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INTRODUCTION

Water  is e ssen t ia l  f o r  e ve ry  l i v i n g  b i o l o g i c a l  system Since 

anc ien t  t imes,  m a n k in d  took w a te r  as a g i f t  o f  God and  also

recogn ised  i ts impor tance as one of  the b a s ic  elements of  l i f e .  I t  is 

es t im a te d  th a t  out  o f  a t o ta l  q u a n t i t y  o f  370 m i l l i o n  hec ta re  meters of 

w a te r  re ce ived  as a n n u a l  r a i n f a l l  over  the I n d i a n  S u b -c o n t in e n t ,

about  170 m i l l i o n  hec ta re  meters go as ru n  o f f ,  w h i l e  120 m i l l i o n  

hec ta re meters o f w a te r  i n f i l t r a t e  in to  so i l  The net a v a i l a b l e  w a te r ,  

i f  p r o p e r l y  managed w ou ld  cover  a much l a r g e r  area  fo r  i r r i g a t i o n

than what  is be in g  covered  at p re se n t .

A g r i c u l t u r e  is tne backbone  of  I n d i a n  economy an d  n e a r l y  

two t h i r d  o f the p o p u la t i o n  depends on it fo r  l i v i n g .  Rice is the 

most im por tan t  a nd  e x te n s i v e l y  c u l t i v a t e d  food crop of  K e r a la  The 

State o f  K e r a la  has a t o ta l  a rea  of  21 84 lakh hectares  und e r  

c u l t i v a t i o n ,  of  w h ic h  7.4 lakh  hecta res are  cove red  by r i c e .  The 

p r o d u c t i o n  of  r i c e  was 12.56 lakh  tonnes in the y e a r  1984- '85 (The

D i re c to ra te  of  Economics and  S ta t i s t i c s ,  T r i v a n d r u m ) .  Rice y i e l d  in 

K e r a la  rema ins to be low and  v a r i a b l e  due to the w id e l y  v a r y i n g  

s o i l s  a n d  a g r o c l i m a t i c  c o n d i t i o n s  unde r  w h ich  r i c e  is g ro w n .

Rice is a semi aqua t i c  p l a n t  and hence i ts w a te r  requ i r em en ts  

are many t imes more than  most of  the o the r  food crops I t  is 

th e re fo re  a ma jo r  consumer of  the w a te r  resources of  the c o u n t r y  and



thus needs c a re fu l  wa te r  mangement in o rde r  to increase i ts e f f i c iency  

fo r  wa te r  use.

Wi th the prospect  of a t t a i n i n g  se l f  su f f ic ie nc y  in food 

p ro d u c t io n ,  the demand fo r  q u a l i t y  g r a i n  depending upon consumer 

preference w i l l  be in c re a s in g ly  f e l t .  Produc t ion  of b e t te r  q u a l i t y  

g r a in s  can be ach ieved th rough  improved v a r i e t i e s  and m a n ip u la t io n  

of management p ra c t i ces .  Thus, the concept  of r i ce  fa rm ing  is 

g r a d u a l l y  undergo ing  a re vo lu t i o n  not on ly  to keep pace w i th  green 

revo lu t io n  t a k in g  p lace  in o u r  coun t ry  w i th  r e g a r d  to increase in 

y i e l d  pe r  u n i t  area ,  bu t  a lso to s a t i s f y  the consumer demands to a 

g re a te r  degree w i th  r e g a r d  to q u a l i t y .

To ach ieve the goal  to increase the area under  i r r i g a t i o n  

w i tho u t  any a d d i t i o n a l  increase in the q u a n t i t y  o f  i r r i g a t i o n  wa te r  is 

by reduc ing  the d i f f e re n t  losses of wa te r  in the paddy f ie ld s  to the 

least poss ib le  leve l .  There are m a in ly  three impor tant  losses of wa te r  

in the paddy  c u l t i v a t i o n .  They are

1. Conveyance losses

2. Perco la t ion losses

3. E v a p o t r a n s p i r a t  ion losses

The loss of water  which occurs w h i le  convey ing water  from 

the source of i r r i g a t i o n  wa te r  to the f i e l d  is termed as conveyance 

loss. Perco la t ion is the downward movement of water  t h ro ugh  

s a tu ra te d  or  n e a r l y  sa tu ra te d  so i l  in response to force of g r a v i t y



The losses of  w a te r  by p e r c o la t i o n  c o n s t i t u t e  the ma jo r  p o r t i o n  of  the 

w a te r  in submerged f i e l d  c o n d i t i o n s .  P e r c o la t io n  can be d i v i d e d  into 

two types (1) V e r t i c a l  and  (2) H o r i z o n ta l .  I t  has been shown that  

about  40 to 60 p e r  cent  of  the w a te r  r e q u i r e d  by r i c e  is lost by 

p e r c o l a t i o n .  P e rc o la t io n  is a f fec te d  by  the te x t u r e  and  s t r u c t u r e  of 

the so i l  to a g r e a t e r  e x ten t .

The measurement o r  p r e d i c t i o n  of  deep p e r c o la t i o n  losses in

f i e l d  c o n d i t i o n  is o f  g re a t  p r a c t i c a l  s i g n i f i c a n c e  f o r  e f f i c i e n t  

i r r i g a t i o n  a n d  a lso fo r  the d e te rm ina t io n  o f  n u t r i e n t  losses. 

P e rc o la t i o n  losses tha t  occu r  in the p a d d y  f i e l d s  have  been es t imated  

by  the d rum  c u l t u r e  t e c hn iqu e  un d e r  v a r i o u s  s i t u a t i o n s .  A l l  these

s tud ies  g i v e  v a lu e s  of  t o ta l  p e r c o la t i o n  measured at  the s u r fa c e  o n l y .  

In t h i s  s tu d y  an a t tempt  is made to f i n d  the p e r c o la t i o n  losses below 

the root  zone of  p a d d y  t h a t  is deep p e r c o la t i o n  losses. When the 

w a te r  p e rco la tes  down th r o u g h  the s o i l ,  the n u t r i e n t s  in the f e r t i l i z e r  

e s p e c i a l l y  c a t i o n i c  forms get f i x e d  in the so i l  As it goes down 

though  the so i l  in to  deeper  l aye rs  more and  more n u t r i e n t s  get f i x e d  

in the so i l  p r o f i l e .  In fo rm a t io n  on the q u a n t i t a t i v e  losses of

n u t r i e n t s  below the root  zone th r o u g h  deep p e r c o la t i o n  is s c a n ty  A 

s tud y  on the above aspect  w i l l  p r o v i d e  v a l u a b l e  i n fo rm a t ion  fo r  the

q u a n t i t a t i v e  assessment  of  the n u t r i e n t s  lost t h r o u g h  deep p e r c o l a t i o n .  

S t a n d a r d  equ ipm en t  is not r e a d i l y  a v a i l a b l e  to assess the deep 

p e rc o la t i o n  losses. The main o b j e c t i v e  of  the s tud y  is



1. to d e s ig n ,  f a b r i c a t e  a n d  test an e q u ip m e n t  to measure  deep

p e rco  I at ion

2.  to q u a n t i f y  the deep p e r c o la t i o n  losses

3. to assess the n u t r i e n t  losses in the p e r c o la t i o n  w a te r
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REVIEW OF LITERATURE

An attempt is made to g i v e  a b r i e f  rev iew of the l i t e r a t u r e

re lev an t  to the top ic  o f  the s tudy  under taken  in the pas t .

In K e ra la ,  paddy  can be grown as t ra n s p la n te d  or  d i rec t

sown crop d u r i n g  three seasons depending upon the a v a i l a b i l i t y  of 

water  and othe r  local cond i t ion s .  They are

V i r i p p u  -  F i r s t  crop (Autumn)

Apr  11-May to September-October

Mundakan -  Second crcp  (Winter )

September-October to December-January

Pun ja  -  T h i r d  crop (Summer)

December-January to M a rc h -A p r i l

The wa te r  re qu i re d  to produce opt imum y i e l d  in r i ce  not on ly 

inc lude  the wa te r  r e q u i r e d  to s a t i s f y  the evapo transp i r a t  ion needs of 

the crop b u t  also the wa te r  req u i re d  to rep le n ish  the losses due to 

deep p e rc o la t i o n .

The d i f f e re n t  components of water  losses in paddy  f i e l d  are

1. Perco la t ion 2. Evapora t ion

3. T r a n s p i r a t i o n  4. Conveyance

5. Sur face run  of f



1 T o ta l w a te r  re q u irem e n t

Pande  and  M i t t r a  (1969) and Sahu and Rout (1969) showed

th a t  w a te r  needs of  r i c e  r a n g e d  f rom 950 to 2150 mm depend ing  upon

the p la c e ,  season and  d u r a t i o n  of  c ro p .

C ha n d ra  Mohan (1970) rep o r te d  in Co imbatore th a t  1673 mm of 

w a te r  was r e q u i r e d  fo r  main c ro p ,  w h i l e  at P a t t u k o t t a i  2000 mm fo r  

K u r u v a i  crop  and  2650 mm d u r i n g  Samba c rops  were found  to be 

opt imum.

Rao et a l .  (1971) found  tha t  200 mm w a te r  was needed fo r

nu r s e r y  an d  a no the r  200 mm fo r  p u d d l i n g  and  600 to 800 mm d u r i n g

the res t  of  crop  g ro w th  depend in g  upon d u r a t i o n .

2 E v a p o ra tio n , t ra n s p ira t io n  a n d  p e rc o la tio n  losses

Acco rd ing  to Sharma and  B h a t t a c h a r y a  (1972) at K h a r a g p u r ,  

in l a t e n t i c  so i l  d e t a i l s  of  losses d u r i n g  1969-1971 were as fo l l o w s .

For  k h a r i f  r i c e

(Evaporation, mm 

T r a n s p i r a t i o n ,  mm 

P e rc o la t i o n ,  mm

Submergence 

Sha l low Deep

140 141

197 204

935 1707



For  summer r  ice

Submergence 

Shal low Deep

E v a p o r a t i o n ,  mm 389 402

T r a n s p  i r a t  i o n , mm 362 370

P e r c o la t i o n ,  mm 1114 1794

S tudies  conduc ted in P u n ja  season in the Agronomic Research 

S ta t io n  (1976) on a medium d u r a t i o n  v a r i e t y  showed t h a t  e va p o ra t io n  

is 10.4 per  cen t ,  t r a n s p i r a t i o n  is 16.69 pe r  cent and p e r c o la t i o n  is 

72.89 p e r  cent  (Anon ,  1976).

C h i r a y a t h  L issy  D ev id  (1988) es t ima ted  the v a r i o u s  forms of 

w a te r  loss t h a t  occurs in Kole lands  of  T r i c h u r  D i s t r i c t  w i t h  l ys im e te r  

and  e v a p o r im e te r .  The w a te r  lost by e v a p o r a t i o n  is 12.34 pe r  cent  

an d  t r a n s p i r a t  ion loss is 17.32 p e r  cent  and  t h a t  of  p e r c o la t i o n  loss 

is 70.34 per  ce n t .  The to ta l  w a te r  r e q u i re m en t  of  the c rop was 

2134.22 mm measured by  us in g  a f i e l d  hook gauge .

P e rc o la i ion

Vam adevan and  Dastane  (1968) foun d  out  the l im i t s  of 

p e r c o la t i o n  ra te s  w h ich  can be u t i l i z e d  in i r r i g a t e d  r i c e  c u l t u r e  in 

C en tra l  Rice Research I n s t i t u t e ,  C u t tack  and  c l a s s i f i e d  so i l s  in to the 

f o l l o w i n g  c a teg o r ies  b y  the drum c u l t u r e  t e ch n iqu e .



Percolat ion losses from d i f ferent class of land

Class Percolat ion rate (mm/day)

Excel lent 1.0 to 2.5

F a i r  2.5 to 5.0

Marg ina l  5.0 to 7 .5

Unsui table >7.5

If  the soil percolat ion rate is greater  than 7.5 mm/day, it

may be rejected for growing r ice crop.  Soil selected for r ice cu l ture 

should have low percolat ion va lue.

Dastane (1969) and Shanmugham (1971) reported that near ly

60 to 70 per cent of appl ied water is lost by percolat ion.

Dastane (1970) reported that a depth range of 0 to 4 cm of

water seemed to be optimum and also suggested some measures for 

reducing percolat ion losses are given below.

1. Selection of heavy soi ls or those wi th hard pans and shal low 

depth

2. Scrupulous land leve l l ing,  unlevel led lands involve more

appl icat ion of water

3. Puddl ing to reduce permeabi l i ty

4. L ight  or  shal low depth of land submergence to reduce percolat ion

rate by minimising hydrostat ic  pressure



5. I n te rm i t te n t  d r y i n g  of  f i e l d  at p rope r  stages in long d u ra t ion  

v a r  let les

6. Compact ing of s o i l ,  embedding po ly thene sheets and a p p l i c a t io n  

of chemica ls  such as b i tumen ,  asp ha l t  etc.  at about 30 cm below 

the su r face .  High costs in vo lved  in such p ra c t i ces ,  however do 

not yet pe rm i t  t h e i r  w ide usage

7. Growing crops in large b locks  instead of iso la ted pieces

Pande and  M i t t r a  (1971) f rom K h a r a g p u r  repor ted that  

pe rco la t i on  loss was 64 mm and 84 mm for  Aus and Boro Paddies.

Sharma et  ̂ a L  (1972) s ta ted tha t  at Mysore,  in b la ck  c layey  

s o i l ,  a pe rco la t ion  loss of 19.8 mm/day was found.  The perco la t i on  

loss was found 2-3 t imes h ighe r  than  that  of evapo transp  i ra t  i o n . For  

summer r i c e  the pe rco la t i on  loss was 18.4 mm/day.

Gupta (1972) observed tha t  deep pe rco la t io n  was of the order  

25 to 50 pe r  cent in sandy s o i l ,  15 to 25 pe r  cent on sandy loam, 10 

to 20 per  cent in f ine sandy loam and 5 to 15 per  cent in heavy c lay 

so i ls  of U t ta r  Pradesh.

Vamadevan £t_ ad_. (1974) conducted s tud ies  at Cen tra l  Rice 

Research I n s t i t u t e ,  Cut tack ,  ind ica ted  tha t  the ho r izon ta l  ( l a t e r a l )  

seepage was major  f r a c t i o n  in the d i f f e re n t  components of water  loss 

Th s loss was two to f i v e  t imes to tha t  of v e r t i c a l  p e rco la t io n .



Sivanappan et_ a l .  (1974) eva lua ted the two impor tant  losses 

of water  in paddy c u l t i v a t i o n  v i z . ,  conveyance and perco la t ion losses 

by the modi f ied drum cu l tu re  technique.  It is repor ted that 40 to 

50 per  cent of the water  requi red by the r i ce  is lost by perco la t ion .  

The average v e r t i c a l  perco la t ion in

Sandy loam soi l  is 3-6 mm/day 

Loamy soi l  is 2-3 mm/day 

Clay loam soi l  is 1-2 mm/day

Morachan and I r u t h a y a r a j  ( 1974) c a r r i e d  out exper iments for 

min im is ing  water  losses in r i ce f ie lds  of T .N .A .U . ,  Coimbatore. The 

perco la t ion losses and seepage losses can be minimised by su i tab le  

agronomic and water  management prac t i ces as fol lows

1. Reduction of  losses by soi l  f i l l i n g s  such as tank s i l t ,  f i r e  ash

etc.

2. Use of water  sav ing devices, l ike tu rn -ou t  gates,  d ivers ion

boxes etc. to have ro ta t io na l  i r r i g a t i o n

3. Compaction of  soi l

4. I r r i g a t i o n  at d i f f eren t  stages of p lan t  growth

5. M an ipu la t i on  of soi l  by d i f fe ren t  t i l l a g e  implements

6. Use of b a r r i e r s ,  l ike cement, aspha l t ,  poly thene sheets etc.



George £t_ aj_. (1976-1977) conducted s tud ies on v a r io u s  forms 

of wa te r  loss and to ta l  wa te r  requi rement  of  r i ce  in Mundakan ,

V i r i p p u ,  and Pun ja  season in Agronomic Research S ta t i on ,  C ha lakkudy  

The loss of wa te r  due to eva po ra t ion  in the f i e l d  was maximum 

immediate ly  a f t e r  t r a n s p l a n t i n g  and the loss was 4.8 mm/day The 

maximum rate of t r a n s p i r a t i o n  was 6.3 m m /d a y . The pe rc o la t i on  loss 

was 76.40 pe r  cent of the to ta l  wa te r  requ i rement .

Yadav (1977) repor ted  f rom the r e s u l t s  of A l l  In d ia

C o-o rd ina te d  Project  fo r  Research on Water Management and s a l i n i t y  

that  at S i ruguppa  (Mysore) on heavy so i ls  in the K h a r i f  season, about 

72 pe r  cent of the wa te r  r e q u i re d  for  r i c e  was lost through  

pe rco la t ion  and on ly  28 per cent of water  was used consum pt i ve ly .

Jung and Gschwind (1979) and Lyon et_ aj_. (1930) repor ted

that  the loss of  water  by pe rco la t i on  in cropped area is g e n e ra l l y  

less than  tha t  of  ba re  areas,  unless sur face ru n  o f f  in excess ive ly  

h igh  form the bare  s o i l .

George et_ a l .  (1985) eva lua te d  d i f f e re n t  methods for  re duc in g  

pe rco la t ion  loss of wa te r  in r i ce  f i e ld s  of Agronomic Research Stat ion,  

Cha lakudy fo r  f i v e  years 1974 to 1980. The s tudy showed that  

p u d d l i n g  w i th  d i f f e re n t  implements l ike power t i l l e r ,  coun t r y  p lough 

and wet land p u d d le r ,  soi l  d ress ing  w i th  l a t e n t i c  loam and subsoi l  

compaction at 30 cm deoth d id  not e f fec t i v e l y  reduced the wa te r  loss

nor in f l uence the g r a m  y i e l d  in sandy loam s o i l .



Y a d a v  et_ aj_. (1987) c o n d u c te d  f i e l d  s t u d ie s  at E x p e r i m e n t a l  

S t a t i o n ,  G .B .  P an t  U n i v e r s i t y  o f  A g r i c u l t u r e  a n d  T e c h n o lo g y ,  

P a n t n a g a r .  The s tu d ie s  were c o n d u c te d  in loamy s o i l  w i t h  whea t  crop  

to f i n d  the e f fe c t  o f  a rea  a n d  d i s c h a r g e  on p e r c o l a t i o n  losses in check  

b a s i n .  P e r c o la t i o n  loss was d e te rm in e d  b y  the f o r m u l a

( d a  ~  d )  100 
P = - d

w h e re ,

P -  p e r c o l a t i o n  loss in p e r c e n ta g e

d -  de p th  o f  w a te r  needed

da  -  dep th  o f  w a t e r  a p p l i e d  (cm)

The r e s u l t s  i n d i c a t e d  t h a t  f o r  10 l / s ,  14 l / s  a n d  28 l / s

2 2d i s c h a r g e ,  the  check  b a s i n  s h o u ld  not  exceed 200 m , 300 m a nd

2
500 nr> r e s p e c t i v e l y  in loamy s o i l  i f  p e r c o l a t i o n  losses a r e  to be k e p t

to a leve l  o f  10 p e r  cen t  or less a n d  p e r c o l a t i o n  losses i n c rea se d  w i t h

dec rease  in s t ream  s ize .

S in g h  et a l .  (1988) c om pared  p e r c o l a t i o n  loss of  p a c k e d  c l a y

s o i l  f o u n d  b y  l y s im e te r  a n d  ten s io m e te r  methods .  The p e r c o l a t i o n  a n d

e v a p o r a t i o n  p l u s  p e r c o l a t i o n  f l u x e s  of  p a c k e d  A s h u t i a  c l a y  so i l  

d e t e r m in e d  u n d e r  p r e v e n t e d  e v a p o r a t i o n  a n d  f r e e  e v a p o r a t i o n  c o n d i t i o n  

r e s p e c t i v e l y  u s i n g  t e n s io m e t r i c  t e c h n i q u e s ,  ma tched  w i t h  p r o f i l e  w a te r  

losses f r o m  l y s im e t e r  m easurem ents .  The e r r o r  r a n g e d  between 0 01 

and  0 .82 m m /d a y  w i t h  h i g h  c o r r e l a t i o n  c o e f f i c i e n t  i n d i c a t i n g  tha t  

w a te r  loss f rom  a s o i l  p r o f i l e  c an  be e s t im a te d  f rom tens iom ete r  

r e a d i n g s .



3 N u tr ie n t losses

Buckman and  B rad y  (1969) found  out  the a v e rag e  a n n u a l  loss 

of  n u t r i e n t s  by  p e r c o la t i o n  th r o u g h  s o i l s  f rom f o u r  d i f f e r e n t  areas 

us in g  M ono l i t h  t yp e  of  l ys im e te r .  The loss of  n i t r o g e n  f rom D u n k i r k ,  

ba re  and  r o ta t i o n  co n d i t i o n s  are 77 a nd  9 k g / h a / y r .  And f rom 

V o lu s ia ,  b a r e  and  r o ta t i o n  c o n d i t i o n s  a re  48 and  7 k g / h a / y r .  

S i m i l a r l y  the loss of  po tass ium  fo r  the D u n k i r k ,  b a r e  and  r o t a t i o n  

c o n d i t i o n s  a re  81 an d  64 k g / h r / y r .  And f rom V o lu s ia ,  b a r e  and 

r o ta t i o n  c o n d i t i o n s  are 72 and  64 k g / h a / y r .  The loss of  phosph orus  

can be neg lected.

P adm a ja  and Koshy (1978) conduc ted  an expe r im en t  at the 

K e r a la  A g r i c u l t u r a l  U n i v e r s i t y  Campus at V e l l a y a n i  d u r i n g  the K h a r i f  

season o f  1975-1976 us in g  a l a t e n t e  c l a y  loam soi l  fo r  the r u n  o f f  

losses of  m a jo r  p l a n t  n u t r i e n t s  in w a te r  logged r i c e  s o i l .  The 

exper im en t  was conduc ted  in 10 kg  pots a n d  were f i l l e d  w i th  a i r  d r ie d  

so i l  a n d  a b a s a l  a p p l i c a t i o n  was g i v e n .  Water  was added and  r i c e  

s e ed l in gs  were p l a n t e d .  Su r face  wa te r  was removed by  ru n  o f f  method 

and  samples were a n a ly s e d  f o r  NPK. I t  was observed  th a t  about  

70 pe r  cent  o f  a p p l i e d  n i t r o g e n  was lost when w a te r  was removed by 

r u n  o f f  on the same day  of  m a n u r i n g .  The loss was reduced by  

44 pe r  cent  a f t e r  48 h rs  and  n e g l i g i b l e  a f t e r  the f i f t h  day of 

f e r t i l i z e r  a p p l i c a t i o n .  The losses were reduced  a f t e r  two days  and 

were n e g l i g i b l e  a f t e r  second d a y .  Losses of  phospho rus  were 

n e g l i g i b l e  an d  a maximum loss of  2 pe r  cent  occurred  on t h i r d  day of 

f e r t i l i z e r  a p p l i c a t i o n .



Patel  and G h i ldy a l  (1982) conducted g lass house and 

lys imeter  exper iments  w i th  Jaya  and Bala v a r i e t i e s  of r ice  to s tudy 

the leaching losses of  n i t rogen  and potass ium under  d i f fe ren t  d ra in a g e  

cond i t ions  and under  f l o o d in g .  I t  was repo r ted  tha t  concen tra t ion of 

n i t r ogen  in d ra in a g e  wa te r  decreased w i th  advancement of crop growth 

and reached to a minimum v a lue  at h a r  vest .  The to ta l  loss of 

n i t r ogen  ranged  from 46.2 k g / h a  fo r  Jaya ,  45.2 k g / h a  for  Bala under  

h igh  d r a in a g e  to 24.7 k g / h a  fo r  Jaya  and 25 k g / h a  for  Bala under

low d r a in a g e .  Potassium content  in p e rco la t i on  wate r  decreased from

0.371 m e q / l  to zero a f te r  34 days of crops g row th .

Armstrong (1989) repo r ted tha t  the leach ing losses on d ra in e d

p lo ts  are h ig h e r  than  on the u n d r a in e d .  A c a re fu l  co ns ide ra t i on  of 

the supp ly  of both water  and n i t rogen  can do much to reduce these 

losses. Ni t rogen loss can be reduced by a p p l y i n g  n i t r ogen  f e r t i l i z e r s  

at the t ime of maximum requ i rement .

Goss Mike (1989) conducted an exper iment  of leaching of 

n i t r a t e  under  a r a b le  crops at Br imstone Farm.  I t  was repor ted that  

the average annua l  loss of n i t r ogen  from d r a in e d  p loughed p lo ts  was 

40 kg N/ha  e q u iv a le n t  to 23 per  cent of the a p p l i e d  f e r t i l i z e r s .
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MATERIALS AND METHODS

The design d e ta i l s ,  m a te r ia l s  used and methods adopted for

the i n v e s t ig a t io n  are discussed in th is  c h a p te r .  A f i e l d  exper iment  to 

est imate the losses th rough  perco la t ion  and to assess the n u t r i e n t

losses of  a shor t  d u ra t ion  r ice  was conducted d u r i n g  1989-'90 in

Mundakan Season.

1 Locat ion

The exper iment  was conducted in the paddy  f i e l d  of

K . C . A . E . T . ,  T a v a n u r .  It is s i tua ted  at 10° 52' 30" l a t i t u d e  and 76°

east l ong i tude .  K .C .A . E . T .  has a to ta l  area of 40.99 ha,  out of

which to ta l  c ropped area is 29.65 ha.

In the wet lands  paddy  is the main c rop .  Crops l ike

coconut,  a reca nu t ,  pu lses,  vegetables are  m a in ly  c u l t i v a t e d  in the

ga rden  lands.

2 So 11

Surface soi l  (60 cm) is sandy loam in tex tu re  compr i s ing  of

10 pe r  cent g r a v e l ,  65 pe r  cent sand,  12.5 per  cent s i l t  and

12.5 pe r  cent c l a y .

3 C lim ate

Agroc l  imat ica I ly the area f a l l s  w i t h i n  the bo rder  l ine of

no r the rn  zone and c en t ra l  zone. The area receives r a i n f a l l  ma in ly



f r om  the  s ou thw es t  monsoon a n d  to a c e r t a i n  e x te n t  f rom the no r th e a s t  

monsoon. The a n n u a l  r a i n f a l l  is in between 2500 mm a n d  2900 mm.

4 Season a n d  w e a th e r  c o n d it io n s

The e x p e r i m e n t  was c o n d u c te d  d u r i n g  the  M u n d a k a n  Season o f  

1989- '90.  The d e t a i l s  o f  meter  10 log ica I d a ta  re co rd e d  at  I n s t r u c t i o n a l  

F a rm  of  K . C . A . E . T . ,  T a v a n u r  d u r i n g  the  c ro p  p e r i o d  a re  p r e s e n te d  in

the T a b l e  1. The c rop  was t r a n s p l a n t e d  on 19.10.1989 a n d  h a r v e s te d  

on 11.1.1990.

5 E x p e r im e n ta l te c h n iq u e

E s t i m a t i o n s  o f  e v a p o r a t i o n ,  t r a n s p i r a t i o n  a n d  p e r c o l a t i o n

were done on the  p r i n c i p l e  o f  d rum  c u l t u r e  t e c h n iq u e  u s i n g  the

f o l l o w i n g  f i e l d  e q u ip m e n ts .  The e x p e r im e n t  was r e p l i c a t e d  f o u r  t imes

2
in f o u r  p l o t s  o f  a r e a  40 m . The p l a n  o f  l a y o u t  a n d  an i n d i v i d u a l

p l o t  a r e  g i v e n  in F i g . 1 a  a n d  F i g . 1 b ,  r e s p e c t i v e l y .

5 .1  F ie ld  hook g a u g e

F i e l d  hook g a u g e  c o n s is te d  o f  a p o i n t e r  ben t  u p w a r d s ,  w h i c h

was s l i d i n g  o v e r  a 6 mm i ron  r o d  to w h i c h  a g r a d u a t e d  s c a le  was

f i t t e d .  Least  c o u n t  o f  the sc a le  was 0.50  mm. The h e i g h t  of hook 

g a u g e  was d e s ig n e d  so as to re a d  the  s ca le  w i t h o u t  p a r a l l a x  e r r o r  by  

s q u a t t i n g  on the  b u n d .  A f r a m e  made o f  a n g l e  i r on  was p r o v i d e d  at 

the bo t tom f o r  g i v i n g  p e r f e c t  s e a t i n g  to the e q u ip m e n t  in the  f i e l d .  

The d i a g r a m  of  f i e l d  hook g a u g e  is g i v e n  in F i g . 2 a n d  a lso  in



Table 1 Meteorological data du r ing  the exper imental  per iod

Per tod Mean maximum 
temperature 

°C

Mean minimum 
temperature 

°C

Mean of 
temperature

Sunshine 
hours

October

19 -  25 31.42 24.07 27.75 6 77
26 -  1st 31.00 24.42 27.71 5.59

November

2 - 8 31.85 25.29 28.57 8 57
9 - 1 5 31.93 25.79 28.86 6.86

16 -  22 32.43 25.43 28.93 9.56

23 -  29 30.50 24.07 27.28 10.20

3 0 - 6 30.36 25.29 27.83 10.20

December

7 - 1 3 31.86 25.29 28.58 9.10
14 -  20 32.14 27.57 29.85 9.36
21 -  27 32.07 23.57 27.82 9.27
2 8 - 3 32.50 24.71 28.60 8.06

January

4 - 1 0 31.36 24.00 27.68 8.59



Fig la LAYOUT OF PLOTS
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Fig-.2 FIELD HOOK GAUGE



Plate I .  F ie ld  hook gauge was f i rm ly  ins ta l led  in the f ie ld  to avoid 

movement due to wind or  any other reason.

Hook gauge was ins ta l led  in the f i e ld  at the dis tance of

45 cm from the bund so as to enable one to take reading  wi thout

enter ing into the cropped f i e ld .  A po in ter  7.5 cm h igh f ixed  on a 

f l a t  p la te  was also embedded w i th  exac t l y  5 cm of its height  above

the f i e l d  level .  Water was let into the f i e l d  t i l l  it coincide w i th  the

t ip of the po in te r .  This made the depth of water  in the f i e ld  exact ly

5 cm. The screw of the hook gauge was loosened and the po in te r  of 

hook gauge was brought  in level w i th  the water  in the f i e ld .  Then

the screw was t ightened and the reading of the scale was noted.

Af ter  24 hrs  the drop in the level of water  in the f i e l d  was measured 

by us ing the hook gauge. The drop in water  level inc luded water 

lost due to pe rco la t ion,  t ransp i ra t  ion and evaporat ion or  in other

words it was the to ta l  water requi rement  in 24 hours.  Water was 

again let into the f ie ld  t i l l  i t co incided wi th  the t ip  of the po in te r .  

The hook gauge was also reset to co incide w i th  the level of water  in 

the f i e l d .  Repeated the process every day and by adding up da i l y

loss, the to ta l  loss of water  for  the crop per iod was obta ined.

5 .2  Evapor imeter

Evaporimeter  is a box 90 cm long, 10 cm wide and 15 cm

high  made of 18 gauge ga lvan ised  iron sheet. The d iagram of the

evapor imeter  is g iven in F i g . 3 and also in Plate I I .  Evaporat ion is

the process du r in g  which a l i q u id  changes into gas. The process of
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evapo ra t ion  of  water  in na tu re  is one of  the fundamen ta l  components 

o f  hyd ro log  ic cyc le  by which wa te r  changes into va pou r  t h rough  the

absorp t ion  o f  heat energy f rom the f i e l d .

Before i n s t a l l i n g  the evaponm e te r  in the f i e l d ,  the equipment  

was c a l i b r a t e d  as descr ibed  below.

A f i e l d  hook gauge was f i x e d  on the g round .  The

evapon m e te r  to be c a l i b r a t e d  was kep t  v e ry  close to the hook gauge

in such a way tha t  the p o in te r  of  the hook gauge moved inside the

evapon m e te r .  The p o in te r  was kep t  about  9.5 cm below the top of the

evapon me te r .  Then wa te r  was poured into the evaponmete r  t i l l  the 

wa te r  level  co inc ide  ex ac t l y  w i t h  the t i p  of the p o in te r .  Then the 

hook gauge was ra i se d  ex a c t l y  by 2 cm. Then measured q u a n t i t i e s  of

water  was added t i l l  the wa te r  level co inc ided  exac t l y  w i th  the t ip  of

the p o in te r .  The q u a n t i t y  of  the water  r e q u i r e d  fo r  r a i s i n g  the water  

level  inside evapon m e te r  by 2 cm, was found ou t .  A l l  the fou r  

evapor  imeters were sep a ra te ly  c a l i b r a t e d  us ing  the same procedure.  

Th is  was done to take  ca re  of the minor  v a r i a t i o n  in the sizes of 

evaponmete rs  which migh t  have occu r red  d u r i n g  t h e i r  f a b r i c a t i o n .

The w id th  of evaponm e te r  was des igned as 10 cm in o rd e r  to 

keep it between the paddy  rows,  which was 15 cm w ide.  This 

equipment Was kep t  at a d is tance  of  about  45 cm from the bund 

leav ing three crop rows so as to f a c i l i t a t e  p o u r in g  the water  into the 

evap on m e te r ,  w i t h ou t  a c tu a l l y  e n te r ing  into the cropped f i e l d .  This  

ar rangement  a lso gave s u f f i c i e n t  shade to the evaponmete r .



A p o i n t e r  h a v i n g  7.5 cm he ig h t  f i x e d  on a f l a t  p l a t e  was 

p la c e d  ins ide  the e v a p o n m e te r .  The e v a p o n m e t e r  was f i l l e d  w i th  soi l  

to a h e ig h t  o f  2 .5  cm f rom the bot tom.  The e v a p o n m e te r  was p lac ed  

ins ide the f i e l d  w i t h  i ts  bot tom 2.5  cm below the g r o u n d  s u r fac e  so as 

to make the level  o f  so i l  in the f i e l d  and  in the e v a p o n m e te r  same. 

The fo u r  e v a p o r im e te rs  were r a n d o m ly  p la c e d  in each p l o t .

E v a p o n m e te r  was f i l l e d  w i t h  w a te r  t i l l  it c o inc ided  w i t h  t ip  

of the p o i n t e r .  A f t e r  24 hours  drop in the leve l of  w a te r  was 

measured by  r e f i l l i n g  method.  The w a te r  r e q u i r e d  to r e f i l l  the 

e v a p o n m e te r  was due to e v a p o ra t io n  o n l y ,  because the re  was no p l a n t  

in the e v a p o n m e t e r .  T h is  w o u ld  be the amount of  w a te r  tha t  wou ld  

be lost f rom the f i e l d  a lso due to e v a p o r a t i o n ,  because the w a te r  in 

the  e v a p o n m e t e r  rece ived  the same amount o f  shade f rom the p l a n t s  as

the w a te r  in the f i e l d .  T h is  process was repea te d  every day and  by

a d d in g  up the c u m u la t i v e  e v a p o r a t i o n  d u r i n g  the crop p e r i o d  was 

o b ta in e d .

5 .3  E v a p o tra n s p ir im e te r

E v a p o t r a n s p i r i m e t e r  is a G. I . t a n k  h a v i n g  90 cm leng th ,  

90 cm w i d t h  a nd  60 cm h e ig h t .  The d ia g r a m  of  the equipment  is

g ive n  in F i g . 4 an d  a lso  in P la te  I I I .  18 gauge  g a l v a n i s e d  i ron sheet 

was used fo r  the  f a b r i c a t i o n  of  the eq u ipm e n t .  D a i l y  loss due to

e v a p o t r a n s p i r a t  ion was measured f rom the e v a p o t r a n s p i r i m e t e r .  

E v a p o t r a n s p  i r a t  ion o r  consumpt  ive use rep resen ts  the q u a n t i t y  o f  wa te r  

lost to the atmosphere f rom a w e l l  i r r i g a t e d  f i e l d  by t r a n s p  i r a t  ion 

f rom the c rop  p lu s  e v a p o r a t io n  d i r e c t l y  f rom the so i l  o r  wa te r  s u r fa c e .
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fig 4 evapo transpir im eter



Plate III E v a p o t ra ns pi ri me te r





E v a p o t r a n s p in m e te r  was a ta nk  w i th  a closed bot tom. The 

water  lost in the e v a p o t r a n s p in m e te r  would represent  the e v a p o t ra n -  

s p i r a t i o n  o n ly  as there was no perco la t i on  from the t a n k .  Galvanised 

iron was used fo r  f a b r i c a t i n g  the equipment  to a vo id  r u s t i n g .  I t  was 

i n s ta l l ed  in the f i e l d  about 47.5 cm below the g round  sur face w i th  its 

top about  12.5 cm above the ground  su r face .

5 .4  In s ta lla t io n  of the equipm ent

For  i n s t a l l i n g  the equipment  in the f i e l d  f i r s t  a square p i t
2

of 1 m area and 47.5 cm depth was made. As there was wa te r  in

the p i t  the e v a p o t r a n s p in m e te r  f l oa ted on the wa te r .  Soil was put in the 

equipment  so as to make it s in k  into the p i t .  Just enough soi l  was 

added to make it se t t le  on the bottom of the p i t .  A s p i r i t  level was 

used fo r  l e v e l l i n g  the ta n k .  A f te r  l e v e l l i n g  the ta n k ,  soi l  was added 

t i l l  the evapo t ransp  i r imeter  was f i l l e d  w i th  soi l  to a he ight  of

47.5 cm f rom the bot tom. This  made the level  of  so i l  in the tank and 

that  in the f i e l d  the same. Then the level was f i n a l l y  checked us ing  

the s p i r i t  level  and the gap around  the e v a p o t r a n s p in m e te r  was f i l l e d  

c a r e f u l l y .  The young seed l ings were t r a n s p la n t e d  at a spac ing of

15 x 10 cm in the f i e l d  as wel l  as in the evapo transp i r im e te r .  Th is

equipment was i n s ta l l e d  at  a d i s tance  of  45 cm from the bund ,  

l eav ing  three crop rows as in the case of ev a pon m e te r .  Th is

f a c i l i t a t e d  t a k i n g  read in g  by s q u a t t i n g  on the bun d  w i thou t  s tepping  

into the cropped f i e l d .



evapo transp  i r im e te r  was b rough t  to about 3 cm above the soi l  sur face .  

Then the po in te r  o f  the hook gauge i ns ta l l e d  ins ide the e v a p o t r a n -  

s p in m e t e r  was made to co inc ide e xa c t l y  w i t h  the level  o f  wa te r  in the 

e v a p o t r a n s p in m e t e r .  The r ea d ing  on the sca le  of hook gauge was 

noted.  The level of hook gauge was ra i s e d  e x a c t l y  by 2 cm 

Measured q u a n t i t i e s  of water  was added to ra i s e  the water  level to

the new p os i t io n  of the hook gauge.  The volume of  wa te r  r e q u i re d  to 

ra ise  the wa te r  level by 2 cm was ob ta ined .  From th is  c a l i b r a t i o n  

c h a r t  was p r epa re d .  Volume occupied by the p la n ts  increased as they 

grew and th i s  would af fect  the c a l i b r a t i o n  va lues .  In o rde r  to

overcome t h i s ,  c a l i b r a t i o n  of e v a p o t r a n s p in m e te r  was done once in

every ten days in te r v a l  and co r respond ing  c a l i b r a t i o n  ch a r t  was 

p re p a re d  and they are g iv en  in Tab le  2. Each evapot ransp i r imeter  

was c a l i b r a t e d  s e p a ra te l y .

A p o in te r  of he ight  7.5 cm w i th  a f l a t  bottom was in s ta l l e d  

ins ide the equipment w i th  the p o in te r  5 cm above the soi l  su r face .  

Water was poured into the e v a p o t r a n s p in m e te r  t i l l  i t  co inc ided  w i th  

the t ip  of  the p o in te r .  Water lost by evapo t ransp  i r a t  ion every day 

was rep le n ished  by add in g  measured q u a n t i t i e s  of w a te r .  The mean 

va lues of  two consecut ive c a l i b r a t i o n s  were used fo r  conve r t ing  the 

measured volume into h e igh t .  Th is  process was repeated d u r i n g  the 

crop p e r iod  and c u m u la t i v e  evapo transp  i r a t  ion was got by a dd ing  the 

d a i l y  loss.

Evapotransp irimeter was ca l ibra ted .  Water level in the



Table 2 Evapotransp irimeter cal ibrat ion

SI.  No. Date of c a l i b r a t i o n Plot  No.

Q u a n t i t y  o f  wa te r  fo r  r a i s i n g  level  

o f  w a te r  by  2 cm he igh t  in cm^

1 2 3 Mean

1 19.10.1989 1 15000 14500 15500 14860

2 14500 14500 14500 14500

3 15000 16000 15500 15500

4 15000 15500 15250 15250

2 30.10.1989 1 14990 14500 14900 14790

2 14400 14450 14300 14380

3 14900 15000 14800 14900
4 14500 14900 14600 14660

3 10.11.1989 1 14755 14695 14645 14690

2 14380 14350 14280 14336
3 14745 14705 14645 14690
4 14375 14350 14275 14330

4 20.11.1989 1 14370 14380 14375 14375
2 14355 14345 14245 14315
3 14695 14700 14760 14685

4 14340 14320 14310 14320

Contd CO



Table 2 (contd.)

SI. No. Date of c a l i b r a t i o n Plot No.

Quan t i ty  of wa te r  fo r  r a i s i n g  level 
o f  water  by 2 cm he ight  cm^

1 2 3 Mean

1. 12.1989 1

2

3

4

14295
14320

14670

14320

14300
14310

14680

14326

14305
14305

14675

14310

14300
14311

14675

14318

11.12.1989 1

2

3

4

14250

14305

14625

14295

14255

14310

14630

14315

14245
14300

14620

14305

14250

14305
14625

14305

22.12.1989 1

2
3
4

14240

14305

14600
14250

14250

14245

14600
14240

14230

14235
14600
14250

14240

14261
14600
14246

1 1.1990 1

2

3
4

14200

14255

14500

14235

14205

14240

14575
14170

14195

14110

14575

14175

14200

14201 

14550 

14193

5

6

7

8

CO
t o



5 .5  P erco la tio n  m easuring equipm ent

M a te r ia ls  r e q u i re d

SI.No. Q u an t i t y  M a te r ia l s  Speci f icat ion

1. 2 20 gauge m i ld  steel sheet 8' x 4'

2. 4 G. I .  Pipe 3/4 "

3. 4 Reducer 3 /4 "  x 1/2"

4. 4 Hose C o l la r  1/2"

5. 1 1/2" Black po lye thy le ne  p ipe  40 m

6 1 3/4 "  PVC Pipe 40 m

7. 1 2mm Wiremesh 2 m x 1 m

8. 1 1 mm ny lon  mesh 2 m x 1 m

9. 4 Drums 200 l i t .

10. 4 Bucket 10 l i t .

11. 4 Rope 5 m

a .  F a b r ic a tio n

An equipment fo r  measur ing deep perco la t i on  was designed 

and fa b r i c a t e d .  Th is  dev ice s h a l l  be h e re in a f te r  re fe r red  to as 

perco lat lon -m ete r .

The perco lat lon-meter  cons is ted of a square box of size 

50 x 50 x 20 cm. I t  was made w i th  a 20 gauge m i ld  steel sheet . A 

square  p y r a m id  w i th  a base of 50 cm and he ight  15 cm was fa b r i c a te d  

w i th  20 gauge m i ld  steel sheet and welded to the bottom of the square 

box. At the apex of the squa re  p y r a m id  a hole of diameter 25 mm



was made. A V-cu t  was made on 20 mm, G. I . p ipe ,  17 cm long at 

5 cm from one end and the p ipe  was bent  at t h i s  l i ne of  cut  to the

des i red  ang le .  The r e s u l t i n g  groove was welded and f i l l e d .  Th is

p ipe then was welded to the apex of  the square p y r a m id  w i th  a 

downward slope of 10° f o r  easy f low of  w a te r .  A 20 mm x 12 mm

G. I . reducer  was f i x e d  to the G. I . P ipe.  A hose c o l l a r  of  size 12 mm

was connected to the reducer .  Po lye thy lene  p ipe  of 12 mm was 

connected to the hose c o l l a r .  The o ther  end of the po lye thy lene  pipe

was connected to the drum. As the h i g h l y  f l e x i b l e  p o lye thy le ne  p ipe

were to be l a i d  und e rg ro un d ,  a p ro te c t i ve  oute r  cover  to the p ipe was 

p ro v id e d  w i th  20 mm PVC Pipe .  The othe r  end of  the p ipe  was 

connected to a m e ta l l ic  drum of  60 cm d iameter  and 110 cm height  

The p ipe  was connected to the drum at 30 cm from the bottom of the

drum. A hole of  12 mm was made at 30 cm and the po ly e thy le ne  p ipe

was passed th rough  th i s  hole.  For the co l lec t i on  of  pe rco la t i on  water  

bucket  w i t h  10 l i t r e s  ca p a c i t y  was p laced ins ide the drum. The 

perco lat lon-meter  and drums were made leak proo f  before i n s ta l l a t i o n

A 2 mm s ize wiremesh was f i x e d  on a f rame size 48 x 48 cm 

The f rame was made to the correct  measurement so that  the s ides of 

the f rame f i t t e d  s n ug ly  to the sides of the box.  Another  1 mm size 

nylon mesh was p laced  over  t h i s  wi remesh.  These meshes were kept  

ins ide  the perco I at lon-meter  at the bot tom of  the square box,  ju s t  

above the p y r a m id .  Th is  p reven ted the f low of  soi l  below the 

meshes.



b .  I n s t a l l a t i o n  o f  p e r c o l a t i o n - m e t e r

The  d i a g r a m  o f  p e r c o  la t  l o n - m e te r  is g i v e n  in F i g  5 a n d  a ls o  

in th e  P l a t e  IV .  The i n s t r u m e n t  w a s  i n s t a l l e d  in t h e  p a d d y  f i e l d  of

K .C  A . E . T ,  T a v a n u r .  F o r  i n s t a l l i n g  t h e  pe rc o  la t  l o n - m e t e r , a s q u a r e  

p i t  o f  s i z e  l i t t e r  b i g g e r  t h a n  th e  s i z e  o f  the p e r c o  I a t  l o n - m e t e r  was

made.  Th e  d e p t h  o f  the  p i t  was 75 cm.  The  pe rco  la t  l o n - m e te r  was

p l a c e d  b e lo w  th e  s o i l  s u r f a c e  w i t h  i t s  top 30 cm b e low  th e  g r o u n d

s u r f a c e .  T h i s  w o u l d  e n a b l e  t h e  p e r c o  la t  l o n - m e te r  to c o l l e c t  deep 

p e r c o l a t i o n  w a t e r  i . e . ,  t h e  w a t e r  t h a t  w o u l d  go b e lo w  th e  ro o t  zone of  

p a d d v .  F o r  i n s t a l l a t i o n  o f  t h e  p e r c o  la t  l o n - m e te r  a s p i r i t  l e ve l  was 

us ed  f o r  l e v e l l i n g .

A t r e n c h  was c u t  f r o m  th e  p e r c o l a t  l o n - m e t e r  to the  c o l l e c t i n g  

d r u m .  T h e  d e p t h  o f  th e  t r e n c h  was 75 cm n e a r  p e r c o l a t i o n - m e t e r  a n d  

was 85 cm n e a r  t h e  d r u m .  The p o l y e t h y l e n e  p i p e  w h i c h  was c o n n e c te d  

to t h e  p e r c o l a t i o n - m e t e r  was  l a i d  in t h e  t r e n c h .  The m e t a l l i c  d r u m  

was i n s t a l l e d  5 m a w a y  f r o m  th e  e x p e r i m e n t a l  p l o t  a n d  in th e  n e x t  

f i e l d  w h i c h  w a s  lo w e r  in e l e v a t i o n  t h a n  t h e  e x p e r i m e n t a l  p l o t  The 

d i f f e r e n c e  In e l e v a t i o n  o f  the  e x p e r i m e n t a l  p l o t  a n d  the f i e l d  in w h i c h  

m e t a l l i c  d u r m  was i n s t a l l e d  w as  20 cm.  F o r  i n s t a l l i n g  th e  d r u m ,  a 

c i r c u l a r  p i t  o f  60 cm d i a m e t e r  a n d  d e p th  o f  90 cm was  made The  

d r u m  w as  I h s t a l l e d  W i th  I ts  top 15 cm a b o v e  th e  g r o u n d  s u r f a c e .  

T h i s  was done in o r d e r  to  p r e v e n t  t h e  -f\ow o f  s u r f a c e  w a t e r  in to  the  

d r u m .  The  o t h e r  end  o f  th e  p o l y e t h y l e n e  p i p e  was  i n s e r t e d  t h r o u g h  the  

ho le  i n to  the  d r u m  w i t h  a b o u t  10 cm o f  th e  p i p e  p r o j e c t i n g  in to  the
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Plate IV a Percolation-meter

Plate IV b Percolation-meter wi th sieves





drum .  The gap between the p ip e  and  d rum was made leak p roo f  by

us ing  s y n t h e t i c  a d hes iv e .  To c o l lec t  the p e r c o la t i o n  wa te r  a bucke t  

was p la c e d  ins ide  the d rum .  A rope was t i e d  to the h a n d le  of  the 

bucke t  to f a c i l i t a t e  easy l i f t i n g  of  the b u c k e t .

5 . 6  Crop r a i s i n g

The expe r im en t  was l a i d  out  in the I n s t r u c t i o n a l  Farm of

KCAET in the month of  Oc tober  and  c o n t in u e d  up to  J a n u a r y  1990 w h ic h

was the M un dakan  season. The e x p e r im e n ta l  a rea  was p lo u gh ed  w i t h  

a t r a c t o r  an d  the f i e l d  was le v e l l e d  and  fo u r  p lo t s  were l a i d  ou t .

The s ize of  each p lo t  was 8 m x  5 m. I r r i g a t i o n  cha nne l  and

d i s t r i b u t a r i e s  were a lso  p r o v i d e d  to f a c i l i t a t e  i r r i g a t i o n  to i n d i v i d u a l  

p l o t s .  The source of  i r r i g a t i o n  w a te r  was f i l t e r - p o i n t  tube wel l

Pu re  seeds of  shor t  d u r a t i o n  v a r i e t y  ' T r i v e m  was used fo r  

the e x p e r im e n t .  F e r t i l i z e r  a p p l i c a t i o n  and  weed ing ,  were done as per  

the recommendat ions in the pa c ka g e  of  p r a c t i c e  a nd  a re  g i v e n  in 

Append  x  I .  A f t e r  the layou t  and  p r e p a r a t  ion o f  the p lo t s  p e rco la t ion -  

meter,  e v a p o r im e te r  and  e v a p o t r a n s p  i n m e t e r  were i n s t a l l e d  in the 

f i e l d .  E v a p o r im e te r  was p la c e d  in between the se ed l in g  rows

Seed l ings  were t r a n s p l a n t e d  in the e v a p o t ra n s p  i r im e te r  as we l l  as in 

the p lo t s  as desc r ibed  be fo re .  The d a i l y  losses due to 

e v a p o t r a n s p  i r a t  ion a n d  e v a p o r a t i o n  were measured by r e f i l l i n g  method. 

Water  leve l  in the f i e l d  was b r o u g h t  to 5 cm back  eve ry  day by 

l e t t i n g  in w a te r .  D a i l y  to ta l  loss of w a te r  d u r i n g  24 hours was 

measured by  u s in g  a f i e l d  hook gauge  in the f i e l d .



Evaporat ion loss from the paddy f i e ld  w i th  s tanding crop was 

obta ined from the evapor imeter  and the evapotransp i ra t  ion from the 

evapo transp i r im e te r .  The tota l  loss was measured using a f i e ld  hook 

gauge.  Deep perco la t ion losses were obta ined by means the water  

col lected in the bucket each day .  Total  perco la t ion losses were also 

computed by sub t r ac t i ng  the evapotransp i r a t  ion from the tota l  water 

loss.

For the determinat ion of  nu t r ien ts  lost through pe rco la t ion,

samples of perco la t ion water  were col lected one day p r i o r  to the

app l i ca t i on  of  f e r t i l i z e r  and also ten subsequent days t i l l  the loss is 

n e g l ig ib le .  The water  samples were ana lysed  for  NPK losses by the

s ta nda rd  methods. Nit rogen was est imated by the micro K je ldahl  

method. The percentage of n i t rogen was ca lcu la ted  as fol lows

Burette read ing  (ml) x Normal i ty of
„ , Su lphur ic  Ac id , ,
% N in water  sample = --------------------------------------------------     x 1 4

Volume of sample (ml)

ppm of N present = % N x 10

. I . /, ppm of N x Vol . of percola ted water  in l i tN loss in g /h a  = ^ ------------------------------- ---------------------------------------------

Phosphorus was determined by the co lor imetr ic  method. The 

ppm loss of phosphorus was obta ined from the s tandard  curve.

Flame photometer method was- used for  the est imat ion of

potass mm.



The crop was t r a n s p l a n t e d  in the f i e l d  on 19.10 1989 and 

h a rv e s te d  in 11.1.1990. P e rco la t io n  loss was es t ima ted  fo r  84 days 

t i l l  the date of  h a r v e s t .

A f t e r  h a rv es t  root  and  shoot i n c l u d i n g  g r a i n  o f  the p la n t s  

f rom e v a p o t r a n s p  i n m e t e r s  were c o l l ec ted .  Oven o r y  w e igh t  o f  to ta l

d ry  m a t te r  was o b ta in e d .  T r a n s p i r a t i o n  r a t i o  and  co nsum pt i ve  use 

r a t i o  were c a l c u l a t e d .

-r „ „ Weight  o f  w a te r  t r a n s p i r e dT r a n s p i r a t i o n  r a t i o  = -— - --------------------------------- --------

Consum pt ive use r a t i o  =

Weight  of  to ta l  d r y  m at te r

Weight  of  w a te r  lost by e v a p o t r a n 
sp i r a t  ion

Weight  of  to ta l  d r y  mat te r



$ e 5 u ltd  a n d  Xdi5eu55ion



RESULTS AND DISCUSSION

The r e s u l t s  o f  e x p e r i m e n t a l  s t u d i e s  c o n d u c t e d  f o r  e s t i m a t i n g  

the  p e r c o l a t i o n  loss a n d  th e  n u t r i e n t  losses in th e  w a t e r  w h i c h  

p e r c o l a t e d  b e lo w  th e  ro o t  zone f o r  a s h o r t  d u r a t i o n  r i c e  a r e  p r e s e n t e d  

in t h i s  c h a p t e r .

V e r t i c a l  p e r c o l a t i o n  was o b t a i n e d  b y  m e a s u r i n g  the w a t e r  

c o l l e c t e d  in the  b u c k e t ,  a n d  c o n v e r t i n g  the  m e a s u r e d  v o lu m e  in to  i ts  

h e i g h t .  The t o t a l  w a t e r  r e q u i r e m e n t  o f  r i c e  was m e a s u r e d  b y  u s i n g  a 

f i e l d  hook g a u g e .  E s t i m a t i o n  o f  d a i l y  e v a p o t r a n s p i r a t  ion a n d

e v a p o r a t i o n  were  made  b y  u s i n g  e v a p o t r a n s p i r i m e t e r  a n d  e v a p o r i m e t e r  

r e s p e c t  i v e l y .

E v a p o t r a n s p  i r i m e t e r  was i n s t a l l e d  in th e  f i e l d  as d e s c r i b e d  

in th e  c h a p t e r  I I I  a n d  i t  was  c a l i b r a t e d  p e r i o d i c a l l y .  The

c a l i b r a t i o n  was done once In e v e r y  10 d a y s  a n d  th e  d e t a i l s  a r e  g i v e n  

in T a b l e  2.  D a i l y  e v a p o t r a n s p  i r a t  ion w a s  e s t i m t e d  b y  r e p l e n i s h i n g  

the  w a t e r  lost  d u r i n g  the  p r e v i o u s  d a y  b y  m e a s u r e d  q u a n t i t y  o f  w a t e r  

a n d  the  c a l i b r a t i o n  c h a r t  w a s  u s e d  to c o n v e r t  v o lu m e  in l i t r e s  in to  

h e i g h t  in m i l l i m e t r e s .  Before i n s t a l l i n g  th e  e v a p o r i m e t e r  in the  f i e l d ,  

i t  was  c a l i b r a t e d  b y  u s i n g  the  f i e l d  hook g a u g e .

The  t o t a l  p e r c o l a t i o n  loss was  o b t a i n e d  b y  s u b t r a c t i n g

e v a p o t r a n s p  i r a t  ion f r o m  t o t a l  loss o f  w a t e r  f r o m  the  f i e l d  V e r t i c a l

p e r c o l a t i o n  w as  m e a s u r e d  b y  th e  i n s t r u m e n t  f a b r i c a t e d .  T h i s  was



i n s t a l l e d  in the  f i e l d  as d e s c r i b e d  in C h a p te r  I I I .  By m e a s u r i n g  the 

w a te r  c o l l e c te d  in the b u c k e t ,  v e r t i c a l  p e r c o l a t i o n  was o b t a i n e d  and  

l a t e r a l  p e r c o l a t i o n  was o b t a i n e d  by  s u b t r a c t i n g  v e r t i c a l  p e r c o l a t i o n  

loss f rom the  t o t a l  p e r c o l a t i o n  loss.  By s u b t r a c t i n g  e v a p o r a t i o n  f rom 

e v a p o t r a n s p  i r a t  ion r a t e  o f  t a n s p i r a t i o n  was o b t a i n e d .

Mean o f  d a i l y  e v a p o t r a n s p  i r a t  ion , e v a p o r a t i o n ,  t r a n s p  i r a t  ion 

t o t a l  w a t e r  r e q u i r e m e n t ,  t o t a l  p e r c o l a t i o n ,  v e r t i c a l  a n d  l a t e r a l  

p e r c o l a t i o n  loss f rom the  f o u r  p l o t s  a re  g i v e n  in T a b l e  3.  The above 

r e a d i n g s  o b t a i n e d  f rom f o u r  i n d i v i d u a l  p l o t s  a r e  g i v e n  in A p p e n d ix  I I .  

F o r  each  ten d a y s  i n t e r v a l  in w h i c h  the  e v a p o t r a n s p  i r a t  i o n , 

e v a p o r a t i o n ,  t r a n s p  i r a t  i o n , t o t a l  w a t e r  r e q u i r e m e n t ,  t o t a l  p e r c o l a t i o n ,  

v e r t i c a l  a n d  l a t e r a l  p e r c o l a t i o n  loss were  c a l c u l a t e d  a n d  the mean 

v a lu e s  o f  f o u r  p l o t s  a re  g i v e n  in T a b le  4.

F o r  each ten d ay  i n t e r v a l  da i ly a v e r a g e  of e v a p o t r a n s p  i r a t  ion , 

e v a p o r a t i o n ,  t r a n s p  i r a t  i o n , t o t a l  w a t e r  r e q u i r e m e n t ,  t o t a l  p e r c o l a t i o n ,  

v e r t i c a l  a n d  l a t e r a l  p e r c o l a t i o n  were c a l c u l a t e d  a n d  the mean v a l u e s  

o f  f o u r  p lo t s  a r e  g i v e n  in T a b l e  5.  The c ro p  p e r i o d  was c l a s s i f i e d  

into d i f f e r e n t  g r o w t h  s ta g e s .

T r a n s p l a n t i n g

I
30 d a y s

I
Max im um  t i l l e r i n g  o r  

p a n i c l e  i n i t i a t i o n

1



T a b l e  3 M e an  o f  d a i l y  t o t a l  w a t e r  r e q u i r e m e n t ,  e v a p o t r a n s p  i r a t  i o n , e v a p o r a t i o n ,  t r a n s p  i r a t  i o n , t o t a l
p e r c o l a t i o n ,  v e r t i c a l  p e r c o l a t i o n  a n d  l a t e r a l  p e r c o l a t i o n  o f  f o u r  p l o t s

D a t e
T o t a l  w a t e r  
r e q u i r e m e n t  

(m m )

E v a p o t r a n 
sp  i r a t  ion 

( m m )

E v a p o r a t  ion 

( mm)

T r a n s p  i r a t  ion

(m m )

( 3 - 4 )

T o t a  I
p e r c o  l a t  ion 

( mm)

( 2 - 3 )

V e r t  i c a  I 
p e r c o  I a t  ion  

( mm)

L a t e r a l  
p e r c o  I a t  ion  

( m m )

( 6 - 7 )

1 2 3 4 5 6 7 8

1 9 / 1 0 / 1 9 8 9 8 . 3 8 2 . 0 0 2 . 0 0 0 . 0 0 6 . 3 8 5 77 0 61

2 0 / 1 0 8 . 3 8 2 00 2 . 0 0 0 . 0 0 6 . 3 8 5 . 7 7 0 . 6 1

2 1 / 1 0 8 . 5 0 2 . 0 0 2 . 0 0 0 . 0 0 6 . 5 0 5 . 6 0 0 . 9 0

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

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

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

2 5 / 1 0 1 0 . 5 6 2 . 6 5 2 . 1 5 0 . 5 0 7 . 9 1 5 . 9 5 1 . 9 6

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

2 7 / 1 0 10.61 2 . 7 1 2 . 3 0 0 . 4 1 7 . 9 0 5 . 5 3 2 . 4 2

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

2 9 / 1 0 11 .4 0 2 90 2 . 4 3 0 . 4 7 8 . 5 0 5 . 0 3 3 4 8

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

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

CO



T a b le  3 ( c o n t d . )

Date
Total  wa te r  
requ i rement  

( mm)

E v a p o t r a n -  
s p i r a t  ion 

(mm)

E v apo ra t  ion 

(mm)

Transp i r a t  ion

(mm)

(3-4)

Tota 1
perco la t  ion 

( mm)

(2-3)

Ver t  ica 1 
perco la t  ion 

(mm)

L a te ra I  
p e r c o la t  ion 

(mm)

(6 -7 )

1 2 3 4 5 6 7 8

1/11/1989 10.80 3 30 2.60 0.70 7.50 5.48 2.03

2/11 11.10 3.65 2.66 0.99 7.50 4.33 3.18

3/11 11 .48 3 80 2.91 0.89 7.69 4.35 3 .34

4/11 11.70 4.13 2.99 1.14 7.58 5.23 2.36

5/11 11 .33 4.95 3.18 1.77 6.38 5.08 1 .31

6/11 12.20 5.54 3.05 2.49 6.66 4.93 1 .74

7/11 12.75 6.23 3.50 2.73 6.53 5.02 1.51

8/11 13.25 7.53 3.75 2.78 6.73 5.20 1.54

9/11 13.38 6.25 3.73 2.52 7.13 5.20 1.93

10/11 13.58 6.13 3.75 2.38 7.25 5 .00 2.25

r / 1 1 13.25 6 63 4.13 2.50 6.63 5.24 1.39

12/11 13.08 6.68 4.03 2.65 6.40 5.10 1.30

13/11 13.33 6 63 4.08 2.55 6.70 5.10 1.60

14/11 13.38 6.50 4.13 2.37 6.88 5.09 1.79

C ontd.



Tab le 3 (contd  )

Date
Total water 
requirement 

( mm)

Evapo tran
sp i ra t  ion 

(mm)

Evaporat  ion 

(mm)

Transp i ra t  ion 

( mm)

(3-4)

Tota 1
perco lat ion 

(mm)

(2-3)

Vert ica I 
perco I at ion 

(mm)

L a t e r a 1 
perco lat ion 

( mm)

(6-7)

1 2 3 4 5 6 7 8

15/11/1989 14.13 7.13 2.50 4.63 7.00 4.87 2 14

16/11 14.15 7.50 2.88 4.63 7.00 4.94 2 06

17/11 14.88 7.95 2.62 5.32 6.93 4.92 2.00

18/11 14.50 7.00 2.67 4.32 7.50 4.80 2.70

19/11 15.63 7.75 2.67 5.08 7.88 4.85 3.03

20/11 16.38 7.00 3.00 4.38 9.00 4.67 4.32

21/11 16.75 8.50 2.50 6.00 8.25 4.60 3.60

22/11 17.25 8.62 2.13 6.50 8.63 4.73 3.90

23/11 17.25 9.00 2.06 6.93 8.25 5.15 3.10

24/11 17.13 9.13 2.05 7.08 8.00 4. 93 3.07

25/11 17.38 8.75 2.05 6.70 8.63 5.08 3.55

26/11 19.50 8.38 2.00 6.38 11.13 5.25 5 88

27/11 17.38 8 75 2- .  05 6.70 8.63 5.08 3.55

28/11 19.50 8.00 1.69 6.31 11.50 5.75 5 75

Con td



T a b le  3 ( c o n t d  )

Date
Total  wa te r  
requi remen t  

(mm)

E v a p o t r a n 
sp i r a t  ion 

(mm)

Evapora t  ion 

(mm)

Transp  i r a t  ion

( mm)

(3-4)

Tota I
pe rco la t  ion 

(mm)

(2-3)

Ver t  tea 1 
perco 1 at  ion 

(mm)

L a t e r a 1 
perco lat  ion 

( mm)

(6-7)

1 2 3 4 5 6 7 8

29/11/1989 21.50 8.75 1.60 7.15 12.75 6 .15 6.60

30/11 26 00 925 1.48 7 78 16.75 6.18 10 57

1/12 28.25 9.75 1 50 8.25 18.50 6.00 12 50

2/12 13.25 10.50 1.78 8.73 19.75 6 .00 13.75

3/12 31.25 11 .00 2.25 8.75 20.25 5.30 14.95

4/12 30.25 11 .00 2.30 8.70 19.25 5 .25 14.00

5/12 27.75 10.00 2.23 7.78 17.75 5 .43 12.32

6/12 27.75 9.50 1.98 7.52 18.25 5 .40 12.85

7/12 27.00 10 75 1.95 8.80 16.25 5 .40 10.85

8/12 24.00 8.50 1.93 6.58 15.50 5.3© 10.12

9/12 16.75 8 00 1.43 6.57 8.75 5 .5 0 3.25

10/12 16 75 8.12 1.15 6.97 8.63 5 .0 0 3.63

11/12 16.50 8.25 1.10 7.15 8.25 5 .0 0 3 25

12/12 16 25 9 00 1 16 7.83 7 25 4 .5 0 2 75

13/12 16 50 10 00 1.20 8.80 6.50 4 . 5 0 2 00

Contd



T ab le  3 ( c o n t d . )

Date
Total  water  
requi rement 

( mm)

Evapo tr an -  
s p i ra t  ion 

( mm)

Evaporat  ion 

(mm)

Transp i ra t  ion

(mm)

(3-4)

Tota 1
perco lat ion 

( mm)

(2-3)

Ver t ica 1 
perco lat  ion 

(mm)

L a t e r a 1 
perco lat ion 

(mm)

(6-7)

1 2 3 4 5 6 7 8

14/12/1989 16.30 10.42 1.20 9.22 5.88 4.25 1.63

15/12 15.88 9.75 1 18 8.57 6.13 4.38 1.75

16/12 15.25 9.00 1.09 7.91 6.25 4.18 2.07

17/12 15.63 8.50 1.10 7.40 7.13 4.60 2.53

18/12 15.63 8.25 1 15 7.10 7.38 4.30 3.08

19/12 15.25 8.00 1.20 6 80 7.25 4.35 2.90

20/12 15.25 8.00 1.10 6.90 7.25 4.63 2.65

21/12 15.25 8.00 1.08 6.92 7.25 4.65 2.60

22/12 14.75 7.75 1.10 6.65 7.00 4.63 2.37

23/12 15.00 7.50 1.15 6.35 7.50 5.10 2.40

24/12 14.75 7.12 1.08 6.04 7.63 4.83 2.00

25/12 14 75 7.00 1 08 5.92 7.75 4.43 3.32

26/12 14.50 7 00 1 10 5.90 7.50 4.00 3.50

27/12 14.0 6.87 1.05 5.82 7.13 4.50 2.63

Contd.



T a b l e  4 T o t a l  o f  t o t a l  w a t e r  r e q u i r e m e n t ,  e v a p o t r a n s p  i r a t  i o n , e v a p o r a t i o n ,  t r a n s p i r a t i o n ,  t o t a l  p e r c o l a t i o n ,
v e r t i c a l  p e r c o l a t i o n  a n d  l a t e r d !  p e r c o l a t i o n  f o r  each ten  d a y s  i n t e r v a l s  -  mean  o f  f o u r  p l o t s

D a y s
T o t a l  w a t e r  
r e q u i r e m e n t  

(mm)

E v a p o t r a n 
sp  i r a t  ion  

(m m)

E v a p o r a t  ion 

(mm)

T r a n s p i r a t  ion  

( mm)

T o t a  1
p e r c o  la t  ion 

( mm)

V e r t  i c a  1 
p e r c o  l a t  ion 

( mm)

L a t e r a l  
p e r c o  I a t  ion 

( mm)

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

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

21 -  30 1 3 6 .5 6 6 7 . 9 3 3 5 . 5 7 3 2 . 3 3 6 8 . 6 5 5 0 . 6 5 1 7 . 9 9

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

41 -  50 2 6 9 . 5 0 9 8 . 5 0 1 8 .7 3 7 9 . 7 7 1 7 1 .0 0 5 6 . 8 6 1 1 4 . 1 4

51 -  60 169 .81 8 9 . 5 4 1 2 . 5 3 7 7 . 0 8 0 . 2 7 4 7 . 2 9 3 2 . 9 2

61 -  70 1 4 9 .1 3 7 5 . 4 9 11 . 0 9 64  40 7 3 . 6 4 4 5 . 4 2 2 8 . 2 5

7 1 - 8 0 118 00 64 30 14 58 4 9 . 7 7 5 3 . 6 7 42 03 1 1 . 6 5

81 -  84  
( o n l y  4

44  00
d a y s )

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

T o t a  I 1 2 7 0 .2 5 5 6 7 . 7 2 174 06 3 9 3 . 6 4 7 0 2 . 5 3 4 1 7 . 3 1 2 8 5 . 2 2

CO



T a b l e  5 D a r l y  a v e r g e  of  to ta l  w a t e r  r e q u i r e m e n t ,  e v a p o t r a n s p  i r a t  i o n , e v a p o r a t i o n ,  t r a n s p i r a t i o n ,  t o t a l
p e r c o l a t i o n ,  v e r t i c a l  p e r c o l a t io n  a n d  l a t e r a l  p e r c o la t io n  fo r  each ten d a y  i n t e r v a l  mean o f  f o u r
p lots

D a y s
T o o l  w a t e r  
r e q u i r e m e n t  

( mm)

E v a p o t r a n 
sp i r a t  ion 

(mm)

E v a p o r a t  ion 

( mm)

T r a n s p i r a t  ion 

( mm)

T o t a  I
p e r c o  la t  ion 

(m m)

V e r t  ica  I 
p e r c o  I a t  ion 

(m m)

L a t e r a 1 
p e r c o  1 a t  ion 

( m m )

0 - 1 0 9 . 7 5 2 . 4 5 2 .1 1 0 .3 3 7 . 2 9 5 . 8 8 1 .41

1 1 - 2 0 1 1 .4 4 4 . 0 6 3 . 8 5 1.21 7 . 3 8 5 . 0 5 2 . 3 3

21 -  30 13.65 6 . 7 0 3 . 5 5 3 . 2 3 6 . 8 6 5 . 0 6 1 . 7 9

31 -  AO 17.12 8 . 1 2 2 . 3 0 5 . 9 8 8 . 8 4 4 . 9 5 3 . 8 8

41 -  50 2 6 . 9 5 9 . 8 5 1 .8 7 7 . 7 9 17 .1 0 5 . 6 8 7 . 4 1

51 -  60 15 .9 8 8 . 9 5 1 .25 7 .7 0 8 . 2 7 4 . 7 2 3 . 2 9

61 -  70 14.91 7 . 5 4 1.10 6 . 4 4 7 . 3 6 4 . 5 4 2 . 8 0

7 1 - 8 0 11.80 6 43 1 .4 5 4 . 9 7 5 37 4 20 1 . 1 6

8 1 - 8 4  11 .00  
( o n l y  4 d a y s )

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

D a i  ly mean 15 .1 2 6 . 7 5 2 07 4 . 6 8 8 . 3 6 4 . 9 7 3 . 3 9



I
Boot mg

16 days

10 ' days

i
F lowering 
mi lk stage

30 Cjys

I
Dough stage 

1
Mature

I
Grain stage

Evapotransp i rat  ion , evaporat ion,  t ransp i ra t  ion , total  water 

requi rement, total  percolat ion, ver t i ca l  and lateral  percolat ion loss 

between each stage were calcu la ted and the mean values of four plots 

are given in Table 6. Dai ly  average mean of evapotransp i rat  ion, 

evaporat ion,  t r ansp i ra t i on ,  total  water requi rement , total  percolat ion,  

ve r t i ca l  and latera l  percolat ion are g rap h ica l l y  represented in 

F i g . 6, 7 and 8, respect ive ly .  In the graph ica l  representat ion, the

di f ferent  growth stages are also marked.

Considering the rate of evaporat ion du r ing  the in i t i a l  stage, 

there was a gradual  increase in evaporat ion and it reached a 

maximum of 3.6 mm. This was due to the increase in temperature.



T a b le  6 T o ta l  of to ta l  w a te r  req u i rem en t ,  evapotransp  i ra t  ion , e v a p o r a t io n ,  t r a n s p  i r a t  io n , to ta l  p e r c o la t io n ,
v e r t i c a l  perco la t io n  and l a t e ra l  perco la t io n  du r in g  d i f fe ren t  growth stages -  mean of  four plots

G row th  s ta g e s D ays

To ta  1 
w a t e r  
re q u  i r e 
ment 

(mm)

E v a p o 
t r a n 
sp i r a -  
t ion 

(mm)

E v a p o 
r a t  ion

(mm)

T r a n s p  i -  
r a t  ion

(mm)

To ta  I 
p e r c o -  
la t  ion

(mm)

V e r t  ica I 
p e r c o -  
la t  ion

( mm)

L a t e r a I  
p e r c o  I a t  ion

( mm)

T r a n s p  l a n t  in g  

to 30 384.54 133.12 85.22 47 .86 215.50 160.05 55.47

M ax im um  t i l l e r i n g  o r  
p a n i c l e  i n i t i a t i o n

to 16 328.02 140.13 33.30 106.83 187.90 84.89 102.90
Bo o t ing  

to 10 219.50 93.12 16.41 76.90 126.32 51.36 75.01

F l o w e r i n g  (50% emergence)  
m i l k  s ta ge  
dough  s ta g e 28 374 19 201.35 39.13 162.25 172.81 121 01 5.84
m a t u r e  g r a i n  s tage

To ta  1 84 1270.25 567.72 174.06 393.84 702.53 417.31 285 22

cn
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Then it s ta r ted  decreas ing upto 65 days because the shade from the 

p la n ts  increased as the crop grew.  The v ege ta t i ve  g rowth  of p la n ts  

ceased at tha t  s tage and the shade of the c rop ,  the ra te  of

evapora t ion  increased because the mature leaves d u r i n g  th i s  s tage

w i t h e red  which i n tu rn  decreased the shaded a rea.

Cons ide r ing the ra te  of t ransp  i r a t  io n , d u r i n g  the f i r s t

10 days there was on ly  l i t t l e  increase in the ra te  of t ransp  i r a t  ion as

th i s  was the roo t in g  pe r iod  and there was p r a c t i c a l l y  ve ry  l i t t l e

g ro w th .  Then the ra te  s low ly  increased as the crop grew.  A f te r

maximum t i l l e r i n g ,  the ra te  of  t r a n s p i r a t i o n  increased at a fas te r  ra te  

upto the boot ing s tage. The reason fo r  th i s  is tha t  upto boot ing

stage p la n t s  grew at a fas te r  ra te  than  in the i n i t i a l  s tage.  Af ter  

the boo t ing s tage,  the ra te  of t r a n s p i r a t i o n  remained constant  t i l l  

f l o w e r in g .  Then there was a g r a d u a l  decrease in the ra te  of

t ransp  i r a t  ion in the f i n a l  s tage as the mature leaves w i the red

In the case of  to ta l  p e rc o la t i o n ,  the ave rage  d a i l y  v a lue  was 

8.36 mm. The ra te  of to ta l  pe rco la t i on  was almost constant  d u r in g  

the crop p e r iod  except in the 6th week a f te r  t r a n s p l a n t i n g  

55.3 per  cent of the to ta l  wa te r  was lost by p e rc o la t i on .

Two components o f  to ta l  p e rc o la t i on ,  the v e r t i c a l  pe rco la t i on  

and l a te r a l  pe rco la t ion  were compared.  D u r in g  the i n i t i a l  s tage, 

v e r t i c a l  pe rc o la t i on  ra te  was h ighe r  than  in the subsequent  pe r iods  

and reached a maximum va lu e  of 5.88 mm/day,  w h i l e  the average



v a l u e  w a s  o n l y  4 . 9 7  mm. F o r  i n s t a l l i n g  the  p e r c o  lat  lo n - m e t e r  the  soi l  

wa s d i s t u r b e d  u p to  75 cm f o r  m a k i n g  the  p i t  a n d  the  t r e n c h .  I t  took  

some d a y s  f o r  s e t t l e m e n t  a n d  t h i s  c o u l d  be t h e  r e a s o n  f o r  the  h i g h e r  

v e r t i c a l  p e r c o l a t i o n  r a t e  d u r i n g  the  i n i t i a l  s t a g e .  A f t e r  10 d a y s  th e  

v e r t i c a l  p e r c o l a t i o n  r a t e  r e m a i n e d  a lmo st  c o n s t a n t  a n d  t h e r e  was  o n l y  

l i t t l e  v a r i a t i o n .  T h e  v e r t i c a l  p e r c o l a t i o n  r a t e  r a n g e d  f ro m  4 03 to 

5 . 0 5  m m / d a y . 3 2 . 8  p e r  cen t  of t o t a l  w a t e r  w a s  lost as v e r t i c a l

p e r c o l a t i o n  a n d  it was  5 9 . 4  p e r  cent  of  the  t o t a l  p e r c o l a t i o n .

C o n s i d e r i n g  the l a t e r a l  p e r c o l a t i o n  the  d a i l y  a v e r a g e  v a l u e  

w a s  3 . 3 9  mm. I t  r e a c h e d  a m a x im u m  v a l u e  o f  11.41 m m / d a y  in the  

s i x t h  week a f t e r  t r a n s p l a n t i n g .  Both in the  p r e c e d i n g  a n d  s uc c e e d i n g  

w e ek s  the  r a t e  w a s  a lm ost  c o n s t a n t .  T h e  r a t e  of  v e r t i c a l  p e r c o l a t i o n  

in the  s i x t h  week a f t e r  t r a n s p l a n t i n g  r e m a i n e d  c o n s t a n t  a n d  the  

v a r i a t i o n  in t o t a l  p e r c o l a t i o n  w as  due  to l a t e r a l  p e r c o l a t i o n  a l o n e .  

T h e  r e a s o n  f o r  t h i s  is u n e x p l a i n a b l e  a n d  a d e t a i l e d  s tu d y  is n ee d ed  

to d e s c r i b e  t h i s  p h en o m e n o n .  2 2 .4 5  p e r  cen t  of t o t a l  w a t e r  w as  lost  

b y  l a t e r a l  p e r c o l a t i o n  a n d  it was  4 0 . 6  p e r  cent  of  the  t o t a l  

p e r c o l a t  ion.

F ro m  the  a b o v e  r e s u l t s ,  it c a n  be c o n c l u d e d  t h a t  more t h a n  

50 p e r  c en t  of th e  a p p l i e d  w a t e r  is lost t h r o u g h  p e r c o l a t i o n  a n d  

v e r t i c a l  p e r c o l a t i o n  is more t h a n  the  l a t e r a l  p e r c o l a t i o n .  T h i s  

s i g n i f i c a n t  w a t e r  loss t h r o u g h  v e r t i c a l  p e r c o l a t i o n  is due  to the s a n d y  

n a t u r e  of  the  soi l  w i t h  v e r y  l i t t l e  c o l l o d i a l  m a t e r i a l .



Average to ta l  pe rco la t i on  is 8.36 mm/day and average 

v e r t i c a l  pe rco la t i on  is 4.97 mm/day .  In Tami l  Nadu A g r i c u l t u r a l  

U n i v e r s i t y ,  S iv anappan  et_ a L  repo r ted  tha t  fo r  a sandy loam s o i l ,  

the v e r t i c a l  pe rco la t ion  ra te  is 3-6 mm/day .

Average  d a i l y  water  used, to ta l  wa te r  requ i remen t  and 

pe rcentage of  e v a p o t r a n s p i r a t  io n , e v a po ra t io n ,  t r a n s p i r a t i o n ,  tota l  

pe rco la t ion ,  v e r t i c a l  and la te ra l  pe rco la t i on  are g iven  in Table 7. 

Tota l  d ry  mat ter  weights  of p la n ts  in each evapo transp  i r imeter  were 

determined and are g iven  in Tab le  8. T r a n s p i r a t i o n  r a t i o  and 

consumpt ive use r a t i o  were c a lc u la te d  as ment ioned in Chapte r  I I I  and 

g iven  in the above t a b le .  Mean o f  t r a n s p i r a t i o n  r a t i o  and 

consumpt ive use r a t i o s  are 295.92 and 426.32. The equipment 

f a b r i c a te d  for  the measurement of deep pe rco la t i on  losses worked 

s a t i s f a c t o r I l y .

Nutr ient  losses due to deep percola t ion

a .  Percolat ion loss of n i t rogen

The com para t i ve  pe rco la t ion  loss of  n i t r ogen  at two d i f f e re n t  

s p l i t  doses of  f e r t i l i z e r  are g iven  in Append ix  I l i a  and the progress  of 

v e r t i c a l  pe rco la t ion  loss of n i t r ogen  a f t e r  basa l  d ress ing and top

dress ing  are represen ted  g r a p h i c a l l y  in F i g . 9. I t  was found that

0.47 per  cent of the app l ie d  n i t rogen  was lost on the f i r s t  day of

basa l  a p p l i c a t i o n .  The loss was reduced by 0.33 per  cent and 

0.05 per  cent on the second and t h i r d  day re s p e c t i ve l y .  I t  became



Table 7 D i f fe ren t  forms of wa te r  loss and water  requ i remen t  of shor t 
du ra t ion  v a r i e t y  T n v e m  in Mundakan  season -  Mean of four  
p lots

Average d a i l y  Total  
wa te r  used water  percentage

(mm) used
(mm)

I (a )  E v a p o t r a n s p i r a t  ion

(b)  Evapora t i o n

(c)  T r a n s p i r a t  Ion

6 75 

2.07 

4.68

567.72 

173.88 

393.84

44 69 

13 69 

31.00

II (a)  Tota l  pe rco la t i on

(b)  V e r t i c a l  pe rco la t i on

(c) L a te ra l  pe rco la t i on

8.36 

4 97 

3.39

702 53 

417.31 

285 22

55 30 

32.85 

22 45

Tota l  wa te r  requi remen t  15.12 1270.25 100.00



T ab le  8 Calculat ion of t ranspirat ion rat io and consumptive use rat io

Plot  No.

E v a p o t r a n 
sp i r a t  ion

(cm)

E va p o t ra n 
sp i r a t  ion

(cm3 )

E v a p o t r a n 
sp i r a t  ion

(kg )

TotaI  d ry  
m at te r  we ight  
in e v a p o t r a n 
sp i r  imeter

(kg)

Weight  o f wa te r  
t r a n s p i r e d  f rom 
evapo transp  i n 
met er

(kg)

T r a n s p i -  
r a t  ion 
ra t  i o

Consumpt ive 
use r a t  io

1 53.22 431082 431.08 1.05 294.52 280 49 410.55

2 56.85 460485 460.49 1.13 317.84 281.28 407.51

3 57.25 463725 463.72 1.13 323.19 284.74 410.38

4 59.75 483975 483.97 1.02 342.46 337.17 476.82

Mean 295.92 426.32

03
CD





t race on the four th day. The observed reduct ion in percolat ion loss 

of ni t rogen wi th  time is due to the water soluble urea n ' t rogen used 

The total  n i t rogen lost through ve r t i ca l  percolat ion in six days is 

0.88 per cent.  This amounts to 0.62 kg of app l ied ni t rogen as urea.

Top dressing was done on the 18th day of p lan t in g .  It was 

found that 0.27 per cent of the appl ied ni t rogen was lost on the f i rs t  

day of top dressing. The loss was reduced by 0.16 per  cent and

0 07 per cent on the second and t h i r d  day respect ive ly .  The total  

loss of ni trogen in six days is 0.53 per cent.  This amounts to 

0.19 kg of appl ied n i t rogen.  This reduced percolat ion los= is due to 

the compaction of the soi l  made by the progress ive growth stages of 

c rop .

b. Percolation loss of phosphorus

The comparat ive percolat ion loss of phosphorus af ter  basal 

dressing is given in Appendix I I lb and the progress of ver t ica l  

percolat ion loss is represented g ra ph ic a l l y  in F ig. 10.

It was found that 0.03 per cent of app l ied phosphorus was 

lost on the f i r s t  day and 0.02 per cent on the second day of basal 

app l i ca t ion.  However the maximum loss of phosphorus w i th in  six days 

was only 0.12 per cent. This amounts to 0.04 kg of appl ied 

phosphorus. As fa r  as percolat ion loss of phosphorus is concerned 

the losses were neg l ig ib le  when compared to ni t rogen and potassium. 

The lower loss of phosphorus found in th is study in due to the high 

ra te  of absorpt ion of phosphorus dur ing ear ly  growth phases
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c. Percolation loss of potassium

The comparative percolat ion loss of potassium at two di f ferent 

spl i t  doses are given in Appendix I l ie  and are represented 

graph ica l ly  in F i g . 11.

On the f i r s t  day, 0.24 per cent of appl ied potassium was lost 

and 0.04 per cent was lost on second day of basal appl icat ion.  

Maximum loss occurred dur ing the f i r s t  two day and there was only 

trace in the fol lowing days. The total loss of potassium for the two 

days was 0.28 per cent. This amounts to loss of 0.05 kg of appl ied 

potass lum.

0.15 per cent and 0.02 per cent of appl ied potassium was

lost on the f i r s t  and second day of top dressing. The total  loss was

0.17 per cent only . This amounts to 0.03 kg of appl ied potassium.

The results showed that 0.81 kg of ni trogen out of 70 kg /ha,

0.04 kg phosphorus out of 35 kg/ha and 0.08 kg potassium out of 

35 kg/ha was lost through deep percolat ion. The maximum percolation 

losses of appl ied ni trogen, phosphorus and potassium occurred on the 

f i rs t  day of appl icat ion and became trace on the fourth day. The 

percentage loss of NPK are represented in the Table 9.

Padmajs and Koshy (1978) reported in the la tent  ic a l luv ium

soils of Vel layan l j  that the maximum run off loss of 70 per cent of

appl ied ni trogen and 26 per cent of appl ied potassium occur on the 

same day of appl icat ion. The loss of phosphorus is negl ig ib le  and is 

about two per cent.
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T a b le  9 Pe rcen ta g e  loss o f  NPK a f t e r  b a s a l  d re s s in g  and  top d re s s in g

V e r t i c a l  pe rco la t ion of

Days
N i t rogen Phosphorus Potass mm

Basa 1 Top Basa I Basa I Top
dress ing dress ing dress ing dress ing dress ing

(%) (%) (%) (%) (%)

1st 0.47 0.27 0.03 0.24 0 15

2nd 0.33 0.16 0.02 0.04 0 02

3rd 0.05 0.17 T race T race T race

Tota 1 0.85 0.50 0.05 0 28 0.17



F r o m  t h e  a b o v e ,  it c a n  be  c o n c l u d e d  t h a t  NPK losses d u e  to 

deep  p e r c o l a t i o n  is not  much w h e n  c o m p a r e d  to t h e  r u n  o f f  losses  

T h i s  m a y  be  d u e  to t h e  f a c t  t h a t  t h e  NPK c o n t e n t  in t h e  s o l u t i o n  gets  

f i x e d  in t h e  s o i l ,  as  it p e r c o l a t e  dow n t h r o u g h  t h e  s o i l .  As it goes  

down t h r o u g h  t h e  so i l  in to  d e e p e r  l a y e r s ,  more  NPK g e t s  f i x e d  in t h e  

s o i l .  So t h e  w a t e r  t h a t  goes  b e y o n d  t h e  ro o t  z o n e  w i l l  c o n t a i n  o n l y  

v e r y  l i t t l e  NPK.

But  t h e  q u a n t i t y  o f  f e r t i l i z e r  lost t h r o u g h  l a t e r a l  p e r c o l a t i o n  

m a y  b e  m uch  m ore  t h a n  t h i s  b e c a u s e  most o f  t h e  l a t e r a l  p e r c o l a t i o n  

t a k e s  p l a c e  in t h e  u p p e r  r e g i o n s  o f  t h e  s o i l .  T h e  c o n c e n t r a t i o n  o f  

t h e  f  e r t  1 1 i z e r  in t h e  l a t e r a l  p e r c o l a t i o n  w a t e r  is l i k e l y  to be

s o m e w h e r e  in b e t w e e n  t h e  q u a n t i t y  o f  f e r t i l i z e r  lost in t h e  r u n  o f f  

w a t e r  a n d  t h a t  is lost in d eep  p e r c o l a t i o n .  A b o u t  70 p e r  c e n t  of  

a p p l i e d  n i t r o g e n  a n d  26 p e r  c e n t  o f  a p p l i e d  p o t a s s i u m  is lost t h r o u g h  

s u r f a c e  r u n  o f f  on t h e  s am e  d a y  o f  a p p l i c a t i o n .  A b o u t  0 . 4 7  p e r  c e n t

n i t r o g e n  a n d  0 . 2 4  p e r  c e n t  p o t a s s i u m  is o n l y  lost on t h e  s am e  d a y

t h r o u g h  d eep  p e r c o l a t i o n .  T h e  loss o f  n u t r i e n t s  in t h e  w a t e r  t h a t  is

lost in l a t e r a l  p e r c o l a t i o n  c o u l d  not be  a s s e s s e d  in t h i s  s t u d y .  As  

t h e s e  losses a r e  l i k e l y  to be  s u b s t a n t i a l ,  a m ore  d e t a i l e d  s t u d y  is 

r e c o m m e n d e d .





SUMMARY

In  I n d i a  n e a r l y  50 p e r  cent of the  to ta l  q u a n t i t y  of  

i r r i g a t i o n  w a t e r  is u t i l i s e d  for  g r o w in g  r i c e  crops  a l o n e .  Water  

con s t i tu tes  one of the p r i n c i p a l  c o n s t r a i n t s  i r c r e a s i n g  food p ro d u c t io n  

I t  is p o ss ib le  to in crease  the a r e a  u n d e r  i r r i g a t i o n  w i t h o u t  any  

a d d i t i o n a l  i n c rea se  in the q u a n t i t y  of  i r r i g a t i o n  w a te r  by  r e d u c i n g  

the d i f f e r e n t  losses of w a t e r  in the f i e l d .  To a c h i e v e  th is  g o a l ,  the  

q u a n t i t a t i v e  a n a l y s i s  of the d i f f e r e n t  losses of w a te r  is e s s e n t i a l .  

The p re se n t  i n v e s t i g a t i o n  was  ta k e n  up to d e s ig n ,  f a b r i c a t e  a n d  test  

an equ ip m en t  to measure  deep p e r c o l a t i o n  losses in the p a d d y  f i e l d .  

The  crop r a i s e d  was  a short  d u r a t i o n  v a r i e t y  r i c e  in ' M u n d a k a n '  

season .  The  soi l  in the e x p e r i m e n t a l  f i e l d  was s a n d y  loam in t e x t u r e  

com p r is i n g  of 10 p e r  cent g r a v e l ,  65 p e r  cent  s a n d ,  12.5 p e r  cent  si l t  

a nd  12.5  p e r  cent c l a y .  The  m a in  source of i r r i g a t i o n  w a t e r  was  

f i l t e r - p o i n t  t u b e w e l l .

The e s t im a t io n s  of e v a p o r a t i o n ,  t r a n s p  i r a t  ion a n d  p e r c o la t i o n  

we re  made on the  b a s is  of measurement  u s ing  f i e l d  equ ip m ents  nam ely  

e v a p o r  im e t e r , e v a p o t r a n s p e r  imeter a n d  perco lat l o n - m e t e r . The  

perco  I at lo n -m ete r  cons is te d  of a s q u a r e  box of s i ze  50 x  50 x 20 cm.  

A s q u a r e  p y r a m i d  wi t h  a b as e  50 cm a n d  he igh t  15 cm was f a b r i c a t e d  

a n d  w e ld ed  to the  bottom of the  s q u a r e  b o x .  At the apex  of the  

s q u a r e  p y r a m i d ,  a hole of  d ia m e t e r  25 mm was made.  A V - c u t  was  

made on a G. I . p i p e  at  5 cm from one end a nd  the p ip e  was bent  at  

th is  l ine  of cut  to d e s ir e d  a n g l e .  T h is  p ip e  then was we lded  to the



apex of  the square  p y r a m id ,  w i t h  a downward s lope for easy f low of

wa te r .  A reducer  was f i x e d  to the G. I . p ipe  and a hose c o l l a r  was

connected to the reducer .  One end of the po lye thy le ne  p ipe was 

connected to the hose c o l l a r  and  the other  end was connected to the 

drum. For the co l lec t ion of pe rc o la t i on  wa te r  a bucket  was p laced

ins ide the drum. Meshes of 1 mm and 2 mm sizes were f i x e d  on a

f rame and kept  ins ide the pe rco la t  lon-meter .

Pure seeds of a shor t  du ra t io n  v a r i e t y  ' T r i v e n i '  was used 

for  the exper imen t .  F e r t i l i z e r  a p p l i c a t i o n  weeding and a l l  o ther  

p rac t i ces  were done as per  the recommendat ions in the package  of 

p rac t i c es .  D i f fe ren t  forms of  d a i l y  losses were measured by r e f i l l i n g  

method and by ad d in g  d a i l y  losses the cum u la t i v e  va lues  d u r i n g  the 

crop p e r io d  were ob ta ine d .  Samples of pe rco la t ion  wa te r  were 

co l lec ted one day p r i o r  to the a p p l i c a t i o n  of  f e r t i l i z e r  and also in the 

subsequent days t i l l  the loss became n e g l i g i b le .  The water  samples 

were an a ly s ed  f o r  NPK losses by the s ta n d a r d  methods.

This  s tudy  revea ls  th a t  to ta l  water  requ i rement  was 

1270.25 mm percentages of wa te r  lost by e v a po ra t io n ,  t r ansp  i r a t  ion , 

to ta l  p e rc o la t i on ,  v e r t i c a l  and la te ra l  pe rco la t i on  were 13.7, 31.0,

55.3, 32.85, 22.45 res pec t i ve l y .  D u r in g  the i n i t i a l  stages there was a 

g r a d u a l  Increase In the ra te  of e v a p o ra t io n .  Then it s ta r ted  

dec reas ing upto 65 days and towards the last  s tages, the ra te  of 

evapora t ion  increased as the mature leaves w i the red  which in tu rn  

decreased the shaded a rea .  The ra te  of t ransp  i ra t  ion remained 

constant  d u r i n g  the f i r s t  10 days .  Then increased at a fas te r  ra te
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upto the boot ing s tage.  A f te rw ards  the ra te  of  t ransp  i ra t  ion was

almost cons tan t .

The ra te  of to ta l  pe rco la t i on  was almost constant  d u r i n g  the

crop pe r io d  except in the 6th week a f t e r  t r a n s p l a n t i n g .  More than

50 per  cent of  the ap p l ie d  wa te r  is lost th rough  p e rc o la t i on .  

D u r in g  the i n i t i a l  stage v e r t i c a l  pe rco la t i on  ra te  was h ig he r  than in

the subsequent  pe r iods .  For  i n s t a l l i n g  the perco lat lon -mete r , the soi l

was d i s tu rb e d  fo r  mak ing  the p i t  and t rench .  I t  took some days for 

set t lement  and th i s  cou ld  be the reason fo r  the h ighe r  v e r t i c a l  

p e rc o la t i on .  A f te r  10 days the v e r t i c a l  pe rco la t io n  r a te  remained 

almost constant  and the average  v a lu e  was 4.97 mm V er t ic a l  

pe rco la t i on  is more than  the la tera  I pe rco la t  ion . Th is  s i g n i f i c a n t  water  

loss t h rou gh  v e r t i c a l  pe rco la t ion  is due to the sandy na tu re  of the 

soi l  w i th  ve ry  l i t t l e  co l l o id a l  m a t e r i a l .

The NPK losses due to deep perco la t ion  is not much when

compared to the ru n  of f  losses. Th is  may be due to the fac t  tha t  the 

NPK content  in the so lu t ion gets f i x e d  in the soi l  as it perco la tes 

down th ro ugh  the s o i l .  The maximum pe rco la t ion  losses of ap p l ie d

NPK occur red  on the f i r s t  day of  a p p l i c a t i o n  and there was on ly  

t races on the fo u r th  day onwards .  As f a r  as phosphorus is 

concerned, the losses are n e g l i g i b l e  when compared to n i t r ogen  and

potass ium.  The equipment f a b r i c a te d  for  the measurement of  deep 

pe rco la t ion  losses worked sat isf actor  i ly-.

Fo l low ing  suggest ion is made for  f u r t h e r  s tudy

1. To dev ice methods for  assessing la te ra l  pe rco la t ion  and n u t r i e n t  

losses th rough  l a te ra l  p e rc o la t ion .
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A p p e n d i x  -  I

Recommendations for  r i ce in the package of pract ices 

(Kera la A g r i c u l t u r a l  U n iv e rs i t y )

Rice v a r ie t y  

Durat  ion 

Grain co lour  

Special  characters

Seed rate

Age of seedl ings

T ra n s p la n t  ing

Manures and 
fer t  1 1 izers

Tn ven  i 

95-105 days 

Wh ite

Tolerant  to brown p la n t  hopper,  suscept ib le 
to b las t  and sheath b l i g h t  diseases

50-85 k g /h a

Seedl ings are ready to be p u l led  out when 
these a t t a in  the 4-5 leaf stage, about 
18 days af te r  sowing

Thransp la n t  seedl ings of the appropr ia te  age 
fo r  the v a r i e t y  at 2-3 seedl ings per h i l l  in 
rows at a spacing of 15 cm x 10 cm

Apply o rganic  manures in the form of 
f a rm yard  manure or compost or green leaf at 
the ra te  of 5 t /h a  and incorporate into the 
soi l  wh i le  p lough ing .  F e r t i l i z e rs  to be 
appl ied at 70 k g / h a  of N, 35 k g /h a  of P~0_ 
and 35 k g / h a  of

Weed cont ro l Keep the f i e ld  f ree of weeds upto 45 days



Append x I I

Da y total 
percolat on

water requ rement evapol ranspl rat on 
and lateral  percolat on of P ot No 1

evaporat on transp rat on to pcrco lat t-n v

Oate
Total water 
requ rement 

(mm)

Evapotran- 
sp rat  on 

(mm)

Evaporat on 

(mm)

Transp rat 

(mm)

on Total
perco at on 

(mm)

Vert cal 
perco at on 

(mm)

La era 
p ercolat 

(mm)

1 2 3 4 5 6 7 8

19/10/1989
20/10

8 00 
8 00

2 00 
2 00

2 00 
2 00

0
0

6 00 
6 00

5 60 
>5 60

0 40 
0 40

21/10 8 00 2 00 2 00 0 6 00 5 40 0 60

22/10 8 00 3 10 2 10 0 4 90 4 80 0 10

23/10 8 50 3 15 2 10 0 05 5 35 5 00 0 35

24/10 8 50 3 15 2 10 0 05 5 53 5 20 0 15

25/10 8 75 3 20 2 10 0 10 5 55 5 30 0 25

26/10 9 75 3 00 2 20 0 80 5 75 5 20 0 55

27/10 8 75 3 10 2 30 0 80 5 65 5 00 0 65

28/10 9 00 3 20 2 20 1 00 5 80 5 20 0 60

29/10 10 00 3 21 2 25 0 96 6 79 5 50 1 29

30/>0 10 00 3 22 2 50 0 72 6 78 6 00 0 78

31/10 10 00 3 25 2 50 0 75 6 75 6 00 0 75

1/11 10 00 3 00 2 20 0 80 7 00 6 50 0 50

2/11 10 10 3 10 2 25 0 85 7 10 5 80 1 30

3/11 10 50 3 16 H 5
0 41 7 34 4 30 3 04

4/11 11 00 3 20 3 00 0 20 7 80 5 80 2 00

5/H 10 00 4 00 2 50 1 50 6 00 5 80 0 20

5/11 12 00 4 05 2 75 1 30 7 95 4 80 3 15

7/11 12 00 6 50 4 00 2 50 5 50 4 20 1 30

8/11 12 00 6 50 4 00 2 50 5 50 4 28 1 22

9/11 12 00 6 00 4 00 2 00 6 00 4 30 1 70

10/1) 11 00 6 00 4 00 2 00 5 00 4 00 1 00

11/11 11 00 6 50 4 00 2 50 4 50 3 96 0 54

12/1) 1 1 50 6 70 4 00 2 70 4 80 4 40 0 40

13/11 11 50 6 50 4 00 2 50 5 00 4 00 1 00

14/11 12 00 6 00 2 00 4 00 6 00 3 96 2 04

15/11 14 00 6 50 2 00 4 50 7 50 3 96 3 54

16/11 14 00 8 00 2 50 5 50 6 00 3 76 2 24

17/11 14 00 8 00 2 50 5 50 6 00 3 80 2 20

18/11 14 00 6 50 3 00 3 50 7 50 3 60 3 90

9/11 13 50 7 00 3 00 4 00 6 50 3 50 3 00

20/11 13 SO 6 50 3 00 3 50 7 00 3 40 3 60

21/11 14 00 7 00 2 00 5 00 7 00 3 60 3 40

22/11 14 00 7 50 2 00 5 50 6 50 3 80 2 70

23 1) 15 00 8 00 2 00 6 00 7 00 5 00 2 00

24/11 14 00 8 50 2 00 6 50 5 50 4 50 ! 00

25/11 14 00 8 00 2 00 6 00 6 00 4 00 2 00

26/H 16 00 8 00 2 00 6 00 8 00 5 00 3 00

27/11 17 00 9 00 1 50 7 50 8 00 6 00 2 00

26/11 1? 00 8 00 1.00 7 00 9 00 6 00 3 00

29/\ I 22 00 9iOQ 1 00 8 00 13 00 8 00 5 00

30/11 27 00 9 CO 1 00 8 00 18 00 8 00 10 00

1/12 26 00 10 00 1 00 9 00 16 00 8 00 8 00

2/12 28 00 11 00 1 00 10 00 17 00 8 00 9 00

w/12 32 00 11 00 3 00 8 00 21 00 6 00 15 00

4/12 30 00 12 00 3 00 9 00 18 00 6 00 12 00

5/12 28 00 10 00 3 00 7 00 18 00 6 00 12 00

Cd

C o m  d



8

11 0
9 0

7 0

0 0

2 0

2 0
2 0

1 0

1 0

0 5

1 5

2 0

2 0

1 8
2 0

2 5
3 5

3 0

4 0

4 0

5 0

2 0

1 0

1 0

1 0

0 0

2 0

2 0

1 1
1 7

0 4

1 4

2 0

1 0

2 0

2 0

11 (con id  )

Tota l  w a te r  
requ irem ent  

(mm)

E v a p o t r a n 
sp I r a t  (on 

(mm)

E vap o ra t  on 

(mm)

T r a n s p i r a t  ion 

(mm)

Tota I
perco lat on 

(mm)

2 3 4 5 6

27 0 10 0 2 0 6 0 18 0

26 0 11 0 2 0 9 0 15 0

21 0 8 0 2 0 6 0 13 0

14 0 8 0 1 0 7 0 6 0

14 0 8 0 1 0 7 0 6 0

14 0 8 0 1 0 7 0 6 0

15 0 9 0 1 0 8 0 6 0

16 0 10 0 1 0 9 0 6 0

16 0 10 0 1 0 9 0 6 0

14 0 8 0 1 0 7 0 7 0

14 0 8 0 1 0 7 0 6 0

15 0 6 0 1 0 7 0 7 0

14 0 8 0 1 0 7 0 6 0

14 0 8 0 0 0 7 0 6 0

15 0 8 0 1 0 7 0 7 0

15 0 8 0 1 0 7 0 7 0

15 0 7 0 1 0 6 0 8 0

15 0 6 0 1 0 5 0 9 0

15 0 5 0 1 0 4 0 10 0

13 0 5 0 1 0 4 0 8 0

14 0 5 0 1 2 3 8 9 0

14 0 6 0 1 2 4 6 8 0

13 0 6 0 1 3 4 7 7 0

12 0 5 0 1 0 4 0 7 0

12 0 5 0 1 0 4 0 7 0

11 0 5 0 1 0 4 0 6 0

11 0 5 0 1 5 3 5 6 0

12 0 5 5 1 5 4 0 6 5

11 0 5 3 1 5 3 8 5 7

11 0 5 1 2 0 3 1 5 9

10 0 5 5 2 0 3 5 4 5

11 0 5 6 2 0 4 6 5 4

11 0 4 8 2 0 2 6 6 2

10 0 5 0 2 0 3 0 5 0

11 0 5 0
%

2 0 3 0 6 0

11 0 5 0 2 0 3 0 6 0

3



Append x II (contd )

Da > otal  
perco lat on

water r t q u  rement evapotransp ra l  on 
and la tera l  percolat on of Plot No 2

evaporal  on I ransp rat on total  perco la ron  vcr

Dale
Total water 
requ rement

Evapotran 
sp ra t  ion

Evaporal  on Transp rat on Tota 1
percolat on

Vert cal 
percolat on

Latera 1 
percolat

(mm) ( mm) (mm) (mm) (mm) (mm) ( mm)

1 2 3 4 5 6 7 8

19/10/1989 8 0 2 0 2 0 0 0 6 0 5 5 0 5

20/10 8 0 2 0 2 0 0 0 6 0 5 5 0 5

21/10 8 0 2 0 2 0* 0 0 6 0 5 4 0 6

22/10 11 0 2 1 2 0 0 1 8 9 7 0 1 9

23/10 11 2 2 2 2 1 0 1 9 0 7 0 2 0

24/10 10 5 2 2 2 1 0 1 8 3 6 6 1 5

25/10 11 0 2 3 2 2 0 1 8 7 6 5 2 2

26/10 12 0 2 35 2 3 0 05 9 65 5 0 3 65

27/10 12 0 2 35 2 3 0 05 9 65 6 2 3 45

28/10 12 5 2 3 2 1 0 2 10 2 6 0 4 2

29/10 13 0 2 9 2 8 0 1 10 1 6 1 4 0

30/10 11 0 3 0 2 9 0 1 8 0 6 0 * 2 0

31/10 10 0 3 2 3 1 0 1 6 8 6 0 0 8

1/11 10 0 3 3 3 0 0 3 6 7 5 0 1 7

2/11 11 0 5 0 2 9 2 1 6 0 4 0 2 0

3/11 12 0 5 0 3 0 2 0 7 0 5 0 2 0

4/11 12 0 4 0 3 0 1 0 8 0 6 0 2 0

5/11 11 0 6 0 4 0 2 0 5 0 5 0 0 0

6/11 12 0 6 2 3 0 3 2 5 8 5 0 0 8

7/11 13 0 6 5 3 0 3 5 6 5 6 0 0 5

8/11 13 0 6 0 4 0 2 0 7 0 5 5 1 5

9/11 \2 5 6 0 4 5 1 5 6 5 5 5 1 0

10/11 12 5 6 0 4 0 2 0 6 5 5 0 1 5

11/11 13 0 6 0 4 5 1 5 7 0 6 0 1 0

12/1! 13 0 5 5 4 0 1 5 7 5 5 0 2 5

13/11 14 0 6 0 4 0 2 0 8 0 6 0 2 0

14/11 13 0 6 0 2 0 4 0 7 0 6 0 1 0

15/11 13 0 6 5 2 0 4 5 6 5 5 0 1 5

16/11 13 0 7 0 3 0 4 0 6 0 5 5 0 5

17/11 15 0 e 3 8 0 5 3 6 7 5 0 1 7

18/11 14 0 6 0 3 0 3 0 8 0 5 0 8 0

19/11 14 0 7 0 3 0 4 0 7 0 5 0 2 0

20/11 16 0 6 5 3 0 2 5 9 5 5 5 4 0

21/1) 18 0 9 0 2 09 7 0 9 0 5 8 3 2

22/U 15 0 8 5 1 5 7 0 7 5 5 6 1 9

23/11 16 0 9 0 1 75 7 25 7 0 5 6 1 4

24/11 16 0 9 0 2 0 7 0 7 0 5 4 1 4

25/U 16 0 9 0 2 0 7 0 7 0 5 5 1 5

26/11 19 0 8 5 2 0 6 5 10 5 5 2 5 3

27/11 19 0 8 5 2 0 5 5 10 5 4 0 6 5

28/11 19 0 8 0 1 75 6 25 11 0 5 0 6 0

29/11 19 0 9 0 1 5 7 5 10 0 5 2 4 8

30/11 24 0 9 0 1 0 8 0 15 0 5 3 9 7

Com  d



A p p e n d  I ( c o n l d  )

___ - -

D a te
T o t a l  v»ater  
r e q u  re m e n t  

(m m )

E v a p o t r a n -  
s p i r a t  ion  

» (m m )

E v a p o r a t  on  

(m m )

T r o n s p i r a t  ion 

(m m )

T o la  1
p e r c o l a t  on  

(m m )

V e r t  c a  1 
p e r c o l a t  on  

(m m )

L a i e r a  1 
p e r c o  1 at 

( mm)

1 2 3 4 5 6 7 8

—  —  -  - — “ —— ” '

1 /1 2 /1 9 8 9 26  0 10 0 1 0 9 0 16 0 5 5 10 5

2 /1 2 32 0 10 0 1 0 9 0 22 0 5 6 16 4

3 /1 2 33 0 12 0 2 0 10 0 21 0 5 2 15 8

4 /1 2 31 0 11 0 2 0 9 0 20 0 5 3 14 7

5 /1 2 25 0 10 0 2 0 8 0 15 0 5 4 9 6

6 / 1 2 25 0 10 0 2 0 8 0 15 0 a 5 9 5

7 /1 2 25  0 11 0 2 0 9 0 14 0 5 5 8 5

8 / 1 2 22 0 8 0 2 0 6 0 14 0 5 6 8 4

9 / 1 2 17 0 8 0
2 ° $  
1 0

6  0 9 0 5 4 3 6

1 0 /12 17 0 8 5 7  5 8 5 5 2 3 3

11 /12 17 0 9 0 1 0 8 0 8 0 5 2 2 8

1 2 /12 15 0 9 0 1 25 7 75 7 0 5 0 2 0

13 /12 15 0 11 0 1 5 9 5 4 0 4 0 0 0

14 /12 15 0 11 0 1 5 9 5 4 0 4 0 0 0

15 /12 14 0 10 0 1 5 8 5 4 0 4 0 0 0

16 /12 14 0 10 0 1 25 8 75 4 0 4 0 0  0

1 7 /1 2 14 5 8 0 1 3 6 7 6 5 5 0 1 5

18 /12 14 5 8 0 1 4 6 6 6 5 5 0 1 5

19 /12 15 0 8 0 1 5 6 5 7 0 5 0 2 0

2 0 /1 2 140 8 0 1 2 6 8 6 0 5 1 0 9

2 1 /1 2 14 0 8 0 1 1 6 9 6 0 5 0 1 0

2 2 /1 2 14 0 8 0 1 1 6 9 6 0 5 2 0 8

2 3 /1 2 IS  0 8 0 1 1 6 9 7 0 5 5 1 5

2 4 /1 2 14 0 8 5 1 0 7 5 5 5 5 0 0 5

2 5 /1 2 14 0 8 0 1 0 7 0 6 0 5 1 0 9

2 6 /1 2 13 0 8 0 1 0 7 0 5 0 4 0 1 0

2 7 /1 2 12 0 8 0 1 0 7 0 4 0 4 0 0 0

2 8 /1 2 11 0 8 0 1 0 7 0 3 0 3 0 0 0

2 9 /1 2 12 0 6 0 1 0 5 0 6 0 4 0 2 0

30 12 12 0 6 0 1 0 5 0 6 0 4 0 2 0

3 1 /  12 11 0 6 0 1 0 5 0 5 0 4 0 1 0

1 1 /1 990 11 0 5 9 1 5 4 4 5 ) 4 5 0 6

2 /1 12 0 6 0 2 0 4 0 6 0 4 6 1 4

3 /1 12 0 5 9 2 0 3 9 5 1 4 6 0 5

4 /1 12 0 6 2 2 0 4 2 5 8 4 5 1 3

5 / 1 11 0 6 0 2 0 4 0 5 0 4 2 0 8

6 /1 11 0 5 8 2 0 3 8 5 2 4 1 1 1

7 / 1 ' 9  9 5 6 2 5 3 1 4 4 4 0 0 4

6 /1 11 0 5 8 2 . 0 3 8 5 2 4 2 1 0

9 /1 10 0 5 5 2 0 3 5 4 5 4 0 0 5

10/1 1 1 0 5 5 3 0 2 5 5 5 4 0 1 5



A p p e n d  x  I I ( c o n t d  )

Da ly t o t a l  w a t e r  r e q u  re m e n t  e v a p o t r a n s p l r a t  Ion e v a p o r a t  on t r a n s p  r a t  on t o t a l  p e r c o la t  on  v e r t i c a l

p e r c o la t  on a n d  l a t e r a l  p e r c o la t  on  o f  P lo t  No 3

T o t a l  w a t e r E v a p o t r a n  E v a p o r a t  Ion T r a n s p l r a t  o n T o l a  1 V e r t  c a  1 L a t e r a

O a le r e q u  r e m e n t s p  r a t i o n p e r c o  a t  o n p e r c o l a t  o n p e r c o  1 a

(m m ) (m m ) (m m ) (m m ) (m m ) (n  m) (m m )

1 2 3 4 5 6 7 8

19 0 /1 9 8 9 8 5 2 0 2 0 0 0 6 5 5 6 0 9

2 0 /1 0 8 5 2 0 2 0 0 0 6 5 5 5 0 9

2 1 /1 0 9 0 2 0 2 0 0 0 7 0 5 4 1 6

2 2 /1 0 9 5 2 5 2 05 0 45 7 0 6 8 0 2

23 10 10 0 2 5 2 05 0 45 7 5 6 9 0 6

24 10 11 0 2 6 2 1 0 5 B 4 6 5 1 9

2 5 /1 0 12 0 2 6 2 1 0 5 9 4 6 0 3 4

26 10 11 0 2 6 2 1 0 5 8 4 6 2 2 4

2 7 /1 0 10 5 2 7 2 3 0 4 7 8 6 4 1 4

2 6 /  10 11 0 2 7 2 3 0 4 8 3 7 0 1 2

2 9 /1 0 11 0 2 8 2 25 0 55 8 2 6 5 I 7

30 10 11 0 3 0 2 4 0 6 8 0 6 3 1 7

31 10 12 0 3 5 2 5 1 0 S 5 6 2 2 3

1 1 11 5 4 0 2 6 1 4 7 6 6 0 d

-> 1 11 9 3 5 2 7 0 8 8 4 4 0 4 4

3 1 1 11 8 3 5 2 6 0 7 8 3 4 0 3 8

4 11 1 1 8 3 4 2 75 0 65 6 4 4 5 3 9

5 1 1 11 8 3 8 3 0 0 8 8 0 4 8 3 2

6 /11 12 0 6 0 3 25 2 75 6 0 5 0 0

7 / H 12 0 6 0 3 5 2 5 6 0 5 0 1 0

8 /1 1 13 0 10 0 3 5 3 5 6 0 5 0 1 0

9 /  1 1 13 0 6 5 3 2 3 3 6 5 5 0 1 5

10/11 14 0 6 5 3 8 2 7 7 5 5 0 2 5

11/11 14 0 7 0 4 0 3 0 7 0 5 0 2 0

P  1 13 0 7 5 4 1 3 4 5 5 5 0 0 5

I j /  11 13 0 6 0 4 3 1 7 7 0 5 5 2 0

14/11 14 0 6 0 4 5 1 5 8 0 5 5 2 5

15/11 15 0 6 5 3 0 3 5 8 5 5 5 3 0

16/11 16 0 6 5 3 0 3 5 9 5 5 5 4 0

17/1 15 5 7 0 2 5 4 5 8 5 5 7 2 8

18/11 16 0 7 0 2 2 4 8 9 0 5 4 3 6

19 /  11 19 0 8 0 2 2 5 8 11 0 5 4 5 o

20 /11 20 0 8 0 3 0 5 0 12 0 4 6 7 2

2 1 /1 1 19 0 8 0 3 0 5 0 11 0 5 0 6 0

2 2 /11 20 0 9 0 2  0 7 0 U  0 5 5 5 5

2 3 /1 1 19 0 9 0 2 0 7 0 10 0 6 ' 0 4 0

24 /11 19 5 9  0 2 2 6 8 10 5 5 8 4 7

25 /11 19 5 8 0 2 2 5 8 11 5 5 8 5 7

26 /11 20 0 8 0 2 0 6 0 12 0 5 B 6 2

2 7 /11 20 0 8 0 2 0 6 0 12 0 6 0 6 0

28 I t 20 ) 9 0 2 0 7 0 11 0 6 0 5 0

2 9 /1 1 23 0 9 0 2 0 7 0 14 0 6 0 6 0

3 0 /11 27 0 10 0 2 0 8 0 17 0 6 0 11 0

C on t d



Append x I I  (c o n td  )

T o ta l  w a te r E v a p o t r a n - E v a p o r a t  Ion T r a n s p [ r a t  on Tota 1 V ert  ca  1 L a te r a

D ate re q u  rement sp r a t  ion p e rc o la t  on p e rc o la t  on perco  la

(mm) (mm) (mm) (mm) (mm) (mm) (mm)

1 2 3 4 5 6 7 8

1 /1 2 /19 89 31 0 10 0 2 0 8 0 21 0 6 0 15 0

2 /12 32 0 1! 0 2 1 8 9 21 0 6 0 15 0

3 /1 2 30 0 11 0 2 0 9 19 0 6 0 13 0

4 /12 30 0 10 0 21 0 7 9 20 0 5 8 14 2

5 /1 2 29 0 10 0 1 9 8 1 19 0 5 8 13 2

6 /1 2 29 0 9 0 1 9 7 1 20 0 5 6 14 4

7 /1 2 28 0 8 0 1 8 6 2 20 0 5 6 14 4

8 /1 2 26 0 9 0 1 7 7 3 17 0 5 4 11 6

9 /12 17 0 8 0 1 7 6 3 9 0 4 8 4 2

10/12 17 0 8 0 1 6 6 4 9 0 4 8 4 2

11/12 17 0 8 0 1 4 6 6 9 0 4 8 4 2

12/12 16 0 9 0 1 4 7 6 7 0 5 0 2 0

13/12 17 0 10 0 1 3 8 7 7 0 5 0 2 0

14/12 17 0 11 0 1 3 9 7 6 0 4 0 2 0

15/12 17 0 10 0 1 2 8 8 7 0 4 0 3 0

16/12 16 0 10 0 1 1 8 9 6 0 4 0 2 0

17/12 16 0 10 0 1 1 8 9 6 0 4 0 2 0

18/12 16 0 8 0 1 1 6 9 8 0 * 4 2 3 8

19/12 16 0 8 0 1 1 6 9 8 0 4 2 3 8

20/12 16 0 8 0 1 0 7 0 8 0 4 2 3 8

21 /12 16 0 8 0 1 0 7 0 8 0 4 2 3 8

22/12 15 0 6 0 1 0 7 0 7 0 4 8 2 2

23 /12 14 0 8 0 1 1 6 9 6 0 4 4 1 6

24/12 15 0 7 0 1 0 6 0 8 0 4 2 3 8

25 /12 16 0 7 0 1 0 6 0 9 0 4 4 4 6

26/12 15 0 7 0 1 0 6 0 8 0 4 0 4 0

27 /12 15 0 6 0 1 0 5 0 9 0 4 0 5 0

28 /12 14 0 6  0 1 1 5 0 8 0 4 0 4 0

29 /12 13 0 7 0 1 0 6 0 6 0 4 0 2 0

30 /12 13 0 7 0 1 .0 6 0 6 0 4 0 2 0

31 /12 14 0 7 0 1 0 6 0 7 0 4 0 1 0

1 /1 /199 0 12 0 7 0 1 5 5 5 5 0 4 0 1 0

2/1 12 0 7 0 1 5 5 5 5 0 4 0 1 0

3 /1 11 0 7 0 1 5 5 5 4 0 3 8 0 2

4/1 12 0 7 2 2 0 5 2 4 8 4 0 0 8

5 /1 11 0 6  8 2 0 4 8 4 2 4 0 0 2

6/1 10 0 7 0 2 0 5 0 3 0 2 8 0 2

7 /1 11 0 6 5 2 0 4 5 4 5 4 0 0 5

8 /1 12 0 6 5 2 5 4 0 5 5 4 5 1 0

9 /1 10 0 6  7 2 5 4 2 3 3 3 0 0 3

10/1 11 0 6 5 2 5 4 0 4 5 4 0 0 5



App nd x 1
Oa ly tola 1 
percolat on

(conid )
water requ rement evapotransp rat  on 

and la tera l  perco at on of Plot No 4
evaporat on t ransp rat on total  percolat on v

Total water Evapotran Evaporat Ion Transp rat on Tota 1 Vert cal Lateral
Dale requ rement sp i rat  Ion perco lat ion percolat on percolat

( mm) (mm) ( mm) (mm) (mm) (mm) ( mm)

1 2 3 4 5 6 7 8

19/10/1989 9 0 2 0 2 0 0 0 7 0 6 4 0 6

20/10 9 0 2 0 2 0 0 0 7 0 6 4 0 6

21/10 9 0 2 0 2 0 0 0 7 0 6 2 0 8

22/ 10 9 0 2 5 2 1 0 4 6 5 6 4 0 1

23/10 10 2 2 5 2 1 0 4 7 7 6 8 0 9

24/10 10 2 2 5 2 2 0 3 7 7 6 5 1 2

25 10 10 5 2 5 2 2 0 3 8 0 6 0 2 0

26/10 11 C 2 7 2 2 0 5 8 3 5 5 2 8

27/10 11 2 2 7 2 3 0 4 8 5 4 5 4 0

28/10 11 4 2 8 2 3 0 5 8 6 4 14 4 46

29/10 11 6 2 6 2 4 0 4 8 8 4 0 4 0

30/10 11 5 2 8 2 4 0 4 8 7 4 0 4 7

31/10 11 4 2 6 2 5 0 3 0 6 4 0 4 6

1/11 11 4 3 0 2 6 0 4 8 4 4 4 4 0

2/11 1 1 4 3 0 2 8 0 2 8 4 3 5 4 9

3 / U 11 6 3 5 3 1 0 4 8 1 3 6 4 5

4/11 12 0 5 9 3 2 2 7 6 1 4 6 1 5

5/11 12 5 6 0 3 2 2 8 6 5 4 7 1 8

6/11 12 8 5 9 3 2 2 7 6 9 4 9 2 0

7/11 14 0 5 9 3 5 2 4 8 1 5 0 3 1

8/11 15 0 6 6 3 5 3 1 8 4 6 0 2 4

9/11 16 0 6 5 3 2 3 3 9 5 6 0 3 5

10/11 16 0 6 0 3 6 2 8 10 0 6 0 4 0

11/11 15 0 7 0 4 0 3 0 8 0 6 0 2 0

12/11 14 8 7 0 4 0 3 0 7 8 6 0 1 8

13/11 14 8 8 0 4 0 4 0 6 8 4 9 1 9

14/11 14 5 9 0 4 0 5 0 5 5 4 9 0 6

15/11 14 5 9 0 3 0 6 0 5 5 5 0 0 5

16/11 15 0 9 0 3 0 6 0 6 5 5 0 1 5

17/11 15 0 8 5 2 5 6 0 6 5 5 2 1 3

18/11 14 0 8 5 2 5 6 0 5 5 5 2 0 3

19/11 16 0 9 0 2 5 6 5 7 0 5 5 1 5

20/11 16 0 8 5 3 0 5 5 7 5 5 0 2 5

21/11 16 0 10 0 3 0 7 0 6 0 4 0 2 0

22/11 19 0 10 0 3 0 7 0 9 0 4 0 5 0

23/11 19 0 10 0 2 5 7 5 9 0 4 0 5 0

24/11 19 0 10 0 2 0 e o 9 0 4 0 5 0

25/11 20 0 10 0 2 0 8 0 10 0 5 0 5 0

26 11 23 0 9 0 2 0 7 0 14 0 5 0 9 0

27/11 22 0 6 0 2 0 6 0 14 0 5 8 8 2

28/11 22 0 8 0 2 0 6 0 14 0 6 0 8 0

29/11 22 0 8 0 1 9 6 4 14 0 5 4 8 6

30/11 26 0 9 0 1 9 7 1 17 0 5 4 11 6

C o n  d



Append x II (conld )

Date
T o ta l  w a te r  
re q u  i rement 

(mm)

E v a p o t r a n -  
s p i r a t  Ion

(mm)

E v a p o r a t  Ion 

(mm) ♦

T r a n s p l r a t  Ion 

(mm)

Tota 1
perco la t Ion 

(mm)

V e r t  ca l  
p e rc o la t  on

(mm)

L a t e r a 1 
perco  la  

(mm)

1 2 3 4 5 6 7 8

1 /1 2 /19 69 30 0 9 0 2 0 7 0 21 0 4 5 16 5

2 /1 2 29 0 10 0 2 0 8 0 19 0 4 4 14 6

3 /1 2 30 0 10 0 2 0 8 0 20 0 4 0 16 0

4 /12 30 0 11 0 2 0 9 0 19 0 3 9 15 1

5 /12 29 0 10 0 2 0 6 0 19 0 4 5 14 5

6 /1 2 30 0 9 0 2 0 7 0 21 0 4 5 16 5

7 /12 29 0 9 0 2 0 7 0 20 0 4 5 15 5

8 /1 2 27 0 9 0 2 0 7 0 18 0 4 o 11 5

9 /1 2 19 0 8 0 1 0 7 0 U  0 6 0 5 0

10/12 19 0 8 0 1 0 7 0 11 0 6 0 5 0

11/12 18 0 B 0 1 0 7 0 10 0 6 0 4 0

12/12 18 Q 9 0 1 0 8 0 9 0 4 0 5 0

IS/ 12 18 0 9 0 1 0 6 0 8 0 4 0 5 0

14/12 16 5 11 0 1 0 10 0 7 5 4 0 3 5

15/ 2 18 5 11 0 1 0 10 0 7 5 4 0 3 5

16/12 17 0 8 0 1 0 7 0 9 0 4 2 4 8

17/12 17 0 8 0 1 0 7 0 9 0 4 4 4 6

18/12 17 0 8 0 1 \ 6 9 9 0 4 0 5 0

19/12 16 0 8 0 1 2 6 6 8 0 4 0 4 0

20/12 16 0 8 0 1 2 6 e 8 0 4 2 3 8

21 /12 16 0 8 0 1 2 6 8 8 0 4 3 3 7

22/12 15 0 6 0 1 3 6 7 7 0 4 0 3 0

23/12 16 0 8 0 1 4 6 6 8 0 *4 5 3 5

24/12 15 0 8 0 1 3 6 7 7 0 4 1 2 9

25/12 16 0 6 0 1 3 6 7 6 0 4 2 3 6

26 12 16 0 8 0 1 2 6 8 8 0 4 0 4 0

27/12 15 0 7 5 1 0 6 5 7 5 4 0 3 5

28 /12 15 0 7 5 1 0 6 5 7 5 4 0 3 5

29 12 13 0 8 0 1 0 7 0 5 0 4 0 1 0

30 12 13 0 7 5 1 0 6 5 5 5 4 0 1 5

31/12 13 0 7 5 1 0 6 5 5 5 4 0 1 5

1 /1 /1990 12 0 7 5 1 5* 6 0 4 5 4 0 0 5

2/1 11 0 7 0 1 5 5 5 4 0 4 0 0 0

3 /1 12 0 7 3 1 5 5 6 4 7 4 2 0 5

4/1 11 0 7 5 1 5 6 0 4 5 4 0 0 5

5 /1 10 0 7 0 2 0 5 0 3 0 2 8 0 2

6/1 11 0 6 B 2 0 4 8 4 2 4 0 0 2

7 /1 12 0 7 0 2 0 5 0 5 0 4 0 1 0

6/1 13 0 7 0 2 0 5 0 6 0 4 5 1 5

9 /1 11 0 7 0 2 5 4 5 4 0 4 0 0 0

10/1 11 0 6 5 2 5 4 0 4 5 4 2 0 3



Comparat ve percolat ion loss of ni trogen af ter  basal  appl cat ion of fert I zers

Append x -  I l i a

Volume of Loss of Average Vert cal  percolated
Oate sample n trogen loss water

(n (pp n] {ppm) (I t /ha)

Loss of n trogen 
percolated wa r 

(g n/'hu )

Actual  loss of 
n l lrogen 

( gm/t a )

IB 10 19B9 25 0 89 0 89 5 87 x 10 52 6 (Check) 0

19 10 1989 10
4 20 
3 92 
3 36 
3 64

3 78 5 77 x 10 218 10 165 46

20 10 1989 10

2 80 
3 08 
3 08 
2 80

2 94 5 70 x 10 167 58 114 98

21 10 1969 20
1 26 
1 40 
1 12 

1 12

1 22 5 60 x 10 68 31 15 72

22 10 19o9 20

0 84
1 12
0 84
1 12

0 98 6 25 x 10 61 25 8 65

23 10 1989 20

0 90 
0 84 
0 84 
0 84

0 88 6 43 x 10 56 26 3 66

24 10 1989 20

0 98 
0 84 
0 84 
0 84

0 88 6 25 x 10 54 68 2 08

5 10 1989 20

0 84
0 84
1 12 
0 56

0 84 5 95 x 10 9 9b T act

26 10 1989 20
0 70 
0 84 
0 84 
0 84

0 81 5 73 x 10' 46 12 T race

27 10 1989 20

0 56 
0 6*
1 12 
0 56

0 77 5 53 x 10' 42 58 T race

28 10 1989 20

0 84 
0 84 
0 56 
0 84

5 58 x 10 42 96 Trace

n

0 70
29 10 1989 20 ® e/| 0 67 5 02 x 10  ̂ 33 63 Trace

0 56 
0 56

0 56
30 10 1989 20 0 56 0 67 5 57 x 10^ 37 31 Trace

0 70 
0 84



A p p e n d  x  I l i a

C o m p a r a l  ve p e r c o l a t i o n  loss o f  n t r o g e n  a f t e r  top  d re s s  n g

D a te
V o l u m e  o f  L o s s  o f  A v e r a g e  V e r t i c a l  p e r c o l a t e d  L o ss  o f  n t r o g e n  q A c t u a l  o ss  o f
s a m p le  n i t r o g e n  l o s s  w a t e r  p e r c o l a t e d  w a t e r  n i t r o g e n

( m l )  ( p p m )  ( p p m )  ( l i t / h a )  ( g m / h a )  ( g m / h a )

2 7

15 11 1989 50

0 22 
0 33 
0 22 
0 33

0 27 A 86 x  10 13 51 0 ( C h e c k )

16 11 1989 50

1 96
2 52 
2 24 
1 96

2 17 4 94 x  10 107 19 94 07

17 11 1989 50
1 45 
1 34 
1 34 
1 45

1 40 4 92 x  10* 68 70 55 58

18 11 1969 50

0 78 
0 67 
0  78  
0 89

0 78 4 80  x  10 37 63 24 51

19 11 1989 50
0 44 
0 33 
0 44 
0 33

0 49 4 85  x  10* 24 00 10 88

20 11 1989 50
0 33 
0  39
0 28 
0 36

0 33 4 67 x  10 15 70 2 58

21 11 1989 50
0 39 
0 28 
0 28 
0 22

0 29 4 60 x  10 13 52 0 40

22 11 1989 50
0 33 
0  28 
0 28 
0 22

0  27 4 73  x  10 13 19 T r a c e

23 I I  1989 50
0  28 
0 28  
0 33 
0 28

0 29 5 15 x  10 15 08 T r a c e

24 11 1989 50
0 22 
0 28 
0 33 
0 22

0 26 4 93 x  10 13 06 T r a c e

2S 11 1§8§
0 28 
0.26  
0 22 
0 22

0 25 5 0 8  x  10 12 8 0 T r a c e

26 11 1989 50
0 22 
0 28 
0 22 
0 22

0 23 5 25 x  10 12 49 T r a c e

27 11 1989 5 0
0 22 
0 22 
0 22 
0 22

0 22 5 45 x  10 12 20 T r a c e



A p pend ix  I I I b

Com para t ive  p e rc o la t io n  loss of phosphorus  a f te r  b a s a l  a p p l i c a t io n  o f  f e r t i l i z e r

D a te

V o lu m e
of
sa mp 1 e 

( m l )

Loss o f  
p h o s 
p h o r u s  
(p p m )

A v e r a g e
loss

(p p m )

V e r t  ic a  I 
p e r c o  1 a te d  
w a t e r  
{1 i t / h a )

Loss o f  
p h o s p h o ru s  
in p e r c o 
la t e d  w a t e r  

( g m / h a )

A c t u a l  loss of  
p h o s p h o ru s

( g m / h a )

1 8 . 1 0 . 1 9 8 9 25 0 .2 4

0 .4 8

0 .2 4 5 . 8 7  x  104 14 08 0 (C h e c k )

19 1 0 .1 9 8 9 25 0 .4 0
0 .4 8
0 .3 2

0 .4 8

0 .4 2 5 77 x  104 24 23 10 15

20 1 0 .1 98 9 25 0 .4 0
0 .2 4
0 .3 2

0 . 3 2

0 .3 6 5 .7 0  x  104 2 0 .5 2 6 44

2 1 . 1 0 . 1 9 8 9 25 0 .4 0
0 . 5 8
0 .3 2

0 . 2 4

0 .4 1 5 . 6 0  x  104 2 2 .9 6 8 88

22 1 0 .1 9 8 9 25 0 . 3 2
0 . 3 2
0 .4 0

0 .3 2

0 . 3 2 6 25 x  104 2 0 .0 0 5 92

23 1 0 .1 98 9 25 0 .2 4
0 .4 0
0 .3 2

0 . 2 4

0 .3 2 6 . 4 3  x  104 2 0 .5 6 6 . 4 8

2 4 . 1 0 . 1 9 8 9 25 0 .2 4
0 . 3 2
0 .3 2

0 . 2 4

0 .2 8 6 . 2 5  x  104 17 5 3 42

2 5 . 1 0 . 1 9 8 9 25 0 .2 4
0 .2 4
0 .2 4

0 .2 4

0 .2 4 5 . 9 5  x  104 1 4 .2 8 0 20

2 6 . 1 0 . 1 9 8 9 25 0 .2 4
0 .2 4
0 .2 4

0 .2 4 5 . 7 3  x  104 13 .75 T r a c e



Comparat ve perco la t  on loss of potass urn a f te r  b a s a l  a p p l ic a i  on of fert ) zcr

Append x I I Ic

Date

1

18 10 1989

19 10 1989

20 10 1989

21 10 1989

22 10 1989

23 10 1989

24 10 1939

25 10 1989

26 10 1989

27 10 1989

28 10 1989 

Tota I

15 11 1989

16 11 1989

17 11 1989

18 11 1989

19 11 1989

Loss of A verag e  V e r t ic a l  p e rco la ted
potassium loss wqter

(ppm) (ppm) ( l l t / h a )

4 8

5 9 
5 0 
5 8 
5 7

5 2 
5 0
4 8
5 3

5 2
4 6
5 3
5 0

4 0
5 3 
4 7 
4 0

4 0
5 0 
5 0 
4 0

4 2 
4 5 
4 2 
4 0

3 8
4 2 
4 0 
4 0

4 1 
4 2 
4 3
4 0

3 9
4 2
3 8
4 0

4 0 
4 1 
4 2 
4 0

4 5 
4 6 
4 4
4 6

5 2 
5 0
4 e
5 0

4 4 
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ABSTRACT

R i c e  i s  t he  mo s t  i m p o r t a n t  and e x t e n s i v e l y  c u l t i v a t e d  

f o o d  c r o p  in K e r a l a  Be c a u s e  o f  t he  s e m i - a q u a t i c  n a t u r e ,  t he  

w a t e r  r e q u i r e m e n t  o f  r i c e  i s  2 - 3  t i me s  g r e a t e r  t han  o t h e r  

c r o p s  The  me a s ur e me n t  or  p r e d i c t i o n  o f  p e r c o l a t i o n  l o s s e s  in 

f i e l d  s i t u a t i o n  i s  o f  g r e a t  p r a c t i c a l  s i g n i f i c a n c e  f o r  

e f f i c i e n t  i r r i g a t i o n  and a l s o  f o r  t he  d e t e r m i n a t i o n  o f  t he  

n u t r i e n t  l o s s e s .  A  p r e c i s e  k n o w l e d g e  o f  w a t e r  r e q u i r e m e n t  o f  

c r o p  a t t a i n s  i m p o r t a n c e  f o r  i n c r e a s i n g  p r o d u c t i o n  The 

p r e s e n t  i n v e s t i g a t i o n  was t a k e n  up' to d e s i g n ,  f c b r i c a t e  and 

t e s t  an e q u i p me n t  t o  c o l l e c t  d e e p  p e r c o l a t i o n  w a t e r , Q u a n t i f y  

i t  and t o  a s s e s s  t he  n u t r i e n t  l o s s e s  in t ne p e r c o l a t  on 

A a t e r  The s t u d y  was u n d e r t a k e n  in Mundakan '  s e a s o n  and thp 

v a r i e t y  was ' T r i v e m  1 The  l o c a t i o n  was the  I n s t r u c t i o n a l  

Far m o f  KCAET,  T a v a n u r  The ma i n  s o u r c e  o f  i r r i g a t i o n  w a t e r  

was f i l t e i  p o i n t  t u b e w e l l .

The  e x p e r i m e n t  was conduc - t ed d u r i n g  t h e  Mundakan 

s e a s o n  o f  1989 E s t i m a t i o n s  o f  e v a p o r a t i o n ,  t r a n s p i r a t i o n  and 

p e r c o l a t i o n  w e r e  made on t he  b a s i s  o f  me a s u r e m e i t s  , u s i n *  

e v a p o r i m e t e r , e v a p o t r a n s p l r i m e t e r  and f i e l d  hook g a ug e  

V e r t i c a l  p e r c o l a t i o n  was a s s e s s e d  u s i n g  p e r c o 1 a t l o n - m e t e r  

w h i c h  was d e s i g n e d  and f a b i  l c a t e d  f o r  t h i s  s t u d y .  L a t e r a l  

p e r c o l a t i o n  was o b t a i n e d  by s u b t r a c t i n g  v e r t i c a l  p e r c o l a t i o n  

f r o m t o t a l  p e r c o l a t i o n  The  s t u d y  n v e a U d  t ha t  thi  t o t a l



w a t e r  r e q u i r e m e n t  was 1270. 25  nro The p e r c e n t a g e s  o f  w a t e r  

l o s t  by e v a p o r a t i o n ,  t r a n s p i r a t i o n ,  and t o t a l  p r c o l a t i o n  a r e  

13 . 69 ,  31 . 0  and 5 5 . 3 .  The w a t e r  wh i c h  i s  l o s t  by v e r t i c a l  and 

l a t e r a l  p e r c o l a t i o n  a r e  59 4 and 40 6 per  c e n t  o f  t he  t o t a l  

p e r c o l a t i o n  r e s p e c t i v e l y .

T h e r e  was a g r a d u a l  i n c r e a s e  in t he  r a t e  o f  

e v a p o r a t i o n  d u r i n g  t he  i n i t i a l  s t a g e  Then i t  d e c r e a s e d  upt o  

65 days  and t hen  a g a i n  i n c r e a s e d  upt o  t he  f i n a l  s t a g e ,  Ra t e  

o f  t r a n s p i r a t i o n  r e ma i ne d  a l mo s t  c o n s t a n t  up t o  10 days  and 

i  l en t he  r a t e  s l o w l y  i n c r e a s e d  as t he  c r o p  g r e w .  The r a t e  

i n c r e a s e d  up t o  t he  b o o t i n g  s t a g e  T h e r e  was a g r a d u a l  

d e c r e a s e  in t he  r a t e  o f  t r a n s p i r a t i o n  in the  f i n a l  s t a g e

The r a t e  o f  t o t a l  p e r c o l a t i o n  r e ma i ne d  a l mo s t  

c o n s t a n t  d u r ' n g  t he  c r o p  p e r i o d .  More  than 50 per  c e n t  o f  t he  

a p p l i e d  w a t e r  i s l o s t  t h r oug h  p e r c o l a t i o n  D u r i n g  t he  i n i t i a l  

s t a g e ,  v e r t i c a l  p e r c o l a t i o n  r a t e  was h i g h e r  than i n t he  

s ubs e que n t  d a y s .  A f t e r  IQ d a y s ,  the  v e r t i c a l  p e r c o l a t i o n  r a t e  

r e ma i ne d  a l mo s t  c o n s t a n t .  The r a t e  o f  l a t e r a l  p e r c o l a t i o n  was 

c o n s t a n t  d u r i n g  t he  c r o p  p e r i o d  e x c e p t  in t he  s i x t h  week a f t e r  

i r a n s p 1 a n 1 1 n g . The samp l e s  o f  p e r c o l a t i o n  w a t e r  we r e  

c o l l e c t e d  and t he  NPK l o s s e s  due t o  deep  p e r c o l a t i o n  we r e  

a n a l y s e d  by t he  s t a n d a r d  me t hods  The maximum p e r c o l a t i o n  

l o s s e s  o f  a p p l i e d  NPK o c c u r r e d  on t he  f i r s t  day o f  a p p l i c a t i o n  

and t h e r e  was o n l y  t r a c e s  o'n t he  f o u r t h  day q nwa r d s .  N i t r o g e n  

and p o t a s s i u m  l o s s e s  w e r e  h i g h e r  than t he  l o s s  o f  pho s p ho i us



whi ch was n e g l i g i b l e .  The NPK l o s s e s  due t o  deep p e r c o l a t i o n  

i s  not  much when compared t o  t he  run o f f  l o s s e s .  T h i s  may be 

due t o  the  f a c t  t ha t  t he  NPK c o n t e n t  in the  s o l u t i o n  g e t s  

^ i x e d  in the  s o i l  as i t  p e r c o l a t e s  down t hr ough t he  s o i l .  So 

the wa t e r  t ha t  goes  beyond t he  r o o t  zone  w i l l  c o n t a i n  o n l y  

v e r y  l i t t l e  NPK,  The equi pment  f a b r i c a t e d  f o r  the measurement  

o f  deep p e r c o l a t i o n  l o s s e s  wor ked  s a t i s f a c t o r i l y .

Knowl e dge  o f  wa t e r  r e q u i r e me n t  o f  r i c e  w i l l  g r e a t l y  

he l p  in t he  e f f i c i e n t  u t i l i s a t i o n  o f  a v a i l a b l e  w a t e r .




