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ABSTRACT

An incubation experiment was conducted to study the transform ation of applied K in s o ils  from the 
four major rubber growing regions of South In d ia . S o il samples were incubated w ith moisture at f ie ld  capacity 
fo r 9 0 -days and the d iffe re n t forms of K were estimated p e r io d ic a lly . The exchangeable K content on incuba­
tion , increased up to 60th day and maintained the same leve l upto 75th day and decreased th e rea fte r. The water 
s o li^ le  K as well as the Morgan ex tractab le  K had higher values on the 15th day of incubation and thereafte r 
i t  decreased gradually  showing very low values.

INTRODUCTION

In India, r u b b e r  is g r o w n  
e x t e n s i v e l y  in t h e  h u m i d  h i g h  
rainfall areas w ith annual total 
r a i n f a l l  of o v e r  2 0 0 0  mm. T h e  
red a n d  l a t e r i t i c  t y p e  of soil 
p r e d o m i n a t e s  in t h e s e  r e g i o n s  
w i t h  d o m i n a n c e  o f  k a o l i n i t e  
minerals, and oxides and hydrous 
ox id es  of Fe and Al. (Mukherjee 
et a l . p 1971? G h o s h  and Kapoor, 
1982). W i t h  e x c e s s i v e  r a i n f a l l  
there are mqre chances of leach­
ing l o s s e s s  o f  a p p l i e d  K in 
the se  soils. E v e n t h o u g h  a large 
q u a n t i t y  of K is a p p l i e d  e v e r y  
y e a r ^  t h e  a v a i l a b l e  K s t a t u s  
r e m a i n s  low. T h e  r e s p o n s e  to 
applied K is also found negative 
in most of the field experiments 
c o n d u c t e d  b y  R u b b e r  R e s e a r c h  
I n s t i t u t e  of I n d i a  ( A n a n t h  ^  

, 1966; P o t t y  ^  , 1978;
Abdul K a l a m  et , 1980) . C o n ­
s i d e r i n g  t h e s e  a s p e c t s ,  a p r e ­
l i mi na ry  st udy was c o n d u c t e d  to 
a s s e s s  t h e  t r a n s f o r m a t i o n  of 
a p p l i e d  K in m a j o r  r u b b e r  g r o w ­
ing soils of Southern India.

MA TE RIALS AND METHODS

A n  i n c u b a t i o n  e x p e r i m e n t  
was c o n d u c t e d  w i t h  t h e  s u r f a c e  
soils (0-30 cm) from four m a j o r  
r u b b e r  g r o w i n g  r e g i o n s  n a m e l y  
K a n y a k u m a r i  ( K u l a s e k h a r a m ) , 
C a l i c u t  ( K i n a l u r ) , K o t t a y a m  
(Mundakayam) and T r i c h u r  (Pudu- 
k a d ) . T h e  t r e a t m e n t s  w e r e  0,40. 
80, 120, 160, and 200 m g  K k g “̂ 
s o i l .  T h e  s o i l  m o i s t u r e  w a s  
maintained at field capacity and 
s a m p l e s  w e r e  d r a w n  at r e g u l a r  
i nt ervals of 15, 30, 45, 60, 75 
and 90 d a y s  of i n c u b a t i o n  a n d  
a n a l y s e d  for d i f f e r e n t  forms of 
K. T h e  i n i t i a l  s o i l  s a m p l e s ,  
b o t h  s u r f a c e  ( 0 - 3 0  cm) a n d  
s u b s u r f a c e  ( 3 0 - 6 0  cm) w e r e  
analysed for organic carbon, and 
CEC by standard m e t h o d  (Jackson, 
1958). T h e  m e c h a n i c a l  c o m p o s i ­
t i o n  w a s  d e t e r m i n e d  b y  t h e  
I n t e r n a t i o n a l  P i p e t t e  M e t h o d  
(Piper, 1942). T h e  m o i s t u r e  at 
33 k P a  w a s  e s t i m a t e d  u s i n g  
p r e s s u r e  p l a t e  a p p a r a t u s .  T h e  
w a t e r  soluble, e x c h a n g e a b l e  and 
total K w ere estimated by the



standarc3 p r o c e d u r e s  ( J a c k s o n ,  
1958). T h e  fixe d K w a s  e x t r a c t ­
ed, u s i n g  IN H N O 3 as s u g g e s t e d  
b y  P r a t t  ( 1 9 6 5 ) .  T h e  M o r g a n  
e x t r a c t a b l e  K as a n  i n d e x  of 
a v a i l a b l e  K w a s  a l s o  • e s t im at ed  
(Morgan, 1941) .

RESULTS AND DISCUSSION

T h e  p h y s i c o - c h e m i c a l  p r o ­
p e r t i e s  of s o i l  ( T a b l e  1) r e ­
v e a l e d  t h a t  t h e  s o i l s  w e r e  
a c i d i c  in r e a c t i o n  (pH 4.8 to 
5.2), In t h e  s u r f a c e  l a y e r  the 
o r g a n i c  c a r b o n  c o n t e n t  of Kula - 
s ek ha ra m soil was low but it was 
in m e d i u m  to h igh range in other 
t h r e e  c a s e s .  T h e  m o i s t u r e  c o n ­
tent at 33 kPg was also very low 
for K u l a s e k h a r a m  soil c o m p a r e d  
to t h e  o t h e r  t h r e e  regions. The 
CEC of t h e  i n i t i a l  s o i l  rangfed 
from 5.2 to 12.8 c mol (P+)kg”̂ , 
w h i c h  m i g h t  be d u e  t o  t h e  p r e ­
d o m i n a n c e  o f  k a o l i n i t e  a n d  
h y d r o u s  o x i d e s  o f  Fe a n d  Al. 
( M u k h e r j e e  ^  , 1971; G h o s h
and K a p o o r ,  1982). T h e  C E C  w a s  
a l s o  h i g h  in t h e  s u r f a c e  s o i l  
w h i c h  m i g h t  b e  d u e  t o  t h e  h i g h  
organic ca rb on  content.

Table 1. Physico-chemical properties of initial soil

A m o n g  t h e  d i f f e r e n t  for ms  
of K in t h e  i n i t i a l  s o i l  t h e  
total K c o n t e n t  r a n g e d  from 480 
to 1 2 4 0  m g  l O O g " ^  s o i l .  T h e  
w a t e r  s o l u b l e  K  was fou nd  to be 
v e r y  l o w  r a n g i n g  f r o m  0 . 1 0  t o
0.7 0 mg lOOg 
a ble K r a n g e d
mg 1 0 0 
ranged 
100 ^g
___^ from

soil.

and the exchange- 
frora 3.6 to 12.5 
T h e  a v a i l a b l e  K

3.6 to 11.9 mg

The wat er  soluble K content 
on i n c u b a t i o n  r a n g e d  f r o m  1.45 
to 11.10 mg 100g“̂ . Irrespective 
of the locations, t h e  t r e a t m e n t  
Tg r e c o r d e d  t h e  h i g h e s t  w a t e r  
s o l u b l e  K a n d  t h e  l o w e s t  w a s  
r e c o r d e d  b y  t h e  c o n t r o l .  A m o n g  
the locations M u n d a k a y a m  record­
ed the h i g h e s t  values. On i n c u ­
b a t i n g  t h e  s o i l ,  u n d e r  f i e l d  
c a p a c i t y  t h e  w a t e r  s o l u b l e  K 
c o n t e n t  i n c r e a s e d  c o n s i d e r a b l y  
from the initial value.

T h i s  m i g h t  b e  d u e  t o  the 
f a c t  t h a t  o n  i n c r e a s i n g  t h e  
m o i s t u r e  c o n t e n t  t h e  soil s o l u ­
t ion gets d i l u t e d  and the e q u i ­
l i b r i u m  b e t w e e n  m o n o v a l e n t  and 
divalent cations in the exchange 
complex gets di st urbed resulting

Region

(Location)

Soi t 

depth 

(cm)

Particle size pH DC

(X)

CEC Hoist. 

cmoUp*) at 33 

kg’̂ kPa

(X)

Forms of K (mg1 1 0 0 *^ 9) Avail.

K

(mg

lOO’̂g)

Sand

(X)

Silt

(%)

Ctay

(X)

Water

Sol.

Exch., Fixed La­

ttice

To­

tal

Ksnyakunarf 0-30 59.6 6.7 34.1 5.1 0.90 7.3 tO . 8 0 . 2 0 S.1 9.2 662 680 5.6

(Kulasekha­ 30-60 42.7 7.0 43.1 5.2 0.84 5.2 8 . 8 0.15 3.6 6 . 6 830 840 3.6

ram)

Calicut 0-30 44.3 1 0 . 2 0 42.4 4.6 2.13 12.5 26.6 0.70 12.5 12.5 574 600 11.9
(Kinalur) 30-60 45.2 9.0 39.7 5.0 1.07 11.5 24.8 0.30 1 0 . 0 8 . 1 462 480 5.3

Kottayam 0-30 46.2 a.1 38.0 5.0 2.79 1 2 . 8 23.9 0.40 6.3 9.4 1064 1080 5.8

(Haundaka* 30-60 36.2 1 0 . 1 38.2 4.8 1.83 10.7 21.9 0.15 6 . 0 5,9 1128 1140 3.8

yam

Trichur 0-30 49.5 8.4 32.9 5.0 1.26 10.9 23.5 0.30 9.4 13.4 1217 1240 8.3

(Pudukad) 30-60 36.4 4.2 44.1 5.0 0.75 1 0 . 1 2 1 . 1 0 . 1 0 8.4 1 0 . 0 1 0 0 2 1 0 2 0 6 . 0



Table 2. Different form of K various stages of incubation (mg 'iOOg  ̂ soiV)

‘ Exchangeable kTreat

fflents

Water soluble K

incubation time in days Incubation tiine in days

Morgan extractable K 

Incubation time in days

15 30 45 60 75 90 15 30 45 60 75 90 15 30 45 60 75 90

^ 2

1 . 2 1.5 1 . 0 1 . 2 1 . 2 0 . 1

Kwiyakunri

5.1 5.6 6.1

;kulasekhara»)

10.6 11.0 M O . O 3.7 3.0 3.2 6 . 2 6.7 3.8

5.1 3.0 3.0 3.0 3.0 0 . 2 6 . 2 2 0 . 1 15.5 19.9 18.0 14.3 9.4 12.4 6.3 6 . 8 12.5 5.7

^3 8 . 0 7.5 5.6 4.8 5.2 0 . 2 6.9 18.7 16.6 23.8 15.5 15.2 10.5 13.7 15.0 13.2 15.4 7.3

1 2 . 6 10.3 7.3 5.7 5.3 0 . 6 13.6 30.6 22.5 25.6 26.1 16.8 17.6 30.0 16.8 18.4 18.0 9,4

^5 T3.6 10.3 9.6 9.0 1 0 . 0 1 . 2 16.9 29.3 27.0 32.5 33.0 18.7 18.1 25.1 2 1 . 8 24.4 25.1 13.1

^ 6
20.3 14.7 1 2 . 0 9.4 14.0 1.5 24.3 36.8 31.1 34.3 37.2 28.8 24.3 31.2 30.1 30.1 30.2 13.2

^ 2

1.3 2.3 2 . 2 2 . 0 2 . 6 0.3 15.6

Calicut 

16.8 15.1

Ckinalur) 

20.0 21.3 18.7 7,7 6 . 1 1 0 . 0 11.9 13.1 9.4

3.5 7.6 8.4 4.6 3.7 0.9 26.8 31.4 26.7 28.2 28.1 2 0 . 1 24.4 22.3 18.8 2 0 . 0 2 0 . 2 1 0 . 1

^3 S.2 n . o 8.9 5.8 7.1 0.9 30.0 56.2 30.1 31.1 33.6 21.3 26.1 29.8 22.3 21.6 2 2 . 1 12.3

'4 6.5 1 0 . 6 10.4 7.3 8 . 6 1 . 0 31.2 39.4 32.6 37.0 37.3 23.6 27.6 30.6 25.1 28.1 25.1 13.2

^5 6 . 6 13.1 K . O 9.8 10.4 1 . 2 35.7 42.5 36.1 37.8 41,3 28.1 38,2 34,3 27.8 26.3 28.9 14.4

^6 7.6 15.3 13.3 13.6 1 2 . 2 1,3 35.6 43.7 36.2 47.0 45.6 35.1 39.7 35.7 26.9 35.1 30.7 13.8

KottayaM (aauidakayan)

1 . 8 2.3 1 . 6 1.4 2,7 0.4 18.9 7.4 1 1 . 0 12.3 15.3 16.5 7.7 6.9 6 . 6 7.0 7.2 5.0

2
5.6 7.5 4.6 3.1 3.4 0.5 23.7 16.4 15,6 22.5 2 1 . 0 19.2 16.2 13.1 9,3 15.0 10.4 7.5

*3 6 . 8 7.4 6.5 5.8 4.7 0 . 8 25.1 23.1 2 0 . 1 25,6 24.9 20.7 22.3 14.7 15.1 18.6 15.1 9.3

^4 1 1 . 6 12.4 8.4 8.9 10.9 1 . 0 30.1 29.4 25.1 33.7 35.5 26.3 26.5 24.3 18.2 27,0 26.8 1 2 . 6

*5 1 1 . 8 13.0 1 0 . 2 9.3 9.7 1.3 34.3 35.0 32.1 38.1 36.7 31.2 31.4 28.5 23.5 26.9 27.5 13.1

^ 6
17.0 14.5 14.2 1 1 . 1 1 2 . 0 1 . 8 38.7 36.2 34.1 40.0 36.7 40.0 33.5 28.9 27.8 28.0 30.0 15.6

Trichur (pudukad)

^ 1

T?

1.4 2 .A 1 . 6 1 . 8 1.3 0.3 16.5 1 0 . 0 16.6 2 0 . 1 20.4 11.9 1 1 . 1 8.7 6.4 13.1 1 0 . 6 9.3

2.8 5.3 3-2 2.8 2.5 0.4 23.8 18.1 18.1 33.4 24.1 13.7 16.4 14.3 13.1 15.6 16.2 9.3

T3 5.7 6.3 4.7 4.5 3.8 0.5 26.8 18.8 26.6 33.3 27.3 21.4 21.4 18.5 16.9 26.2 18.7 11.3

h 5.8 1 0 . 2 5.7 4.6 6 . 2 0 . 8 37.5 26.4 29.0 37.0 34.1 25.6 31.8 26.2 16.8 26.8 25.0 ,13.1

T5 8.1 13.3 9.6 7.6 8 . 0 1 . 0 43.1 35.0 39.3 38.5 40,3 22.5 36.8 33.1 25.6 30.7 28.0 15.7

^ 6
2 . 2 14.1 13.2 10.4 9.3 1.4 44.5 38.8 40.4 45,4. 43.6 35.7 45.0 36.9 28.7 44.3 30.0 16.4

Treatment (T) S.E. C.D. (P = 0.05) S.E. C.D. (P = 0.05) S.E. C.D.(P = 0.05)

Location* (L) 0.48 1.34 0 . 6 6 1.85 0.79 2 . 2 1

Incubation (I) 0.39 N.S, 0.54 1.51 0.64 1.79

IXT 0.34 0.67 0.80 2.24 0.60 1 . 6 8

LXT 0.58 1.62 1.97 N.S. 1.47 4.12

0.96 N.S. 1.33 N.S. 1.58 N.S.



in i n c r e a s e d  a d s o r p t i o n  o f  
d i v a l e n t  c a t i o n s  a n d  h i g h e r  
p r o p o r t i o n  of K in the s o l u t i o n  
as reported by W i c k l a n d e r  (1969) 
a n d  M a l a v o l t a  (1985). T h e  w a t e r  
s ol ub le  K co nt en t  increased upto 
t h e  3 0 t h  d a y  o f  i n c u b a t i o n  
i r r e s p e c t i v e  o f  t h e  t r e a t m e n t s  
a n d  t h e r e a f t e r  it d e c r e a s e d  
s h o w i n g  v e r y  low v a l u e s  on the 
90th day of incubation.

A m o n g  t h e  t r e a t m e n t s ,  Tg 
r e c o r d e d  t h e  h i g h e s t  e x c h a n g e ­
a b l e  K. K i n a l u r  s o i l  r e c o r d e d  
t h e  h i g h e s t  e x c h a n g e a b l e  K a n d  
the lowest by Kulasekharam. With 
t h e  i n c r e a s i n g  l e v e l s  o f  K 
a p p l i c a t i o n  t h e r e  w a s  i n c r e a s e  
in t h e  e x c h a n g e a b l e  K c on te nt . 
T h e  s a m e  t r e n d  v/as n o t i c e d  at 
all s t a g e s  of incubation. A m o n g  
t h e  i n c u b a t i o n  i n t e r v a l s ,t h e  
6 0 t h  d a y  r e c o r d e d  t h e  h i g h e s t  
va lu es  which was at par w ith the 
7 5 t h  day. E v e n  at 9 0 t h  d a y  of 
i n c u b a t i o n ,  t h e  l e v e l  o f  e x ­
c h a n g e a b l e  K w a s  r e l a t i v e l y  
high, s u g g e s t i n g  low K f i x a t i o n  
r a t e  in t h e s e  s o i l s  e x p l a i n i n g  
t h e  r e l a t i o n s h i p  b e t w e e n  t h e  
c l a y  c o n t e n t  a n d  t h e  t y p e  of 
c l a y  m i n e r a l  and b e h a v i o u r  of K 
in s o i l  as r e p o r t e d  b y  T h o m a s  
and H i p p  (1968) a n d  V a n  D i e s t  
(1978). K f i x a t i o n  is p o o r  in 
soils rich in kaolinite minerals 
w i t h  p o o r  K b i n d i n g  s i t e s .  
(Dolcater et , 1968) .

W i t h  t h e  i n c r e a s i n g  d o s e s  
of K, there was an increase in 
the M o r g a n  e xtractable K and the 
h ig he st  valu e was recorded by T^ 
on t h e  1 5 t h  d a y  of i n c u b a t i o n .  
On t h e  9 0 t h  d a y  of i n c u b a t i o n  
the v a l u e s  w e r e  r e d u c e d  c o n s i d ­
e r a b l y  as in t h e  c a s e  of w a t e r  
s o l u b l e  K i n d i c a t i n g  t h e  s l o w  
c o n v e r s i o n  to e x c h a n g e a b l e  form 
for m a i n t a i n i n g  t h e  c h e m i c a l  
e q u i l i b r i u m  b e t w e e n  d i f f e r e n t  
f orm s of K in t h e  s o i l  (Mengel 
find Kirkby, 1987).

I r r e s p e c t i v e  of t h e  l o c a ­
tions, increasing the K dose in­
c r e a s e d  d i f f e r e n t  forms of K in 
soil. T h e  m a i n t e n a n c e  of m o i s ­
ture at field capacity increased 
the w a t e r  s o l u b l e  K c o n t e n t  up 
to 7 5 t h  d a y  o f  i n c u b a t i o n  a n d  
t h e r e a f t e r  it d e c r e a s e d  c o n s i d ­
e r a b l y .  T h e  e x c h a n g e a b l e  K 
c o n t e n t  i n c r e a s e d  on i n c ub at io n  
up to 60th d a y  and the level was 
m a i n t a i n e d  u p  t o  7 5 t h  d a y  a n d  
t h e r e a f t e r  it d e c r e a s e d  b u t  was 
m a i n t a i n e d  a t  h i g h e r  l e v e l  
c o m p a r e d  to c o n t r o l .  S i m i l a r l y  
the w a t e r  s o l u b l e  K  was h i g h  on 
the 15th d a y  of i n c u b a t i o n  with 
the a p p l i c a t i o n  of K a n d  t h e r e ­
a f t e r  it s h o w e d  a d e c r e a s i n g  
trend. T h e  a v a i l a b l e  K fraction 
(Morgan extractant) a lso showed 
similar trend with higher values 
on t h e  1 5 t h  d a y  of i n c u b a t i o n  
a n d  t h e  s a m e  t r e n d  w a s  m a i n ­
tained up to 30th day. From this 
s t u d y  it is s e e n  t h a t  in t h i s  
t y p e  of s o i l s  w i t h  f a i r l y  h i g h  
o r g a n i c  m a t t e r  c o n t e n t ,  t h e  
f e r t i l i z e r  K ( a p p l i e d )  m a y  be 
a v a i l a b l e  u p  t o  3 0 t h  d a y  o f  
a p p l i c a t i o n  a n d  t h e r e a f t e r  it 
g ets c o n v e r t e d  to e x c h a n g e a b l e  
or f i x e d  f o r m s  w h i c h  is s l o w l y  
available to the crop.
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