e c o r d e d  j

a )  Growth and y i e l d  parameters o f  paddy-

b )  M o n i t o r i n g  o f  q u a l i t y  o f  d r a i n a g e  and 
i r r i g a t i o n  w a t e r .

6 . D ate  o f  s t a r t  : D e c e m b e r  1 9 8 4 .

7 .  Date o f  c o m p l e t i o n  ; T i l l  th e  scheme e n d s .

8 . p r o g r e s s  o f  w o r k :

a ) C r o p  p e r f o r m a n c e : -

D u r i n g  t h e  y e a r  19G7-0C p u n c h a  s e a s o n  ( R a b i  1987 )  
t h e  p a " d y  v a r i e t y  s e l e c t e d  w a s  nK/\RT\TIK A 11 ~ a  s h o r t  

d u r a t i o n  h i g h  y i e l d i n g ,  r e d  k e n n e l l e d  v a r i e t y  e v o l v e d  

f r o m  t h e  R i c e  R e s e a r c h  S t a t i o n ,  r a n c o m c n  o f  K e r a l a  

A g r i c u l t u r a l  u n i v e r s i t y .  T h e -  c r o p  w a s  £ o w n  o n  2 5 . 1 1 . 8 7  
a n d  h a r v e s t e d  o n  1 . 1 . 1 9 8 0 .  ',11 t h c  o t l v  r  p r a c t i c e s

w i t h  r e f e r s  ric* t o  eeo'J r a t  , ft r t i l i z r r  a p p l i c a t i o n ,  

u s e  o f  i n s e c t  i c  i d e s / p e s t i c i d e s  e t c .  wirim f o l l o w e d  a s  

p e r  t h e  r e c o m m e n c e d  t a c k a g s  o f  p r a c t i c e s  f o r  r i c e  

c u l t i v a t i o n  i n  K u t L a n n d .  T h e  p u m p i n g  o u t  s u b ­

s u r f a c e  d r a i n e d  w a t e r  w a s  c c n t i n u e d  d a y  a n d  n i g h t  

t i l l  t h e  h a r v e s t .

The e f f e c t  o f  su b  - s u r f a c e  d r a i n o  ,e on c r o p  p e r ­
f o r m a n c e  was s t u d i e d  and o b s e r v a t i o n s  on t h e  y r o w l h  
and y i e l d  p a ra m e tc r  o r e c o r d e d  v i d e  t a b l e  M o .4 .1  and
4 . 2 .  The p l . ’.nt p op  u1 nt  i o n / m d i d  n o t  v a r y  s i g n i f i  ­
c a n t l y  f o r  t h e  rflf:Cerent t r e a t m e n t s  .showing t h o t  th e
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T a b l e  -  4 . 1

Moan v a l u e s  o f  pi ant g row th  one’ y i c l d _ j 3 t t r i b u t i n g  c h a r a c t e r s  ( 1 5m)

T r e a t ­
ment T reatm en t
NO.

N O.of  H t . 
p l a n t s /  m a t u r i t

nr (cm)

t  p a n i c l e  H o .o f  G ra in  S traw  lO O c r a in  ^
i t y  l e n g t h  g r a i n ^ y i e l d  y i c l :  -weight "  'e, “

(cm) p a n i c l e  n t / h a  m t /h a  (gm)

1 . 2.5m from  d r a i n
l i n e  t o  c i t h e r  1 3 7 . 5«_ 
s i d e .

9 7 . 1 6 - 0 . 5 6  1 0 5 . 7 3  5 . 4 6  5 . 9 5  2 . 5 7  1 5 . 5 0

2.5m t o  5m on 
e i t h e r  sa.de. 1 4 3 .7 5  8 9 .2 5 1 9 . 7 2  9 3 .4 4  4 .5 9 * r r -- .CO 2 . 6 7  2 C . 2 5

3 . o.m i_o 7 .  5m on 
e i t h e r  s i d e . 1 2 5 .2 5  9 5 .2 5 5 5 . 1 4 5 . 2 S  2 . 6 0  2 0 . 5 0

%. control (no 
dra i n a g e ) . 1 0 7 . 5 0  6 3 . 1 5 U  . 3 -  6 9 . 4 6  2 . 3 9  3 . 4 8 . 3 4  7 5 . 2 5

CD N. S i / • O 1 . 4 2  1 5 . - -6  2 . 4  1 . 3 5  G . l l  6 . 0 9
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T a b lo  -  4 . 2

Mean v a l u e s  o f  plant: g r o w t h  and y i e l d  a t t r i b u t i n g  c h a r a c t e r s ( 30m)

T r e a t -  N o . o f  H o ia h t  at  p a n i c l e  s t r a w  G ra in  no. of lO O gra in
me nt T r e a tm e n t  p l a n e s  m a t u r i t y  l e n g t h  y i e l d  y i e l d  g r a i n s /  w e ig h t  C h a f f
NO. p e r  m- (cm) (cm) MT/hn M l/h a  p a n i c l e  (gm) %

2 . 5n f r o m  d r a i n  
l i - L  t o  e i t h e r  
s i d e .

.: .5 n  t ‘- 5n on
c i t h e r  - i v_

1 5 2 . 5 Q ">4 2 0 .4 6  1 0 0 .0 5  5 . 6 8  5 . 1 8  2 .5 8 7  1 6 .7 5

1 3 5 . 0  9 1 .1 5  2 0 .4 2  1 0 1 .0 5  4 . 7 2  5 .2 0 2 .5 6 5  2 5 .7 5

3 . 5 t o  7 . 5m on
e i t h e r  . - i c c .

4 .  7 . 5  t o  ICn
e i t h e r  s i d e .

5 .  lOr t o  1 2 . am

1 6 0 .0  9 0 .1 8  2 0 .7 8  1 0 5 .2 0  4 .2 2  4 . 1 5  2 .5 6 3  2 7 .0 0

1 6 1 .0  8 8 .9 0  1 9 .5 4  S 5 .0 7  4 . 2 7  4 .0 3

1 3 2 .5  9 0 .4 5  1 9 .7 2  9 0 .6 5  3 .9 3  5 .5 3

2 .3 9 8  27 .50

2 .6 4 9  19 .25
— •

6 . 1 2 .5 . -  t o  15ir 1 2 5 .0
on e i t h e r  s i d e . 9 1 .5 1  2 0 .5 9  1 0 8 .4 0  4 .7 1  5 . 2 0  2 .5 6 5  2 1 .7 5

7 .  C o n t r o l  ( m o  
d r a i n a g e ) .

3 7 . 5  7 6 .5 5  1 8 .2 5  7 6 .9 8  2 .6 1  3 .3 3 2 .4 6 4  2 3 .7 5

CE y  . s 9 .9 3  0 . 9 0  N.S 0 . 6 4  n .S .  0 . 1 1  N.S
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f o o t '  d  a d v e r s e l y .  T h i s  w..s rioc j l J e e e . uth e  g e r m i n a t i o n  |X_rccncu ,l
W-Jter  submerge nec  ir. t h e

rn y  b o  > u -  t a  Liu l o n g  . u u i -  ->
■  i nur.ri e  t h e  3 J 1 - e f f e c t s  o f

f i e l d  iiieee-fLari j lIu  o i o  . wnich
, 4 4 . f r ,  > u r d t ,  a s  t h e  c r o p  g r o w t hbo eh a c i ' i i c y  jnil • -U n i t y .  .< ftcr

, - , r ,  i < ru in  t r  < ntii.t n t ;  wau f o u r . r  t o  b ectl u i c t u ,  thir ( . i l l  u ie n c i  JjC.r,v; in
c l  nt p i c i 'uu^ .  Tiif V' i y phy ic  1 "h* ,ljr JjCr f
i lu  l i n e  (J . .5m e i L h i r  i 1 - ox 1 ** ' - -l01-1' 1 ^ c
— « . , < . * i v , /. l . ̂  v I'f r< j t  Tf 11* fj 1. * ̂  ( f 1 ' J- 1 11C JT £ X" Ol 1 if  in s u p e r i o r  Lu t h a t  i n  tlv  o u i  r u  u J -̂J11 v£

Li ic nr l in e )  v/ncrt <s the  c e n t r a l  p l o t s  r« ' " J c  'J v e r y  p o o r  
t j r c v t h  as e v id e n c e d  l~y chr h e i g h t  o f  c h c  c r o p  X:c o t h e r  
c l ior  c c t  r i s t i c a .  Thc ^ornc tr* no v/» e r v c t  i n  t h e
Ism anc 30in s e t  o f  e x .* _ r im c n ts .

A s t u c y o f  the* d a ta  on g r  in  y i e l r one y i e l d  o t t r i  
b a t i n g  c h a r a c t e r s  c l e a r l y  r e v e a l e c  c h " t  T l  / ( r* 2 .5 m  c i t h e r
s i c e  o f  t h e  d r  i n s ) ,  v/herc ,■-> ximu/n d r a i n  t ,» coox  p i  a c e , was 
s i g n i -  l e a n t  ly  super i o r  c o  o t h e r  t r e a t m e n t s ,  Th<= g r a i i  y i e l d  
r e c o r d e d  w a s /h ig h  as 5 .6 8  t / h a  a g a i n s t  2 .6 1  t e r  c / h a  i n  t h e  
c o n t r o l .  The o v e r a l l  i n c r e a s e  in c jr z in  : i e l d  b\ t h e  c r i o p -  
t i o n  o f  s u b - s u r f a c e  d r a in a g e  was 2 .1  t / h : .  Tn .  i n c r e a s e  can  
s p e c i f i c a l l y  b e  a t t r i b u c s d  t o  the  h i c h  r ' c n i c ^ c .  1 e r  t h
number o f  g r a i n s / p a n i c l e ,  I d )  a rc  in  •;<- i v- a n  /C1'. - x.c. l o w e r  c h a f f
p e r c e n t a g e  in  th c  T1 t r e a t m e n t s .  r - r i .  n t h r  -1 tl t b c  p r e v i e w s  y s a r s
a l s o  t h e  t r e n o  was more o r  l r -  . ^

r i u -JO the  s - n e  v i z .  ml t 2  i e  
t h o s e  a r e a s  l y i n g  n e a rer  the  l i n e -  , rn r

. , o J p r o e u c c o  hinVhrr n r - , ' "
V I C K  and were on par w i t h i n  thems, W . ,  " 9

The g r a i n  y i e l d  d a ta  f o r  t g e  ] - 
p r e s e n t e d  in  t a b l e  Mo.4 . 3  and ' -Lost 3 y e a r s  e r e
d ia g ra m s  i n  f i g u r e  4 ( 1 )  a n c - 4 ^2 . n f o r m  o f  b a r

b )  E v a l u a t i o n  o l w a t g  q u d  i t v
d r a i n s  : -  ' ----------J------~  b y  t h e  t i l e

The q u a l i t y  Qf w a tc r  dr  
r im e n t a l  l i n e s  w ere  a n a i ^  £rora soch .
t h e  c h a n g e s  in  pH and ^  “ ^ " ^ h t l y  c o  ^

- « « e n c e  t o  t i n , . .
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G r a in  y i c l a  f o r  th e  p e r i o d  from 1 3 U5 -8 6  t o
1987^3 sV

(G ra in  w e ig h t  t o n $ / h a )
• • ■ • •

15m s p a c i n g
■ •• *• •  • M  • • ■ ■ ■

T a b le  -• 4 .3

Treatin', n t s  19B5-CG 1 9 8 6 -3 7  1 9 8 7 -3 8

r . -2 .5 m ,  T l  7 .0 1  3 . 9 4  5 .4 6
2.5--5m, T2 7 . 1 7  3 . 9 9  4 . 5 ?

5 - 7 . 5rn, T3 6 .2 1  3 .7 7  4 . 8 8
c o n t r o l  t 4 4.<j 7 3 . 6 0  2 .96

3 On s p a c i n g

T r e a tm e n ts 1905--8C 1 9 8 6 -8 7 1 9 0 7 -8

0 - 2 . 5m/ T l 7 . 3 0

i 1

• 5 .6 B

2 . 5-5rn. T2 8 . 3 8 ‘k. 3 5 •1 .7 2
5 -7  . Jin. T3 7 .1 1 ' , . 5  2 4 . 2 2

/ .  5 - lOm / T4 6 . 2 7 1.5.3 i. 27
1 0 - 1 2.5m T5 5 . 9 8 4 . 3 6 3 .9 3

1 2 .5 -I5 rn , T6 8 . 1 j 4 .34 4 .71
C o n t r o l TV 5 .3 1 3 .  6iJ 2 .61
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F i g u r e  -  *»(2)
  •• • -•

r a in  y i e l d _ t o n s /h a  ( 30m s p a c in g ) 01 1985-86

X ’ 
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1967 -83
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7 . 5 - l u m  1 0 - 1 2 . 5m
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, | a a and g r a p h i c a l l y  r e p r c - -
The d a t a  i e  p r e s e n t e d  Jn Tab* ‘ ■ , H  c  or  t h e, n l  A(/) Thc observ. t i o n o  or. o n e
s c n tc c l  in  the* f i g u r e  4 ( 3 ) ,  4 ( * ) -  ,,r a r a  v -iz. , r i n ■< t h e  p r e v io u s  y e a r s  v i z .
same ch r a c t f r i s t J c s  r e c o r d e d  oil -> r-i .-nn in  1-Hr*• r• /i i o r  ' o m p a r i o o n  in  "-nc.
1 9 8 5 -8 6  one 19 8 6 -8 7  art- u l - o  pi e s e n t  c - 

s ame f i g u r e s .

,i .. , uu h'i sh ow  t h  tJ2‘ Li The pn v u lm  a l o r  tin y»- >r
• , ii» ii ir i,,iL 7 w.'th regard tothere was a dal f o r  rnt.ru 1 w ashing  ‘ -I : c j  u t y

t h r  l i n e s  d e n o t i n g  t h r  arc  js on th-. l i n e s  had a pM d i f f e r  
c n e e .  i t  may be n o t e d  Lhut i-iic d i . - t - m t  l i n e  ( / E^U, 8 E 3 0 ) 
f ro m  t h e  i r r i g a t i o n  c h a n n e l  r^-cordr d a v e r y  l o w  pH 2 ._> t o
3 . 5  i n i t i a l l y  und s h o t  up as the- s r .  son  • dvnnce-d g i v i n g  a 
c l e a r  i n d i c a t i o n  t i n t  i t  c o u l d  warh f  .JC i r i t y  t o  a c o n s i ­
d e r a b l e  e x t e n t ,  o t h e r  l i n e s  b e h a v e d  m ore or  l e s s  i n  t h c  
same p a t t e r n  r e m a in in g  i n  the L o l c r  ib le  l i m i t :  o f  p a d  y  c r o p  
in  t h e  n e x t  y ea r  ( 1 9 8 6 - 3 7 )  i t s e l f  .a l l  t h e  l i n e s  s h o w e d  u n i ­
f o r m i t y  in  b o t h  th e  p a t t e r n  oI change i n  pH and w e r e  i n  t h e  
r a n g e  o f  5 . 5  t o  6 . 8  show ing  t l v t  i t  c o u l d  c o n t a i n  t h e  a c i ­
d i t y  r e m a r k a b ly .

H owever ,  in  t h e  c u r r e n t  s e a s o n  ( 1 9 8 7 - 8 3 )  t h e  pH 
l e v e l  in th e  i n i t i a l  o c r i o d  was t o o  lo w  f o r  .a l l  t h e  l i n e s ,  
v a l u e s  r a n g i n g  from 2 .5  t o  3 . 5  i n d i c a t i n g  h i g h  a c i d i t y .
T h is  may bo due t o  s ev e re  d r o u g h t  e n c o u n t e r e d  d i r  i n g  t h e  
e a r l y  p a r t  o f  1987 which r e n d e r e d  t h e  t o p  s o i l  acidic b y  
o x i d a t i o n .  i t  a l s o  p r o v e s  t h a t  t h e  n e a r e r  area frorn t h e
i r r i g a t i o n / s u r f a c e  d r a in a g e  c h a n n e l s  represented b .  t h e  
2e 1 5 ,  3E15 and 3E30 c o u l d  a t t a i n  a h i g h e r  PH e a r l i e r  
w ashing  o f f  t h e  a c i d i t y ,  w h i l e  a l l  o ^ h r r c  . '
h i g h  a c i d i c  l e v e l  o f  3  t o  3 . 5  Dr., r c ‘ P1 l i n i n g  i n  t h e

EC: The pattern o f  the g r aph f0 r
same trend as in pn with respect to the Eh>ows the
e f f e c t  o f  d i f f e r e n t  l i n e s ,  -rt- =, 1 & U n i f o r m i t y  o f  t h e

" -Lso in d
v a l u e s  c o u l d  b e  l o w e r e d  c o n s i d e r ' b J  * * - t -  t h a t  t h e  EC

" y i n  tfue c o u r s e  o f

»' | 52 s -



T ab le  - 4 . 4

-ate

'•rater sample d a t a  t a k e n  o f  f o r t n i g h t l y  
i n t e r v a l s  — c o l l e c t e d  from  t i l e s .

53

1 9 8 5 -8 6

PH EC

; 2e 15 3E15 4 e 15 5e 15 7 e 30 8 e 3 J  2e 15 3e 15 4e 15 5e 15 7 e 30 8e 30

2 1 .1 0  6 . 1 0  6 . 1 0  7 . 3 0  5 . 9  2 .4 3  3 .56 j  3 . 3 0  2 .9 4  2 .1 3  ' . 2 7  6 . 0 6  4 . 9 2
: I

5 . 1 1 .  I 7 . 6 5  7 . 8 8  8 . 4 9  6 .3 7  , . .40  8 .30j 2 . 4 0  3 . 3 0  4 . 2 0  4 . 8 0  6 . 3 0  4 . 8 0
2 6 .1 1  . 7 . 3 5  7 . 3 0  9 . 3 5  8 . 3 4  4 . 6 0  8.651 2 .4 0  3 .0 0  3 . 9 0  4 . 8 0  6 . 3 0  4 . 8 0
1 0 .1 2  . 6 . 4 0  6 . 2 0  6 . 1 0  4 . 1 0  5 . 8 0  5 .60 :  2 .5 0  3 . 5 0  6 . 2 0  5 .7 0
6.1.

% •

2 .5 0  2 . 4 0  2 .4  3 . 6 0  4 . 8 0  4 . 4 0

Date

1986 -87

PH EC
.12e 15 3E15 4 e 15 5e 15 7e 30 8 e 3 0 ’ 2e 15 3e 15 4e 15 5e 15 7 e 30 8e 30

2 3 . 1 0  6 . 1 0  6 . 1 0  G . 25 6 . 2 0  6 . 5 0  6 . 3 0
6 .1 1  ! 6 . 3 5  6 . 3 0  6 . 2 0  5 .2 5  6 . 1 5  6 . 2 5
2 0 .1 1  6 . 2 0  6 . 2 0  6 . 1 5  6 . 1 0  6 . 0 5  6 . 2 0
4 . 1 2 .
1 8 .1 2

7 . 0 0  6 . 5 5  6 . 6 0  6 . 5 0  5 .0 5  5 . - .5  
6 .3  0 6 . 3 0  6 .  ftij , . 4 0  6 .7 5  7 . 0 0

1 . 9 0  1 . 8 0  1 . 0 0  2 . 1 0  2 -10  2 .25
2 .1 0  ' . 8 0  2 .0 0  3 . 4 5  3 . 4 0  3 . 9 0
2 . 6 0  3 . 3 0  3 . 0 0  4 . 3 0  5 . 3 0  5 . 0 0
2 . 5 0  3 . 2 0  4 . 0 0  4 . 5 0  4 . 7 0  4 . 7 0
2 .5 0  3 . 3 0  3 . 9 o  4 . 80  5 . 25 5 . 44

Date

10.12 
24.1 2 
7 . 1 .  
21 .1 .

pH

1907 -88

2E15 3E15 4 e 15 5 e 15 / e 30 8EJ0

EC

2FJ5 3 e 15 4e 15 5e 15 7 e 30 8E30

2 .9 5  3 . 0 5  3 . 3 0  3 . 0 0  2 . 9 0  2 . 9 0  2 .2 5  2 .0 5  2 .4 0  2 .2 5  4 . 2 0  3 .6 0  
3 . 3 0  3 .  25 3 . 0 0  3 . 0 5  2 .6 0  2 . 9 0 ' l . 2 t J  l . 80  2 .1 5  1 .7 5  2 .1 5  1 .15

1 3 . 1 0  3 . 20 3 .1 0  3 .4 5  . . ' t .5 5
\

! 4 . 0  ' 4 . 7 0  3 . 6 0  3 .6 0  2 .7 5  3 .2 0
4 . 2 .  j 3 .9 5  4 .0 0  3 . 9 0  3 . 3 5  3 .00 3 .1 0

2 .0 5  2 .1 0  1 . 9 0  1 . 0 0  2 . 5 0  i .90
1 . 6 0  2 .1 0  2 .1 0  2 .1 0  2 .9 0  2 .3 5
2 . 0 0  2 . 1 5  1 . 9 0  1 . 0 0  1 . 6 5  2 .3 0
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V^tl^tion o f  EC in watc r samples collected from 
__ d_iffcrcnt t i le  drains at fortnightly in tervals.

1 9 8 5 -8 6
r  8e ^0

F ig u re  ~ 4 ( 1 )

I r

p . i / i o / o s  5 /1  i / e : . 2 5 / l i / w 5  1 0 / 1 2 / 0 5  6 / 1 / 8 6

7 . 5  —
1 9 8 6 -0 7

7E30

T S o o c o o - *  ^  5  E 1 5

<-4e 15

2 J/^6 7 / ,  1 / 0 6  2U/1 i / 0 6  4 /  1 /86  1 8 / 1 2 / 8 6

E

0,c
o
r i
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r -K- • u r fa o c  . ' r a i n a g e  s y s .
j y< jr . .  a f c e r  the i n c e p t i o n  o f  ,

. . , , cron ' t o  C i.imhoc/cn. i n  19L6 -B6Li n. Tht v l*i t w iJc h r :i< (l J OJI _ .
1 ,.J. r, <l t o  t o  .1 ro.li.-Voi..  It ' 'It I n j t 1 '’ 1 ' C r i o  o

t o , . i JI ' oo-i-  v . l ' . o  V  b. l ow immhc.Vcm
, i » i) r'l f ic- 1 1>' n d  thath jt j  1 >:, / <13. H I 1‘ * /  >• • 1

! i i ,r Mr . /F30 Wl iJ Ch £ CoJTCJtd
L u  w i t  i i i n m -  . r • -in 1. i' m  J 11 r*

_ . ,, r ’ l/  i "̂ j i lic fte 1 ow 3 nimho5 /Vi11 iu hi. i ... 6 niinh» /«  . i r< 1 V,JAL^ '
, n ii • .urin . i ye r: . mi ' n 1 -1 i prove s that by
d 'Mt.iii., sub - lui f ce ‘ <r«iincr_r ‘ J  * *■ < • th*- tot 1 6olu*ole salts

t' t» be ii m u.ndi i control -uf r f vo ir ■ l f 1C r^nge J or good
c o  jiov/th arm yi«.lrJ can j *c jtto no .

^ ) Qu JLity comp r i*  jo of i r r . i i ;  ii io n  i / x -  r /  .werfoco Jho s u ]>" 

o*w I  "Ci o r  iru ■ w-.t i  :

Weekly muni c o r in o  o, o T! C: r e  ^  i r r i y  c i o n  w t e r ,  
n u r f - c t  cir m o d  - . ' t e r  -re o ’ o s u r f  .Ce dr - in. w _ t ^ r  w e r e  a l s o  

one d u r in g  t h c  c r o p p i n g  s e n s . The » at _ i c  g i v e n  i n  t h c  
t m l o c  4 . 5  & 4 . 6  and g r a o h i c u l l y  r c p r c o  a m d  i n  f i g u r e  4 ( 5 )  

nr 4 ( 5 ) .  The pM v a l u e s  o f  • u r f  a c e  3r  ̂ in c^  w a t e r  w e r e  f o u n d  
t o  ^ary on par w i t h  th  t  o f  t h c  i r r i g a t i o n  v : t  r r a v  rn g  from
4 . 0  t o  3 . 0  i n  1 5 3 5 -3 6  *m 5 . 0  t o  7mJ i n  1 5 j r - 3 7 .  r a r i n g  
t h e s e  y e a r s  the  s u b s u r f o o  d r a i n e d  v:at- r r e c o r d e d  a l t h o u g h  a 
h i g h e r  p " ,  L ie  t r e n d  war more o r  l t . f  th t  ,  zmr_ t h a t

i t  c o u l d  c o n t a i n  thc  a c ir  i t  /  as g o o d  - s t h e  surface d r a i n ­
age c h a n n e l s  anr was a lw ays  i n  the  t o l e r a b l e  l i m i t s  f o r
c r o p  g r o w t h ,  ^ut  in  th>_ c u r r e n t  y e a r  t h e  ow nr-  ̂ -.< i- m e  p j o f  s u o s u r f a c e
d r a i n e d  w a ter  was fou n d  t o  b e  much l o w e r  -*->r ^

.  _ _ c , r c ' lc- m  i n  r h e
r a n g e  o f  3 t o  3 . 5  w h ereas  t h e  i r r i g a t i o n  and s u r f a c e
d r a i n e d  w a te r  r e c o r d e d  h i g h e r  v a l u e  o f  t c ^

1 J *-) t o  6 . 0 .  T h l t' 
d i f f e r e n c e  may b e  due t o  t h e  h ig h  a c i d a c  c o n d it io  f
py  t h e  s e v e r e  d r o u g h t  d a r i n o  th e  ear l -*  ^  • 1Cr‘ f ° r m c ^

- j  P t r a o d  o f  l g p v  
T h is  e v e n t u a l l y  p r o v e s  t h a t  t h e  a c i d i t y  r>onî
c o n t r o l l e d  t o  a s i g n i f j c  arrc e x t e n t  b ' '  ~~S°  ^

J aLi° p t i n g  t h e
s u b - s u r f a c e  d r a i n a g e  systeo* .

>o be
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2 6 .1 C .8 5 5 . 7 9 4 . 3 6 7 . 1 0
\•<
! 9 . 1 0 . 8 6 5 .9 5 5 . 1 0 7 . 6 0 1 0 . 1 2 . 8 7 3 .65 3 . 2 5 2 .9 5

3 1 .1 C .3 5 3 . 3 6 3 .8 3 7 .9 0 • 1 6 .1 0 .8 6k 5 . 3 0 5 . 5 0 7 . 7 8 1 7 . 1 2 . 8 7 6 . 1 0 4 . 2 0 2.73
6 . 1 3 . 8 5 6 .6 3 7 . 1 0 3 . 0 0 ; 23 .1 0 .8 6 6 . 7 5 6 . 5 0 7 .5 0 2 4 .1 2 .8 7 3 .15 3 . 3 0 2 .9 9

13 .13  .85 7 .6 1 5 .77 8 . 1 0 • 3 0 .1 0 .8 61 5 . 5 0 5 .9 0 6 .20 3 1 . 1 2 . 8 7 5 .1 0 3 . 6 0 2 .9 7
2 0 .1 3 .3 5 7 . 9  C 7 .1 3 7 . 6 0 i 6 . 1 1 . 8 6

j l 3 . l l . 8 6
6 .  25 6 . 3 0 6 .4 0 7 . 1 . 1 9 8 8 3 .4 0 3 .2 5 3 .3 3

23.13 .35 9 .2 3 9 .6 6 7 . 3 0 6 . 5 0 6 . CO 6 .0 2 1 4 . 1 . 8 8 3 .40 3 . 4 0 3 .1 6
s . i :  .85 6 .3 5 6 .5 5 7 . 1 0 j 2 0 .1 1 .8 6 6 . 2 0 6 .8 0 7 .03 21 .1  .88 3 .3 0 3 -30 3 .31

1 1 . 1 2 . 8 5 6 .5 4 6 .1 3 7 .1 0 i 2 7 .1 1 .8 6 6 . 1 0 6 .2 5 6 .7 3 2 8 . 1 . 8 8 3 .45 3 .6 0 3 .2 5
1 8 . 1 2 . 3 5 7 . 0 0 7 . 0 2 6 . 7 0 4 . 1 2 . 8 6I 7 . 0 0 6 . 5 0 5 .73 4 . 2 . 1 9 8 8 3 . 6 0 3 .6 5 3 .2 8
2 7 .1 2 .8 5 7 .38 7 . 0 c 5 . 5 0 ( 1 1 . 1 2 . 3 6 6 . 0 0 5 .7 0 8 .1 5 11 . 2 . 8 8 3 .6 5 3 .6 5 3 .5 8
1 . 1 .1 * 8 6 5 .S 7 6 .8 3 6 . 9 0 I 1 8 .1 2 . 3 6 6 .0 5 6 .  25 7 .1 3 1 8 . 2 . 8 8 5 .4 5 4 .7 5 3 .5 8

m m ■ • » • • •
|

' 25 . 1 2 .8 6  + m m m m • ■ 2 5 .2  .88 5 .9 0 4 .4 0 4 .2 5
m 9 m  » • • • • 1 .1 .1987

i

6 . 9 0 6 . 4 5 8 .0 0 •  • • • ■ • • 9
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T able  -  4 .6  Weekly averages  o f  EC (nm hos/cm )

1985-86 1986 -87 1967-88

QJ4Ja
1fD ■ OiCM -H 0(D M H+J

H  £

(DTD U 0) ^ru q <D m -h jj ro

1 Vup OJ C CL) (fl U-H4J rQ rt f tP^UP W T)

0)4JfOQ

[ru . UC U •H 0 .J V-l *H S-| 4J O H 5

(DTJ U Q) U 
--J c uH-H 4JLl GJ rD
u - s_

£ i uP (D C 0 WU’HjJ OC 
PH-\ U >in t)

0
jjnC.

ft

Cn c u•H 0 C J-i *H -u> -4 J  G

OT 0 o l-i O C 0>4-1 -H Jj
u c  e 3 u s 'U

U OM
p occw U-H4J
P̂uuZ 10 T3

26.10 .85 1 .19 1 .07 2.40 9 .1 0 .8 6 0 .7 5 0 .89 3 .65 10 .12 .57 0 .59 1.08 1 .65
31-10 .85 1 .40 0.93 1-98 16 .10.86 0 .65 0 .69 2.55 17 .12 .87 0. 23 0 .63 1 .81
6 .11 .85 0 .3 2 0.23 2. 20 23.10•86 1 .01 0 .99 1 .17  |

1 .60 ii

24 .12 .87 C. 29 0 .53 1 .38
13 .11 .85 0 .37 0 .48 3 .38  13 0 .1 0 .8 6 1 .44 0.93 3 1 .1 2 .6 7 0 .63 0 .98 j. .47
2 0 .J1 .85 0 .89 0 .67 4 .0 5 | 6.11 .86 0 .4 5 0 .12 2 .45  ! 7 . 1 . 38 ♦ 1 .07 1 .40 1 .52
2C. J i .85 1 .68 1 .67 3 .80 11 3 .1 1 .8 6 0 .1 8 0 .4 0 2.55 11 4 .1 .8 8 1 .15 1 .10 1.71
6 . 1 : . 8 5 2.24 2. 22 4 .6 5 20 .11 .8 6 0 .31 u. 24 3 .43 21.1 . t6 1 .29 1 .10 1 .35

l l . J 2 . 8 5 2.13 2 .06 4 .25 2 7 .1 1 .8 6 2. 25 : .4 0 3 .80 2 8 .1 .8 8 1 .25 1 .2 0 1 .75
10.J2.85 2.45 2.74 3 .44  1 4 .1 2 .8 6 2.70 1 .70 3 .8 0 4 . 2 . 8 8 1 .07 1 .11 1 .68
27.1 2 .85 1 .51 2 .60 4 .1 0  i/

3 .95  | 
1 1• •

1 1 .1 2 .8 6 1 .35 1 .90 3 .9 0 1 1 .2 .8 3 1 .17 1 .17 1 .27

1 .1 .196 6 2.45 2.61 1 8 .1 2 .8 6 1 .20 • ■ 3 .85 1 8 .2 .8 8 0 .9 3 0 .9 6 1 .16

■ ■ ■ ■ ■ ■ 2 5 .1 2 .8 6 • • ■ • ft ft 2 5 .2 .8 8 0 . 5 0 0 .6 0 1 .0 5

■ ■ ■ ■ • * 1 .1 .1 9 8 7 0 .2 9 0 .7 9 4 .1 0
1
• ft m ■ ■ ft ft
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. A c r i t i c a l  e v a lu a t i o n  o f  th e  f i g u r e  4 ( 6 )  i n d i c a t e
1 - ir— C, t  flC S 'Ub • 3  LIJC f  G C  " d  n / t -t

~ *G-‘ v/a t c r  r e c o r d e d  t h c  h i g h e s t  EC
Vc Jc-a in  ,_11 th e  c o n s e c u t i v e  y e a rs  from  1 9G5“ <36 t o  1987-88
v h c r e a o  th c i  f e r o n c c  '->ctwecn t h a t  o f  the  s u r f a c e  d ra in ed
water and i r r i g a t i o n  water v.v s n e g l i g i b l e .  T h i s  c o n c l u -
s i v e l y  p ro v e s  th-t- v- .-u •

-  d _ a j o p t in g  su.o s u r f a c e  d ra in a g e  system
<-ol u jI j g . l s c It c  ”, t j be  brou gh t  down s i g n i f i c a n t l y ,  

„h c  Ouh.. r m t c r e -c ir ._  f-  jture " c r i v c d  from  th c  i i j u r -  i s  
t h a t  in  ch. c o u r s e  o f  3 y e a r s  t im e, the FC v due  o f  the

~ ^ - * br ou.,iit o j;/, s i jn i  - ic anti- fror.i 4 .5  co
1 .7  mrnhos/c .

ri . i r j ’. ' .e t  f r  >i.i th<. t  . jI u 4 .G  t h a t  the
^V(7 i n l l  2v._r _ i f .  r .nt— in  r c  o  tv/r en th  i t r i c  t i o n  
w a t . r  -no S u L - c r f  e e  dr unc< v / o t . r  roi.i the y e a r s  1585.-85, 
1 5 3 6 -8 7  .re 1 - W  -7 jro  1 . 9 6 ,  2. 75 , „ 0 . 5 6  rnmhoc/cm r .  c -  
p c c t l v o J v .  Tt v  c;u .nt i t  a t i v e l y  e x p r e s s . ' .d ,  t h e  s u b ' s u r f a c e  
d r a i n s  reiriO"r d , i 25 k g ,  j.'h. hr;, end 36 kg o f  ea] t  p e r  ha 
per cm o f  dr j J. nod w it r . i r i 1' th< r. . a c c t i v c  o e r i o c l r .
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T i t l e i  •

E v a l u a t i o n  o £ d i f f e r e n t  f a l t e r  m a t e r i a l s  t o  
i inrl i t s  e con om ic  sul t. 'aj 1 j ty  i n c l u d i n g  i t s  d e s i g n  c r i  • 
L i i a  f o r  tli r u b -o u r f n o .  d r cJ n u g e  .c /stern .

EXPF?.I1 U JT HQ. 5

. O b  j e cL iv  i 4‘ :

To s t u d y  t h c  e f f e c t i v e  ri c u  and e c o n c m i c  s u i t a  ­
b i l i t y  o f  d i f f e r e n t  enve lope ,  m a t ' r 5 i s  use and  j t s  d e - 
t ign  c r i t e r i a .

. p r a c t i c a l  u t i l i t y :

une o f  th* m.irj  f a c c o i s  v /h ich  m e r e  s c . r t h c  c o s t  
per  h e c t a r e  o f  t h e  s u b - s u r f a c e  t u l c  d r a i n a g e  s y s t e m  i s  
t h e  e n v e l o p e  i n t e - l a l  u s e d .  The s t u d j ,  c _ r  t h r ow l i g h t  
i n t o  t h e  e f f e c t i v e n e s s  o f  cht e n v e l o p e  m a t e r i a l s  used  
and c a n  s u g g e s t  an e c o n o m i c a l  lv v i a b l e  e n v e lo p e  m a t e r i a l .

• T e ch n ica l_  pr ogr amina -

The f i l t e r  m a t e r i a l  w i l l  be  s t : t i s t i c e l l  , t e s t e d
by the Raoomized g l o c k  Design t e c h n iq u e .  Each b l o c k  c o n  .
s i s t s  o f  7 t re a tm e n ts  and t h e r e  w i l l  b e  t h r e e  r e p l i c a t i o n  
The t re a tm e n ts  a r e :

i
i i

i i i
i v
v

v i
v i i

Sea sand a l l  around the drain
Sea sand around the j o i n t s  only
River sand a l l  around the drain
R iver  sand around the- j o i n t s  o n ly
paddy Straw around che j o i n t s  o n ly  
c o i r  f ^ r e  arointf the J o ln ts  -
No f i l t e r  m ateria ls .



i . i e  f i  t o r  ' 3 L i . r i a l s  v/or^ s e l e c t e d  a c c o r d i n g  t o  
cnc l o c a l  - v a r i a b i l i t y .  Each t r e a t m e n t  i s  q t i l e  l i n e  o f
40t l .n c j c n  <_nc i o  s p a c e c  a t  15?;. Thc d r a i n a g e  f l o w  and t h e
-u b ^ i ' . o n _  o_  vi u _r t a b l e  v f i l i  be s t u d i e d  f r o m  e a c h  t r e a t m e n t
inr . d a t t  o l s c  w i l l  he c o l l e c t e d  from  e a c h  t r e a t m e n t .

5 .  O bser v a t i o n s  t o  he  r e c o r d e d ’

' ,'T-‘ ’c.er t a b l  . o l e v  t i o n s
1) D r a in a g e  f l o w  
3 )  C r o p  y i e l d  ^ a ta

6 .  mate o f  s t T t  . January  1987

7 .  Date o f  c o m p l e t i o n  . December 1990

8 .  p r o g r e s s  o f  u o r h . - -

Tbe  f. r . s t c l  1 at i o n  o f  th '- t i l e  ‘d r a in s  W3r c a r r i e d  
o u t  i n  1 9 b 6 - o 7  a f t '  r th e  h r v c ? t  o f  thc c r o p  t  ic l a y o u t  o f  
w hich  i s  g i v e n  i n  f i g u r e  5 ( 1 ) .  \11 the  o b s e r v a t i o n  w e l l :
have  b e en  I n s t  - l i e d  i n  the e x p c r  t  "v r n .a l  urea r u r i n g  th e  
p e r i o d  u n d er  r e p o r t  t o  m o n i t o r  th c  w ater  t a b i c  f l u c t u a t i o n s  

and d i s c h a r g e  r a t e :

O b o c r v  ,t Lon: rc.Id L cd  t o  this:, o :  x riiiK nt e o u l d
not  b e  r e c o r d e d  d a r in g  t h c  p e r i o d  u- t o  unf iv^ur  hie c o n ­
d i t i o n s .  Th< c o  t e t  in  ihc of! 1* ly ing  1 r-ub—.Mire e i *  d r  i ln  
age  s y s t e m  u s i n g  -■ l i f e r ' n t  f i l t e r  mat- r i >■ f -u  i 30m s p e c  
ing  i s  g i v e n  i n  t a b l e  5 .1  an' t ly  eu  l / h  1 in  t a b le  5 . 2 .
Thc s y s t e m  h a s  t o  be  i r.cor por- t e d  w i t h  tlv a l r e a d y  e x i s t i n g  
main s u r f a c e  c h a n n e l s  t h e r e b y  f u l l y  u t i l i z i n g  t h c  e x i s t i n g  
p o t e n t i a l .  Th< c o  t  -bcry f  11 r a t i o  o f  t h e  sys tem  w i l l  he  

worked o u t  and p r e s e n t ' d  l a t  r .
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T a b le  -

C o s t / h a  f o r  d i f f e r e n t  t i l e  e r a  inage

5 . 2  

sy s tem  f o r c 2Cm s p a c i n g *

Si.N O . F i l t e r  • m a t e r i a l C o s t /m S p - c i  ng C o s t / h a

1) Sea sand a l l  around t h e  d r a in Rs 25 .15 20m. Rs 6383 / - -

2) Sea sand around  t h e  j o i n t s  o n l y

inm•OCMLri Fa 6 7 6 3 / -

3) R i v e r  sand a l l  around  t h e  d r a i n '1.10 ,, Rs 9 0 3 3 / -

4) R iv e r  sand around  t h e  j o i n t s  o n l y rs 2 0 .7 5 Rs 6 9 1 7 / -

5 ) C o i r  f i b r e  around t h e  j o i n t s  o n l y .V, 2 0 .6 5 ?s 6 S S 3 / -

3) p; ddy s t r a w  around  t h e  j o i n t s  o n l y I S . CO fc 6 5 3 3 / -

Nc f i l t e r  m a t e r i a l Rs 1 0 .1 5 , ,  ?s 6 0 5 0 / —

* T l i i s  e s t i m a t e  d o e s  n o t  i n c l a d e  t h e  pumping sy s tem  and t h c  c o l l e c t o r  s y s t e - v
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EXPERIMENT MO- 6^

1 - T i t l e ;

S t u d i e s  on t h e  c h a n g e s  o f  s o i l  c h e m i c a l  p r o p e r t i e s  
w i t h  r e s p e c t  t o  t im e  on s u b - s u r f a c e  d r a i n a g e .

2 - O b j e c t  i v c  s :

1 )  To s t u d y  t n e  d i f f e r e n t  i o n i c  c o n c e n t r a t i o n  i n  t h e  
s o i l  t  th e  c r i t i c a l  s t a g e s  o f  p l a n t  grow th  -

2) To m o n i t o r  th e  c h a n g e s  in t h e  s o i l  c h e m i c a l  proper** 
t i e s  w i t h  r e f e r e n c e  t o  t im e .

3 . Pr a c t i c a l  u t i l i t y  :

T h i s  s t u d y  w i l l  g i v e  an i n d i c a t i o n  o f  t h e  t o l e r ­
a n ce  o f  paddy  c r o o  t o  d i f f e r e n t  s a l t  c o n c e n t r a t i o n s .
The q u a n t i t y  o f  su ch  t o x i c  s o l t ~  rem ove a l s o  ca n  be 
a s s e s s e d .

4 .  T e c h n i c  j !  o r o  jr amine :

A fe w  l o c a t i o n :  w i l l  b  f i x e d ,  w h ero from  c e i l  
s a m p le s  n erd  'xa drawn jnd c h e m ic a l  a n a l y s i s  w o r t  cor, 
d u c t e d  at f  i x u invr ; v a l o .  t o  compare i t s  e f f e c t  s o i l  
s a m p le s  w iL l  b e  drawn iron i  th< c o n t r o l  n l  i s  a l s o .

O b s e r v a t i o n s  t o  \c r c o r d e d :

T h e  f o l l o w i n g  i o n i c  c o n c r M i r a t i o n s  a n d  o t h e r  

c h a n g e s  i n  p h y s i c o  c h e hd c  j I p r o p e r  L i e :  o f  t h c  s  a l l  

s a m p l e r  d u  t o  t h c  a d o p t  J o n  o f  s u b - - s u r f  n e w  d r a i n a g e  

s y s t e m  w i l l  b e  a s s e s s e s  .

pH/ EC (mmhos/cm) / FO/ GO'*/ Cu, M g . /  C l /  Na,
V, A l /  H03/ HC0 3 /  C03/ A v . N . , P 2 O5  e t c .

6 .  Date o f  s t  irt  • November 1. 9t3 7



Date o f  c o m p l e t i o n : T i l l  t h e  sch em e  e n d s .

p r o g r e s s o f  workt

During th e  p e r i o d  under r e p o r t  a t o t a l  number o f  

66 l o c a t i o n s  were marked in  th  w hole  u r e a  o f  4 h 
sub  s u r f a c i  d r a i n a g e  system  ha: com e ip  t o  v o g u e  u n . e r  
exper im ent . . i l  h e a o s  ac  m e n t io n e d  b e l o w  f o r  c o m p a r i n g  w i t h  
th e  c o n t r o l  • where fa r m e r s  . / ' o p t  - u r f  -Ce d r a i n a g e  ^ y - t e m  

o n l y .

1 )  E f f e c t i v e n e s s  o f  th e  nubs . r f - . c i  ( t l in a g e  s y s t e m  
i n  th e  p e r f o r m a n c e  o f  paddy c r o p  j u  t h  . k a r i  
la n d s  ( E ) -

2) E v a l u a t i o n  o f  d i f f e r e n t  f i l t e r  m a t e r i a l s  f o r  t h e  
s u b s u r f a c e  d r a i n a g e  : yster.i ( F ) .

The m o d u s -o p e r a n d i  in '1 o t h e r  d e t a i l s  o f  s o i l  
sa m p l in g  a r e  shown in  t h e  f o l l o w i n g  t a b l e .

T rc  a t m e n t s ( s i t e ) M o.o f  c o i l  
sa m p les  a t  

c ime
Pcma r k s

E l 5

E30

on t h e  l i n e  
betw een  t h e  l i n e

On t h e  l i n e  
betw een  t h e  l i n e

on t h e  l i n e  
betw een  t h e  l i n e

C o n t r o l

T o t a l

4
4

4
4

21
19

10

66

SoiJ  s a m p l e s  w e r e  
t a k e n  on  8 d i f f e r ­
e n t  d a t e s  v i z .  2 1 d  
N o v e m b e r , 1 0 t h  & 
2 4 th  D e c .  1 9 8 7 ,
7 th  & 2 1 s t  J a n u a r y  

t h  & 1 8 t h  F e b r u ­
a r y  anc 1 7 t h  M a rch  
o f  1 9 8 8 .

T h e s e  l o c a t i o n s  were s e l e c t e d  t o  f  • 
e f f e c t  due  t o  d i f f e r e n t i a l  s u b s u r f a c e  d r 1 ^  ° Ut thG
t h e  15m and 3C*n s p a c i n y s  ( p i s  r . r a m a g e  among— «  EJU ) i p v ,

“  carT>e i n t o



e f f e c t  s i n c e  1985-G6 and compared w i t h  t h c  newly l a i d  o u t  
e x p e r im e n t  ( f ) 1 9 6 7 -8 3  and c o n t r o l .

ow

T h ese  s o i l  cam ples  were  s u b j e c t e d  t o  l a b o r a t o r y  
a n a l y s i s  f o r  s t u d y i n g  p e r i o d i c  c h a n g e s  in  t h e  c h e m i c a l  p r o ­
p e r t i e s  v i z .  pH, EC, F c ,  S0‘. / Ca, r tq . and C l  c o n c e n t r a t i o n s  
on d i f f e r e n t  o a t ^ s  as m en t ion ed  a b o v e .  The d a ta  i s  th en  
c o n s o l i d a t e ' '  on m on th ly  b _ s i s  and p r e s e n t e d  in t h e  t a b l e s  
6 ( 1 )  t o  5 ( 5 ) -  A c c o r d i n g l y  t h e y  a r c  r e p r e s e n t e d  g r a p h i c a l l y  
in  th e  F i g u r e  M o s . 6 ( l )  t o  6 ( 5 ) .  The r e s u l t s  a r e  g i v e n  b c l  
one by o n e .

1 )  E f f e c t i v e n e s s  o f  s u b s u r f a c e  o r  l i n a g e  s y s te m :

The* f i g u r -  r:o - 6 ( 1 )  nr 5 ( 7 )  c l o a r l y  i n d i c a t e d  th e
f o l l o w i n g .

a )  pH:

In i l l  the  i r c f t m _ n t s  d u r in g  t h e  c r o p p i  rg p e r i o e  p: i 
t e n d s  ta  m e r e  "na;? o rm ly  g i v i n g  a s t a b l e  v a l u e  
around i - 5  t o  6 .  Thi r v a l u e  snows a d r a s t i c  d e c l i n e  
at h a rv "  t  a f t '  r, con srou *  nt t o  thc s t o p p a g e  o f
^ r a i r  . y  . i t s  minor d r o p  in  pH d u r in g  t h c  s e c o n d  
o b s e r v  jt  1 on o o r r ^ ^ p i n d  t o  t h e  d e w a t c r i n g  g i v e n  t o  
f - c i l l - t t "  F r r t i ' i e r r  m>! '1 l c  ‘ t i o n . among t h c  t r e a t ­
ment v a lu e r ,  o r  pH "on the* l i n e "  t e n d s  t o  b e  lowc.r 
i n d i c a t i n g  t h '  e f f a c e  of* th e  h ig h e r  u o r o b  «.c i t y  
c r e a t e d  d u r in g  the c r o p p i n g  r ro r .on ,  th u s  s u p p r e s s  
i n g  thc pr-i i n c r e a s e .

b )  EC
EC v a l u e s  c l e a r l y  i n d i c a t e  more o r  l e s s  t h e  i enn 
t r e n d  w i t h  r e s p e c t  t o  c h a n g e s  Jn t im e .  However, t h c  
v a l u e s  f o r  in d e p e n d e n t  o b s e r v a t i o n  g i v e s  th e  h i g h e s t  
f i g u r e  f o r  c  o n t r o l ,  th u s  r e v e a l i n g  t h c  e f f e c t i v e n e s s  
o f  s u b s u r f a c e  dra in age  in  c o n t r o l l i n g  t h e  t o t a l  s o -  
l u a b l t  s a l t s • The r i n a l  i n c r e a s e  In s c  i s  s u p p o s e d l y  
due t o  t h e  stoppage- o f  d r a i n a g e  a t  h a r v e s t  o f  t h c  c r o p
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T a b i c  -

\tv

rreatrro nl; •1 . I j. .8 /  i .’i 2 . in 2 1 . J . 00
•0 f~. 1 11 I? . 2 . eb 17 . 5 . 3 8

I OL,(l5 ) 
T L(15)  
0 >riL.rci.l

4 . 6 3 
4 . Lu 
<1.50

4 .2  J 
■ , cjj

3 .7 5  

EC (ir» il'°;

.30  
1 . . ** 1 
' , .34

4/cin)

A* 1 . Jo . 1J 
0 .21  
3 .7 9

3 . 3 7  
3 .4 7  

3 .11

Tro V f . iY .U 7  
• • •

2 .07 *2*1.1.0.
- .* • - 

i. -J . - -'O J 7  . 3 . <38

EOTj ( 1 ->) U . LG 0 . 3  5 0 .04 1 . 5 2

E l 7 (1 5 ) 0 . 61 0  . . . . 0 .41 0 . 30 1 .74

Control 1 02 1 .27 1 .05 0 . 6 5 2 . 6 6

O o  ( p p m )

Treatments 2 1 .1 1  .<-1 2 4 .1 2 .3 7
»  ■ »  —

21 . 1 . OL lb . / . v̂L* 17 .3 .80

EOL(1 5 ) 0 .2 5 0 0 0 1 0 .0 0

Z'5L(15) 0 0 0 0 0
Control 2 4 .0 o 24 3 2 1 5 3 .0 0

S 0 4 (ppm)

Treatments 2 1 .11 .0 7 24 .12 .87  2 1 . 1 . BL 1 8 . 2 .88 1 7 . 3 . 33

EOL(15) 314 907 1005 12 24 1482
E3L(15) 805 791 GBO 802 1544
Control 1 2 4 0 1667 1141 1645 2076



— 5 71 •»-

Ca( ppm)

T r c  3 t n c n t s 2 1 . 1 1 .£7 2 - . 1 2 . 0 7 2 1  . 1  .06 l b  . 2 .UG 17 . 3~. 08

E O L ( l b ) 50 90 177 149 124
E ~L(1 5 ) 36 75 105 1 1 0 128

C o n t r o l 170 203 205 170 237

.:19 .(pjpni)

T r c ■t . nt ■ l  . 1 1  - . . 12 .07 21 .1  ... J 16 . * 2  .E>3~" 17 .3 .6"

EGT^l-. ) t ■>0 114 6 11 '3 133 0 1622
( 1  J > 4 . 5 i  ' -4 f-> -7 r«w* /< 13 21 1GC2

C *r■ - £  o l

m _ • - •

1.7-1 1461 1C41 2* / 6  6

C ) ( i -i >i •)

• • « • • • * * *
T r r  dtin* n t s  
•

2 1 . 1 j . 0 / . J - . 0  /* • -'I .1 . . 1 ( . . 7. 0 . 1 7 . 3 . 0 . .

E O L (1 5 ) 7 jO bOu 640 893 1076

E 3 L (1 ’-J) 73b b9b 613 945 1234

rnrii r o  1 014 1.23 770 1 1  2 0 1 2 6 0
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T a b le  • 6 •2

OH

T r e a t m e n t s 2 1 . 1 1 . 3 7 2-v .12 .87
«■  ̂ A ■ -- ̂ 4- . 
2 1 . 1 . 0 8 1 8 . 2 . 8 0 1 7 . 3 . 3 3

E 0 L (3 0 ) 4 . 5 2 3 .6 9 4 . 1 5 5 .1 8 3 .4 5
E B L (30 ) 4 . 5 0 3 .8 0 5 .  21 -5.86 '  3 . 25
C o n t r o l 4 . 5 0 3 .73 5 .3 4 5 .7 9 3 .11

EC (imihos/cni)

T r e a t m e n t s  ^ 1 . 1 1 . 8 /  2 * ' .1 2 . h7 l . l . u u  l G .y .C d  1 7 . 3 , 0 c

EO L ( 3 0 )  0 . 7 j  0 . 4 6  0 . 6 6  0 . 4 2  1 .0 4
r B L ( 3 n ;  0 .7 1  0 . 6 6  0 . 7 7  0 . 5 ,  1 .75
C o n t r o l  1 .02 1 .2 7  1 .0 5  0 .6 5  1 .6 6

F c  ( p p u )

Treotmr 2 i . 1 1 . 8 7 " * : 7 . i 7 Y l 7 7  l  . i  .*ob*” 1 8 . 2 . 8 8 1*7*. 8  . 0 8

EGL(3U) 0 0 0 0 , 1

EOL(3U) o 0 0 0 0

C o n L r o l 24 24 3 2 153

6 0 4 (  p |  )it i )

TrV.’t^u,nt7T " 21 .1 ■ '.1/7“ ‘1?*1.127.J7 *21.Y.'Q} " 1 8 .*2.00 ' 1775780

EOT,(3 0 )  
F0L(3O ) 

C o n t r o l

l i n o 7U7 953 1063 976
0 L 3 °53 792 1011 1279

1240 1667 1141 1645 2076
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Co (.ppm)

rrcatm cnL s  • • * • • • • •

EOT, (J O ) 

E*'L(30) 

C o n t r o l

i . l T . d V  “ f  . Y . . U7' * 21 -1 - -G  1L~*' ■36  £ L \ 3.\8£

7u

48

170

127

9 2 

203

156

110

70b

122

1x4

178

161

180

237

MQ ( PPm)

T re a tm e n ts 2 1 . 1 1 . 0 7 24 .1 2 .87 2 1 . 1 .6 8 l b . 7 . 8 6 1 7 . 3 . 8 8

EOL(30) C\ ĉ 03 1263 l l l o 13 00 1 1 5 9

EBL(30) 346 1068 1355 1189 1 6 6 8
C o n t r o l 696 1474 1461 1641 20 65

C l  (ppm)

Treotm cn

EO L(30) 

EBL(30)

C o n t r o l

: n t s  2 1 . 1 1 . 8 7  2 4 . 1 2 . 8 7  21 .  l73o~ -----— -----------
—— **------ “ •------- *------------------------ — ._________* ^«o8 1 7 . 3 . 8 S

840 578 595 963 980
770 683 780 1138 119C
814 8 23 770 1120 1260
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*^6 ( ._) C /icm ic o i civ;

PHT - r i ' j c s  on d r c i r a y c  (3Qm sp a c i ng)
• 3 .  Q©- EC ( . .m hos /cm )

6 *-

160

120 L-

80

Fc ( pi m )

(iJ0
10

40

0

L'O

A r jL4l n »  T

^40 -

C'j ( ppm

180

l  20

6u

;P

2ioa

157

105

0

S0 4 (pom)

C c II

Mcy ( p p m )

'  * % J. _ > 7

l o b 1

.  )

•  A
• •

I

I )

i  , : u -  j  -
✓

(L SS ,
'/

G U

E O L ( 3 0 )

---------  E B L (30 )

q a a a 0 Co n tr o l

C I ( OI 1.1 ) , IU "
.1 • I A - 21 . 1 L.87

9 7 : - /
. s  / -i •'O
<v c =

V
650- —

1 1 .8 7

L .o>0

3 2?

0

a = i c . ? . b o

M = 1 7 . 3 . 0 0
c F. n ii
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c ) s
, ,.r r t v - i c  q u a n t i t i e s  i s

p r o s e n o  or w a ter  u o lu f ib  l-t n ^  t h c . #,t arjr.ont
oli' I ' tv cd  o n l v  in Lh< c o n t r o l  ji ot . .#

• r - . u ' f  r t f  tact  i o n #  l e a d i n g
u - i u r  it f 1t f i e  i . r i t  cr.-xn n t o  c a u - c  i e

4- th the o t h f  £ two 
t o  h ig h  Woter ^uLublt Ft- c o h t c n t  . I

t  r " O l u b l c  FC W.-S c o n t r o l  l e e
cr l u\ ii»y> lii- l e v  h >* x  * ^ - L

i . i, e o n s o ' u e n t  acr  o b i c i t y
bv cn<• inoi . ,ut 'li . ' i ,  • 1 -Jl

. . .  ( pi r o  vj jt>. r  i n s o l u b l ea < c Tli.' • i err • i. ‘ n J ■ • y '
v . i r i c  I ■ Tin! .

1 ' 80-#, C _ Cl  :

Tliv u n i f o r m l y  o j . i r v o  h ig h  v 1 " '  s f o r  c o n t r o l  c l e a r l y
br ing : .  o a t  the r o l  o  .* u : u r f  ice - r  a . i f -  i n  r e d u c i n g
che c o n c e n t r a t i o n  o f  S*. -# C n  f'g Jn r- l  'nc ' i  j - i f l f s i ­
t u a t i o n s .  gow-.vcr, tw en thc t r e  i tm cn -S  "or. t h e  l i n e "
rr.d " b t t v . - c n  th e  l i r .  thc  f o r m e r  g i v e s  h i g h e r  v a l u e s
f o r  s o l  # ca#  t- c l .  T h j :  c  n c u e  t o  t h c  h i g h  r e ­
t e n t i o n  c a p a c i t y  o f  Lb _ o i l  w i t h  r <■ t -> e t  t o  p o l y v a l e n t
ior .s  upon d r a i n a g e .  T h is  1 >gr i r  a c c c l a r c t e d  b y  t h e  
h i ' j b  CIX o f  th<. c o i l  cri I the  h ig h :  r be r, i  j  <■ i r g i c s  f o r  
o o l y v a l e n c  c a t i o n . . .  " h r  c o l l o i d a l  s y s i m  t r r . e s  t o  ad-- 
j u s t  i t s e l f  b y  t h r o w in g  mor< o f  m o r o v a le r . t  c a t i o n s  in
the s o l u t i o n  p h ' s c  znr' g i v i n g  p r o v i s i o n  f o r  a d s o r p t i o n
o f  t h e  p o l y v a l e n t  c a t i o n r  .

2) c o m p a r i s o n  among on t h c  l i n o ,  b b u v n  t h c  l i n ( _ ,
* -  t •

S£P't .r .°A.- i n- - f  i l t e r  _stu. lie s _ e x c x r im c n t :
A study  o f  t h e  f i g u r e s  5 ( 3 ) .  6 OM - - ,  - ,'• l - '  ■ -(->) r e v e a ls  t h e
f o l l o w i n g  ; -

P-, t r  ■ »

The c o n t r o l  and t r e a t m e n t s  ohow n o t  ^  „
and t h e  p a t t e r n  o£ c h a n c e s  a r ,  „ „  u r t r e n

- e  more o r  i P c c f v .  
same. However, d u r i n g  th e  l a s t  o b s e r v e -
age was stopped# t h e  f a l l  o f  PH v a l u e r  When f l r a i
a l l  t h e  t r e a t m e n t s  i n c l u d i n g  c o n t r  **" * r r S 3 t i c  i n

° - • T h i s  may



due  t o  t h e  prc .h -on /^cf
, _ , _ ~ c . o c j u r c  o f  i r r i g a t i o n  and a l l o w i n g  t h e

s o i l  t o  n r y  f o r
- c i l i t a t i n g  t h e  h a r v e s t  o f  c r o p .

EC 2

E c o n d u c t i y i t y  v a l j o s  show v a l u e s  toelow 2 mmhos/cm
i  j  th e  c r o p p i n g  p e r i o d  and a f t e r  h a r v e s t ,  when t h e  

c r o i n a g ,  /as  s t o p p e d  the v a l u e s ,  however, i n c r e a s e d  t o  more 
th a n  3 rnmhos/crn. The same t r e n d  i s  o b s e r v e d  f o r  a l l  th e  
t r e a t m e n t s .  *urch c :^  t h e  v a l u e s  f o r  in d e p e n d a n t  o b s e r v a t i o n  
in  the  c a o t  o-_ c o n t r o l  appear a t o  b e  s l i g h t l y  h i g h e r /  though 
n o t  s i g n i f i c a n t .  The d r a s t i c  s p u r t  in  EC v a l u e s  d u r in g  th e  
l a s t  o b s e r v a t i o n  l a  s u p p o s e d ly  due t o  thi« h i g h  a c c u m u la t io n  
or  o a l t s  ( i o n s )  c o n s c q u i  nt t h e  sudden s to p p a g e  o f  d r a i n a g e .

F e :

S o i l  Fe c o n c e n t r a t i o n  as e x t r a c t e d  b y  d i s t i l l e d  w a te r  shows 
h i g h  t o  m o d e r a t e l y  h i g h  v a lu e r  d u r in g  the  c r o p p i n g  se a son  
in  t h e  t r e a t m e n t s ' on t h e  l i n e *

in  i l l  th e  t r e a t m e n t ,  the ' 'leer c a s e  i n  Fe (w ater  s o l . )  
c o n c e n t r a t i o n  d u r i n g  th e  3rd obst r v u t i o n  may be c«u t o  t h e  
f l u c t u a t i n g  h y d r o l o g i c a l  f l u x  c r e a t e d  b y  r e p e a t e d  clcwatc r i n g  
anr l e t t i n g  m  O j  w a te r  - o  ■- s  t o  f  c i l i t j t e  f e r t i l i z e r  a p p l i ­
c a t i o n .  Thr ri( r o 1 « c i t /  err  nt d b y  t h e s e  o p e r a t i o n ,  though
n o t  s i g n  i f  iJ n t  Is c d d ^s  c c - ’d e  in c o n t r o l l i n g  the dynam ics  
o f  s o l  u a b l e  Ft u n d er  civ » JLc. f u m i n g  s l f n t i o n  o f  th e  l o

c a l x t y .
The analytic 1 values l o r  SO4 , C : '  + , MQ++ and

c h l o r i d e  ul.ow. p a t t e r n s  s i , n i l  ..r t o  Li, one u < p l„ in c c l  a b o v e .

Thi-«  p a r t i c u l a r  cx f  *uii.K nc ht«s j U w t  b e e n  s t o r i e d
d u r i n g  t h i n  y e a r  -nr' h e n c e  any c o n c l u s i v e  e v i d e n c e  regard--  
l n g  t h e  c h a n g e s  Jn n u t r i e n t  c o n e ,  n t r a t i o n ,  EC, PM e t c .  
c a n n o t  b e  a r r i v e d  <̂ t w i t h  t  u  p r ^ ^ c n t  d a t a -
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I V  I

. 6 . 3

' f t  L uLi ik n t  n

FOl*
FTi,
Con t i  o l

Tcibl* _

pH 
*  •  *

A - -  4 •

21 . 1 : -u7 ' 4 .1 - b /

*1 .67 
4 .1*7
4

'j .uu
3 . 9 <• 
i .76

EC ( i«ii.i] i‘j : Uii)

.1 .SB
■» <• « 

' V 8 . 2 . 8 8 "l 7\ 3 .68

5 . 1 8 3 . 6 9 2 .9 1

•1 .5 / 6 . 5 6 3 . lU

3 .3 4 3 . / 9 3 .11

)

TrLOUiunr..' r i . l l . Q 7  ' '* - .12.07 2 1 . 1 . 6 b j o .  .^ 3  J / . 3 . C 8

FOL 0 .9 1 U .8 0 j .7 7 <• . 2 3 3 . 3 2

F'iL 0 . 6 4 0 . 84 .9 o 0 . 7 1 2 . 6 0
C o n t r o l 1 .C 2 i  .27 1 . 0 5 . 05 2. 66

Fc (ppm)

Tro p Lmcnts 2 1 .1 1 . 8 7  2 6 .1 2 .3 7  P l . i . c b  1 8 . / . o 8  1 7 . 3 . 3 8

FOL
F3L
C o n t r o l

170
24
24

139
79
24

73
50

— N3

127
45
2

233
200

153

T re a tm e n ts

FOL
FBL
C o n tr  cQ.

s °4  ( ppm)

2 1 . l i . L 7  2 4 .1 2 . 8 7

2437
1491
1240

220.J
2229
1667

2389 
1594 

1141

2 1 . 1 . 6 8  1 6 . 2 . 6 8  1 7 . 3 . 3 8

2433 2450
1 7 7 6 2188
16 45 2075



Ca (ppm)

T r e a t m e n t s  2 1 . 1 1 . 8 7  2 4 . 1 2 . 8 7  2 1 . 1 . 8 8  1 3 . 2 . 8 8  1 7 . 3 . 8 8

FOL
F3L
C o n t r o l

163
110
170

190
213
203

240
256
205

200
168
178

177
15C
239

og Cppm)

T rea tm  r : s 21 .11 .07 24 .12 .07 21 .1 .0 8 18 . 2 . 8 8 1 7 . 3 .C6

FOL 1213 1946 2312 2037 2107
FOL 341 1580 2' 54 1699 23 84
C o n t r o l 696 1474 1461 1541 ’’ OSS

Cl(ppm)

T r e a t m e n t s 2 1 . 1 1 . 8 / 24.12.U7 21. 1 .88 18.2  .08 17.3 .88

FOL 5 5 / 7 20 687 1140 1313

FBL 06 2 7 /0 759 1120 1395

C o n t r o l 814 023 77 U 1120 12GU
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~ : o l

Tabl e  — 5 .4  

PH

T r e a t m e n t : 2 1 . 11■ — i. • <J / 2 4 .1 /  . cj 7 2 1 . 1 . 8b 1 8 . 2 . 8 0 1 7 .3  .8 8
EOL( 1 5 )  

E 0 L ( 3 0 ) 
FOL
C o n t r o l

4 .63
4 . 5  2
4 . 6 7

4 . 5 0

4 .  20
3 .69 
3 .08 
3 .7  5

4 .8b  
4 .1 5  
5 . 1 8  
5 .3 4

6 .0 3  
5 . 1 8  
5 .69 
5 . 7 9

3 .37 
3 .4 5  
2 .9 1  
3 .1 1

. _ _ _“1  ̂1 • • •

EC (m m hos/cn)

T r e a t m e n t s
** • m — --• . - . , . — # # _

2 i  . 1 1 . 0 7 7 1 . 1 2 . 0 7 2 1 . 1 . 8 0 1 8 .  2. 80 17 .  j .3 0

EOL(1 5 ) 0 . 5 6 0 . 3 9 0 .6 4 0 . 3 2 1 .5 2
EOlj ( 3 0 ) (i.15 0 .4 6 0 . 6 6 0 . 4 2 1 .0 4
FOL 0 . 0 ' 0 .  .0 0 .7 7 0 . 5 3 3 .32
Con t r  o l 1 .0  8 1. 27 1 .05 0 .6 5 2 .6 6

Fo.^pprn)

Treatm  n t r; - 1 . l i  .' f *. . i  2.. / /  ' .1  .1 . Cl’ 18 . i . 8b 1 /*". 3 .83

EOL( 1 5 ) . 25 0 ; l 0 H . 0
EOL( 3 0 ) 0 i.i 0 0 0

FOL 170 139 n 1 27 233

Con t r o l 24 24 3 2 153

SOW pf m)

• • • «  . • .

 ̂~ —• * .  . . «. . . — . .
2 1 . 1 . 8 8 18". 2 0 >6 'Treatm ' n ts *2J . 1 1 .0 7 24 .1 ' " .07 1 7 . 3 . 8C

EOL(15) 014 907 1005 .1 274 1402
EO L(3o) 1109 787 953 1053 976

POL 2.43 7 2200 2309 2413 24 50
J i J

C o n t r o l 1 240 1667
-  -  -  —  «  «  

*  •  -  »  11 1

1141 1645 2075



-1 32

Ccj(iJpin)

Tr* itmi.nl c  5 i . l - i . G 7  2-1

EOL(1 3 )
E O L (30 ) 
FOL
C o n t r o l

50
70

163
170

9U 
127
198
2U3

1 . 1 . o7 J ui. 2 • 03 1 7 . 3 . 3 3

177
15C
240
205

149
122
200

178

124
1C1
177

237

Mo 0 ■ -m)
• — f»  —  •

T r e a tm e n ts 21 .11 .37 ,4 .1  . ...7 2 1 . 1 .87 1G . . 8 8 1 7 . 3 . 66

EOL(15) 480 1146 1123 1332 1822
EOL (30) 668 1268 1 118 1300 1199
FOL 1213 1946 2312 2037 2107
C o n t r o l 696 1474 1461 1641 20S6

C l  .(prm)

Treatm ents

EOL(1 5 )
E O L (30 ) 
FOL
C o n t r o l

700
840
557
314

.1 2 .8 7 11 . 1 .  87 1 3 . 2 . 0 8 1 7 . 3 .

508 648 893 1070578 595 963 930
720 637 1140 1313
823 770 1120 1260



300

225

150—

75

0  -----------1____ Lajui u+~ i
r~ r - ?» A C Tv r; j '

C -j ( ppm ) t [ g  (  pp)_

240 t

180

,120

, ■* <  *  <  «

fVjK _

f-- ; r-°0, .

^  '  -'’o f-'
* X * 3 ->* /  * .  ne > c j

O.L.
A

250C

1875

12 OC

0 2

o

-O
/ *

O • J

. * y

/

c E r; If !\ C r.

0 O 0 Q o 0

EOL( 1 5 )

E 0 L ( 3 0 )

FOTj

x x x x x x  c o n t r o l

i 4 UO

1U5C_

701

3 5<

n

c i (ppi-i). p./*

A
J______

C
—L_ 

E
_ i . _________

G

A = 21 .11.07

C = 2 4 . 1 2 . 8 7

E =  2 1 . 1 . 0 0

G e 18.2.88

M = 17.3.80



p.’i

~ • 84 i~

TrL-w'ti,u. nti."j !'i . I I  . 87 ^4 .1 . 8 /

E *L (1 5 ) 
T*: L(3U) 
F'lT,
C'ontr ^1

*: . 50 
4 . - jo 
4 . 57 
4 .50

3 .95 
3 .o(j 
3 .9 ?  
3 .7 5

51 .1

5 . 4 1

5 .5 1
4 . 97
5 .3 4

jb .~ 2 . - i .  J 7 . 3 . U 8

C. 21 
5 . UG
5 . 5 8
S .  79

3 .4 7  
3 . 25
3 . 1 0

3 . 1 1

EC (inmhcc/crr’ )

rii i tm on t1' ’ 1 .11 . ' .7 4 .1  . <37 1 . 1 . UU ]*o. ' . -U 1 7 . 3  .8

E^L(1 5 ) M.Cl O . 'to 0 .4 1 J .3 0 1 . 7 4
t r (3«. ) i ) . 71 u .66 . , . 7 7 •. oC 1 . /  5
p T 0 . 6  . O .o4 u . 96 .71 2 . 6  0
Coo - r o l i  .02 i . -57 1 .05 C .6 5 2 . 6 6

Tr c atr.ic n t£  2 1 .1 1 . 8 7

Fi - 3 / Ji2n)

2 4 .1 2 .8 7  21*71 . o l c . 2 . 8 8  1 7 . 3 . 3 8
F-1 L (15 ) 
E "5L(30) 
F^L
C o n t r o l

0
0

24
24

0
C

79
24

0
0

50

n
0

46
2

SOI ( ppm)

T r e a tm e n ts  2 1 . l i . 3 7  2 4 . 1 2 . o 7  2 1 .1

E8L( 1 5 )  
EBL(30) 
FBL
C o n t r o l

805
813

1491
1240

791
953

2229
1667

0
0

200
153

it3. 2 . bo 1 7 . 3 . 8 8
8J0 8 0 2 15 44
792 1011 1 2 7 9

1994 17 76 2188
1141 1645 2075



G5 •-

C o ( p p m )

T r e a t m e n t s 21 .11 .e7 2 4 .1 2 .8 7 2 1 . 1 . 8 8 1 8 . 2 . 8 8 1 7 . 3 . 3 8

E B L (15 ) 36 75 105 118 128
E?>L(30} 4 8 92 110 114 180
F 3 L 110 213 25S 160 150
C O i t r o l 170 ::03 205 173 237

r'q (r\ j '0

T r e  tr .cn 2___ 1 .67 ’  2 1 ,1 2 . 3 7 2 1 . 1 . 8 8 l b . 2 .3 8 17 . 3 7.38

E VI, (15 ; ; : s ±454 87 _■ 13 21 1832
J - M It 6' 13 55 1139 1663

F^L 54 x 1 joU 7 1629 233 .•
C o n t i  o l 1< 7 . L'Cl

■ - m . ■

16 41 ft 7066

C U : mi )ft • • •

T r —-iiinv nt r. Z . L  . 1 1 . 8 7
.  • • • ----- ‘ *

~  2 . 1 2 .8 7 vi  - 1 .6 0
• — » • « »

ft* • • •  • ^  i M t M

lb . . . . 0 0 ' 7 .3  .80
« - - — « ■ ft M

EBL( 1 5 ) 7 5 5 9 5 613 945 1234

EOL ( 3 0 ) 7 7 0 5 8 3 7 8 0 1 1 3 8 1 1 9 0

EEL 0 6  2 7 7 0 7 5 9 1120 1 3 9 6

r o n t r n 1 8 1 4 U 23 7 7 0 1120 1 2 6 0
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_ , ■* 4‘ ° n:i-t o r in g  o f  q u a l i t y  o f  i r r i g a t i o n  and
s u r f a c e  r r a i n e d  v a c

c o n t i n u e d  t h i s  y e a r  a l s o .  The
a c i d i t y  an-1 r a i l  n i t *  o f  t-hrcne cijL. . -r cn t  w a t e r b o d i e s  w ere  e v a -

r' J ‘ -f(r 1 B f r o n  3 .vq  t o  6 . 3 3  f o r  b o t h /  w h e r e -
/ - l . r  o r a n g e d  f r o . a . j . 5  t o  6 . 8  mmhos/c;n, thr. t r e n d
o rri_ j_or aoth  i r r i g a t i o n  and s u r f a c e  d r a in e d  water

 ̂ 1 ~  ̂  ̂ 1 d d o u t i o n  o£  s u r f a c e  d r a i n a g e  a l o n e
c a n n o t  l a ^ r o v .  t n e  s o i l  h r a l t h  b y  r e d u c in g  t h e  a c i d i t y  o r
S o l i n  i t  / .  Th a t a p o o l  ed o v e r  f o i  t h e  l a s t  5 y e a r s  show
t h a t  hh<* : oeinuin c o n -  c i o n  f o r  g ro w in g  pa^r* in  K a r i  s o i l s
i s  f r o  i Au<j - t  t o  r o v e  iber when t h r o’ T and nc  o f  i r r i g a t i o n
w a ter  r e g a i n  i n  ■- 1-3 f  vo . ir  ah l» l i m i t s .

*/i t h  r e g  j r o  t o  eh a e :: >er iinent on f i n d i n g  th e  w ater
t h a l c  f l u a t u  : i v n  in  the p r o j e c t  ore >, t h e  d a ta  g e n e r a t e d
■ inc  L9o> h d -Vvwr th. t  there i s  no c " r r i i t c  p a t t e r n  o f
gr uunc1 w i t  r frr/^fi* n - m  tno o i l  *ri» u.i t  the Wc.ter mo^e
ment i s  g r e a t l y  in r  l a '  nce^ by the  ' « d : s h r  w ater  l e v e l ,

in te r iT i i t t a n t  f l o e / ' l n ^  ne Jra in^rg-

The in  iJ y : . i  v wi '-ne h/< 1 m i l e  n u .r  r c i i c  0 1  1 he
, r > r nr,i t 1 eho ear  l i e  r i« * u l t s

t i l e  d r a in .*  1 :/■ ,r’
. . IWII1 . r , r - , , r M( t rjvj «rr!,. t i v  c'r d .ns

th n t  th er* .  i -  ■= w n t j r . - ' - u  r ' f “
- ,,  . . . Jt, , ,»,• i.h*_ Jnu-i,.  1 . v Oi- L ii ic  r '  •from tho 01 >- 1 -e w - <

. , h . t Ik - ' n  u|c hyrlr . iv il lc  run •
ch-irrtc r f / u c c P . „ ~j n rn/r1 jV OS a<J 1 in S t  0.J.3 IT̂r rl, iy f
^ a c t i v i t y  o f  th. at- * 1 ° * ‘ m/ *

. 'n i- if i rev .ions yf: nr •
l-hG v o l u e  nr r 1 C(| <•

, >erifTi‘'nL "T-.fff ct.l.vurioiis o f  t i l e
under  t h e  —- ■

.jce form anee  o f  padey  c r o p  in  K ar i  
• i r o i n ^  ;-y .-on i n  j d J L f c r t n c r  in  th e

i-Nprc i »«j*3 ^I iriO" 1-11 i v '  .-'i- / , J T Iun Y ,j! 'fir. 1 1 n ' y i o l f l .
( v r  form.. SCO o f  c r o n  Q̂ owl



. „ r . in  y l o .L  by t h e  a d o p t i o n  i <  t i l e -
Tl.t x v c r a l l  I n c r o j .  i -n J (J| j n c r c d w  ua^
oi .i iiio. w.ito ? .  • t  /   ̂ ^  ̂  0:i . i lI-ici L i n e  o f
r . i h i l y  fo u n d  in  the trc  i l . r.tr  ̂ L o n e / h o .  The
■.].  ̂ : r. t. , ! r r ( ’hrri( f| ll 1Q ̂  1
lJl l i r " '  r l K . I h b ' . - B G ,. i 4 i- hr ( r /C.nx * ' v *
' i- 1 ruionuti^ on f o r  r.lv I '1 -  - • J

i i t h e  ] i i i k * t  y i 1 i r e w ere
Lr»^!j~»3/ »nc• 1 *jnv -uli reve J-* th  ^ Ul

, n p [̂ in i.irh1 oti e i t h e r
^htti i nct  i i oni the trc ibm nt-*

r rTht_ • 11 j l l t y  o f  wcitcr
U c  v  tilt ] in .  . >n I \n I ■ • >fi l ^ r * 1

I. »m ich i ill him- u.K h . "  'V iluuU" < iv compeled with
h n m i m  l  ■ j 1 1 ,1.0 M i i f . i t .  " I  1 " ,  v / o t .  i  . T h e  p ; i  v a l u e s

. .t i 11 . 1 1  ii.. .1 L > r iu :  J> Ir v/i ri Oin- i.'.i be  v< r y  l o w ,
iv r \ i l ] )«' a« v i ' j ’u  y i r , . i hi *  i J s [ IJ(- th e

• m . ti.4 *1 1 jt.♦ rf . i civ '» jrv> * i 1 r c v i o u s

i • ]i V  • l - j  ni , t..L i l  . L, * J r i r r i g a t i o n  
• j ’ - . r * v- in* , y b e n  jv c  a l i k e

*7*,  • j Oi ,lj jr. .-e £.. . r r  ̂ wit]*] t i m e .
1 Ti  - ln>- i '  ‘nr -r ,lw y. h__ icr m  i  ir t i l e

r  ,■ .* T. ’ j t  r  t * . ■ ii .r i rj * 1 w «>i-11 r j - j f r l / j f  j .e  . -  u r ^ u a l

J O ch. ,r i . j.o.1 J  I .  , I t  I jU'jh LI, .  ( ^ t u r <_• v, jS '_<arr,p_

'  r- ' •'1 iiimho.i/o. i i ... ' ’ i i ' j . i  ji ' .5  : " i h o c / c :  s h o w in g
l. . .. x ,n..*.io . c s h i n ,  o f  * i t .  h - «/c f  .ter. c e .  I t  h a s  
. e. hi,:. -_h t > w  i 'eh y. .tc c , c, o G „ r j 7  and

1 - 7  i t  - a c i ,  ,-Srn. U - k g  T -  3 $ : .J  «•  , - l t t / h a / o n

' '■'"'■‘ ■•'Oy V .  r, •••. th .,:  o f f  frora
ihr • o r  i f  no i i t ',1 nrr .
o f  ••■’r ' i nor* v:itr r r

The i n s t a l l  a t i o n  o f  t i l e  n^- •
t h e  s u i t o h i l i t  o f  d i f f e r e n t  f i r '  ^  f i n r : i n g
c o r r i e c  o u t  d u r in g  t h e  s i g n e r  o f ^ 9 3 2 ^ ^  ^  ^
d r a i n a g e  sy s tem  was b rou n h t  ini- ’  A l t i l ° a9h t h e

*" m t o  e f f e c t  tVn* ^
mrr i t s /d e n ie r  i t s  c o u l d  not- “ 1 U S  s e a s o n  t h e

r.e a c c e r t a i  pr - - -
a b le  c o n d i t i o n s  in  th e  farn.r. ~ OUfc t o  u n f a v o u r -
t i o r i  i n d i c a t e d  t h e  ad vcn ta n r  y f   ̂' A v i s i 1 a l  e v a l u a -

*  t t  i  0  . ■ >

b e t t e r  c r o p  g row th  un t h e  linpc« . , ^^rins b y  t h e  o v e r a l lr th a n  t- K «
H ow ever ,  t h e  e f f e c t  due t o  d i f f e r & n t  _  °  a t  m l d s p c i c i n g .  
n o t  s o  c o n s p i c u o u s .  Thc t 0 e t  f  f i l t e r  m a t e r i a l s  w e re

a y i n e  oin- +■ v .3 t h e  t i l e  draai



- - I t e r  niatr r t_-i c- v 
minii/ru.-’ e:c J c n d i t u r -  - - ‘ OGtn 'worked o u t .  The

-  r *i j  ^  » j

s t r  ~w a r o u n r'  t-br -s ■ ** 13 wes i n v o l v e d  f o r  t h o  padcv1 — jo i n t s  T ^ r  ^
r e q u i r e d  t o r  th n   ̂ •. r * *“n0 riaximum o f  in -9u33 /ha  was

f i b r e  a s  f i l t e r  n a t o r ^ -  ^  311 a r ° Urk3 t h s  d r s i n S - The c o i r
o f  i n s t a l l a t i o n  a n c ^ h " 1 ^  r<Xlnd t o  be thu e3 S i GS-  i n  term s- -no co t  i s  i t .6e?3/-..

D^r irv. th^n . F . - , r  

 ̂ J now ^ p o r i m t n t  e n t i t l e d  " s t u d i e s
on t h e  ch^sny*. 3  c f  s n - i  -v,

x ne i . i ica l  o r o n e r c i e s  w i t h  r e s o u c t  t o  
tiino on suoslljc f  aec r -.-»n -xn*-* it f J v,a3 lnJcr o c 'u c e o .  ̂ f i x e d  numberOil 0 6 S ICC-. V/^"; r~“\r ’ n

- irat-ricec* f o r d ra w in g  s o i l  sam p les  f o r t -
^ A‘ * ‘ ^ ^ t i i i i c ^ l  an: l y s i s  o f  the  sam ples  showed t h a t

t i . c r e  i o  n o t  n u c n  or  u i r f c i '  no i n  pu and EC f o r  the t r e a t - -
prnt..* . _n thvi 1 m*_, bctv/r r n the linr n, con trol .  The
chjn_, in tn cte^n jj. ic, magnitude was a lso  s ime at the 
c r i t i c a l  seayes of croi. growth. in the other observations  
v i z .  Li2 , So4 / ga, ; cj, Jir c l  concentration the control r e ­
corded h i *' he i values at i l l  fti.j<-r-, bringing out thc role  
of subsurC c •'* . \na c sj r^o-, in red1". ■ ng the ionic  concen­
tration''.. unr^r ^ct'ejl * <i ,,in condition*" . Among thr other
two ere Clients ;1ori :he 1 ’ nf'1' reeorr j ]  giu t r vilucc which
nay br v «-o eh' h 1' h retention capacity oP the nolle with
refcrcnc- t j - > A r j  b nt tons v/on ^ n i n o j e .  This •*r again
■'Coder ;ird  by - - i . oC th* -0 1 1 an' highc r bonding
n ; g  i ' Lor p* * v 11 ri  ̂c*j11ons • The c o l lo io o l  cyi tc.m

ten - to ..rijunt itcc-U by throwing mor- o r monovalent 
cations it, thc o lu t jo n  ol, ' >i-' t/iviny pr<wt.-jon ror
adsorption of thc L>olyv..ilr nt cation' . in al l the civ c r -  
vatlonr;, thc vaiu t. wcr,. i o«n ■ to i tcrra, -  .sub, c n l j  oftcr
thc h a v o s t  o-: th -  crop wlvn 'V an. s,c p.mpino was stopped.

, r\ har. ,Tf r o '  i i ' . ' l t v  c r e u l . c '1 . ’ f t c r  t h cT h is  i o  m. i n l y  > u «-o t n e  oc r o  j- r
-vin-, o? i.he t o i l  surface.
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SECTION _ _  F
r- —— — * “~

Tc c]in j.c al Pi lIne. —A ♦—
• «  • • • • »  »■ • • ® ^

i )  Monitoring »■! period1 >i c h* ner ■'*' ln
s irf.jcl ai<1 sub-surf*ce oat* r in the project area.

• ) .-v scs; mi nL Oi hydraulic jI  opr r tie s of the t i l e
drainatje syrtei.u

3 )  E f f e c t i v e n e s s  o f  t i l e  d r a i n a g e  s y s t e m  in  t h e  p e r ­
fo rm a n ce  o f  paddy c r o p  in  th e  y a r i  l a n d .

) E v a l u a t i o n  o f  d i f f e r e n t  f i l t e r  m a t e r i a l s  t o  f i n d  
i t s  e c o n o m ic  s u i t a b i l i t y  i n c l u d i n g  i t s  d e s i g n  
c r i t e r i a  i.or th e  . uu e a i  f  d r a i n a g e  - v  s te in .

b )  s t u d i e s  on t h e  c h a n g e s  o i  s o i l  c h e m i c a l  p r o p e r t i e s  
w i t h  r e s  nee c t o  t im e  on  s u b - s u r f  a o .  d r a i n a g e .
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5 0 4 . 7 0 3 . 9 . , 1 . 9 Q 1 . 5 0 J.  2 0 0 . 3 5
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1 5 0 4 . 3 0 1 . 0 0 1 . 1 5 I . 0 0 0 . 1 0 O .  21
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3 7 0 4 .  3 0 3 .
1 .  25 1 . 0 0 3 . 0 1 0 .  .30
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Avot ogt. h t  o< ■. » — ■* • - •
fur <■:

a t  l o  J i4_ur I r . t c r v d J .

L...i <_rt n t  1 1 i s  tir J_iiic

in ;ri • —• 1

_ , , «
‘:El ->y‘ ‘ p| 1 * 7 e 3 IA- 8 e 3 0

rime 2E15* i i : i 5 * m • • • •- --------— —

0 0  55 0 .  5'J 0 . 4 6 0 . 4 * ' U . 35 0 . 3 0

10 o . 4 y 0 . 4 7 0 . 4  ^ J.4 2 0 . 3 2 0 . 2 8

0 . 4 6 0 . 4 4 0 . 4  2 0 . 4 0 j .  3 0 u . 26

30 0 . 4 2 0 . 4 1 0 . o 0 . 3 8 0 . ^8 0 .  25

4 0 O. eO ( . 3 8 0 .  38 ; . iC 0 . 2  6 0 .  23

50 0 . 3 7 0 . 3 5 0 . 3  5 0 . 3 5 0 . 2 5 0 .  21

60 0 . 3 5 - . 3 2 0 . 3 3 0 . 3 2 0 .  23 0 . 1 9

7 0 0 . 3 4 0 . 3 0 0 . 3 1 0 . 3 0 0 -  21 0 . 1 8

<30 0 . 3 2 ■). 2G 0 . 2 9 0 . 20 • j . 1 9 0 . 1 6

9 0 0 . 3 1 0 . 2 7 0 . 2 8 0 .  26 J . 1 8 0 . 1 5

1 0 0 0 . 3 1 O . , .6 ■ ' . 2 6 0 .  25 0 . 1 6 0 . 1 4

1 10 0 . 2 9 C . 24 U . '  5 0 .  _3 0 . 1 5 0 . 1 3
1 2 0 0 . 2 9 o . 23 0 . 2  2 C .  2 0 . 1 3 0 . 1 2
1 30 0 .  23 O. 23 0 .  22 0 .  2.1 0 . 1 2 0 . 1 1
140 0 .  20 0 . 2 2 0 .  21 0 . 1 9 0 . 1 1 0 . 1 0
1 5 0 0 . 2 7 0 . 2 1 0 .  21 0 . 1 8 0 . 1 0 0 . 0 9
1 6 0 0 . 2 7 0 . 2 1 0 . 2 0 0 . 1 7 J .  0 9 0 . 0 0
1 7 0 0 . 2 7 0 . 2 1 0 . 1 9 0 . 1 6 O.OB 0 . 0 8

* 15m s p a c i n g  

fe* 30m s p a c i n g



Hydr_auiic  h c a J at 10 hour I n t e r v a l  i n

9̂r._dif .•rcrcnt ob serv r  c i o n  w e l l s

- :  93 ;~

Time Hear1 (m)
OBW-lll 05W--112

• • • • •• • « 
03 / - 1 13 03''/“ 114 o a w -iii

0 0 .5 8 0 J 55e 0 . 5 7 i ) O .53 ‘ ■ 0 .4 4 5
10 0 310 0 . 5 1 5 0 . i 5  • 9 .3 6 5 U .370
20 ■J. 2 - i S 0.4CO J . -Ou . 31 <5 U.31 )
30 0.210 0 .4_i5 0 .3 7 6 0 . 2 7  5 0 .  265
40 0 . 1 0 5 0 . 43 J u .3 5 5 2 .160 0 .  225
50 0 . 1 7 5 0 . o 1 o 0 .3 4 5 -) .250 0 .1 9 5
60 0.150 0 . 3 9 5 0 .3 2 5 0 .2 4 5 0 .  j.75
70 0 . 1 5 0 J.330 1 >. 3 25 0 . 2 4 0 0 .1 5 5
80 0 . 1 4 5 0 . 3e- j 0 . 3 1 5 0 .  235 r .140
90 0 .1 4 O 0 .3 5 1 U .3 x 0 ■ .1.130 0 .1 2 5

100 0 . 1 3 5 0 .3 4  5 0 .3 0 0 ei. 2 25 0 .1  20
110 0 . 1 3 0 0 .2 3 5 0 .3u ) 0. 2? j 0 .1 1 0
120 0 . 1 25 0 . 3 3 0 0 .  295 0 .  215 ■>.106
130 0 . 1  25 0 . 3  26 ). ,95 0 .1 1 5 0 . 100
14u 0 , 1  '5 U .3 / 0 0 .290 0 .  21U 0 . 0 9 5
150 0 - 1 2 5 J .  3 20 0 .  290 o . : 05 >.095
160 0.120 • • i. 290 O. 205 0 .  U9u
170 0 . 1 . 0 * « O. 290 I). 2(J 5 0 .0 8 5

The s u b s c r i p t s  o f  o b s e r v -  Liori w l l s  c ' i note  thr f o l l o w i n g  ,

1 .  F i r s t  d i g i t  i n d i c a t e - ’ the  o b s e r v a t i o n  w e l l  l i n r  number
2 .  s e c o n d  d i g i t  I n d i c a t '  the  c h a i n  l i n o  number
3 .  T h i r d  d i g i t  i n b i c u t -  the p o s i t i o n  oC the  o b s e r v a t i o n  

w e l l  numb r f r o m  the d r a i n  l in e  tow a rd s  t h e  n o r t h .
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w .0 7 0  
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0 . 0 6 0  
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0 .055 

0 .0 5 5  

0 .0 5 0  

0 . 0 4 5

onw-l -l

■ i . ;55 

().>. <1 

. .365 

0 .  J15 

0 .  236

o  . -’.60 

0 .24 j 

U.lV.O 

0 .  '0 0  

0 . 2 0 0  

0 . 1 9 5

u . j. 90 

U . l o S

0 . loD

0 . 1 3 0

0 .1 7 5

0 . 1 7 5

0-0  122

0 .1 7 0

Ho;) ' i (in) 

OBW -1 23

0 .6' '5

i).  ' 5 6 

0 . 4 7  .

0 .4 4 0  

( i . 3 90 

0  .360  

0 .3 1  5 
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0 .  270 

0 .  2GU 

O . <-5U
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O . /. 2 5

0 .  23u 
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0 . 2  25
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t.i.3 So 
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U . 77f i 
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U. 205 

0 . 1 9 5

■J m i.(.0
0 . 1 3  5 

J .1 6 5  

o .  165  

o . x 6

0 . 1 5 5

'-'•155

0 . 1 5 5

0 .1 5 5

0 .4 50 

0 . 3 2 5  

0 . 2 5 0  

0 . 200 

M.1C0 

0 . 3.3 5 

0 .3  20 

0 . 1 0 0  

0 . 0 S 5  

0 . 0 9 0  

0 . 0 3 5  

o.OOO 

0 . 0 / 5  

0 . 0 7 0

0 . 0 7 0

0 . 0 6 5

0 . 0 6 5

0 30-125

0 .u60



0 0 . 5 1 0 0 . 5 0 5 0 . 4 1 5 0 .4 8 0 0 . 3 2 0
10 0 . 1 5 0 0 .2 8 0 0 .3 5 0 0 .  280 0 . 2 9 5
20 0 . 0 7 5 0 . 2 3 0 0 . 3 0 0 0 . 2 3 0 0 . 2 5 0
30 0 . 0 4 5 0 . 2 0 0 0 .2 7 0 0 . 2 0 0 0 .  215
40 0 . 0 4 5 0 . 1 8 5 0 .2 5 5 0 .1 9 0 0 . 1 8 5
50 0 . 0 4 0 0 . 1 7 5 0 . 2 4 0 0 . 1 8 0 0 .1 6 5
60 0 . 0 3 5 0 . 1 7 5 0 . 2 3 0 0 . 1 7 5 0 . 1 5 0
70 0 . 0 3 5 0 . 1 7 0 0 .  220 0 .1 6 5 0 . 1 4 0
80 0 . 0 3 5 0 .1 6 5 0 . 2 1 0 0 . 1 6 0 0 .1 3 5

90 0 . 0 3 0 0 . 1 6 0 0 .2 0 5 0 . 1 6 0 0 . 1 3 0

100 0 . 0 3 0 0 . 1 6 0 0 .  200 0 .1 5 5 0 . 1 2 5

110 0 . 0 3 0 0 .1 5 5 0 .1 9 5 0 .1 5 0 0 .1 2 0

1 2 0 0 . 0 2 5 0 . 1 5 0 0 . 1 9 0 0 . 1 5 0 0 .1 1 0

130 0 . 0 2 5 0 . 1 5 0 J . 1 9 0 0 . 1 5 0 0 .1 0 5

140 0 . 0 2 5 0 . 1 5 0 0 . 1 8 5 0 .1 5 0 0 .1 0 5

150 0 . 0 2 5 0 . 1 4 5 0 .1 8 5 0 .150 0 . 1 0 0

160 0 . 0 2 5 0 . 1 4 5 U.1B0 0 . 1 5 0 0 .1 0 0

1 7 0 0 . 0 2 5 0 . 1 4 5 ). 1 uo u . 150 0 . 1 0 0



T i m e __________________________
( h r s )  obw- 141 o q w - l ^

0 0 .3 2 5 0 . 3 1 5

10 0 . 1 5 5 0 . 3 1 0

20 0 . 0 9 0 0 .2 9 5

30 0 . 0 6 5 0 .2 8 5

40 0 . 0 5 5 0 .  270

50 0 .055 0 .2 5 5

60 0 . 0 5 5 0 . 2 4 0

70 0 . 0 5 0 0 .2 2 5

80 0 . 0 5 0 0 . 2 1 5

90 0 . 0 5 0 0 .  210

100 0 .050 0 . 2 0 0

110 0 . 0 4 5 0 .1 9 5

120 0 .0 4 5 0 . 1 9 0

130 0 .0 4 5 0 .1 8 5

140 0 . 0 4 5 0 .1 8 0

150 0 .045 0 . 1 7 5

160 0 .0 4 0 0 .170

170 0 . 0 4 0 0 .1 7 0

(Head (m) __________________
OTW=14T pgW-144 0QW--145

i 96 i -  ____________

0 . 4 6 0 0 - 5 0 0 0 . 4 7 0

0 .3 5 5 0 .2 3 0 0 . 2 5 0

0 . 3 1 5 0 .175 0 . 1 7 0

0 . 2 9 0 0 . 1 8 0 0 . 1 3 0

0 . 1 7 0 0 . 1 3 5 0 . 1 1 0

0 . 2 6 0 0 . 1 3 0 0 . 0 9 5

0 .  245 0 . 1 2 5 0 . 0 9 0

0 .  240 0 . 1 2 5 0 . 0 8 0

0 .  230 0 . 1 2 0 0 . 0 7 5

0 .  225 0 . 1 2 0 0 . 0 7 5

0 .  220 0 . 1 2 0 0 . 0 7 0

0 .  215 0 . 1 2 0 0 . 0 7 0

0 .  205 0 . 1 1 5 0 . 0 6 5

r . 2 0 0 J. 115 0 . 0 6 5

0 . 2 0 0 0 . 1 1 0 0 . 0 6 0

0 .  200 0 . 1 1 0 0 . 0 6 0

0 .  200 0 . 1 0 5 0 . 0 5 5
0 .195 0 . 1 0 5 0 . 0 5 5



-S 97
Time

( h r s . )  obw- 1 5 1

0

Head (m)
OSW-15 2 ^
 ------------- g  s -153  OBW-155

0 . 4 1 0

GBW-15(

10 • • 0 . 3 3 0

20 0 . 2 6 5

30 0 . 2 2 5

40 0 . 1 9 5

50 0 . 1 7 0

60 0 . 1 5 5

70 7 . 1 4 5

3 0 0 . 1 3 5

90 0 . 1 2 5

100 0 . 1 2 0

110 j . n 5

1 2 0 u .  i l O

130 O t c L
r

140 0 . 1 0 5

150 0 . 1 7 5

160 m •
( J . l ’J5

170 • •
o .  l o o

0.340 0.380 0.395
0.310 0.205 0.350

0.285 0. 235 0.310

0. 260 0.200 0.275

0.240 0.175 0.245

0. 220 0,160 0.220

0.210 0.150 0. 205

0.195 0.140 0.190

0.190 0.130 0 .180

0.180 0.125 0 .175

0.175 0.120 0 .165

(J .17i. 0.115 0.160

0.1 55 O . l i O 0.160

0.160
i

0.105 0.160

0.155 0.100 0.155

>.155 0.100 0.155

i •.150 0.100 0.155

0.150 0.100 0.155



(hr
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20
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40
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90

100

110

120

130

140

150

160

170

0DW-161 OBW-162

0 . 3 6 0 u . 385

0 . 2 9 0■ < 0 . 3 5 0

0 .  245 0 .3 1 5

0 .  215 0 .2 8 5

0 . 1 9 0 0 .2 6 0

0 . 1 7 0 0 .  235

0 .1 5 5 0 .  220

0 .1 5 0 0 .  200

0 . 1 4 0 0 . 1 9 0

0 .1 3 5 0 .1 8 0

0 .130 0 .175

0 .1 2 5 0 . 1 7 0

0 .1 2 5 0 .165

0 . 1 2 0 0 .1 6 5

0 . 1 2 0 0 . 1 6 5

0 . 1 1 5 0 .1 6 5

0 . 1 1 5 0 .1 6 5

0 . 1 1 0 0 . 1 6 5

Head ( m) ______ _
OB W*' 163 q bW-164

0 . 3 8 0 0 . 3 0 0

0 .350 0 .  280

0 . 3 1 5 0 . 2 6 5

i . 2 9 0 0 . 2 5 0

0 .  265 0 . 2 3 0

0 . 2 4 0 0 . 2 1 5

0 .  220 0 . 2 0 0

0 .  200 0 .185

0 .180 0 . 1 7 0

0 . 1 6 5 0 .160

0 . 1 5 0 0 . 1 4 5

0 . 1 4 0 0 . 1 3 5

0 . 1 2 5 C .1 2 5

0 . 1 1 5 0 . 1 1 0

0 . 1 0 5 0 . 1 0 0

0 . 0 9 5 0 . 0 9 0

0 . 0 8 5 0 . 0 8 0

0 . 0 8 0 0 . 0 7 5



Time
(h r s . )  03W-17T

OBW-17 2
Head (m)

OBW-173 OBW-17 4 OBW-175

0 0 . 2 6 0 0 . 2 7 0 0 .275 0 .2 7 5 0 .2 7 5
10 0 . 2 1 5 0 . 2 4 5 0 .2 3 5 0 . 2 3 0 0 . 2 2 5
20 0 . 1 7 5 0 . 2 2 5 0 .2 1 5 0 . 1 9 5 0 . 1 8 5
30 0 . 1 5 0 0 . 2 1 0 0 .295 0 .1 6 5 0 . 1 6 0
40 0 . 1 4 0 0 . 1 9 5 0 . 1 8 0 0 . 1 4 0 0 .1 3 5
50 0 . 1 3 0 0 . 1 8 5 0 .165 0 . 1 2 5 0 .1 1 0
60 0 . 1 2 5 0 . 1 7 5 0 . 1 5 0 0 .105 0 .0 9 5

70 0 . 1 2 0 0 . 1 6 5 0 .1 4 0 0 .0 9 5 0 .0 8 5

80 0 . 1 1 5 0 .155 0 .1 2 5 0 .0 8 5 0 . 0 7 0

90 0 . 1 1 0 0 . 1 5 0 0 .1 1 5 0 . 0 7 5 0 .0 6 0

100 0 . 1 1 0 0 . 1 4 0 0 .1 0 5 0 .065 0 . 0 5 0

110 0 .1 Ob 0 .1 3 5 0 .  095 0 .0 5 5 0 .0 4 5

120 0 . 1 0 5 0 . 1 3 0 0 .1 JO 5 0 . 0 5 0 0 .040

130 0 . 1 0 0 0 . 1 2 5 0 .0 7 5 0 .0 4 0 0 .0 3 5

140 0 .1 0 0 0 . 1  20 0 .0 6 5 0 .0 3 5 0 . 0 3 0

150 0 .0 9 5 0 . 1 1 5 0 .0 5 5 0 .03 0 0 .0 2 5

160 0 . 0 9 0 o . n o 0 .0 4  5 0 . 0 2 0 U .0 2 0

170 U .0 9 0 0 . 1 0 5 0 . 0 4 0 0 .0 1 5 0 .015



Time 
( h r e . )

-------------------- ^
Head (m)

___ _ 1 ft A
0BW-181 0BW-182 ~”o3W-183 0BW-184 OBW-1B5

0 0 . 3 6 0 0 .270 0 . 3 1 0 0 . 3 6 0 0 . 3 2 0

10 0 . 2 4 0 0 . 2 3 0 U. 285 0 . 3 1 0 0 .  290

20 0 .180 0 . 1 9 5 0 .765 0 .  *95 0 .  265

30 0 . 1 4 0 0 . 1 6 5 0 . 2 4 5 0 . 2 7 5 0 . 2 4 0

40 0 .1 0 5 0 .1 4 5 0 . 2 2 5 0 .  260 0 . 2 2 5

50 0 .0 8 5 0 . 1 2 5 0 .  205 0 . 2 5 0 0 . 2 0 5

60 0 .0 7 0 0 . 1 1 0 0 . 1 9 0 0 . 2 3 5 0 . 1 9 0

70 0 .0 6 0 0 . 0 9 5 0 . 1 7 5 0 . 2 2 0 0 . 1 7 5

80 0 .0 5 5 0 . 0 8 5 0 . 1 6 0 0 .  2 1 0 0 . 1 6 0

90 0 . 0 5 0 0 . 0 7 5 0 . 1 5 0 0 . 2 0 0 0 . 1 5 0

100 0 .0 4 5 0 . 0 6 5 0 . 1 3 5 0 . 1 9 0 0 . 1 3 5

110 0 .040 0 . 0 5 5 0 . 1 2 5 0 . 1 8 0 0 . 1 2 5

120 0 . 0 3 5 0 . 0 5 0 0 . 1 1 0 0 . 1 7 0 0 .1 1 5

130 0 . 0 3 0 0 .0 4 5 0 . 1 0 0 0 . 1 6 5 0 . 1 1 0

140 0 .0 2 5 0 . 0 4 0 0 . 0 9 5 0 . 1 5 5 0 . 1 0 0

150 0 .0 2 5 0 . 0 3 5 0 . 0 8 5 0 . 1 5 0 0 . 0 9 5

160 0 . 2 0 0 0 . 0 3 0 0 . 0 3 0 0 . 1 5 0 0 . 0 9 0

170 0 . 0 2 0 0 . 0 2 5 0 . 0 7 5 0 . 1 4 5 0 . 0 8 5



Time 
( h r s . )

Head (m)
OBW-211 OBW- 212 OBW-213 OBW-214 OBW-215

0 0 . 5 6 5 0 .5 6 5 0 .5 7 5 0 .5 6 5 0 . 5 5 0

10 0 . 2 6 5 0 .4 6 5 0 . 4 5 0 0 . 4 1 5 0 . 3 3 0

20 0 . 1 7 5 0 . 4 1 0 0 .4 0 5 0 . 3 5 0 0 .2 4 5

3 0 0 . 1 4 5 0 . 3 7 5 0 . 3 8 0 0 . 3 2 0 0 .2 0 5

40 0 . 1 4 0 0 . 3 6 0 0 . 3 6 0 0 .3 0 5 0 . 1 8 0

SO 0 . 1 3 5 . 0 .3 4 5 0 .3 5 5 0 .2 9 5 0 .1 6 5

6 0 0 . 1 3 0 0 . 3 4 0 0 . 3 5 0 0 . 2 9 0 0 .1 5 5

70 0 . 1 3 0 0 . 3 3 0 0 .3 4 5 0 .2 8 5 0 . 1 5 0

8 0 0 . 1 3 0 0 . 3 2 0 0 . 3 4 0 0 . 2 8 0 0 .1 4 5

90 0 . 1 2 5 0 . 3 2 0 0 . 3 3 5 0 .2 7 5 0 . 1 4 0

1 0 0 0 . 1 2 5 0 . 3 1 5 0 .3 3 0 0 .2 7 5 0 . 1 3 5

110 0 . 1 2 5 0 . 3 1 0 0 .3 2 5 0 . 2 7 0 0 . 1 3 0

1 2 0 0 . 1 2 5 0 . 3 1 0 0 .3 2 5 0 . 2 7 0 0 . 1 3 0

1 3 0 0 . 1 2 5 0 . 3 1 0 0 .3 2 5 0 .3 6 5 0 .1 3 0

140 0 . 1 2 0 0 . 3 0 5 0 . 3  20 0 . 2 1 0 0 . 1 3 0

150 0 . 1 2 0 0 . 3  05 0 . 3  20 0 . 2 1 0 0 . 1 3 0

160 0 . 1 2 0 0 . 3 0 0 0 .3  20 0 . 2 1 0 0 .1 2 5

1 7 0 0 . 1 1 5 0 . 3 0 0 0 . 3  20 0 . 2 1 0 0 .1 2 5



(hr

0

10

20

3 0

4 0

5 0

6 0

7 0

8 0

9 0

100

110

120

1 3 0

1 4 0

1 5 0

1 6 0

1 7 0

— : 102  t

OBW-221

Head (m)
O B W - 2 2 2  O B W - 2 2 3  O B W - 2 2 4 OBW-225

0 . 6 0 0 0 . 5 5 0 0 . 5 2 0 0 . 5 0 0 0  . 5 2 5

0 . 0 5 0 0 . 2 5 0 0 . 3 9 U 0 . 3 5 5 0 .  2 0 0

0 . 0 4 5 0 .  2 2 0 0 . 3 3 0 0 .  2 9 5 0 . 1 5 5

0 . 0 4 5 0 .  2 0 5 (J. 3 1 0 0 . 2 6 0 0 . 1 4 0

0 . 0 4 5 0 . 1 9 5 <>. 2 9 5 0 . 2 4  0 0  . 1 3 0

0  . 0 4 5 0 . 1 9 5 0 .  2 8 5 0 .  2 3 0 0 . 1 2 5

0 . 0 4  5 0 . 1 9 0 0 .  2 7 5 0 .  2 2 0 0 . 1 2 0

0 . 0 4  5 0 . 1 8 5 0  . 2 7 0 0 . 2 1 5 0 . 1 2 0

0 . 0 4 5 0  . 1 8 5 0 . 2 6 5 0 .  2 1 0 0 . 1 1 5

0 . 0 4 5 0 . 1 8 5 0 . 2 6 0 0 .  ; 0 5 0 . 1 1 5

0 . 0 4 0 0 . 1 8 0 0 .  2 5 5 0 .  2 0 0 0 . 1 1 0

0 . 0 4 0 0 . 1 8 0 0 . 2 5 0 0 .  2 0 0 0 . 2 1 0

0 . 0 4 0 0 . 1 7 5 0 .  2 5 0 0 . 1 9 5 0 . 1 1 0

0 . 0 4 0 0  . 1 7 5 0 .  2 5 0 0 . 1 9 5 0 . 1 0 5

0 . 0 4 0 0 . 1 7 5 0 . 2 5 0 0 . 1 9 0 0 . 1 0 5

0 - 0 3 5 0 . 1 7 5 0 . 2 5 0 0 . 1 9 0 0 . 1 0 5

0 . 0 3 5 0 . 1 7 0 0 .  2 5 0 0 . 1 9 0 0 . 1 0 0

0 . 0 3 0 0 . 1 7 0 0 . 2 5 0 0 . 1 8 5 0 . 1 0 0



Tir
(hri

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

0 . 6 0 0 0 . 4 3 0 0 .4 2 0 0 .4 6 0 0 .5 4 5
0 . 0 3 0 0 .380 0 .385 0 .3 4 0 0 .1 9 5
0 . 0 2 5 0 . 3 4 0 0 .3 3 5 0 .2 8 5 0 .1 4 0
0 . 0 2 5 0 .2 9 5 0 .  295 0 . 2 5 0 0 .1 1 5
0 . 0 2 5 0 . 2 6 5 0 .2 8 0 0 .2 2 5 0 .1 0 5
0 . 0 2 5 0 .2 3 5 0 .2 5 0 0 .2 0 5 0 . 1 0 0

0 . 0 2 5 0 . 2 1 0 0 .2 4 0 0 .1 9 5 0 .1 0 0

0 . 0 2 5 0 .1 9 0 0 .  230 0 .1 8 0 0 .0 9 5

0 . 0 2 0 0 .1 7 5 0 .2 2 0 0 .1 7 5 0 . 0 9 0

0 . 0 2 0 0 . 1 6 0 0 .  215 0 .170 0 .0 0 5

0 . 0 2 0 0 .1 5 0 0 .2 1 0 0 .1 6 5 0 .0 8 5

0 . 0 2 0 0 .1 4 5 0 . 2 0 0 0 .1 6 0 0 . 0 8 0

0 - 0 2 0 0 . 1 3 5 0 .  200 0 .1 5 5 0 .0 7 5

0 . 0 2 0 0 . 1 3 0 0 .1 9 5 0 . 1 5 0 0 .0 7 5

0 .0 1 5 0 . 1  25 0 .1 9 5 0 .1 5 0 0 - 0 7 5

0  .0 1 5 0 .1  25 0 .1 9 5 0 - 1 5 0 0 .0 7 5

0 . 0 1 5 0 - 1 2 0 0 .1 9 5 0 .1 5 0 0 .0 7 0

0 . 0 1 5 0 . 1 2 0 0 .1 9 5 0 . 1 5 0 0 . 0 7 0
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Time 
( h r s . )

Head (m)

OBW-241 OBW - 24 2 OBW-24 3 OBW-244 OBW-245

0 0 . 4 5 0 0 . 3 8 5 0 . 5 2 0 0 . 4 1 5 0 .4 7 0

10 0 . 3 3 0 0 . 3 6 0 0 .5 0 5 0 . 3 8 0 0 . 3 1 0

20 0 . 2 3 0 0 .3 3 5 0 . 4 9 5 0 . 3 3 5 0 . 2 2 5

30 0 . 2 0 0 0 . 3 1 0 0 . 4 8 0 0 . 3 0 0 0 .1 7 5

-10 0 . 1 4 5 0 .  205 0 . 4 6 0 0 .  265 0 . 1 4 0

50 0 .1 2 5 0 .  265 0 . 4 4 5 0 .  240 0 . 1 1 5

60 0 . 1 1 0 0 . 2 4 5 0 . 4 3 0 0 .  220 0 . 1 0 0

70 0 .1 0 0 0 .  230 0 . 4 1 5

s•o 0 . 0 9 0

80 0 .0 9 0 0 . 2 1 0 0 . 4 0 0 0 . 1 8 5 0 . 0 8 5

90 0 . 0 8 5 0 .  200 0 .3 8 5 0 . 1 7 5 0 . 0 8 5

100 0 . 0 8 0 0 . 1 9 0 0 .3 7 5 0 . 1 6 0 U. 080

110 0 . 0 7 5 0 . 1 7 5 0 .3 6 5 0 . 1 5 5 0 . 0 7 5

120 0 . 0 7 0 0 . 1 6 5 0 . 3  50 0 . 1 4 5 0 . 0 7 5

130 0 . 0 6 5 0 .1 6 0 0 . 3 4 0 0 . 1 4 0 0 .0 7 0
140 0 .0 6 5 0 . 1 5 0 0 . 3 2 5 0 . 1 3 5 0 . 0 7 0

150 0 . 0 6 0 0 . 1 4 0 0 . 3 1 5 0 . 1 3 0 0 . 0 6 5
160 0 . 0 6 0 0 . 1 3 5 0 .3 0 5 0 . 1 2 5 0 .0 6 5
170 0 . 0 5 5 0 . 1 3 0 0 .  295 0 . 1 2 5 0 . 0 6 5



T i m e Head (m)
( h r s ) OBW-251 OBW-25 2 OBW-253 OBW-254 OBW-255 03W-2S6

0 0 . 5 5 0 0 . 4 2 5 0 .4 1 0 0 . 4  JO 0 .4 4 5 0 .4 5 5

10 0 .0 3 5 0 . 3 8 5 0 . 3  80 0 .3 9 5 0 .2 8 5 0 . 4 4 0

20 0 . 0 3 0 0 . 3 4 0 0 . 3 6 0 0 .3 7 5 0 .2 1 5 0 .4 1 5

30 0 . 0 3 0 0 . 3 0 5 0 .3 4 5 0 . 3 5 0 0 .1 8 0 0 . 3 9 5

4 0 0  .0 3 0 0 .  275 0 .3 2 5 0 .3 2 0 0 .1 6 0 0 . 3 7 5

50 0 . 0 3 0 0 . 2 4 5 0 .3 0 0 0 .  295 J .1 4 5 0 . 3 5 0

60 0 . 0 3 0 0 . 2 2 0 0 .285 0 .2 7 0 0 .1 3 5 0 . 3 3 0

70 0  .0 3 0 0 . 2 0 0 0 .2 6 5 0 .250 0 . 1 3 0 0 .3 0 5

80

90

100

110

120

130

140

150

160

170

0 . 0 2 5  

0  .0 2 5  

0 . 0 2 5  

0  .0 2 5  

• J .0 2 5  

0 . 0 2 5  

0 . 0 2 5  

0 . 0 2 5  

0  .0 2 5  

0 . 0 2 5

0 .180  

J .1 6 5  

3 .150 

' j . 140 

0 . 1 3 0  

0 . 1  20 

0 . 1 1 5

o . i i o

0 . 1 0 5

o .io o

0 .2 5 0  

0 . 2 3 0  

0 .  215 

0.200 

0 .1 8 5  

0 . 1 8 0  

0 . 1 5 5  

0 • 14 5 

0 . 1 3 0  

0 . 1 2 0

1.235 

0 .  225 

0.210 

0 .1 9 5  

0 .185  

0 .1 7 5  

0 .1 7 0  

0 .1 6 5  

0.160 

0 .1 5 5

0.120

0 .1 1 5

0 -1 1 0

0 .1 0 5

0 .  105 

0 .1 0 0  

0 . 1 0 0  

O .095 

0 .0 9 5  

0 .0 9 0

0 .2 8 5  

0 .  265 

0 . 2 4 5  

0 .  230 

0 . 215 

0 . 2 0 5  

0 .1 9 5  

0 . 1 8 5  

0 . 1 8 0  

0 .1 7 5



(h r

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

- I  106

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

OBW-261 OBW-262 OBW - 2b3 _^ O B W --2 6 4

0 . 4 0 5 0 . 3 8 5 0 . 4 0 0 0 . 3 7 5

0 . 3 4 5 0 . 3 5 0 0 . 3 7 0 0 . 3 5 0

0 .  290 0 . 3 2 0 0 . 3 5 0 0 . 3 2 5

0 .  250 0 . 2 9 5 0 . 3 3 5 0 . 3 0 0

0 .  220 0 .2 7 5 0 . 3 1 5 0 .2 B 0

0 .1 9 5 0 .  250 0 .3 0 5 0 .  260

0 .1 7 5 0 . 2 3  5 0 .  275 0 . 2 4 0

0 .1 6 0 0 .  220 0 .  260 0 . 2 2 0

0 . 1 5 0 0 .  230 0 .  240 0 . 2 0 0

0 . 1 4 0■ 0 . 1 9 0 0 . 2 2 0 0 . 1 8 0

0 .1 3  0 0 . 1 8 5 0 .  210 0 . 1 6 5

0 . 1 2 5 0 . 1 7 5 0 . 1 9 5 0 . 1 5 0

0 .1 1 5 0 . 1 6 5 0 . 1 7 5 0 .1 3 5

0 . 1 1 0 0 . 1 6 0 0 . 1 6 0 0 . 1 2 5

0 . 1 0 5 0 . 1 5 5 0 . 1 4 5 0 . 1 1 0

0 . 1 0 0 0 .1  50 0 . 1 3 5 0 . 1 0 0

0 . 1 0 0 0 . 1 4 5 0 . 1 2 5 0 . 0 9 0
0 . 1 0 0 0 . 1 4 0 0 . 1 2 0 0 . 0 8 5



Tin
(hrs

0

10

20

30

4 0

50

60

70

ao

90

100

1 ^ 0

120

130

1^0

150

160

OBW-271 OBW-27 2

0 . 3 2 5 0 . 3 6 0

0  . 2 8 0 0 . 3 3 5

0 .  2 4 0 0 . 3 1 5

0 . 2 0 5 0 . 2 9 5

0 . 1 8 0 0 . 2 7 5

0 . 1 6 0 0 . 2 5 5

0 . 1 5 0 0 -  2 4 0

0 . 1 4 0 0 . 2 2 5

0 . 1 3 u 0 .  2 1 0

0 . 1 2 0 0 . 1 9 0

0 . 1  l r- j.1 7 5

0 . 1 0 5 0  . 1 6 0

0 . 1  jO U . I ' . 5

0 .095 0 . 1 3 0

0  . 0 9 0 O . J 1 5

0 .0 9 'J U. LOO

) . 0 8 5 0 . 090

U .  0 6 0 rj . 0 8 0

107

H e a d  ( m )

O B W -273 O B W -274

0 .2 6 0 0 .295

0 .235 0 .255

0 .215 0 .225

0 .1 9 5 0. 200

0 .1 8 0 0 .1 8 0

0 .160 0 .1 6 0

0 .1 4 0 0 .145

0 .1 2 5 0 .1 3 0

0 .1 1 0 0 .1 2 0

0 .1 9 0 0 .110

0 .0 3 0 0. ICO

0 .065 0 .0 9 0

O.C55 0 .0 8 5

0 .0 4 5 0 .075

0 .035 0 .0 7 0

0 .0 2 5 0 .0 6 0

O.015 0 .055

0 .0 0 5 0 .0 5 0



0

10

20

3 0

40

5 0

SO

7 0

8 0

9 0

100

110

120

1 3 0

1 4 0

1 5 0

1 6 0

1 7 0

108 i -

O B W - 2 8 1  O B W - 2 0 2

0 . 2 9 5 0 . 3 0 0

0 .  25-d 0 . 2 7 0

0.21.5 0 . 2 4 c

0 . 1 9 5 0 . 2 1 5

0 .1 6 5 0 .1 8 5

0 . 1 4 5 0 . 1 6 5

0 . 1 2 5 0 . 1 5 0

0 . 1 1 0 0 .1 3 5

0 . 1 0 0 0 . 1 2 0

0 . 0 9 0 0 . 1 1 0

0 . 0 8 0 0 . 1 0 0

0 .0 7 5 0 .0 9 5

0 .0 6 5 0 . 0 8 5

0 . 0 6 0 0 . 0 8 0

0 .0 5 5 0 . 0 7 5

0 . 0 5 0 0 . 0 6 5

0 . 0 4 5 0 . 0 6 0

0 . 0 4 5 0 . 0 5 5

Head (m) ______
Obvj-203 O B W - 284

0 . 3  U8 (J .8 3 5

0 . 2 9 3 0 . 3  20

<j. 275 U .3 0 5

0 .  258 0 . 2 9 5

(J. 240 0 . 2 8 0

225 0 . 2 7 0

0 .  210 0 . 2 G 0

0 . 1 9 5 0 . 2 5 0

0  .183 0 .  210

0 . 1 7 3 0 . 2 3 0

0 . 1 6 0 U .2 2 u

0 . 1 5 0 0 .  215

0 . 1 4 0 0 .  21 0

0 .1 3 3 0 .  205

0 . 1 2 8 0 .  200

0 . 1 2 0 0 . 1 9 5

0 . 1 1 5 0 . 1 9 0

0 . 1 1 3 0 . 1 8 5



0 0 . 4 9 C

10 0 . 4 2 5

20 0 .3 6 5

30 0 . 3  20

40 inCO■

O

5 0 0 .  250

60 0 .  225

70 0 . 2 0 0

80 o . i  a o

90 0 . 1 7 0

10U ■w .1 5 5

110 0 .1 - .5

120 U .1 3 5

130 0 . 1 30

140 0 . 1 2 5

150 0 .  L20

150 0 . 1 2 0

170 0 . 1 1 5

O^.W-313

'■J- 5* :o 0 .5 1 0
0 - 5 1 0 0 . 5 1 0
0 .400 0 .4 7 5
0 , 4 6 0 0 .4 4 5

0 . 4 4 0 0 .4 2 0

0 .4 1 5 0 . 4 u )

0 . 3 9 5 0 .3 8 0

0 .3 7 5 0 .355

0 . 3 6 0 0 . 3 5 0

0 . 3 4 5 0 . 3 4 0

j . 3 3  j 0 .3 3  0

0 . 3  2'J u . 3 20

tj. 310 u .310

0 . 3 0 0 0 .3 0 0

U. /.9G 0 .  295

0 .  2ilb 0 .  290

0 .2 0 0 0 .2 8 5

0 . 7  75 0 .2 0 5

03^-314 OBW-315

0 . 4 9 0 0 .4 3 5

0 .4 0 0 0 .3 6 5

0 .3 2 5 0 . 3 0 0

0 .285 0 .  245

0 .2 6 0 0 .  210

0 .  245 0 .180

0 .2 3 5 0 .1 5 5

0 .  225 0 .1 3 5

0 .  215 0 .1 1 5

0 .  210 0 . 1 1 0

0 .  200 0 .0 9 0

0. 200 0 . 0 8 0

0 .1 9 5 0 . 0 7 0

U .190 0 . 0 6 5

0 .1 9 0 0 . 0 6 0

0 .1 9 0 0 .0 5 5

0 .1 0 5 0 .0 5 0

0 • 105 0 .0 4 5



i i n c __________________________
( h r s . )  OBW-321 OBW-322

G 0 .4 3  5 0 . 4 6 5

L? 0 . 3 4 5 0 . 4  25

20 0 .  275 0 . 3 9 0

3 0 0 .  230 0 .360

■10 0 . 1 9 0 0 .3 3 5

50 0 . 1 5 0 0 . 3 1 0

60 0 . 1 2 0 0 . 2 9 0

70 0 .0 9 5 0 .  270

00 0 . 0 6 0 0 .2  50

30 0 . 0 6 5 0 .  235

100 0 . 0 5 0 0 .1 2 5

l-U 0 . 0 4 0 0 .210

120 0 . 0 3 0 0 .  200

l20 0 .0 2 5 0 . 1 9 0

140 0 .0 1 5 0 . 1B5

J 50 0 . 0 1 0 o .ie o

ICO 0 . 0 1 0 0 . 1 7 5

170 0 . 0 0 5 0 . 1 7 0

Head (in) __________ _
OBW--3 23 OBW-3 24 OB W-3 2 5

0 . 6 3 5 0 . 4 9 0 0 . 5 9 0

0 . 6 5 5 0 . 5 2 0 0 . 5 3 5

0 . 6 5 0 0 . 5 0 0 0 . 4 8 0

0 . 6 1 5 0 . 4 6 5 0 . 4 3 0

0 . 5  60 0 . 4 2 5 0 . 3 8 0

0 .  5 1 0 0 . 3 8 5 0 . 3 3 5

0 . 4  65 0 .  345 •.295

0 . 4 2 0 0 . 3 0 0 0 . 2 6 5

0 . 3  90 0 .  270 0 . 2 3 5

0 . 3 5 5 0 .  24Q 0 . 2 1 0

0 .335 0 .  210 0 . 1 9 0

0 . 3 1 5 0 . 1 8 5 0 . 1 7 0

0 .3 0 U 0 . 1 6 0 0 . 1 5 5

0 . 1 8 5 0 .  140 0 . 1 4 0

0 .  270 0 . 1 2 0 0 . 1 3 0

0 . 2 6 0 0 . 1 0 5 0 . 1 2 0
0 . 2 5 0 0 . 0 9 0 0 . 1 1 0

0 .  240 0 . 0 8 0 0 . 1 0 5



( h r s . )  OBW—3 3 1
OBW-332

0

10

Head (m) 

OBW-333

0 . 6 4 5

0 . 4 0 0

QBW-334 O B W - 3 3 5

0 .5 2 5

0 . 5 0 5
20 0 . 2 5 0 0 . 4 5 0
33 0 . 1 8 5 0 .385
40 0 . 0 9 5 0 . 3 3 0
50 0 . 0 7 0 0 .  280

60 0 . 0 5 5 0 .  240

70 0 . 0 3 5 0 . 2 0 5

3 0 0 . 0 2 5 0 .1 7 5

90 0 . 0 2 0 0 .1 5 0

100 0 . 0 1 5 0 . 1 3 0

110 0 . 0 1 0 0 . 1 1 5

120 0 . 0 0 5 0 . 1 0 0

130 0 .080

140 0 .0 6 5

150 0 .055

160 0 . 0 5 0

170

OmO

0 . 4 9 0 0 .4 3 5 0 . 4 6 0

0 .5 3 5 0 .4 7 5 0 .4 7 0

0 .5 3 5 0 .4 8 0 0 .3 9 0

0 .520 0 .4 4 5 0 .3 0 5

0 .4 8 5 0 .3 9 0 0 .2 3 5

0 .4 5 0 0 .3 4 0 0 . 1 8 5

0 .4 1 5 0 .2 9 0 0 .  140

0 .3 7 5 0 . 2 5 0 0 . 1 1 5

0 .3 4 0 0 . 2 1 0 0 .0 9 5

0 . 3 1 0 0 .1 8 5 o . o s o

0 .2 0 0 0 .1 6 0 0 .0 6 5

0 .  150 0 .1 4 0 " 0 .0 5 5

0 .230 0 .1 2 5 0 . 0 4 5

0 .  200 0 .1 1 5 0 . 0 4 0

' ) .1 8 0 0 .1 0 5 0 .035

0 .1 6 5 0 .0 9 5 0 .0 3 0

0 .1 5 0 0 .0 9 0 0 .0 2 5

0 .140 0 .0 8 0 0 . 0 2 0



(hr

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

OBW-341 OBW-342

0 .495 0 . 5 3 0

0 . 3 6 5 0 . 4 7 0

0 . 2 4 0 0 .415

0 . 1 5 5 '> .370

0 . 1 1 0 0 . 3  25

C • 00 c 0 .  290

0 .0 5 5 0 .  255

0 . 0 4 0 0 .2 25

0 . 0 3 5 0 .  200

0 .0 2 5 0 . 1 7 5

0 .0 2 5 0 .1 5 5

0 . 0 2 0 0 . 1 3 5

Q . . 0 2 0 0 .  j. 2 0

0 .0 1 5 0 ,xx u

0 . 0 1 0 0 . 0 9 5

0 . 0 1 0 0 . 0 9 0

0 . 0 1 0 0 .0 8 0

0 . 0 7 5

112  i -

H e a d  ( m ) ______ __________

OBW-343 OBO-344

0 .470 0 . 5 5 0

0 .  565 (J. 355

j.55 ' 0 .  255

0 . 5 3 0 0 . 1 9 0

0 . 5 0 0 0 . 1 4 5

.1.460 '■'.125

0 . 4  20 0 160

0 .3 85 0 . 1 0 0

0 .2 50 O .0 9 5

).320 c • o ( in

0 . 2 9 0 0 . 0 8 0

0 .265 0 .075

0 .  240 0 .065

0 .  220 0. 060

0. 200 0 . 0 5 5

0 .1  GO 0 . 0 5 0

0 . 1 6 0 0 . 0 4 5

0 . 1 4 5 0 . 0 4 5



(hrs

0

10

20

30

40

50

SO

7 0

80

00
100

110

1 20

130

140

150

160

1 / 0

Head (m)
BW-351 03W-352 03W—353 OBW-354 OBW-355 OBW356

0 .3 25 0 . 4 8 5 0 .4 2 5 0 .5 1 5 0 .4 7 5 0 .4 1 0

0 . 1 7 5 0 . 4 3 0 0 . 4 1 0 0 . 3  25 0 .3 3 5 0 .3 6 5

0 . 1 1 0 0 . 3 9 5 0 .3 9 5 0 .  280 0 .  255 0 .3 3 0

0 . 0 8 0 ) .3 6 0 0 .3 7 0 0 .  240 0 .205 0 .3 0 0

0 . 0 6 5 0 . 3 2 5 0 .3 5 0 0 .  215 0 . 1 0 0 0 .2 8 0

0 . 0 6 0 0 .  295 0 . 3 2 0 0 .2 0 0 0 .1 6 5 0 .2 5 5

O .0 5 0 0 , 2 6 0 0 .3 0 0 0 .1 80 0 .1 5 0 0 .2 4 0

0 . 0 5 0 0 . 2 3 0 O. 27 5 ' .1 7 0 0 .135 0 .  220

O.i 45 0 . 2 0 5 0 .250 0 .1 6 0 0 .125 0 .  200

0 . 0 4 0 J . 180 0 .  30 0 .1 4 5 0 .1 1 0 0 . 1 8 0

0 . 0 3 5 0 . 1 5 5 0 .2 -  5 0 .1 3 5 0 • 100 j. 165

0 . 0 3 u 0 . 1 3 5 0 135 0 .125 0 . 0 9 0 0 .1 5 0

j .03 J .115 .J. 160 0 .1 1 5 0 .0 0 0 3 .1 3 5

u .0 3  J .; . 1 0 0 0 .1 4 0 0 .105 0 . 0 7 0 0 .125

.u 2 5 0 . 0 3 5 0 .1 2 0 0 .0 9 5 0 .0 6 0 v- .110

0 . 0 1. j 0 . 0 7 0 / .095 0 .0 9 0 J . 05-> 0 .1 0 0

0 . 01 ( , . J 5j 0 .0 7 5 0 .  0<30 0 .0 5 0 .1.090

0 . 0 1 5 0 .0 4 5 0 .0 5 0 0 .0 7 5 0 .0 4 b 0 - 080



( h r

0

1 C

20

30

40

50

60

70

80

90

100

110

120

130

140

1 50

160

170

- *  1 1 4  t- 

Heaci (in)
O B W - 3 6 1  O B W - 3 6 2

0 . 5 8 0 0 . 4 5 5

0*5 45 0 . 4 2 5

0 . 5 2 0 0 . 4 0 0

0 . 4 9 0 0 .3 7 5

0 . 4 6 0 0 . 3 5 0

0 . 4 4 0 0 . 3 2 5

0 . 4 1 5 0 .3 0 5

0 .3 9 5 0 . 2 8 0

0 . 3 7 5 0 .  260

0 . 3 5 5 0 .  240

0 . 3 3 5 0 . 2 1 5

0 . 3 2 0 0 . 1 9 5

0 . 3 0 0 0 . 1 7 5

0 . 2 8 5 0 . 1 6 0

0 . 2 7 0 0 . 1 4 0

0 .  255 0 .1 2 5

0 .  245 0 . 1 1 0

0 .3 3 5 0 . 0 9 5

O B W - 3 6 3  O B W - 3 6 4

0 . 4  25 U .415

0 . 4 1 5 0 . 3 9 0

0 . 4 0 0 0 . 3 6 5

0 . 3 9 0 0 . 3 4 0

0 . 3 7 5 0 . 3 1 5

0 . 3 6 0 0 . 2 9 0

0 . 3 4 0 0 . 2 6 5

0 .  2 20 0 . 2 4 5

0 . 3 0 5 0 . 2 2 5

0 . 2 8 5 0 .  205

0 .265 0 . 1 8 5

0 .  245 0 . 1 7 0

0 . 2 3 0 3 . 1 5 5

0 .  210 0 J. 40

0 . 1 9 5 0 . 1 3 0

0 . 1 7 5 0 . 1 1 5

0 . 1 6 0 0 . 1 0 5

0 . 1 4 5 0 . 0 9 5



Tin
(h r :

0

10

20

3 0

40

50

60

7 0

3 0

9 0

100

110

1 7 0

1 3 0

1 4 0

1 5 0

1 6 0

1 7 0

115 •-

Head (m)
OB/7 371 OB.,-37  2 OB'-T-373 OBW-374 OW-375

0 . 4 7 5 0 . 3 3 0 0 . 3 4 5 0 . 3 6 5 0 . 4 4 0

0 . 0 7 5 0 . 2 9 0 0 . 3 3 0 0 . 2 6 0 0 . 0 8 0

0 . 0 6 5 0 .  2 5 0 0 . 3 1 0 U .  1 9 5 0 . 0 7 0

0 . 0 6 0 0 .  2 2 5 0 . 2 9 0 0 . 1 6 5 0 . 0 6 5

U . 0 6 0 0 . 1 9 5 0 .  2 7 0 0 . 1 4 5 0 . 0 6 5

O .O o O 0 . 1 7 5 0 .  2 4 5 0 . 1 4 0 0 . 0 6 5

0 . 0 5 5 3 . 1 5 0 0 .  2 2 5 0 . 1 3 0 0 . 0 6 5

0 . 0 5 5 0 . 1 3 0 0 .  2 u 5 0 . 1 2 0 0 . 0 6 5

0  . 0 5 0 0 . 1 1 5 0 . 1 9 0 0 . 1 1 5 0 . 0 6 0

0 . 0 4 5 0 . 1 0 0 0 . 1 7 5 0 . 1 1 0 0 . 0 6 0

0 . 0 4 5 0 . 0 9 0 0 . 1 6 0 0 . 1 0 5 0 . 0 6 3

0 . 0 4 0 0 . 0 3 0 0 . 1 4 0 0 . 1 - 1 5 0 . 0 5 5

0 . 0 4  0 0 . 0 7 0 0 . 1 3 0 0 . 1 0 0 0  • 0 5 5

0 . 0 3 5 0 . 0 6 0 0 . 1 2 0 0 . 0 9 5 0 . 0 5 0

0  . 0 3 5 0 . 0 5 5 ( j .  1 0 5 0 . 0 9 5 0 . 0 5 0

0 . 0 3 0 0 . 0 4  ^ U .  0 9 5 0 . 0 9 0 0 . 0 4 5

0 - 0 3 0 3 . 0 4 0 0  . 0 0 5 . 1 . 0 9 0 0  . 0 ^ 5

0  . 0 2 5 0  . 0 3 5 0 . 0 7 5 0  . 0 6 5 0 . 0 4 0



» «•; 116 |-

rime 
(hr n . )

Hearl (in)
O3W-301 OB'J -3 b 2. ORW -383 OBW--384 OBW-385

0 0 . 5 3 5 0 .353 0 . 3 0 5 • » 0 . 3 3 0

10 0 170 . '7 5 0 . 3 0 0 0 . 2 9 0

0 .1 5 5 O. 210 1' .2 0 5 0 . 2 8 5

30 n . l ‘j5 0 .1 7 5 0 . 7  70 0 .  235

40 0 .1 5 5 1 1 . 1 ')> ' .235 0 . 2 1 0

5 0 0 .1 5 5 0 . 1 3 0 11.245 0 . 1 9 0

60 0 .1 5 5 ( ) .1 2 0 l .230 0 . 1 7 5

7u i .155 O . l l u O. 213 0 .  ICO

30 0 . 1 5 5 0 . 1 0 5 0 . 2 0 5 0 . 1 5 0

90 0 .1 5 5 J . l o O 0 . 1 9 5 0 . 1 ' .  5

100 0 .1 5 5 O .095 J. 185 0 .1 4 0

110 0 . 1 5 5 » . .09u 0 . 1 7 5 0 . 1 3 5

120 0 .1 5 5 0 . 0 9 0 0 . 1 7 0 0 . 1 3 0

130 0 .1 5 5 0 .0 L 5 0 .1 6 b 0 . 1 2 5

140 0 . 1 5 5 0 .0 8 5 J.1C0 . . .1 2 0

150 0 . 1 5 5 0 . 0 8 5 0 .1 5 5 0 . 1 2 0

160 0 . 1 5 5 0 . 0 0 5 0 . 1 5 0 0 . 1 1 5

170 0 . 1 5 5 0 .0 8 5 0 . 1 5 0 • m 0 . 1 1 5



-^Q n° n ~ s t .6 afly s t a t e  c o n d i t i o n
T h e  d i f f e r e n t i a l  

as  d e r i v e d  on  -U e<I u a t i o n  f o r  n o n - s t e a d y  s t a t e  f l o w ,
t-nt. d a s i s  o f  a-v,

t i o n  i s  Dtipuit -  F orch h e im er  assum p-

6 -y2 ~ - - *■ ̂  1 -  R or (a)
x  t )  t

the r e c h a r g e  r a t e  R equals zero 

KD ±hx _

T ?  “  •— lJ2— where (b)

KD ~ transm issivity  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  = t in e  (days)
>*}= drainable pore space (dimension le s s )

The solution  to equation ( b )  is  found b y  Glover 
which i s  given below «

h ( X / t )  = 4 h o  n = 't ~3 , 5 , 1_ e
~zr~'  n

— 2 cC t  , / \Sin n * x  (c)

W h e r e
_ A 2kd (reaction factor ,  d a y s "1 ) where

n l 2
L  i s  t h e  s p a c i n g

, v a n h t  at midway between the  drains at 
F or  the water ta b le  h e i g h t  y g  2 ~ ‘ , cn

. „  B T, and h e n ce  h t  -  4 ho  x - 3 , 5 ^  e “ n (cl)
any  t i m e  t, x  if

of each term of equation (d) decreases
Apparently the v a  ue 0 > 2 the second and next term
with in c re a s in g  ^  may be negic cte d .  Thus
w i l l  b e  c o m p a r a t iv e  y

equation (d) reduc e ‘ (e)
4 ho e
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IfeUCk it t i m e  t  = t l  MJ'-I t  e* t ?
M «c M

h t l  »  4 llO o
*

l i t 2 = 4 h o  e  ‘ ^ t 2
A

T h e r e f o r e ,  h t l  _  _  ( f )
h t 2 -w  t 2c

Fi oni D u r e y 1.*; lu v ; / \u c .m  p r o v e  t h u t

* i --3- t l  » \q t l  _ c  ( g )
q t  2

a *  *“  ■ a  —

-- lT7.

Hence a p l o e  o f  q t  o r  h t  on a l o g  n c . l e  and t i m e
( t )  on a l i n e a r  s c a l e  w i l l  r e s u l t  i n  * s t r a i g h t  l i n e  and th e
s l o p e  o f  t h e  l i n e  w i l l  g i v e  t h e  f  a c t o r  or, vjhere

06 -  A 2I<d (h )
'1 L2

To c a l c u l a t e  t h e  h y d r  m l i c  c o n d u c t i v i t y  K, p l o t  q t  
v s  h t .  The r e l a t i o n s h i p  y i e l d s  a s t r a i g h t  l i n e  when m ost  
o f  t h e  w ater  p a s s e s  t o  the dr vins t h r  a jgh  t h e  s o i l  b e l o w  t h e  
d r a i n  l e v e l .

T h e r e f o r e ,  Kd = q  l c  ___ ( i )
h 2 a  ~

o n c e  t h e  Kd v a l u e  i s  known, t h e  *; , t h e  e f f e c t i v e
p o r o s i t y  ca n  b e  f c u n d  o u t  f r o m  e q u a t i o n  ( h ) .

The e q u i v a l e n t  d e p th  c> ca n  be f o u n d  o u t  f r o m  t h e  
e x p r e s s i o n  d  = __________2___________  < * \

8 d  I iT T d  ~ w h ere
XL U- *

U = ,  r  b e i n g  t h e  r a d i u s  o f  t h e  d r a i n .

I f  D > - i / 2  Then ' d  i s  t a k e n  as  i / 2 .



T h e  h y d r a u l i c  c o n d u c t i v i t y  k  i s  t h e n  f o u n d  o u t  b y  
d i v i d i n g  t h e  K d  v a l u e  b y  d .

T h e  p a r a m e t e r s  a r r i v e d  a t  f r o m  t h e  d a t a  c o l l e c t e d  

f o r  t h e  l a s t  season i s  g i v e n  b e l o w .

119 s -

D r a i n
l i n e  K d  d  K

MO 1 / d a y  m2 /  d a y  m n v / d a y

2E15 13 .3 3 x lO ~ 3 0 . 4 7 7 1 .2 7 0 .3 7 5

3E15 1 3 . 3 3 x l O “ 3 0 .4 7 7 1 .2 7 0 .3 7 5

4E15 5 x  I O " 3 0 . 1 7 9 1 .27 0 .1 4 1

5E15 4 x  I O " 3 0 .1 4 3 1 . 27 0 .1 1 3

7 e 30 0 . 8 3 x 1 0 0 .1 1 9 2 . 2 0 .0 5 4

8 e 30 2 x  10~3 0 .2 8 6 2. 2 0 .1 3

Average m * 0 .2 8 1 .5 8 0 .  20
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A _P P _? N_ D I_X_~

No.of plants/m^ (15m_Sj?_3cing}

T r . R l R 2 R 3 R 4 R 5 r 6 R7 n s N e a r

T 1 1 2 0 1 1 0 1 5 0 1 6 0 1 7 0 7C I E * ' 1 4 0 1 2 7 . 5 0

T 2 1 4 0 1 2 0 9 0 1 7 0 i o C 1 8 0 1E ~ 1 7 0 1 4  2 . 7 5

T 3 1 7 0 1 6 0 1 1 0 1 0 0 2 0 i  2 C i s c 1 2 7 1 2 6 . 2 5

T 4
( C o n t r o l )

1 1 0 9 0 1 0 0 1 ' j — s o 1 4  C 1 2  7 1 0 7 . 5 0

T o t a l 5 * 0 4 8 0 4 5 0 5 5 0 ^  X

'D 4 5 . ^  —  * w

G I T -  TCc i 7 = 4 1 20

vari . - .rw c  t  b l c

Df ss NS p r : . t l  j -  v. • ■ l e R cn o r ’

Bluck 7 5650 807.14 0.81 2.4 77 ic. s
T rea t 3 6075 2025 .Oi 2 . o4 2 . 77 2 N. S

Error

T o ta l

a

31

20025 

3 2550

991 .67
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H e ig h t  a t  m a t u r i t y  (15m s p a c i n g )  (cm)

T r e a t .  Rl R - R 3 Rt R 5 Ru r 7 r 8 Mean

T1 9 1 . 5 0 1 0 4 . 3 0  9 3 . 9 1 9 o . lj J 9 0 . 4 4  1 0 1 . 1 0  3 9 . 4C 1 0 3 .7 C 9 7 . 1 6

T 2 35 .oO :• 4 .57  67 .1 0 9 0 .  ‘  3 7 . 0 0  1 0 1 . 2 0 84 - 20 8 9 . 1 5

T3 9 i  . s : 9 3 . 4 5  O^.-t 1 C 3 . 3 l 0 3 . _1 9 9 .1  ■■ 9 9 . 9 0 92 . 70 95 . 26
"T\i *

(C o n tr  o i
c3 o «  _

)
o 1 • 60 oo  . o . 6 3 . 6 ' )  / / . o . v  7. .0  ■ 8 7 . 1 0 9 .2 0 83 .4 0

T o t a l 3 5 9 .1 . . 3 2 - .3  _ 3 6 0 .1 1 3 7 3 . 2 ,  3 4 5 . s4 3 2 1 . 0 0  3 7 7 .3 0 377 . 3 0
MM M -̂ M m • —

Gr m d  T o t a l

V a r i a n c  t a ’ ' l e

= 29L B . 57

Df SS MS F r a t i o  F t a b l e Remarks

S l o c k 7 2 0 3 .1 7 2 9 .0 2  0 . 9 5  2 .4 9 7 N.S

r r e ^ t 2 9 6 2 .7 ? 3 2 0 .9 2  1 0 .5 0  3 . 0 7 2 S i g n i f i c a n t

E r r o r 21 6 4 1 .7 2 3 3 .5 5

T o t a l 31 1 8 3 7 .7 1
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L e n g th o f  p a n i c l e (cm )

T r e a t . Rl 7 R3 =•4 R5 R6 R7 RO Mean

T l 1 9 .7 7 2 0 .  j-. — 1 . 5 <_• 21 .13 2 1 .7 0 i l . 0 5 1 8 .3 0 2 0 .1 5 2 0 .5 6
T 2 • 11 .45 1 6 . 6 : 1 J . J 17 .73 : . 0 5 19 .5 0 _  . J. 3 1 9 .4 5 IS .72

t 3
-N “N 1 2 .1 . ' i. 9 . 7 2 1 2 .5 6 12 .6 0 19 .60 2 1 .3 0 2 1 .4  2) 2U .4 2

T 4
(C oncr  o l  )

17 .9-, 2 0 .0 0 . 0 . 7  0 1 6 . 13 13 .6 0 16 . 6 ; 18 . 1 0 1 6 .5 2 1 3 .3 2

T o c a l
II ^  ^  ^

61 7o .47 75 .5 0 7 5 .5 5 7 9 . 9 5 76 .7 5 8 1 . 1 5 7 7 .5 2

GranO Total = 5 6 1 .6 6

V a r i a n c e  t a O l e

— SS r s F r a t i o F taOle Remarks

l l o c L 7 £ .941 1 .277 0 . 6 8 3 2 .4 9 7 N. S

T r e a t 3 24 .655 <-.219 4 .4 28 3 .0 7 2 S i g n i f  i c a n t

Z r r o r 21 3 c . 975 1 .856

T o t a l 31 7 7 .5 7 3



HQ.of g r a i n s / p a n i c l e  (15m s p a c i ng)

e a t : . Rl r 2 r 3 r <1 r 5 r 6 r 7 r8 Mean

? 1  o 5 .2 0  1 0 0 .8 0  1 0 7 .6 0  1 1 1 .70  124.10 1 ~ 0 .1 0  9 4 . 3 0  1 0 2 .0  1 0 5 .7 3
TO 1 1 2 .3 0  7 3 . SO 7 5 .3 0  70 .0 0  1 0 5 . in  89 .9 0  1 2 3 .0 0  9 7 .7  9 3 .4 4
T 3  1 0 5 .0 ?  7 3 .0 ^  85 .00  99 .40  3 9 .5 0  34 .0 ' j  1 3 0 . 5v 1 1 5 .5  96 .14

o n t r o l )  SS.10  0 5 . CC 5 6 .3 0  65 .4 0  8 6 .3 0  57.40 71 .1 0  60 .4  69 .88

T o t a l  339 .60  33S.33 335 .50  3 4 5 .5C 40 5 .1 0  3 5 6 .6 0  3 9 3 .9 0  3 7 5 .6

Grand T o t a l  = 2 9 2 1 .4 0

v a r i a b l c e  t a b l e

— S5 MS F ratio F table Remarks

^loch 1 12*4 , c 3 1 7 7 .8 4 C. 793 2.4-97 N. S

Treat 3 55 5 0 .5 5 1 0 5 3 .5 5 6 .2 5 1 3 .0 7  2 significant
Error .1 4 7 1 1 .6 1 224 .36

Total 31 11517 .14



G ro in  y _ ie ld  frr /h

124

T r e a t . Rl R 2 R3 R4

T i 5 .17 5 .  21 5 .9 7 5 .3  2

T2 4 .6 3 3 .53 4 .2 3 4 .95
t 3 5 .02 5 . 1 . 4 .68 5 .0 9

T4 3 .0 7 2 • GC 2 .0* 2 .9 6
( C o n t r o l )

T o t a l  1 7 . 6S 1 6 . 8 2  1 6 .2 2  1 3 . 3 2

DF SS t:s

OlocJ; 7 1 .75 0 .  .75

T r e a t 3 3 4 .5 7 11 .O'1

o r r o r 71 3 . 1 b 0 . 1 5

T o t a l 31 3 9 . 4 8

- 15m rpr.c in g

R5 r 6 ~7 ! lea
5 .  7 5 . 7 0  a . 22 ^ .8 1 5 . 4 2

COo•I 5 .1 3  5 .2 4 * r-S ■ uG 4 . 5 9
4 . 3 7 4 . 7 j. ■. . _ £ :  . 1 8 — • W w
5 .3 5 2 . 2 .  3 .1 7 2. 34 2. 95

. r . o . IT '"7 "  ̂ ' - -7 2 2 .7 2

Grcr.c T o t z l = 14 ■J •95

tz-\e

- 1  Ci o  r  t V ' i c ?er..cries

l . ^ b  : . . , o 7 j.-.S

7 5 .7 0 '*  3 .0 7  2 S i c n - f i c c n t

C P  -  O . t O
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100 g r a m  v e i ^ h t  15m s p a c i n g  ( g )

T r e a t . FU R2 p 3 R4 R5 R6 R7 R8 Mean

T 1  2 2 . 5 3 3  2 . - 9 5  .  a 7 4 . 5 5 1 2 . 5 3  :

T 2  -
_7 - ^

• < W  'w' 2 . 2 3 7  2 . - 9 1  2 . 7 0 0 2 . 5 3 9 2 . G O ?

t 3
•» ] -% 

.  O  - . 4 1 5  2 .  <29:  2 . 5 9 0 2 . 6 1 7 2 . 5 5 1

o r r t i o l )
> "1 m W w1 —- 2 . . 3 5  2 . 4 0 5  2 . 3 5  L 2 . 2 5 9 2 . 1 6 6

T o t  1 I i . 5 3 3 S .  5 2  2 1 0 . 0 3 7  1 0 . 2 2 : 1 0 . 0 7 5 1 0 . 1 3 8
* *

Grand t

variance t s b l e

u S 3  I IS 7  r a t i o F t c

B l o c k 7 0 . 0 3  0 . 0 1 0 .8 8 / .

Treat. 3 0 . 4 3  0 . 1 5 1 3  . 3 1 3 .

Zrr er 0 . 2 5  0 . 0 1

T o t a l 3 x 0 . 0 1

. 3 1 2

Remarks

N.S

S i g n i f i c a n t

CD -  0 .11
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C h a f f  % - 15m s Dacing

Tr c  at -
»

Rl R2 R3 R4 R5 R6 ?7 Oo 1 'ear,

r •

b-* 
i * f ! 1 l • «

14 15 17 25 17 12 14 10 1 5 .5 0

T2 24 19 22 2S 21 17 11 72 20 .25

T3 29 i a 17 25 - 20 20 -k. W 20 .5 0

T4
( C o n t r o l )

13 «-s -> 24 48 7} ”2 65 15 —* 2 0 .2 5

T o t a l 30 75 80 x 24 93 Hr- 5,: — 
/  3

v a r i a n c e c c v ' e

DF SS rs r it jlg -  e Re v r

^Lack 7 5 9 0 .  5 9l .6 _  . :  .4 97

T r e a t 3 3 8 0 .5 j '  . b ' 7 . .< '7 3 . '  7 ; S i g n i f  i c  unt

E r r o r 21 7 2 0 .5 7 4 .3 3

T o t a l 31 1 7 9 1 .5

« *- •

c. r  = &. 09
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S t r . i w  y i « U I  ►ri ' / l ia -  1.5m a p a c i n n

• •  • tai s

T r « a t
% ■*. 

:< I K
a s  «  i»» «

k 3 1̂*1 R3
m • <» * ». a

R6
•« m ^ m  m

R7
* «  • a

r-;0
a  a • S t *  S i s  M M

Mean

Ti a .  70 M  « C5 0 7. oU 5 .7 0 1 .00 7 .  )w 6 .6 0 6 .6 0 5 .99
T2 b . o o J . JU .1.00 _■. uu 4 .70 4 HJ o . r o 3 .5 0 .06

5. LO ] • -)0 5 . 10 •1. -.0 5.  'JO 4 .on 3 .6 0 •1. j 0 5 .2 H
*'.

(Carr ro  I )
j  . -A.' ». tj c i . 50 <\. ;i i : . t c 1 .6 0 ■• •»(.) 4 .  v X) 3 .40

• 4^ 4» ♦ -m - — . • • 1 . .  , - “ ™ ■ S • * * ->*■ » l r « •* ' SBSSMfl

- c t  1 I 1 .» 19 .1
• »  w  •

I tj ; i . 0 . 1 0
• m  • *• • - .•*» —■

10 .5 0 1 ? . 70 7 5 .UQ
• — ~m

i  w. 60

C i a n d  t o t a l  ■  1 5 6 . UO

v . H i . i n c t  t  ' i l (

r**.

>ck /
1*-4

~r r o r .  1

° 'C.vL 31

s.*; MS

1 i. IS 1.91
I6.U4 ri. 9S

1 •. M i .70

g
m

*

— •

F r a t i o  P t ^ M r  R e m a r k  a
•— • a * .* ,

i • J. I i .497 M, i
t> • 20 3 . 0 7  ?  s i g n  i f  i c  an t

C1' -- 1 - «:
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N o . o f  p la n t s / in ^  30m s p a c i n g  

, •. ̂  • • •• • *• •*
T r e a t . Rl R2 R3 R4 Mean

T l

• • « « » — 

130 130 140 140 1 5 2 . 5 0

T2 130 1 S3 1 20 130 1 3 5 . 0 0

T3 160 150 140 190 1 6 0 . 0 0

Tb 1 jO 10 i 160 220 1 6 5 . 0 0

lb ISO 110 J. 30 140 132 .5 0

T6 130 9u bO 200 1 25 .0 0

T7 130 40 1 JO 60 37 . 5 0
( C o n t r o l ) 

T o t a l 1000 oOO 670 1080
-----

Grand
1 *
vr r i lnc'i- t o b l  c

T o t _ l  = 3 8 3 0

OF SS f!S F r a t i o  r t  ' M e  p.

M o c k  .3 29 2 5 .0 0  2 9 7 3 .0 0  ' .Ob 3 .  O n . s

T r e a t  6 1 6 6 8 5 .7 1  '’ 7 0 ' i /J b  2. SO . F'l n .S
Lr r o r  18 1 8 > 0 0 .u 0  J 0 4 /1.4>
T o t u l  27 44 M  ' .7 1  i
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■ 'e ight  at •naturity • 30m s p a c in g  (cm)

T r e a t . Rl R2 r 3 R4 Mean

T l 1 0 0 .1 0  95.20 CO.-! 5 92 .20 9 2 .2 4

T2 9-..7C 101 .00  7 . . .1J 9 0 .0 2 9 1 .1 6

T3 9 6 .4 0  9 o .5 0  0 1 . 1 0 9 2 .3 0 9 0 .1 8

T4 7 5 . 4 .  97 . '  9 1 .1 0 91 .30 8 8 .9 0

T5 3 5 .1 . '  9 1 .5 0  9b . 10 9 2 .1 0 9 0 .4 5

T6 84 .  20 5 8 .5 5  9-. .00 8 9 .3 0 91 .51

T7
( C o n t r o l  )

7 5 .6 0  7 0 . 1 0  7(1.60 8 0 .9 0 7 6 .5 5

T o t  al C Ij .OU G62.U5 5 0 7 . ':5 61 .92

r.r and t o t  l = 24 83 .92

V ir i . in c i  ta 1 e

DF SO MS F r ji i o  F t  i l l  Rvrii rki

B lo c k 3 'IOC .47 13 j . ' i 'J  ( .i) . 1 .1 6 0  M.s

T r e a t

E rror

6

ie

7 1 7 . 4 0  1 x 9 .5 7  

O H .  5 '  'Mi .7 0

.00 .661 s i q n i t i  
• >nt .

T o t a l 27 1 9 ~ o .4 0
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Length p_ nicl_o_ JOin r fXiclnci (cin)
. . • « — "a am •

Tr e a t . Rl R2 R3 R * lie an
---------- --- _ . • » • « • » » • • ■  — - '

T l 'O.uO 20 .05 2 0 . ' 5 1 9 . 9 0 7 0 . 4 6

T.-? .J< • *0 21 .25 19 . 9 20 .4 5 2 0 .4  2

T3 2'J.33 20. 36 2 0 .7 0 2 1 .0 5 2 0 . 7 b

T4 1 C .3 i 2 0 .3 5 ' '0 .1 5 J.9.75 J 5 .64

T5 1 9 .5 0 1 9 .9 5 50 .10 19 .  ,5 1 9 . 7  2

To 1 9 .7 9 2 0 .5 5 21. 50 2 0 .3 5 C .5 9

T7 1 8 .1 5 1 8 .3 0 1 8 .1 1 l b .  45 13 . 25
( C o n t r o l )

T o t a l  137 .36 20. 23 1 4 0 .6 6 1 ' 9 . 8 5

Grand T o t a l = 5 5 9 .4 8

V a r i a n c e  t a h l c

DP SS MS F r a t i o F t a b l e  Remarks

B lo c k 3 1 .4 2 2 0 .4 7  4 1 .2 9 1 3 . 1 6 0  n .S
T r e a t 6 1 8 .4 4 5 3 .074 8 .3 7 5 2 .6 6 1  s i g n i ­
E rror 10 6 .6 0 7 0 .3 6 7 f i c a n t

T o t a l 27 2 5 .4 7 4

CD = 0 . 9 0



* 1?1

c;r a i n s /  pa n i c  1 a • 30m s p a c i n g

T r e n t R l R2 R3 r 4 Mean

T l 1 0 6 .2 0 9 9 .4 0 93 .50 1 0 1 .1 0 10 0 .05
T2 i O d .50 1 1 ? . 0C 92 .10 9 0 .3 0 1 Jl .05

T3 SO. 1 J 1 0 2 .7 0 1 0 5 .U0 1 2 2 .2 0 1 0 5 .2 0

56 .7 0 9 9 .9 0 l 0 J .5 0 1 0 5 .  ?0 95. 07

T5 Jl  .DO O / ■ 1 j 1_/ i  U . ?0 0 2 . 1 0 9 0 .6 5

T6 3 L .'"J 1 0 /  .20 1 3 9 .0 0 1 0 0 .5 0 1 0 0 .4 0

T7 .  i / i.. u 2 . " U 91 .10 7 6 .9 b

T o t a l -  . dO 6 7 5 . 1 J 7 21 .7u 6 9 3 . 0 J

Or ii -i Lwital -  27; O.bO

DF SS r cI O f  r 1 t i io  f  i , i i r  Ri m< «r

n l o c k 3 7 0 9 .0 4 /6  (. '/n 2 .4  7 3 .1 6 0

T r e a t 6 2 5 7 0 .2 7 • 4 5 .  4 2 .41 > 5 2 .661

F r r o r 10 1 '  .'a . 06 179 .12

T o t a l 27 6504 .13

n . s  

n.  s
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Grain y i e l d  -• 30m a fa c in g  (MT/ha)

T r e a t .  Rl r 2  R3 R4 Mean

T l  5 .5 3  5 .6 9  5 . 3 9  6 .1 1  5 .6 8

T2 5 .1 6  5 .4 1  3 .5 u  4 .  81 ‘±.12
T3 3 .8 8  4 .6 2  4 . 1 6  4 . 2 2  4 . 2 2

T4 4 .2 7  4 .3  2 4 .1 4  4 .2 7

T5 ‘i . 31 4 .1 8  4 . 0 1  3 . 2  2 3 .9 3

T6 , . 2 3  4 .8 1  ' , . 8 0  4 . 9  8 4 .7 1

T7 2 .43  2 .5 0  ' . 6 2  2.9<j 2 .61
(Cont r o l )

T o t a l  29 .81  3 1 .5 3  2 8 .u/ 3 0 .3 8

Grand t o t a l  = 1 2 0 .5 4

Var iance  ̂ t  bit

DF SS MS F ratio F trlblO Remark

□lock 3 0.54 9 0 .1 0 3 0 . 9 / 4 3 .1 6 N.S

Treat 6 20 .9 47 3 . ‘>91 1 0 .5 9 2 2 .6 6 1 Signi

Error

Total

18

27

3 .3 8 0

24 .8 7 5

0 . 1 J 0
f leant

CD -  0 .6 4
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IOC g r a in  v /e id ic  • 30rii sp a c in g  (g )

T r e a t . Rl R2 R3 R4 Mean

T l ■’ .516 2 .516 7.1 rn 2 .5J8 2 .5 8 7

T2 2 .583 2 .5 4 7 2 .5 1 6 2 .613 2.565

T3 2 .613 2 .5 7 9 2 .5 5 0 2 .4 0 2 2 .563

T4 : . 293 2 .4 5 0 , . . 3 7 j 1 .473 2 .398

Tb 2 .562 ' .730 2 .6 8 3 2 .6 1 3 7 .6 4 9

T6 2 .6 4 8 .<.70 2 .544 2 .491 2 .555

T7
( C o n t r o l )

2 .3 9  2 2 .521 2 .4  46 1 .493 2 .4 64

T o t a l
• M B  - a .  •  a  •  — m « 4M  —■  •

17..'' 20 1 7 .9 2 9 1 7 .9 3 4 17 .578

Grand T o t a l  = 7 1 .1 6 3

V«jrianc> tabic

a.
ET SS MS F r o i o  F t  . ’a le

— -— *. •- ■  ̂ i ■ i m • • • . •
Rr marka

^lock 3 0 .0 1 0  . ■ • 0 7  3 . 1 6 0 M . S

Treat 6 0 . 1 6 J . 0  3 ' J . i n  ^ . 6 6 1 Signi f  i  ■
cant

Lrror I B 0 . l u 1.01

Total 2 1 0 . 2 U
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C h a f f  %

T r e a t .  Rl r 2

T l 25 13

72 20 30

T3 30 31

T4 38 IS

t 5 11 20

T6 21 25

T7 29 24

T o t a l  17-, 15 9

~ ^ SP a c -i ng

T o t a l  Mean

14 15 67 1 6 .7 5

29 24 103 2 5 .7 5

27 2'J 108 27 .0 0
2^ 26 102 25 .50

23 23 77 1 5 .2 5

19 22 07 ' 1 .7 5
o n  c. - 13 95 23 .75

1G3 143

Variance tabic

DF

B lo c h

Treat

Error

T o t a l

SS

3 7 0 . 6 ^

6 3 3 9 .3 6

iU 7 0 6 .0 7

27 1116 .11

MS

* r r.- J m -J\i

55 .  jC
3 9 . ;  3

F r a t i o  F t  i >le Ri'id.rk:

0 .6' )  L 

1 ’

3 .160

.661

i 1

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

Treat• Rl R2 R3 R4 Hea n

Tl 5 . 3u 6.0'J •± .80 •i . 60 5 .10

T2 5 .80 7 .30 4 . 10 3 . 6 0 5 . 2 0

T3 5 . 2 0 3 . 9 o 3 .90 3 . '6 0 4 . 1 5

T4 3 . 1 0 3 .00 4 . 1 0 5 . 9 0 a .03

T5 5 . 9 0 G .90 a .  70 4 .60 5 .53

T6 5 . 1 0 6 . 8 0 5 . 0 0 3 . 9 0 5. 20

T7 a .  30 2 . 8 0 3 .30 2 . 9 0 3 .33
(Control )

TO t dl 3 4 .7 0 36 .70 2 9 . 9 0 2 9 . 1 0

Grand t o t a l  = 133 .40

V ar ian ce  t a b l r

3 lo c k

T r e a t

Error
T o ta l

DF

3

6

I t
27

So

5.C?

16 .17

?0 . 1?

42.11

MR F r t i o  F  ta!-)lo R< mark.*

1 .5 4  1 .74

•-.69 * 2.41

1 .12

3 .1 GO 

2. G1
N . S

N . S

%

^  O S  1 '


