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Comparative study of soils under rubber {Hevea brasiliensis) and 
forest with reference to ion exchange and pedogenic components
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T h e  a v a ila b le  e v id e n ce s (M ile s , 19 8 5 ; M a th an  and 
K a n n a n , 19 9 3 )  suggest that vegetation has a  pro n o u n ced  

effect o n  m a n y  s o il p ro p erties. C h a n g e s  in  d y n a m ic  s o il 

p ro p e rt ie s  in v a r ia b ly  o c c u r  w h e n  n a tu ra l fo rests are  

tran sfo rm ed  in  to tree p la n tatio n s. N e ve rth e le ss, ru b b er 

tree sta n d s m o st c lo s e ly  re se m b le  the n a tu ra l fo rest 
e c o s y s te m , as th e  a d v a n ta g e  o f  f lu s h  o f  n u trie n ts  is  

re a lise d  w h e n  the tree roots are  ca p a b le  o f  ca p tu rin g  and 
re c y c lin g  the nutrients (P u sp h ara jah , 19 8 4 ). T h e  bio m ass 

p o te n tia l o f  a  m a tiu ^  Hevea eco syste m , as w e ll as  its 

tree n u trie nt b a n k  status, ca n  atta in  le v e ls  s im ila r  to that 

o f  the m o re lu x u ria n t  h u m id  tro p ic a l everg re en  forest 
syste m s (S iv a n d y a n  a n d  M o ris , 19 9 2 ) . Ir o n ic a lly , these 

trees c a n  re c y c le  a  p ro p o rtio n  o f  the cap tured  nutrients 
b a c k  to the s o il, an d  p u m p  n utrie n ts fro m  the s u b so il that 

o th e rw ise  m a y  h a v e  been le a ch e d  fro m  the ro o tin g  zone. 
It  is  therefore, the fa v o u ra b le  effects o f  trees on s o ils  

m a y  be re lated  to the lo n g  p erio d .

T h e  io n  e x c h a n g e  p ro p e rtie s, w h ic h  is  m o s t ly  
instrum ental in  co n tro llin g  the fertility, w as not g ive n  m uch 
attention, e s p e c ia lly  in  p lantation a g ricu ltu re . T h e  o xides 

a n d  h y d ro u s o x id e s  o f  iro n  an d  a lu m in iu m  are im p ortant 
co nstitu en ts o f  the h ig h ly  w eathered s o ils  o f  tro p ica l and 

s u b tro p ic a l re g io n s  (S c h w e rtm a n n  an d  T a y lo r , 19 8 9 ). 
S e sq u io x id e s  a n d  h y d ro u s o x id e s  o f  iro n  a n d  a lu m in iu m  

are so m e o f  the te rm in a l p ro d u cts o f  w e a th e rin g  o f  ro ck s 

a n d  m in e ra ls , o c c u r  in  se v e ra l p e d o g e n ic  fo rm s v /z ., 
stru ctu ra l co m p o n e n ts o f  s ilic a te  c la y s  a n d  c o a tin g s o r 

f ilm s  o n  c la y  p a rtic le s . A m o n g  these o x id e s, iro n  o x id e s 
are  the m o st a b u n d a n t o x id e s  in  m o st s o ils  an d  are  

s e n s it iv e  in d ica to rs  o f  p e d o g e n ic  e n v iro n m e n ts. T h e se  

co m p o u n d s are o f  great a g ro n o m ic  s ig n if ic a n c e  because

Table I . G w cral characteristics of study site

o f  th e ir h ig h ly  re active  nature w h ic h  enables them  to exert 

trem endous in flu e n c e  on both p h y s ic a l and c h e m ic a l so il 
properties. S o il  properties such as a n io n  sorption, surface 

ch arge , s p e c if ic  su rfa ce  area an d  aggregate form ation 

m a y  be s ig n if ic a n t ly  m o d ifie d  b y  presence o f  am o ip h o u s 
fo rm  o f  the o x id e s . O n  the o th e r h a n d  the p r o f ile  
d istrib utio n o f  the vario u s form s o f  these pedogenic oxides 
(F e  am d  A l)  has been used as a c rite r io n  in  interpreting 
s o il  fo rm a tio n  p ro ce sse s  ( N a y a k  et at.y 2 0 0 2 ) .  T h e  
present stu d y a im e d  at stu d y in g  the s o ils  u n d e r rubber, 

b e in g  cu lt iv a te d  o v e r a  lo n g  p e rio d  o f  8 0 -9 0  ye a rs w ith  

re fe re n c e  to io n  e x c h a n g e  a ttr ib u te s a n d  p e d o g e n ic  
com ponents, re la t iv e  to the n a tu ra l fo rest ecosystem .

Site description
T h e  stu d y area lie s  betw een 7 6 °2 0 ' to 7 6 °  5 5 ' E  

and U  9' to  9 °  3 3' N ,  w h ic h  co ve rs fo u r m a jo r  different 
a g ro -c lim a t ic  zo n e s representing the tra d itio n a l rubber 
g ro w in g  be lt in  K e ra la , In d ia . T h e  a v a ila b le  records 
in d ica te  that in  these sites rub ber is  b e in g  c u ltiva te d  as a 
th ird  co n se cu tiv e  c y c le . T h e  sites fo r c o lle c tio n  o f  so il 
p ro file s  id e n tif ie d  at N ila m b u r, C h e m o n i, V ith u ra  and 
M u n d a k a y a m  b o th  i n  ru b b e r p la n ta tio n  a n d  ad jace n t 
natural forest ecosystem s o f  s im ila r  p h ysiograp hy. Forests 

in  N ila m b u r. a n d  C h e m o n i w ere  d e c id u o u s type an d  that 
o f  V ith u r a  a n d  M u n d a k a y a m  w ere everg re en  (T a b le  1) . 

T h e  areas h a v e  a n  a n n u a l r a in fa ll ra n g in g  from  2 0 0 0 - 

3 5 0 0  m m  a n d  the a v e ra g e  m a x im u m  a n d  m in im u m  

tem perature are 2 8 .0 °C  a n d  2 4 .5 °C ,  re sp e ctiv e ly . T h e  
s o ils  u n d e r stu d y are fo rm ed  fro m  basem ent co m p le x  
ro cks, c h ie f ly  hyp ersth e in  be aring  gneisses and granu lites 

b e lo n g in g  to c h a m o k ite s  group ( I C A R  report, 1 999).

Location ly p e o f  forest Altitude (mmsi) Slope(%) W ater table(m) Rainfall (cm)

Nilambur Moist deciduous 90 8-15 >10 30-?5
Chemoni Moist deciduous 100 8-15 >10 25-35
ViAuit Wet evergreen 140 8-20 5-10 20-30
Mundakayam Wetevetgreen 250 8'20 >10 30-35



Soil sampling and laboratory analysis
S o il  s a m p le s  o f  e a ch  d ia g n o s t ic  h o r iz o n  w ere  

co llected  fro m  e ig h t p ro file s  represen tin g  ea ch  lo catio n , 
, T h e  s a m p le s  w e re  a ir -d r ie d ,  p u lv e r iz e d  a n d  p a sse d  

th ro u g h  a  2  m m  s ie v e  b e fo re  a n a ly s is .  T e x tu re  w a s 

determ ined b y  the p ip ette  se d im e n tatio n  p ro ce d u re  as 
d escrib ed  b y  Pag e  (19 9 2 ) . S o il  p H  w a s m easure d  in  w ater 

at a  s o i l : w ater (w /v )  ra tio  o f  1:2 .5 . T h e  o rg a n ic  carb o n  
w as d eterm in ed  b y  c h ro m ic  a c id  w et d ig e stio n  m ethod 

( W a lk le y  an d  B la c k ,  1 9 3 4 )  a n d  e x ch a n g e a b le  ca tio n s 

w ere d eterm in ed  a c c o rd in g  to P a g e  ( 1 9 9 2 ) .  R e s u lts  o f  

im p o rtant p h y s ic o -c h e m ic a l p ro p erties o f  the s o ils  are 
p resented in  ta b le  2 .  T o ta l e le m e n ta l a n a ly s is  ( s il ic a ,  

se sq u io x id e , F C jO ^  a n d  A l^ O j)  o f  s o il sa m p le s w ere  done 

b y  N a^ C O ^  fu s io n  m ethod. Iro n  (F e ) an d  a lu m in iu m  ( A l)  
w ere extracted w ith  s o d iu m  p yro p h o sp h ate  (Fe^ an d  A y  
(L o e p e rt a n d  In sk e e p , 19 9 6 ), a m m o n iu m  o x a la te  ( F e ^  
( M c K e a g n e  a n d  D a y ,  1 9 6 6 )  a n d  d it h io n it e -c it r a t e -  

b icarb o n ate  ( F e ^ ^  (M e h ra  a n d  Ja c k so n , 19 6 0 ). Iro n  in  

a ll the extracts w a s determ ined c o lo rim e tr ic a lly  (Jackso n ,
!9 5 8 ) w h ile  a lu m in iu m  w as determ ined b y  u s in g  a lu m in o n  
m ethod ( H s u , 19 6 4 ).

Ion exehange S9H mttribmtes
T h e  d istr ib u tio n  o f  C E C ’s  o f  the s o ils  a lo n g  the

depth o f  both ru b b er an d  forest p ro files fD ib le  3 )  a i'* U  
the sites fo llo w s alm o st the sa m e trend. The C T C V o f  
the s o ils  w ere  lo w  an d  w ere, in  general h ig W  m. ^  

surface  la y e rs  as co m p ared  w ith  the sub-soils, I b e C B C ^  
o f  the su rfa ce  h o riz o n s in  ru b b e r p ro file  varied 

to  1 2 .5 0  c m o l( p + ) /k g  w h e re  C h e m o n i-ru b b c r  so fls^ |j^  

registered  h ig h e r C E C  v a lu e s  co m p ared  to other profifeatw ^ 

L o w  v a lu e s  o f  C E C ’s in  the su b s o ils  m a y  be attributed 

the p H -d e p e n d e n t e x c h a n g e  s ite s  occu p ied  b y  either- 

h yd ro g e n  io n s o r h y d ro x y  a lu m in iu m  ions at low  

M o re o ve r, the n utrie nt an d  o rg a n ic  m atter accumulation^ 

in  the u p p e r h o riz o n s is  the re su lts  o f  nutrient cy c lin g  b j ;

, b io m a s s . T h e re fo re , b o th  in  ru b b e r and native fbrc^t- 

system , m u ll- l ik e  m o d er h u m u s m ig h t have fom ied in  the- 
su rfa ce  h o riz o n s that m ig h t be the contributory fecto rfe r 

h ig h  v a lu e s  C E C .  N e ve rth e le ss, the C E C ’s  o f  forest s o ih . 
co n sid e ra b ly  h ig h e r than rub b er g ro w in g  so ils, w h ich  m ayr 

b e  a ttr ib u te d  to the r e la t iv e ly  h ig h  o rg a n ic  m attcit 
a cc u m u la tio n . In  g e n e ral, e x ch a n g e a b le  cations both in ' 

ru b b e r a n d  forest s o ils  w ere  lo w , w h ic h  is  characteristics 
o f  s o i ls  fo rm e d  u n d e r  c o n d it io n s  o f  h ig h  
te m p e n tu re  prevalen t in t h c  re g io a a n d  intense 
S in u U r r e s u lt s  a ls o  been re fx yte d  b y  K.rishrt«kumBr 
( 1 9 $ 9 )  a w t S a t is h a  a « t i ruhhor
g ro w in g  s o ils  o f  K e r a la  an d  W estern  G h a ts  forest so ils

Tible 2. Some im porttn t physico-chem ial properties o f soils under rubber and adjaccnt forest

Horizon Depth (cm) pH 0C{%) Clay(%) Texture Horizon Depth (cm) pH 0C (% ) Clay(%) Texture

Rubber Fortst
Nilambur
Apl ■ 0-19 4.4 1.68 42 sc Ap 0-18 4.6 1.99 27 scl
A2 19-35 4 i 1.13 41 sc Btl 18-34 4.7 126 40 sc
Bwl 35-57 4.4 0.73 39 sc Bt2 34-57 4.7 0.89 46 sc
Bw2 57-100 4 3 0.67 34 scl Bt3 57-100 4.6 0.87 41 sc
BC 100-129 A2 0.52 33 scl B1 100-132 4.9 0.73 45 sc
Chononi
Ap 0-14 4.9 2.33 28 scl Ap 0-11 5.0 3.96 32 scl
A2 14-24 4,9 1.33 35 sc A2 11-33 5.0 226 35 sc
Awl 24-38 4.1 1.06 44 sc Bwl 33-64 5.0 1.62 38 sc
Awl 38-52 4 i 0.99. 41 c Bw2 67-100 4.8 1.56 32 scl
Aw3 52-76 4 i 0.67 33 scl BC 100-130 5.1 1.42 30 scl
BCl 76-100 4 i 0 i5 29 scl
Viftura .

Ap 0-26 4.9 222 37 sc A 0-22 5.0 222 37 scl
Btl 26-51 4.8 1.15 48 sc Btl 22-40 5.0 1.15 48 sc >
Bt2 51-76 4.7 0.97 48 sc Bt2 40-59 4.8 0.97 48 sc
Bt3 76-100 4.6 0.89 42 sc Bt3 59-80 4.6 0.89 42 sc
Bt4 100-124 4.7 0.81 48 sc Bt4 80-100 4.7 0.81 48 sc
Mundakayam
Ap 0-9 4.7 1.83 39 sc Al 0-11 SI 2.61 25 scl
A2 9-32 4.7 136 39 sc A2 11-24 6.0 1.60 29 scl
A3 32-51 4.8 1.07 39 sc Btl 2445 5.6 128 51 c
Btl 51-73 4.9 0.96 51 sc Bt2 45-69 52 0.75 33 cl
Bt2 73-100 4.9 0.67 44 c Bt3 69-100 5.0 0.49 14 cl
Bt3 100-124 4.9 0.75 51 c

pH-{soiI/water ratio *  1:2,5); OC-Organic carbon;



Depdi
(cm)

Exchange^le cation 
(cm ol(p+)kg')

Ca»- Mg^- K* 
Rul̂ r

CEC BS(%) Depth (cm) Exchangeable 
cation (cmol(p+) kg*') 

Ca^* M g’- 
Foresi

K '

CEC BS(%)

Nilambur
0-19 \2i 0.48 0.27 6.07 36 0-18 2,54 0.62 0.69 10,70 41
19-35 0.51 0.18 02} 5.36 21 18-34 131 0.52 0.69 8.57 32
35-57 02% 0.12 0.13 3.93 19 34-57 0.62 0.64 0.57 10.00 21
57-100 0.38 0,17 O.Il 2.71 32 57-100 0.96 0.73 025 3.57 61
100-129 021 0,43 0.11 4,99 22 100-132 0.91 0.76 020 3.93 59
Chcmoni
0-14 1.08 0.31 0 i9 12.50 19 0-11 4.91 1.10 0.62 12.85 53
14-24 0.86 0.32 0.19 10.70 13 11-33 2.64 0.92 0.26 18.57 16
24-38 0.74 OJO 0.19 9.80 14 33-64 0.84 0.19 023 11.07 14
38-52 1.19 0.98 0.21 6.07 20 67-100 0.72 031 024 6.98 20
52-76 1.00 0.64 029 536 17 100-130 0.78 0.43 024 7.68 23
76-100 1.11 0.40 029 536 14
V^thura i, '1

0-26 liO 0 J7 02S 11.78 10 0-22 1.50 0.37 . 025 11.78 10 '••••
26-51 0.62 021 0.17 11.07 13 22-40 0.62 021 0.17 11.07 13 /
51*76 0.51 0.18 0.13 8.93 12 40-59 O il 0.18 0.13 8.93 12 \
76-100 0.22 0.19 0.!5 4.39 15 59-80 022 0.19 0.15 4.39 15
100-124 0 i6 OiO 0.13 3.81 13 80-100 0.26 020 0.13 3.81 13
Mundakayam
0-9 0.97 0.28 0.63 7.72 25 0-11 2.75 0.45 I.0S 9.09 55
9-32 0.35 0.14 0 J2 6.77 12 11-24 138 0.45 0.59 m 30
32-51 0.72 0.16 0 J 4 5.80 24 24-45 1.11 0.45 0.76 7 i l 34'
51-73 0.73 0 J3 029 5.60 27 45-69 0.84 0.45 a s 9 V 4.68- :• ^1.43: • *•
73-100 0.71 0.45 0.42 4.72 32 , 69-100 0.49 028 0.42 6 J2 20,
100-124 0.70 0.41 029 525 35 1

CEC-Cation exchange capacity(cmol(p+)/kg); BS-Base saturation.
•k • ■■ it.

1
' ; i .

Table4. PcdosenkcooipooaitsofthesoU s
; [i I 1- r

DqMb{cm) S iO ,(H ) !LOA%) F c A (% ) Dq>th(cm) SiO ,(% ) R ,0 ,(% ) F e A ( % ) Al,Oi(%) i
Rubber Forest

Nilambur
0-19 53.0 23.0 8.8 \A2 0-18 433 14.0 5.6 18.4
19-35 46,7 26.0 8.8 17.2 18-34 50.4 20.0 6.4 13.6 i
35-57 48.1 28.0 8.0 20.0 34-57 46.7 20.0 7.6 12.4
57-100 48.2 30.0 9.8 202 57-100 562 22.0 82 13.8
100-129 54.5 29.0 9.4 19.6 100-132 53.4 24.0 8,4 152
Chcmoni
0-14 40.9 26.0 9.4 16.6 0-11 48.5 21.0 62 17.8
14-24 4\2 28.0 9.4 28.6 lJ-33 42.8 22.0 6.4 )5.6
24-38 SU 31.0 9.0 22.0 33-64 53.8 21.0 6.6 14.4
38-52 49.1 33.0 92 23.8 67-100 48.8 24.0 7.0 17.0
52-76 46.8 36.0 9.0 27.0 100-130 51.4 25.0 6X) 19.0
76-100 5 4 J 33.0 9.0 24.0
Vithura
0-26 5 0 i 24.0 7.0 17.0 0-22 64.4 25.0 7.4 17.6

26-51 54.7 24.0 7.6 19.6 22-40 40.9 31.0 8.0 23.0
51-76 443 27.0 8.0 19.0 40-59 57.7 30.0 8.0 22.0
76-100 5 5 J 23.0 7.0 16.0 59-80 56.1 26.0 62 19.8
100-124 46.3 25.0 7.8 17.1 80-100 4 2 J 24.0 5.8 182
Mundakayam
0-9 54.3 29.0 10.0 19.0 0-11 50.1 27.0 7.6 19.4
9-32 43.0 27.0 9D 18.0 11-24 643 28.0 92 18.8
32-51 40.1 28.0 92 18.8 2445 64.5 26.0 9.4 16.8
51-73 47.7 30.0 \02 19.8 45-69 56.4 29.0 9.4 19.6
73-100 54.9 30.0 11.0 22.0 69-100 532 26.0 5.6 20.4
100-124 44.8 33.0 11.0 22.5



o f  K a rn a ta k a , re s p e c tiv e ly . P e rce n i b ase satu ratio n  in  

rubber cultivated  s o ils  w a s co n sid e ra b ly  low , ra n g in g  fio m  

13  to 36  per cent an d  the v a lu e s decreased w ith  depth. 

B ase  saturation o f  so ils  under rubber w as sig n if ica n tly  low er 

com pared to forest so ils , w h ic h  co u ld  have  arisen  from  the 
a sso c ia te d  d iffe re n c e s  in  in te n s ity  o f  le a c h in g . T h e  

decrease o f  the base saturation w ith  depth in d ica te s about 

th e  m a t u r it y  o f  th e s e  w o o d la n d  b io s e q u e n c e s  

(G a n g o p a d h y a y  et al.̂  1 9 8 7 ) .  T h u s ,  re d is tr ib u t io n  o f  
exchangeable C a  an d  M g  io n s w ith in  an e co systcm , is 

perhaps v e ry  m u c h  dependent o n  m ic ro c lim a t ic  co n d itio n  

and vegetation, as stated b y  Satish a et al. (19 9 8 ). S in c e  

rubber plantations o f  th ird  c y c le , it c a n  be inferre d  that 

co n sid era b le  d epletion o f  catio ns m ight h a v e  taken p lace  

due to the storage o f  these ca tio n ic  nutrients in  the trunk 
and th e ir com plete lo ss fro m  the rub ber eco syste m  d u rin g  
the lo g g in g  operations at the end o f  e a ch  p la n tin g  c y c le , 

p ro b a b ly  the m en ace o f  le a ch in g  o f  bases is  offset b y  the 

e ffic a c y  o f  the rub b er tree as a superb b io c y c lin g  agent as 
lo n g  as Ca^* is  co n ce rn e d  (K a rth ik a k u tty a m m a  et al., 
2002).

Pedogenic components of the soils
, S i l ic a  w a s the m a jo r  co nstituent o f  the s o ils  an d  its 

co ntent v a r ie d  fro m  4 0 .1  to 5 5 .3  p e r c e n t in  ru b b e r 

I  c u lt iv a te d  s o ils  an d  4 0 .9  to 6 4.5  p e r cent in  forest s o ils

(T a b le  4 ). N e x t to s il ic a ,  the se s q u io x id c  d o m in ate s the 
co nstitu en ts o f  s o il m a ss  in  w h ic h  a lu m in a  o c c u rs  as a 

m a jo r  fraction. T h e  se sq u io x id c  content o f  the s o ils  un d er 

ru b b e r v a r ie d  fro m  2 3 .0  to 36 .0  p e r cent an d  in  forest s o il 

p ro file s , the content v a r ie d  from  14 .0  to 3 1 .0  p e r cent. 

D e p th -w is e  in c re a s in g  trend in  the d istr ib u tio n  pattern o f  
R jO j ,  A l , O j  an d  F e ^ O j in  a ll  t lie  p ro file s  o f  both rub b er 

an d  forest la n d s in d ica te  m ig ra t io n  o f  f in e  c la y  to lo w e r 

la y e rs. T h e  se s q u io x id e , A l^ O , an d  F e , 0 ,  content o f  the 

s o ils  u n d e r ru b b er w a s s ig n if ic a n t ly  h ig h e r co m p a re d  to 

those o f  forest, w h ic h  is  a n  in d ic a t io n  o f  the ten d en cy o f  

laterisation process in  m o no culture as com pared to natural 

forest. A l l  the s o il pedons u n d er ru b b e r had lo w e r S iO y  

R , 0 , ,  S iO j/ F C jO j  an d  S iO , / A l jO ,  m o la r  ra tio s co m p ared  
to forest s o il p ro file s , fu rth e r c o n firm s  that late risa tio n  

p ro ce ss an d  thereby in d u ra tio n  o c c u rs  faster ( B y ju  and 
V a rg h cse , 2 0 0 1 ). O rg a n ic  m a tte r-se sq u io x id e  co m p le xe s 
in  B  ho rizo n s are g e n e ra lly  precipitated at sp e c ific  carb on/ 

se sq u io x id e  ratios (B u u rm a n , 1 9 85). S u c h  co m p le xes are 

s o lu b le  in  w a te r at lo w  m e ta l co n te n ts  a n d  b e co m e  
in s o lu b le  o n c e  a c r it ic a l  m e ta l co n ten t is  su rp assed . 

T h e re fo re , in  the present in v e stig a tio n , the d iffe re n ce s in  

com ponents an d  the in te n s ity  m a y  be attributed to the 

v a ria t io n  in  co m p le x a tio n  o f  m eta ls b y  o rg a n ic  matter.

T h e  d iffe re n t fo rm s o f  F e  an d  A l  in  the s o ils  are

Dq)th
Rubber

Depth A i;% ) Fe„(% )
Forest

Nilambur
0-19 6.16 7 J8 222 320 0.69 0-18 3.92 9 i7 1.60 3.72 0.43
19-35 6.16 8.94 2.41 3.33 0.72 18-34 4.48 7.07 1.90 2 i0 0.76
35-57 , 5.60 110.40 2.58 4.71 0.55 34-57 5 J2 6.45 1.61 2.73 0.59
57-100 6.86 10.50 1.90 2.20 0.86 57-100 5.74 7.18 l i 3 3.00 O il
100-129 6.58 10.19 1.90 2.50 0.76 100-132 5.88 7.90 1.60 2.33 0.69
Chemoni
0-14 6.58 8.63 2.03 1.60 127 0-11 4.34 . 926 1.90 2.30 0.83
I f 24 6.58 9.67 2.00 3.67 0.54 11-33 4.48 8.11 1.90 2.30 0.83
24-38 6.30 11.44 1.50 4.70 0 J2 33-64 4.62 7.49 221 3.00 0.74
38-52 6.44 12.38 1.30 2.53 0.51 67-100 4.90 8.84 1.60 1.91 0.84
52-76 6 J0 14.04 1.06 5.58 0.19 100-130 420 9.88 1.04’ l i 2 0.68
76-100 6 J ) 12.48 \23 2.60 0.47
Vithura
0-26 4.90 8.84 1.10 1.90 0.58 0-22 5.18 9.15 2 i0 5 J0 0.47
26-51 5,32 10.19 1,40 4,70 0.30 22-40 5.60 11.96 2.50 2.30 1.09
51-76 4.16 9.88 1,33 2.71 0.49 40-59 5.60 11.44 2.50 2.10 1.19
76-100 4.90 8.32 1,52 2.20 0,69 59-80 4,34 10.30 2.50 1.92 IJO
100-124 5.46 8.89 1.00 2.50 0.40 80-100 4.06 9,46 1.43 0.80 1.79
Mundakayam
0-9 7.00 9.88 2.42 5.00 0.48 0-9 5.32 10.09 2.50 S30 0.47
9-32 6.30 9.36 2.50 1.93 1.30 9-32 6.44 9.78 2 i0 2.63 0.95
32-51 6,44 9.78 2.30 10.00 0.23 32-51 6.58 8.74 2.50 1.90 1J2
51-73 7,14 10.30 1.72 7.42 0.23 51-73 6.58 10.19 2.50 1.90 U 2
73-100 7.70 11.40 223 9.00 0.25 73-100 3.92 10.61 1.00 0.80 125
100-124 7.70 11,70 2.18 9.90 022 100-124 5.32 10.09 2.50 5 J0 0.47



presented in  T a b le  5 . T h e  contents o f  Fe^ in  so ils, u n d e r 
ru b b e r w ere  h ig h e r co m p a re d  to forest s o ils . T h e  fo rm s 

o f  F e  fo llo w e d  the seq uence F e ^ <  F e ^ ^ <  F e ^  fo r both 
ru b b e r cu lt iv a te d  an d  forest s o ils . It  is  g e n e ra lly  assum ed  

that Fe^ g iv e s  an  estim ate o f  F e  bound  to w e ll decom posed 

o rg a n ic  m atter (B a s c o m b  19 6 8 ), w h ile  Fe^ .̂ estim ates 
p o o r ly  c ry s ta llin e  F e  o x id e s  an d  Fe^^^ estim ates the total 

am o u n t o f F e  o x id e s  (C o r n e ll a n d  S ch w e rtm a im , 19 9 6 ). 

A l^  w a s c o n s iste n tly  h ig h e r in  s o ils  u n d er ru b b er than in  

forest s o ils  an d  in  g en eral, contents w ere in cre a se d  a lo n g  

tlie  depth o f  the p ro file s . T h is  in d ica te s  that A 1  is  present 
in  o rg a n ic a lly  b o un d  fo rm s an d  is  s p a r in g ly  asso ciated  to 

g o ethite, w h ic h  is  a m a jo r  w e U -c ry s ta llin e  iro n  o x id e  
id e n tif ie d  in  hard  late rites (P a rfitt an d  C h ild s ,  19 8 8 ). T h e  

c o n te n ts  o f  Fe^ in  s o i ls  u n d e r  r u b b e r  w e re  h ig h e r  

co m p a re d  to forest s o ils . T h e  presen ce o f  re la t iv e ly  h ig h  

contents o f  Fe^ in  rubber p lantation so ils  co u ld  be regarded 

as an  in d ic a t io n  o f  a d v a n ce d  stage o f  w eath erin g  than 

those o f  n a tiv e  forest. T h e s e  re su lts co rro b o rated  the 
fact that as w e a th e rin g  in te n s ity  in cre a se s, le a c h in g  o f  
the c a t io n s  a n d  s i l ic a  in c re a s e s  c o rre s p o n d in g ly  an d  

c o n s e q u e n t ly  th e  a m o u n t o f  h y d r o u s  o x id e s  o f  F e  
in cre a se s (M a rp  et a l. 19 9 3 ). Fe^^., w h ic h  is  a n  in d ic a t io n  

o f  the a c t iv e  iro n  an d  Fe^^^ content in  s o ils  u n d e r rub b er 
v a r ie d  fro m  1 . 1 0  to 2 .5 8  p e r cent an d  1 .9 3  to 10 .0 0  per 

cent, re sp e c tiv e ly . T h e  ra tio  betw een Fe^ .̂ and Fe^^^ in  

s o ils  u n d e r ru b b er ranged fro m  0 .1 9  to 1 .3 0  w h ile  that for 
forest s o ils ,  v a r ie d  fro m  0 .4 7  to 1 .7 9 . T h e  ra tio  F e  /’  ax

F e ^ ^  ( a c t iv it y  ra tio ) is  often u se d  as a  re la t iv e  m ea su re  

o f  the degree o f  a g e in g  o r c ry s t a llin it y  o f  free iro n  o x id es. 

T h e  h ig h e r  v a lu e s  o f  F e ^ / F e ^  in  forest s o ils  co m p a re d  

to ru b b e r g ro w in g  s o ils  in d ica te  th e ir re la tiv e  en rich m e n t 
w ith  am o rp h o u s iro n  o x id e s than c ry s ta llin e  ones. L o w e r 
am orphous fo rn is o f  iro n  as com pared to cry sta llin e  form s, 
w a s a ls o  reported b y  Esh ett ( 1 9 9 1 )  fo r ru b b e r g ro w in g  
s o ils  o f  so uthern N ig e r ia . T h e  p resence o f  h ig h  contents 
o f  Fe^^ fu rth e r c o n firm s  that ru b b e r c u lt iv a te d  s o ils  are 

m o re  w eathered  th an  forest s o ils .  T h e  h ig h  Fe^/Fe^^^ 
ra t io s  fo u n d  in  fo re st s o ils  c o u ld  fu rth e r re fle c t  the 

p re se n ce  o f  o rg a n ic  m atter that im p e d e s fo rm atio n  o f  
c r y s t a llin e  iro n  o x id e s as suggested  b y  B a sc o m b  (19 6 8 ). 

T h is  is  v e r if ie d  b y  the r e la t iv e ly  h ig h  ra tio s betw een Fe^ 
a n d  Fe ^ ^ , w h ic h  ran ge d  fro m  1 .9 7  to 2 .2 4  as d eterm in ed  
in  forest s o ils .
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