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PART I 

THE FRACTIONATION OF S O I L  PHOSPHORUS 



I * 

m . 
I ,  Phosphorus is one of the major n u t r i e n t ' e l e m e n t s  e s s e n t i a l  

I 

.. f o r  p i a n t  grpwth.. The concent ra t ion  of phosphorus i n  p l a n t s  is 

considerably !loner than t h a t  of n i t rogen ,  and caloium. 
I I . I  

, A s '  a l i m i t i n g '  f a c t o r ,  however, phosphorus is more c r i t i c a l  than 
i 

calcium and, probably,  second i n  importance on ly  t o  n i t rogen .  

Extensive f e r t i l i t y  surveys c a r r i e d  o u t  i n  KeraLa dur ing  
i. I 

t h e  p a s t  several '  y e a r s  have shown t h a t  most o f  our  s o i l s  a r e  de- 

f i c i e n t  i n  phosphorus, bo th  t o t a l  and a v a i l a b l e .  It is we l l  
I 

known' that  phosphorus e x i s t s  i n  t h e  s o i l  i n  va r ious  forms, such 

as, i r o n  and a l ' k n i u m  phosphates,  calcium phosphates and orga- 

- -. , I 
n i c  forms of phosphorus. These va r ious  f o r u s  d i f f e r  i n  t h e i r  

a v a i l i b i l i t y  t o  p l a n t s ,  as w e l l  as i n  t h e i r  s t a b i l i t y  i n  t h e  
I 

s o i l .  j A knowledge of the  d i s t r i b u t i o n  of s o i l  phosphorus i n  

these  d i f f e r e n t  forms is, t h e r e f o r e ,  extremely important  i n  a 

s tudy  !of its a v a i l a b i l i t y  t o  crops.  - .-'. 
>: 

!Availablet  phosphorus i n  s o i l s  has  been determined by va- ,,; +,+ 
I 

r ious 'methods.  I n  many of these  methods a t tempts  have been made 
. . 

t o  s imula te  condi t ions  similar t o  those e z i s t i n g  i n . t h e  r o o t s  o r  
, 1 

the  s u r f a c e s  between t h e  r o o t s  and the s o i l  p a r t i c l e s .  Thus d i -  

f f e r e n t  chemical e x t r a c t a n t s  of va r ious  l e v e l s  of a c i d i t y  and 

o t h e r ' c h a s a c t e r i s t i c s  have been suggested f o r  e s t ima t ing  ava i l a -  

b l e  phosphorus. These methods have been a p p l i e d  t o  d i f f e r e n t  
I 

I 
s o i l s  w i th  d i f f e r e n t  degrees of success ,  b u t  no un ive r sa l  method 

I 

a p p l i c a b l e  t o  a l l  s o i l s  and under a l l  condi t ions ,  has  so  f a r  been 



evolved. In  f a c t ,  the  conventional methods f o r  a v a i l a b l e  phos- 

phorus e x t r a c t  a po r t ion  of  a l l  chemical forms of s o i l  phosphorus, 

and s o  i t  has  been recognised t h a t  a  s tudy of the  d i s t r i b u t i o n  o f '  

s o i l  phosphorus i n  these  d i f f e r e n t  forms w i l l  g ive  a  b e t t e r  in -  ., 

s i g h t  i n t o  the problem of phosphorus a v a i l a b i l i t y  i n  s o i l s .  This  

work was, the re fo re ,  undertaken with the  following objec t ives :  

i. To s tu* the  d i s t r i b u t i o n  p a t t e r n  of t h e  var ious  forms 

of phospho& i n  t y p i c a l  Kerala s o i l s ,  before and a f t e r  

the a d d i t i o n  of  a  phosphatic f e r t i l i s e r .  

ii. To compare the amounts of ava i l ab le  phosphorus determin- 

ed by d i f f e r e n t  methods and t o  c o r r e l a t e  these  amounts 

with t h e  va r ious  forms of s o i l  phosphorus. 



REVIEW OF LITERATURE 

A. Frac t iona t ion  of s o i l  phosphorus 

1. ' chemical na tu re  and d i s t r i b u t i o n  of phosphorus i n  s o i l s :  

Phosphorus e x i s t s  i n  the s o i l  i n  va r ious  forms, both organic  

and inorganic ,  which vary widely i n  the chemical composition and . 
a v a i l a b i l i t y  t o  crops. Dyer (1894) was probably the  f i r s t  t o  

e f f e c t  a f r a c t i o n a t i o n  of, s o i l  phosphorus by e x t r a c t i n g  a v a i l a b l e  

phosphorus wi th  one percent  c i t r i c  ac id .  Russel (1932) has  

i n d i c a t e d  t h a t  s o i l  phosphorus compounds can be c l a s s i f i e d  i n t o  

t h r e e  broad groups as fol lows:  

i. Inorganic  phosphorus i n  n e u t r a l  and a l k a l i n e  s o i l s  

pro6ably a calcium phosphate : hydroxyapati te.  

ii. Inorganic  phosphorus i n  a c i d  s o i l s  l i k e l y  t o  be i n  

combination with  i r o n  and aluminium oxides.  

iii. Organic phosphorus compounds. 

~ c c o r d i n g  t o  Bibbard (1931) the  phosphorus forms i n  a l k a l i n e  

s o i l s  cons i s t ed  of hydroxy- f luor -  and chlor-  a p a t i t e s ,  wave l l i t e  

and organic  compounds. McGeorge and Breazeale (1931) concluded 

t l ia t  calcium phosphate e x i s t e d  i n  ca lcareous  s o i l s  mainly i n  t h e  

carbonato a p a t i t e  form. I n  a f r a c t i o n a t i o n  s tudy  of 34 d i f f e r e n t  

s o i l s  Dean (1937) found t h a t  i n  a c i d  s o i l s  phosphorus e x i s t e d  mostly 

i n  t he  a l k a l i  s o l u b l e  forms whereas i n  a l k a l i  s o i l s  t h e  a c i d  s o l u b l e  

form predominated. 

Ghani and Aleem (1943) s t u d i e d  t h e  d i f f e r e n t  f r a c t i o n s  of s o i l  

phosphorus i n  some Indian s o i l s  and found that t h e  a c e t i c  a c i d  



s o l u b l e  f r a c t i o n  was considerably low i n  a c i d  s o i l s  over  a pH range 

of 4.2 t o  5.8. This  f r a c t i o n  occurred i n  the  h ighes t  p ropor t ion  

i n  the  n e u t r a l  and a l k a l i n e  s o i l s .  I ron  and aluminium phosphates 

were h igh  i n  a c i d  s o i l s  and tended t o  decrease with  i n c r e a s e  i n  

pH. A c i d - s o i l s  contained the l a r g e s t  p ropor t ion  of o rganic  phos- 

phorus.which decreased wi th  i n c r e a s i n g  pH and reached a minimum 

va lue  a t ' n e u t r a l i t y  and. a g a i n  tended t o  i n c r e a s e  as the  pH s h i f t e d  

t'o t he  a l k a l i n e  s i d e .  The i n s o l u b l e  form which w a s  n o t  c o r r e l a t e d  

wi th  e i t h e r  the  pH o r  the sesquioxide conten t  was found t o  cons t i -  

t u t e  about 25 percent  of the  t o t a l  phosphorus. 

Chang and Jackson (1958) found t h a t  i n  l a t e r i t e  s o i l s  t he  i r o n  

(' 
phosphate and'a pakt  of $he aluminium phosphate f i n a l l y  became 

occluded i n  an i r o n  oxide coa t ing  which w a s  formed during the  course 

of t he  chemical weathering of t hese  s o i l s .  

Chai Moo Cho and Cladwe11 '(1959) (observed t h a t  t he  i r o n  and 

aluminium phosphate predominated i n  a c i d  s o i l s  while calcium phos- 

pha t e s  dominated the   calcareous^ soils. I n  t h e i r  s tudy  of  t he  phos- 

phorus forms i n  Punjab s o i l s  Kanwar and Grewal (1959) no t i ced  t h a t  
- 

i n  s o i l s  o f .  h igh  pH the EDTA-borate b u f f e r  so lub le  phosphate w a s  

about twice a s  much a s  t h a t  i n  s o i l s  of low pH. About t h r e e  fou r th  

of the  t o t a l  phosphorus content  of t he  Punjab s o i l s , w ~ s  i n  t h e  

. a p a t i t e  o r  other. r e s i s t a n t  forms and t h i s  f r a c t i o n  tended t o  i nc rease  

. . 
with inc rease  i n  a l k a l i n i t y .  Gbel arid ~ g a r w a l  (1959) found t h a t  t h e  

\ ' 

s u r f a c e  s o i l s  of Kanpur contained more of i r o n  and aluminium phos- 

phate  than calcium phosphate. P a t e l  and Mehta (1961) f r a c t i o n a t e d  



! 

s o i l  phosphorus i n  25 s o i l s  i n t o  the following components: 

(a)  calcium phosphate, 

(b) absorbed phosphate, 

(c)  phosphates of i ron  and aluminium, 

(dl organic phosphorus, and 

(e)  phosphorus insoluble i n  reageets  dissolving a,b,c. 

They found tha t  none of these f rac t ions  formed-a f ixed proportion 

of the  to ta l .  

. - 2. The d i f fe ren t  forms of s o i l  phosphorus i n  r e l a t i on  t o - s o i l  

genesis: 

~rac , t ionkt ion s tud ies  of soil 'phosphorus have proved helpful  
I 

i n  obtaining valuable information regarding the  process of s o i l  

formation. Chang and Jackson (1959) were able' to  es tab l i sh  a 

re la t ionsh ip  between the various forms of s o i l  phosphorus and the  

degree of chemical weathering'undergone by the  so i l .  Their s tud ies  
I 

revealed tha t  i n  the i n i t i a l  s tages  of weathering,calcium and 

.aluminium ions being r e l a t i ve ly  more act ive ,  the  phosphates of these 

metals were more l i k e l y  t o  be formed as compared t o  the  phosphate of 

iron. I n  course of time calcium and aluminium phosphates gradually 
. - .  

changed i n t o  the  l e s s  soluble i ron  phosphate. The a c t i v i t y  of f e r r i c  

i r ons  i n  s o i l s  increased with decrease i n  pH and increase i n  the  

amount of ironoxide. I n  l a to so l s  the i ron phosphate a'nd pa r t  of the 

aluminium phosphate were occluded by i ron  oxide coating which w a s  

formed i n  the course of chemical weathering. The formation of 

occluded phosphate required considerably long periods &d a s  time 



with depth,  while i n  t h e  younger s o i l s ' i t  tended t o  i n c r e a s e  with 

advanced t h i s  r e s i s t a n t  form of 

s o i l s .  

Goel and Agarwal (1959) 

g e n e t i c a l l y  r e l a t e d  s o i l s  of t h e  

d i f f e r e n t  s t a g e s  of matur i ty  and 

and t h e  organic  phosphorus f r a c t i o n  

depth. The inorganic  phosphorus f r a c t i o n  amounting t o  80-90 percent  

of the  t o t a l  was gene ra l ly  prese  t i n  combination wi th  i r o n  and 
-. 

aluminium i n  t h e  mature s o i l s  an i n  t h e  form of  calcium phosphate 

!phosphorus tended t o  accumulate i n  

f ra : t ionated t h e  phosphorus i n  

ganget ic  a l luviam rep resen t ing  

found t h a t  t h e  t o t a l  phosphorus 

decreased wi th  s o i l  matur i ty .  

i n  t h e  l e s s  mature s o i l s .  
' I 

In the  more mature s o i l s  t h e  cozl e n t r a t i o n  of phosphorus decreased F 

.- Chu and Chang .(I9601 determ ned the  forms of phosphorus i n  t h e  i 
s o i l s  of  Taiwan and d i s t ingu i she  t h r e e  d i f f e r e n t ' d i s t r i b u t i o n  t 
p a t t e r n s  f o r  calcium, i r o n  arid phosphates. The pre- 

dominent phosphorus p a t t e r n  i n  w a s  t h a t  o f  i r o n  phos- 

phate  and i n  t h e  calcareous a l luu / ia l  s o i l s  i t  was calcium phosphate 

while t h e  a l l u v i a l  s o i l s  develop d from a c i d  sandstone and s h a l e  f 
were dominated by both i r o n  and phosphates. 

3. S o i l  phosphorus f r a c t i o n s  i n  

Ohani and Aleem (1943) f r a c  t e d  s o i l  phosphorus and e8timate.d 

i ts  a v a i l a b i l i t y  i n  a l a r g e  numb d r of Indian s o i l s .  Their  s tudy  
- I  

revea led  t h a t  phosphorus a v a i l a b d l i t y  was mainly a func t ion  of -the 
I 
I s o i l  reac t ion .  I n  a c i d  s o i l s  phqsphorus became unavai lab le  due t o  
1 , 

t h e  formation of i r o n  and alumindun phosphates and t h e  accumulation 



of  oreanic  compoun'ds. The u n a v a i l a b i l i t y  of  phosphorus i n  a l k a l i  

s o i l s  cduld be a t t r i b u t e d  t o  t h e  formation of i n so lub le  a p a t i t e  forms 

and t h e  low r a t e  of organic  mat te r  decomposition. Under n e u t r a l  , 

condi t ions  t h e  a v a i l a b i l i t y  of  phosphorus was h igh .due  t o  t h e  r a p i d  

mine ra l i s a t ion  of  organic  phosphorus and t h e  absence of  f i x a t i o n  as 

compounds of  i r o n ,  aluminium o r  calcium. 

W i l l i a m s  '(1950) f r a c t i o n a t e d  s o i l  phosphorus before  and a f t e r  

t h e  growth of  p l a n t s  and observed t h a t  crops u t i l i s e d  phosphorus 

mainly i n  the  a c e t i c  a c i d / s o l u b l e  form even though t h e  s o i l  contained 

l a r g e  q u a n t i t i e s  of t h e  a l k a l i  so lub le  f r ac t ion .  ~ i g n i f i c a '  n t  

c o r r e l a t i o n s  were obtained between the  phosphorus content  of  p l a n t s  

and t h e  a l k a l i  s o l u b l e  and t h e  $ a c e t i c  a c i d  s o l u b l e  inorganic  phos- 

phorus f r a c t i o n s  o f  s o i l s .  There was very l i t t l e  r e l a t i o n s h i p  bet- 

ween t h e  t o t a l  o r  organic  phosphorus content  and the' phosphorus 

absorbed by p l an t s .  He concluded t h a t  i n  t h e  case of  n e u t r a l  t o  

s l i g h t l y  a c i d  s o i l s  e i t h e r  t h e  a c e t i c  ac id ,  o r  *a lka l i  so lub le  f r a c t i o n  

o r  the  sum t o t a l  o f  these  two forms could be used as an index  of 

phosphorus f e r t i l i t y .  For a l k a l i n e  s o i l s ,  however, t h e  alkal i  

so lub le  inorganic  f r a c t i o n  might c o n s t i t u t e  the  most s u i t a b l e  index. 

Chang and Jackson (7958) i n v e s t i g a t e d  t h e  occurrence of t h e  

va r ious  forms of  e o i l  phosphorus i n  r e l a t i o n  t o  f e r t i l i z e r  p r a c t i c e s  

and showed t h a t  t h e  phosphorus added t o  t h e  s o i l  w a s  converted i n t o  

calcium, aluminium and i r o n  phosphates. This  t ransformation w a s  

observed i n  a c i d  as we l l  a6 i n  n e u t r a l  soils. A s  calcium phosphate 

was more s o l u b l e  than t h e  o t h e r  forms of phosphate i t  w a s  more r e a d i l y  



absorbed by crops o r  rap id ly-conver ted  i n t o  l e s s  so lub le  forhs.  

Raising the  pH of the  s o i l  by the  app l i ca t ion  of  lime would he lp  t o  

inc rease  the  calcium a c t i v i t y  and induce t h e  formation o'f calcium 

phosphate and the  consequent r e l e a s e  o f  phosphorus i n  an  a v a i l a b l e  

form. . 
According t o  Kanwar and Grewal (1959) the  low content  of phos- 

- phorus so lub le  i n  EDTA-borate b u f f e r  s o l u t i o n  would account f o r  t h e  . , 

ready response of  crops t o  phosphatic f e r t i l i z e r s  i n  the  a c i d  s o i l s  

of t h e  Punjab. Goel and Agarwal (1959) fo&d , tha t  t h e  mature a o i l s  

which contained more of i r o n  and aluminium phosphates responded, to  

phosphatic f e r t i l i z a t i o n  whereas the  l e s s  mature s o i l s  which were 

r i c h  i n  calcium phosphate did no t  respond t o  app l i ca t ions  of phos- 

. -- pha te i  Using l a b e l l e d  monobasic potassium phosphate and adopting 

t h e  f r a c t i o n a t i o n  procedure followed by,Chang and Jackson (1957), 

Yuvan & & (1960) , traced the  changes undergone by so lub le  phos- 

phates  appl ied  t o  s o i l s . .  More than 80 percent  of t h e  added phos- . % 

phorus was re t a ined  - by . the  s o i l  as aluminium and i r o n  phosphates 

and only l e s s  than 10 percent  remained i n ' t h e  water s o l u b l e  form. 

It was f u r t h e r  not iced  t h a t ' t h e  r a t i o  'of aluminium phosphate t o  i r o n  

phosphate increased  with t h e  r a t e  of phosphorus applied. 

The f r a c t i o n a t i o n  of s o i l  inorganic.phosphorus c a r r i e d  out  by 

Wright and Peech (1960).revealed t h a t  t he  n a t i v e  phosphorus i n  t h e  

s o i l s  i n v e s t i g a t e d  w a s  p resent  ch ie f ly  i n  the  form of i r o n  phosphate. 

I n  the  s o i l s  co l l ec t ed  from long time f e r t i l i z e r  experiments i t  w a s  

observed t h a t  phosphate f e r t i l i z a t i o n  had r e s u l t e d  pr imar i ly  i n  an 

increase  i n  the  &on phosphate f r a c t i o n ,  except i n  two s o i l s ,  i n  



which the  appl ied  phosphorus was converted almost e n t i r e l y  i n t o  the  

phosphate of aluminium. 

4) Methods of f r a c t i o n a t i o n  of s o i l  phosphorus 

Numerous methods have been followed by d i f f e r e n t  workers f o r  the  

f r a c t i o n a t i o n  of s o i i  phosphorus. McGeorge (1932) and Holman (1936) 

i n v e s t i g a t e d  the  chemical na ture  of  s o i l  phosphorus q u a l i t a t i v e l y  by 

studying the  s o l u b i l i t y  curves a t  d i f f e r e n t  pH values. Gardner and 

Kelly (1940) determined the  phosphorus content  of  s o i l s  so lub le  i n  

s o l u t i o n s  ad jus ted  t o  varying pH values  with su lphur ic  a c i d  o r  

potassium carbonate so lu t ion .  I n  a  s tudy of  13 Colarado s o i l s  they 

found t h a t  the  s o l u b i l i t y  of s o i l  phosphorus w a s  a m i n i m u m  near  t h e  
- 

n e u t r a l  poin t  and t h a t  t he  s o l u b i l i t y  i n  the  pH range corresponding 

t o  t h a t  of  the  s o i l  was c lose ly  r e l a t e d  t o  ;he ava i l ab le  phosphorus 

content.  S t e l l y  and P i e r r e  (1943) compared t h e  phosphate s o l u b i l i t y  

of  some Iowa s o i l s  a t  var ious  pH values ranging from 2  t o  10 with 

t h a t  o f  a p a t i t e  and  o t h e r  known minerals. The s o l u b i l i t y  curves f o r  

-Line - s o i l s  r e r e  similar t o  t h a t  of a p a t i t e  whereas t h e  curves 

f o r  a c i d  s o i l s  resembled those o f a i r o n  and aluminium phosphates. 

Thus, they found t h a t ' t h e  pH-phosphate s o l u b i l i t y  curves could be 

used f o r  i d e n t i f y i n g  the  d i f f e r e n t  forms o f  inorganic  phosphorus i n  

the  s o i l .  

F i she r  and Thomas (1935) used a c e t i c  a c i d  buffered  t o  pH 5 

wi th  sodium a c e t a t e . a n d  d i l u t e  su lphur ic  a c i d  ad jus t ed  t o  pH 3 f o r  

e x t r a c t i n g  s o i l  phosphorus. On t h e  basis of the  p H  and the period 

of  e x t r a c t i o n  they c l a s s i f i e d  s o i l  phosphorus i n t o  th ree  groups. 

With a c e t i c  acid '  buf fered  t o  pH 5 and by shaking f o r .  45 minutes 



phosphates of  calcium,.magnesium, manganese and about one e leventh  

of t h e  phosphates of i r o n  and aluminium were dissolved.  Using t h e  

same r eagen t  f o r  a  per iod  of 135 minutes about s i x  e levenths  of t h e  

i r o n  aqd aluminium phosphates t oge the r  w i th  t h e  calciuni, magnesium 

and manganese phosphates could be ex t rac ted .  D i lu t e  s u l p h u r i c  a c i d  

at pH 3 disso lved  the  phosphates of  calcium, magnesium, manganese 

and i r o n  and aluminium toge the r  wi th  a p a t i t e s  when shaken f o r  a . 

per iod  of t h r e e  hours. 

Williams (1937) sepa ra t ed  s o i l  phosphorus i n t o  a l k a l i  s o l u b l e  
- 

.and a l k a l i  i n so lub le  ' f r a c t i o n s  us ing  sodium hydroxide as the  ex t r ac t -  

ant. The a l k a l i  s o l u b l e  f r a c t i o n  cons i s t ed  of t he  organic  and 

exchangeable phosphorus t oge the r  with  t h e  more s o l u b l e  of t h e  i n -  

o rganic  forms such as t h e  dicalcium and sesquioxide phosphates. 

, Apa t i t e s ,  t i tanium'phosphate  and c r y s t a l  l a t t i c e  phosphorus con- 

s t i t u t e d  t h e  alkali i n s o l u b l e  forms. 

Dean (1938) suggested a procedure f o r  s e p a r a t i n g  s o i l  phosphorus 

i n t o  a l k a l i  s o l u b l e  and a c i d  s o l u b l e  f r a c t i o n s .  The s o i l  was first 

t r e a t e d  wi th  sodium a c e t a t e  t o  remove exchangeable calcium and then 
a 

i t igested overnight  wi th  sodium hydroxide s o l u t i o n  a t  90'~. The 

s o l u t i o n  w a s  f i l t e r e d  and a po r t ion  of t h e  f i l t r a t e  evaporated t o  

dryness.  i g n i t e d ,  e x t r a c t e d  wi th  su lphur i c  a c i d  and t h e  phosphorus , 
estimated.  The remaining p o r t i o n  of t h e  f i l t r a t e  w a s  n e u t r a l i s e d ,  

I 

f i l t e r e d  and t h e  phosphorus determined i n  t h e  c l e a r  s o l u t i o n .  The 

former f r a c t i o n  inc luded  organic ,  i s o n  and aluminium phoaphatee 

whi le  t he  l a t t e r  contained i r o n  and aluminium phbsphates only. The 

s o i l  a f t e r  ex t r ac t ion .wi th  sodium hydroxide w a s  n e u t r a l i s e d ,  washed 



with sodium ch lo r ide  and t r e a t e d  with 0.5 N su lphur i c  a c i d  and . 

shaken f o r  one hour. The phosphorus est imated i n  t h e  e x t r a c t  was 

shown a s  calcium phosphate. Ghani (1942) examined Dean's method 

and suggested t h e  use of 0.5 N a c e t i c  a c i d  i n  p lace  of  sodium 

ace ta t e .  Acet ic  a c i d  e x t r a c t i o n  helped t o  remove t h e  exchangeable 

ca t ions  a s  wel l  a s  t o  s e p a r a t e  t h e  r e a d i l y  a v a i l a b l e  forms of  

mono- di-  and tri- calcium phosphates. Subsequent e x t r a c t i o n  of t h e  

s o i l  with 0.25 M sodium hydroxide s o l u t i o n  gave organic ,  i r o n  and 

aluminium phosphates while 2 N su lphur i c  a c i d  ex t r ac t ed  t h e  a p a t i t e  

forms. The f r a c t i o n  which was n o t  a i s so lved  by any of  these  reagents  

w a s  des igna ted  as i n so lub le  phosphorus. One disadvantage i n  this 

method was t h a t  a p a r t  of t h e  phosphorus brought i n t o  t h e  s o l u t i o n  

by a c e t i c  a c i d  m a s  readsorhed by t h e  s o i l  and w a s  inc luded  i n  t h e  

sodium hydroxide e x t r a c t .  I n  a l a t e r  work t h e  same author  (1942) 

has,  t he re fo re ,  suggested t h e  use of 8-hydro- quinol ine as a 

blockade a g a i n s t  t h e  readsorp t ion  of  phosphorus by i r o n  and aluminium. 

Koshi (1952) s t u d i e d  t h e  d i s t r i b u t i o n  of var ious  f r a c t i o n s  of s o i l  

phosphorus i n  t y p i c a l  p r o f i l e s  of  Travancore S t a t e  adopt ing Ghanils . 
(1942) method. x 

. According t o  Dean (1937) t h e  phosphoru$ f r a c t i o n  e x t r a c t e d  by 

sodium hydroxide included the  adsorbed form a s  wel l  as the.phosphates  

of i r o n  and aluminium. ' Dickman and Bray (1941) observed t h a t  t h e  

f l u o r i d e  i o n  could be used s a t i s f a c t o r i l y  t o  r ep lace  adsorbed phos- 

phorus. Bray and Dickman (1941) f r a c t i o n a t e d  s o i l  inorganic  'phos- 

phorus i n t o  f i v e  forms using ammonium ch lo r ide ,  ammonium f l u o r i d e  

and au lphur ic  ac id .  Replaceable phosphorus w a s  ob ta ined  i n  the  



f i r s t  f r a c t i o n  by e x t r a c t i o n  with ammonium chlor ide.  Adsorbed 

phosphorus w a s  ob ta ined  i n  the  next  two f r a c t i o n s  by e x t r a c t i n g  * 

with n e u t r a l  ammonium f luor ide .  The fou r th  f r a c t i o n  obta ined  by 

using a c i d  ammonium f l u o r i d e  represented  a c i d  so lub le  f r a c t i o n s  

such as calcium, magnesium, i r o n  and aluminium phosphates. Sodium , \ 

hydroxide was used f o r  t h e  f i n a l  ex t rac t ion .  The au thors  c l a s s i f i e d  

the  1st. 2nd and 3rd  f r a c t i o n s  toge the r  as adsorbed phosphate and 

t r e a t e d  i t  a s  t h e  r e a d i l y  a v a i l a b l e  form. La te r  Bray and Kurtz (1945) 

u t i l i s e d  ammonium f l u o r i d e  of varying s t r e n g t h s  f o r  t h e  e x t r a c t i o n  

of a v a i l a b l e ,  t o t a l  and organic  phosphorus i n  s o i l s .  

The i n v e s t i g a t i o n s  of Turner and Rice (1952) have c l e a r l y  shown 
. . 

t h a t  , n e u t r a l  ammonium f l u o r i d e  r e a c t s  wi th  aluminium hydroxide t o  . 
form (-13 A$F6 thereby r e l e a s i n g  t h e  phosphate adsorbed by the  

alumidium gel .  No such r e a c t i o n  was found t o  take  place with f e r r i c  
- 

hydroxide g e l  and, t he re fo re ,  t h e  e x t r a c t i o n  wi th  ammonium f l u o r i d e  

as suggested by Bray.an&Kurte (1945) would h e l p  t o  d i s so lve  mainly 

t h e  aluminium phosphate. 

/ Kanwar and Grewal (1959) ueed EDTA-borate bu'ffer s o l u t i o n  a t  

EH 8.5 an'd decinormal sodium hydroxide as t h e  e x t r a c t a n t  f o r  

f r a c t i o n a t i n g  s o i l  phosphorus. The phosphate ex t r ac t ed  with EDTA- 
. . 

bora t e  bu f fe r  contained mono- and di-  calcium phosphate, magnesium 

phosphate and sma l l  amounts of t r i ca l c ium,  i r o n  and aluminium phos- 

phates .  The &&line e x t r a c t  contained mostly t h e  organic  and i n  a 

p a r t  inorganic  phosphorus. The phosphate not  d i sso lved  by e i t h e r  of 

these  reagents  bu t  ex t r ac t ed  by cons tan t  b o i l i n g  hydrochlor ic  a c i d  . 

w a s  cons idered .as  the  a p a t i t e ,  l a t t i c e  bound and o t h e r  r e s i s t a n t  forms. 



I n  t h e i r  study of Kanpur s o i l s  Goel.and Agamal  (1959) determined 

organic  phosphorus by es t imat ing  t h e  t o t a l  phosphorus i n  a c i d  

e x t r a c t s  before  and a f t e r  i g n i t i o n  of t h e  s o i l  and no t ing  the  

d i f fe rence .  Calcium phosphate was determined by e x t r a c t i o n  with  

0.2 N s u l p h u r i c  acid .  ~ b t a l  inorganic 'phosphorus  was found o u t  a s  

t h e  d i f f e r ence  between t o t a l  and organic  phosphorus. The d i f f e r ence  

between t o t a l  i no rgan ic  and calcium phosphates gave i r o n  and aluminium 

phosphate. 

A more s a t i s f a c t o r y  method of f r a c t i o n a t i o n  of  s o i l  inorganic  

phosphorus , i n t o  phosphates of i r o n ,  aluminium and calcium and occluded 

forms of  i r o n  and aluminium phosphates has  been developed by Chang 

and Jackson (1957) based on the  s e l e c t i v e  s o l u b i l i t y  of ,phosphorus  

i n  va r ious  ex t r ac t an t s ;  Their  methoq- cpns i s t ed  i n  p r e t r e a t i n g  t h e  

s o i l  wi th  normal ammonium ch lo r ide  s o l u t i o n  follovred by e x t r a c t i o n  

wi th  n e u t r a l  ammonium f luo r ide .  This  t rea tment  d i sso lved  a l l  t h e  
\ 

aluminium phosphate and n e g l i g i b l e  q u a n t i t i e s  o f  a p a t i t e  and i r o n  

phosphates. Subsequent e x t r a c t i o n  wi th  alkali removed t h e  i r o n  phos- 

phitte completely and' e x t r a c t i o n  ,with d i l u t e  su lphur i c  . a c i d  d i sso lved  

t h e  apat i te :  f o r m .  Chelat ion t reatment  with  sodium c i t r a t e  and 

sodium d i t h i o n i t e  e x t r a c t e d  t h e  occluded i r o n  phospiiate and the  
. . 

f i n a l  t reatment  with  ammonium~fluoride removed t h e  occluded aluminium 

phosphate. This  'method of  f r a c t i o n a t i o n  was followed by Chai Ploo Cho 

and Caldwell (1959) with  s a t ' i s f ac to ry  r e s u l t s .  

F i fe  (1959,) r epo r t ed  t h a t  i n  t h e  e x t r a c t i o n  of aluminium phos- 

phate  wi th  ammoniw f l u o r i d e  i n  Chang and Jackson 's  method t h e r e  was 

a p o s s i b i l i t y  :of t h e  e x t r a c t e d  phosphate being readsorbed by i ron .  



He, the re fo re ,  suggested t h e  use.of  a l k a l i n e  ammonium f l u o r i d e  i n  

p lace  of n e u t r a l  ammonium f l u o r i d e  f o r  s o i l s  of  pH less  than 8.5. 

Yuvan - e t  a1 (1960) adopted t h e  procedure of Chang and Jackson 
\ 

t o  t r a c e  t h e  pa th  of app l i ed  phos$horus tagged with P ~ ~ .  
I 

, Janardhanan N a i r  (1961) f r a c t i o n a t e d  t h e  inorganic  phosphorus ' 

of  4 sou th  Indian s o i l s  using t h e  procedure adopted by  hang and 

Jackson. 

5. Avai lable  p h o s ~ h o r u s  i n  r e l a t i o n  t o  o t h e r  s o i l  phosvhorub 

f r a c t i o n s  . 
Chai Moo Cho and Caldwell (1959) s t u d i e d  t h e  d i s t r i b u t i o n  of  - 

inorganic  and a v a i l a b l e  phosphorus ih"severa1  s o i l s  and worked ou t  

t h e  c o r r e l a t i o n  between these  d i f f e r e n t  forms with a  view t o  

determining the  a c t u a l  form o f  phosphorus measured by t h e  var ious  

e x t r a c t a n t s  used i n  quick s o i l  t e s t s .  Thei r  f i nd ings  could be 

summarised as follows: 

a ) .  The major po r t ion  of the  a v a i l a b l e  phosphorus was re l eased  

from the- inorganic  forms present  i n  t h e  s o i l ,  

b )  There was a  high degree of  c o r r e l a t i o n  between a v a i l a b l e  

phosphorus and t h e  inorganic  phoaphorus,content,  

c )  A high c o r r e l a t i o n  e x i s t e d  between t h e  aluminium phosphate 

f r a c t i o n  and the  phosphorus e x t r a c t e d  by Bray's reagents ,  , 
d) Sodium bicarbonate  e x t r a c t a b l e  phosphorus was h ighly  

c o r r e l a t e d  t o  t h e  content  of i r o n  and aluminium phosphates. 

This f r a c t i o n  w a s  no t ,  however, nega t ive ly  c o r r e l a t e d  with 

t h e  calcium phosphate content ,  . 

e )  Available phosphorus determined by Morgan's method was 



I 
wel l  correlate 'd  with t h e  cal'cium phosphate f r a c t i o n ,  

f )  Water-soluble phosphate was s i m i l a r  t o  t h e  phosphorus 

ex t r ac t ed  by Morgan's reagent  bu t  had a lower c o r r e l a t i o n  

value. -This suggested t h a t  water s o l u b l e  phosphate d id  not  

c o n s i s t  e n t i r e l y  of calcium phosphat; al though t h i s  con- 

s t i t u t e d  t h e  major f r a c t i o n  d isso lved  by water. 

Pa te1  and Mehta (1961) f r a c t i o n a t e d  t h e  phosphorus i n  21 s o i l  

samples and found t h a t  none of t h e  f r a c t i o n s  determined, v iz . ,  

calcium phosphate, adsorbed phosphate, i r o n  and dluminium phosphate, 

o rganic  phosphorus and t h e  in so lub le  phosphorus, formed a cons t an t -  

p ropor t ion  of t h e  t o t a l .  The amount of  adsorbed phosphorus gave the  

h ighes t  c o r r e l a t i o n  with phosphorus uptake by sorghum and i t  was a l s o  

h ighly  c o r r e l a t e d  with a v a i l a b l e  phosphate determingd us ing  0.5 M . 

sodium bicarbonate.  The amount o f  phosphorus absorbed by p l a n t s  

was c o r r e l a t e d  t o  t h e  cd lc iun  phosphate t o  a l e s s e r  degree but t he re  

was no c o r r e l a t i o n  what-so-ever between phosphorus uptake by p l a n t s  . 
and t h e  o t h e r  forms of s o i l  phosphorus. 

e v e r t y  and NcLean (1961) app l i ed  Chang and Jackson's f r ac t ion -  

a t i o n  procedure t o  s o i l s  . f ix ing  28-72 percent  of appi,ieii so lub le  . 
phosphorus and found t h a t  s o i l e :  of low fixitxx' c a p a c i t i e s  t i e d  up 23 - 

, ' / 
t imes as much phosphorus i n  t h e  a l u ~ i h u m  phosphate f r a c t i o n  as i n  

, . 
/" 

t h e  i r o n  phosphate frac,tion.- -The r eve r se  w a s  found t o  be t r u e  of 
I 

s o i l s  with high f i x i n g  capac i t i e s .  This  sugges t ed . tha t  aluminium ' 

.phosphate was considerably more ava i l ab le  t o  p l a n t s  than i r o n  phos- 

phate. I n  s o i l s  t r e a t e d  with d i f f e r e n t  forms of  phosphatic f e r t i -  

l i z e r s  phosphorus a v a i l a b i l i t y  t o  o a t s  was h ighly  c o r r e l a t e d  t o  the  



i r o n  and aluminium phosphate con ten t s  a s  wel l  as t h e  ammonium 

ch lo r ide  e x t r a c t a b l e  f r ac t ion .  I 

B. 'Available1 s o i l  phosphorus. 

L ieb ig  i n  1840 and Way i n  1850 demonstrated t h a t  phosphorus 

might be r e t a i n e d  i n  t h e  s o i l  i n  an unava i lab le  form. Since then 

and even e a r l i e r  s o i l  chemists have at tempted t o  estima,$e t h e  
. I  

amount of a v a i l a b l e  phosphorus i n  s o i l s  by var ious  methods. These 

methods inc lude  t h e  use of d i f f e r e n t  chemical reagents  f o r  ex t r ac t -  

i n g  t h e  s o l u b l e  phosphorus as w e l l  as s tuay ing  the 'growth of p l a n t s  

and micro,  organisms i n  t h e  s o i l .  A s  chemical methods a r e  p r a c t i c a l l y  

more convenient most of t h e  procedures f o r  determi-ning' a v a i l a b l e  ' 

C 
phosphorus i nvo lves  t h e  use of chemical e x t r a c t a n t s .  Such reagents  

X \. 

have been developed on the  b a s i s  of d i f f e r e n t  concepts regarding the  
C 

absorp t ion  of phosphorus by p l an t s .  N o  s i n g l e  procedure s o  f a r  . 
sugges ted 'has  been approved a s  a s u i t a b l e  method f o r  determining .. . 
a v a i l a b l e  phosphorus i n  s o i l s .  The l i t e r a t u r e  bear ing  on  t h i s  

s u b j e c t  is r a t h e r  voluminous and s o  only such 'works a s  a r e  p e r t i n e n t  

t o  t h e  p re sen t  s tudy  w i l l  be reviewed here .  

1. Use of d i l u t e  a c i d s  as e x t r a c t a n t s :  

s Various organic  a c i d s  have been used b y ' d i f f e r e n t  workers as 

e x t r a c t i n g  r eagen t s  f o r  ava' i lable phosphorus. One of t h e  e a r l i e s t  

methods which is still  i n  use is t h a t  of Dyer (1894) who used one 

percent  c i t r i c  a c i d  f o r  t h i s  purpose. Egner (1941) and Ftiehm (1942) 

suggested t h e  use of a c t i v e  l a c t a t e  bu f f e r  whi le  Bibbard (1931) 

employed a c e t i c  a c i d  and Brown (1940) used a c e t a t e  b u f f e r  as . - 

e x t r a c t a n t s  f o r  determining phosphate a v a i l a b i l i t y .  D i l u t e  mineral  



a c i d s  have been used by s e v e r a l  workers f o r  t h e  e x t r a c t i o n  of 

a v a i l a b l e  s o i l  phosphorus. Vonsigmond (1929) used 0.1 N n i t r i c  

a c i d  whereas 0.2 N n i t r i c  a c i d  w a s  used e a r l i e r  by Frape (1909). 

Baver and Burner (1939) and Olsen (1946) e x t r a c t e d  a v a i l a b l e  

phosphorus wi th  0.3 N hydrochlor ic  a c i d  and 0 .7  N hydrochlor ic  

a c i d  mixed with ammonium molybdate r e spec t ive ly .  Truog (1930) #. 

used 0.002 N s u l p h u r i c  a c i d  buf fe red  a t  pH 3 wi th  ammonium su lpha te  

i n  a  s o i l  so lven t  r a t i o  of 1:200 whereas t h e  same r eagen t  i n  t h e  

r a t i o  of 1:100 was used f o r  e x t r a c t i n g  a v a i l a b l e  phosphoi-us by '9 
.<.' 

Peech - e t  a1 (1947). Morgan (1935) used a c e t i c  a c i d  bu f fe red  t o  
*.  

pH 4.8 wi th  sodium a c e t a t e  f o r  e s t imd t ion .  of. ... a ~ k l a b l e  phosphorus. . < ,- %.. 

* 

Beater  (1949) used N/2l ' s i i d h u r i c  aci ' i>:buffered with sodium bora t e  
. \ 

a t  pH 1.5 f o r  t h i s  .:pdpose. ' Ghani (1943) employed 8-hydroxay . c k 
I '. 

quihpl ine  i n  t h e , a c e t i c  a c i d  .as  an v p t r a c t a p t  andirecommended its 
c- c .  -. 

use f o r  a c i d  s h s  cp t a i n m g  h igher  pr6p0rt~ion.s of. a c t i v e  sesqui-  
, , . ,.:. 

oxides.  
. i '  

2. Use of  . a l k a l i e s  as , . 
Darks i n d  'Sheffer (1928) used calcium b icarbonate  and Das (1930) 

I 
~ ~ 

. 1 .:y .,:- 
used 1; peTcent pat.Sssium carbonate f o r  dissolving a v a i l a b l e  s o i l  , ., 7 

'.A. , 
phosphoi&&L. I a s s t s c h  (1941) employed potassium b icarbonate  s o l u t i o n  

with%dvantage t o  r ep l ace  exchangeable phosphor,us. Olsen (1954) 
-- 

proposed t h e  ue'e o f  0.5 N sodium-bicarbonate ad jus t ed  t d  pH 8.5 as 

an  ex t cac t an t  f o r  both ca1careo"s and noncalcareous s o i l s .  Jones 

(1949) recommended 0.5 N sodium hydroxide so lukion  f o r  t r o p i c a l  s o i l s  

while Williams (1950) suggested 0.1 N sodium hydroxide f o r  both a c i d  

and a l k a l i n e  s o i l s .  Rubins (1953) found e x t r a c t i o n  wi th  0.5 N 



sodium hydroxide s u i t a b l e  f o r  determining a v a i l a b l e  phosphorus i n  

. a c i d  s o i l s .  Saunders (1956) developed a method us ing  h o t  0.7 N 

sodium hydroxide and obta ined  s a t i s f a c t o r y  r e s u l t s  f o r  d i f f e r e n t  

types  of t r o p i c a l  s o i l s .  

3. Use of ammonium f l u o r i d e  as ex t r ac t an t .  

Bray and Kurtz (1945) have developed a method f o r  the  ex t r ac t -  

i o n  of a v a i l a b l e  phosphorus us ing  d i l u t e  a c i d  s o l u t i o n s  of ammonium 
. . 

f l u o r i d e .  The' two reagents  recommended by these  workers a r e  0.03 N 

ammonium f l u o r i d e  i n  0.025 N hydrochlor ic  a c i d  and 0.03 N ammonium 

f l u o r i d e  i n  0.1 N hydrochlor ic  acid .  The weaker reagent  e x t r a c t s  

on ly  the  adsorbed f r a c t i o n  while t he  s t i o n g e r  s o l u t i o n  a l s o . d i s s o l v e s  

a p a r t  of the a c i d  so lub le  phosphorus. 

4. Comparison between the d i f f e r e n t  methods used f o r  ex t r ac t inR  

a v a i l a b l e  phosphorus. C 

I n  'calcareous s o i l s  ~as..$,1926&. found t h a t  e x t r a c t i o n  with,  
, . '. ~. 

potassium carbonate  y i e lded  mare s a t i s f a c t o r y  r e s u l ~ s f o r  a v a i l a b l e  
- . 

phosphate t h a n  e x t r a c t i o n  wi th  d i l u t e  Acids.  t:.Hocken Smith (,?:933) . , 

compared d i f f e r e n t  s o i 5  , t e s t i n g  methods. i n  ca lcareous  s o i l s  and . .? 

found tha't the  phosphor.,us e x t r a c t e d  w i t h  ,potassium carbonate mas 
-. . . . .. ., ,J . 

\ \  

h igh ly  c o r r e l a t e d  t o  crop. yidiis. A number d f .  s o i l  t e s t i n g  met&& 

were compared on a group of s o i l s  n e u t r a l  t o  a c i d  i n  r e a c t i o n  by 

Anderson and Noble'(1937) and they found t h a t  t h e  ambunts of phos- . . 

pha te s  e x t r a c t e d  by a c i d s  were gene ra l ly  b e t t e r  c o r r e l a t e d  t o  crop 

y i e l d s .  Basu -- e t  a1 (1942) made &'study of t he  d i f f e r e n t  methods 

f o r  es t imat ing  a v a i l a b l e  phosphorus i n  r e l a t i o n  t o  t he  d i f f e r e n t  

s o i l  types  belonging t o  t he  black co t ton  s o i l  group and found t h a t  

the  limits of response d i f f e r e d  considerably.  Mukerjee (1941) \ 



compared Truog's method with  t he  c i t r i c  and a c e t i c  a c i d  methods i n  

noncalcareous r e d  s o i l s  and obta ined  f a i r  c o r r e l a t i d n  between them. 

' Frap and Fudge (1945) s t u d i e d  the  phosphoras a v a i l a b i l i t y  o f  34 s o i h s  

and s e v e r a l  phosphatic minera l s  u s ing  0.2 N n k t r i c  a c i d ,  0.75 N , 
hydrochlor ic  ac id ,  0.002 N su lphur i c  ac id ,  and  0.5 N a & t i c  a c i d  and 

v. *. # 

observed t h a t  none of them gave a q u a n t i t a t i v e  measure o f  t he  ambunt 
h" 

, ,' s->. 
of phosphorus a v a i l a b l e  t o  p l an t s .  C: .- 

. , .* 
Rubins and Dean (9946) compared:several methods f o r  determining 

a v a i l a b l e  phosphorus and found.khat  t h e  amount of phosphorus e x t r a c t -  

ed  by a c e t i c  a c i d ,  Trudgls  and Morgan's reagdnts  and b y ' t h e  l a c t a t e  . ./ 
method were a l l  c o r r e l a t e d  t o  one another. 'bong t h e ' s e v e r a l  metho& 

j. 
sugges ted  f o r  determining a v a i l a b l e  phosphorus Raychaudhuri '& 

-;C 
(1954) ob ta ined  t h e  high'$st c o r r e l a t i o n  between phosphorus e x t r a c t e d  

I 
\ 

from Bihar s o i l s ' b y  Truog"s reagent  and the  y i e l d  of  paddy. 
/ .  . :, 

nex t  h i g h e s t  c o r r e l a t i o n  f o r  theseidso- i ls  w a s  ob ta ined  wi th  Bray's 

reagent .  Caronel l  a n d . ~ a l e , n c i a  . , (1957) i n  a comparative s tudy  of t h d  

d i f f e r e n t  methods f &  a v a i l a b l e  phosphorus showed t h a t  Truog,'s 
/, 

rnethod.ya9 the  b e s t  s u i t e d  f o r  s o i l s  wi th  pH r&ge of  5.7 - 7.2. . . - . 8 + 
Datta  and Kamatk (1959) compared n ine  d i f f e r e n  ,methods and eva lua ted  . . 7 Jf!, ( .  - 

, them us ing  percentage yield.response .and .'*A" va lues .  They found t h a t  
< I .  r - :  P 

t h e  performance of the, sodium bzcarbonate methdd was t h e  b e s t  and t h e  
.* 

I 
* 

most s a t i s f d t o r y  ,k;i,.&mos.p .. . 311 c@es h igh ly  s i g n i f i c a n t  corre-  . ., b 
i. 

l a t i o n s  rveke( obtained. Tseng and Wqg ('1959) compared a number of ... 
* a .  

methods on-paddy s q i l s ' a n d  found t h a t  O l s e n f s  reagent  e x t r a c t e d  very  
, . 

< 1 

l i t t l e  a v a i l a b l e  phosphdrus.   he^' observed t h a t  more phosphorus w a s  

e x t r a c t e d  from most s o i l s  by Bray's method than  by Truogos procedure. 



Bray's method y i e lded  reproduceable r e s u l t s  on ly  when t h e  .temperature 

and shaking time were s t r i c t l y  cont ro l led .  'Bouyer (1959) .compared 

, d i f f e r e n t  methods f o r  t h e  determinat ion of  a v a i l a b l e  phosphorus. He 

I I 
obta ined  h igh  c o r r e l a t i o n  between the  amounts of a 4 a i l a b l e  phosphoric 

'. a c i d  determined by the  methods,proposed by Bray and Kurtz (1945) Olsen 

(1954) and Saunder (1956) and t h e  t o t a l  phosphoric acd content .  The 

lowest  va lue  foq a v a i l a b l e  phosphoric a c i d  was obta ined  by Olsen 's  

method v ~ h i l e  Saunder 's  reagent  e x t r a c t e d  n e a r l y  h a l f  o f  t h e  t o t a l  

phosphoric ac id .  M i l l e r  (1960) found t h a t  e x t r a c t i o n  wi th  su lphur i c  

a c i d  - ammonium f luor id ;  reagent  (b&h*0.03 N) gave the  most satis- 

f a c t o r y  va lues  f o r  a v a i l a b l e  phosphorus as determined by c rop  response 

though i n  many i n s t a n c e s  t h e r e  was very l i t t l e  d i f f e r ence  i n  t h e  , 

amounts determined by va r ious  o t h e r  methode. Re a l s o  observed t h a t  

s o i l  type  determined t o  a l a r g e  e x t e n t  t h e  c o r r e l a t i o n  between y i e l d  

and phosphorus e x t r a c t e d  by the  d i f f e r e n t  methods. There was consider- 

a b l e  d i f f e r ence  i n  t he  amounts of super  phosphate t o  be 'applied t o  .. 
d i f f e r e n t  s o i l s  i n  okder t o  maintain  i d e n t i c a l  l e v e l s  o f  a v a i l a b l e  

phosphorus. 

. Swaminathan (1960) compared the  amounts of  phosphorus e x t r a c t e d  

from 14 p o t a t o  s o i l s  by n ine  r a p i d  chemical t e s t  methods and found 

t h a t  t h e  reagents . sugges ted  by Truog, Spurway and Bray a s  we l l  a s  

2.5 N a c e t i c  a c i d  and l % . c i t r i c  a c i d  had  similar r e l a t i v e  c a p a c i t i e s  
. . 

f o r  e x t r a c t i n g  a v a i l a b l e  phosphorus. Though t h e  phosphorus index  

obtained from each t e s t  w a s  posit ive1y;but n o t  s i g n i f i c a n t l y ,  

c o r r e l a t e d  with  t h e  average percentage y i e l d  va lues  i n  each case,  

OLsen's method ( e x t r a c t i o n  wi th  M/2 soqium bicarbonate )  gave t h e  



maximum degree of c o r r e l a t i o n  wi th  crop response i n  t h e s e  s o i l s .  

SokoloG, ~ o r i t s k a y a  and Mallina (1961) i n  a  comparative s tudy found 

t h a t  0.002 N H SO (Truogqs agent ]  and 0.5 N a c e t i c  a c i d  (Chirikov's 2  4 

r eagen t )  gave similar va lues  f o r  s o l u b l e  phosphorus. Ki rsanovqs  

method ( ex t r ac t ion  with  0.2 N hydrochlor ic  a c i d )  gave somewhat 

h igher  values  than Chir ikov 's  and Truogls methods bu t  much sma l l e r  

va lues  than Egner &chmls method' ( e x t r a c t i o n  wi th  calcium l a c t a t e ) .  



Eight t y p i c a l  s o i l  samples represent ing  the  major s o i l  groups 

of Kerala were used i n  t h i s  study. These s o i l s  were sampled a t  

plough l a y e r  depth,  a i r - d r i e d  and screened through a 2-mm. s ieve.  

The genera l  c h a r a c t e r i s t i c s  of t h e  s o i l s  a r e  given in  t a b l e  'I. 

TABLE I h .  

GENERAL CHARACTERISTICS OF SOILS 

. S o i l  
Group Texture 

1. Keerikkadu 
(Alleppeyj 

Coastal  sand 

2. Vellayani Red 
(Trivandrum) 

3. Vellayani  L a t e r i t e  . 
( Trivandrum) 

Sandy loam 

Clay 

Sandy c l ay  

4. Valparai  Fo res t  Sandy c l ay  loam 
(Kottayam) 

5. Chengannur Al luv ia l  Sandy c lay  loam 
(klleppey) 

-- 
6. g l i c o d e  G t e r i t e  Sandy c l ay  loam 

(Cannanore) 

7. Nileshwar I1 Red Sandy loam 
(Cannanore) 

8. Nileshwar I11 Coastal  sand Sand 
(Cannanore) 

The study cons i s t ed  of t h e  following t h r e e  pa r t s :  

i. An i n v e s t i g a t i o n  of  t h e  chemical and mechanical composition 

of the  s o i l s  with a view t o  f ind ing  ou t  any c o r r e l a t i o n  



between t h e  s o i l  p r o p e r t i e s  and the  va r ious  phosphorus 

f r a c t i o n s .  

ii. Frac t iona t ion  of s o i l  phosphorus before  and a f t e r  t reatment  
, 

with  a phosphat ic  f e r t i l i z e r  so  as t o  s t u d y  t h e  d i s t r i b u t i o n  

p a t t e r n  of t h e  va r ious  phosphorus forms, and f u r t h e r ,  t o  f i n d  

ou t  t o  which f r a c t i o n  t h e  added phosphorus is  u l t ima te ly  

rever ted .  

iii. A comparison of t h e  d i f f e r e n t  methods commonly followed f o r  t he  

determinat ion of ' ava i l ab l e '  phosphorus wi th  r e s p e c t  t o  t hese  

s o i l s .  

A. Chemical and Mechanical composition of s o i l s .  

Standard a n a l y t i c a l  procedures were followed f o r  determining the  

chemical and mechanical composition of t h e  s o i l s .  The methods 

-adopted are.  b r i e f l y  i n d i c a t e d  below: 

1. Chemical ana lys i s .  

( a )  Moisture:' 5 g. o f  t h e  s o i l  w a s  d r i e d  i n ' a n  e l e c t r i c  oven a t  

100-105'~ f o r  8 hours and t h e  l o s s  i n  weight was expressed as percent  

. of t h e  oven dry weight of t h e  s o i l .  

(b) Loss on i g n i t i o n :  20 g. of  t h e  s o i l  sample w a s  i g n i t e d  under 

a rose-head flame a t  7 0 0 ~ ~  f o r  8 hours  t o  g e t  cons tan t  weight and the  

l o s s  on i g n i t i o n  was c a l c u l a t e d  as percent  of t h e  s o i l  on moisture  

f r e e  b a s i s .  

( c )  Acid in so lub le s :  209:' g. o f  t h e  air dry  s o i l  was placed i n  

a 500 m l .  f l a s k  and t r e a t e d  wi th  200 ml. of  cons tan t  b o i l i n g  hydro- 

c h l o r i c  a c i d  and  d iges t ed  on a  s a n d  ba th  f o r  2-3 hours. The e x t r a c t  - 

was f i l t e r e d  i n t o  a 500 m l .  volumetr ic  flask and the  volume made up. 
. . 



The r e s idue  was washed f r e e  of ch lo r ide  wi th  d i s t i l l e d  water ,  d r i e d  

i n  an a ir  oven and i g n i t e d  u n t i l  cons tan t  weight was obtained.  This  

was c a l c u l a t e d  a s  percent  of t h e  ' s o i l  on moisture  f r e e  b a s i s  and 

r epo r t ed  a s  a c i d  inso lubles .  

. ( d )  Acid s o l u b l e  s i l i c a :  The a c i d  s o l u b l e  f r a c t i o n  obtained i n  

t h e  above determinat ion w a s  evaporated t o  dryness  on d water  ba th  and 

t h e  r e s i d u e  moistened with  concentrated n i t r i c  a c i d  and aga in  brought 
.. 

t o  dryness. The process  was r epea t ed  3 t o  4 t imes till t h e  d r i e d  

r e s idue  showed a  g ranu la t ed  appearence. The res idue 'was  then 

d iges t ed  with  d i l u t e  hydrochlor ic  a c i d  on a  water  ba th ,  f i l t e r e d ,  and 

washed with  b o i l i n g  water u n t i l  f r e e  from chlor ide.  The f i l t r a t e  

c o l l e c t e d  c o n s t i t u t e d  the  dydrochlor ic  a c i d  e x t r a c t  which w a s  used f o r  

t h e  subsequent es t imat ions .  The r e s idue  which represen ted  t h e  a c i d  

s o l u b l e  s i l i c a  was d r i ed ,  i g n i t e d  t o  g e t  cons tan t  weight and r epo r t ed  

as percent  of t h e  s o i l  on moisture  f r e e  b a s i s .  

- ( d l  Tota l  sesau ioxides :  The sesquioxides  were p r e c i p i t a t e d  as 

t h e  hydroxides i n  an a l i q u o t  of t h e  hxdrochlor ic  a c i d  e x t r a c t  by t h e  

a d ~ , t i o n  of ammonium hydroxide. The p r e c i p i t a t e  was f i l t e r e d ,  i g n i t e d  

t o  cons tan t  weight and r epo r t ed  as percent  o f  t h e  moisture  f r e e  

weight@ of t h e  s o i l .  

( f )  Iron: An a l i q u o t  of t h e  hydrochlor ic  a c i d  e x t r a c t  .v ras  

evaporated t o  dryness ,  taken up wi th  d i l u t e  su lphur i c  a c i d ,  and the  

i r o n  reduced t o  t h e  f e r rous  s t a t e  by nascent  hydrogen. It w a s  then 

e s t ima ted  by t i t r a t i o n  with s t anda rd  potassium permaneanate. 
. 

($1' Calcium: Calcium was p r e c i p i t a t e d  i n  t h e  f i l t r a t e  ob ta ined  

a f t e r  t h e  s e p a r a t i o n  of t he  sesquioxides  a s  calcium o x a l a t e  and 



es t ima ted  volumet r ica l ly  by t i t r a t i o n  a g a i n s t  s t anda rd  potassium 

permanganate. 

(h)  FIagnesium: Magnesium was p r e c i p i t a t e d  i n  t h e  f i l t r a t e  from 

calcium s e p a r a t i o n  as magnesium ammonium phosphate, f i l t e r e d ,  washed 

f r e e  of c h l o r i d e ,  d r i ed ,  i g n i t e d  and weighed a s  magnesium pyro- 

phosphate. . 
( i )  P h o s ~ h o r i c  acid:  Phosphorus was p r e c i p i t a t e d  i n  a s u i t a b l e  

a l i q u o t  of t h e  hyhrochlor ic  a c i d  e x t r a c t  as ammonium phosphomolybdate 

i n  n i t r i c  a c i d  medium. The p r e c i p i t a t e  w a s  f i l t e r e d ,  washed f r e e  of 

a c i d  and d isso lved  i n  a known excess  of s t anda rd  a l k a l i  and the  excess  

determined by t i t r a t i o n  wi th  s t a n d a r d  ac id .  From the  volume of 

a l k a l i  consumed t h e  P 0 content  vias ca lcu la ted .  
2 5 

( j) Potassium: Potassium w a s  p r e c i p i t a t e d  as potassi.um sodium 

c o b a l t i n i t r i t e  i n  g l a c i a l  a c e t i c  a c i d  medium. The p r e c i p i t a t e  was 

f i l t e r e d  through a sbes tos  i n  a gooch c r u c i b l e  and oxid ised  i n  a n ,  

excess  of  s t anda rq  potassium permanganate. The permanganate consumed 

was determined volumet r ica l ly  &nd hence t h e  percentage of potassium 

i n  t h e  s o i l  was ca lcu la ted .  
.- L 

-I 
Ck). Nitrogen: di t ro&en was es t imated by t h e  Kje ldahl  method , 

us ing  s u l p h u r i c - s a l y c i l i c  a c i d  mixture. - - .. 

(1)  Organic carbon: %he wet d iges t ion  method of Walkley and 

Black w a s  followed f o r ' t h e  e s t ima t ion  of o rganic  carbon. 0.5 - . l .O  g. 

' o f  t h e  s o i l  was d iges t ed  with  a known volume of  normal potassium 

dichromate and su lphur i c  a c i d  making use of t h e  hea t  of d i l u t i o n  of 

su lphur i c  acid .  The excess  chromic a c i d  w a s  determined by t i t r a t i o n  

wi th  s t anda rd  f e r r o u s  su lpha te  s o l u t i o n  us ing  diphenylamine a s  i n t e r n a l  



indicator. From the volum& of potassium dichromate consumed the 

organic carbon was estimated. 

(m) - g: The pH was determined in a 1:.2.5 soil-water suspension 

using a Photovoltmeter (Model 115). 

(n) Cation exchange capacity: 10 g. of the soil was leached 

with neutral ammonium 'acetate eolution to displace the cationa. The 

adsorbed ammonium was determined by steam distillation with magnesium 

oxide an; absorption in excess of standard acid followed by titration 

with standard alkali.. The number of milliequivalents of ammonium 

.ions adsorbed per loo-.$. of the soil gave its cation exchange capacity. 
1 

2. Mechanical analysis. 

The mechanical composition of the soils was determined by the 
.: 

International Pipette method after oxidation of the organic matter 

with hydrogenperoxide. 

B. Fractionation of soil phosphorus 

The method suggested by Chang and Jackson (1957) was followed for 

the separation of the inorganic soil phosphorus into the following 

five fractions: * 
i. Aluminium phosphate - extracted with 0.5 N neutral ammonium 

fluoride. 

ii. Iron phosphate - extracted byith 0.1 N sodium hydroxide. 

iii. Calcium phosphate - extracted with 0.5 N sulphuric acid. , 
iv. Occluded iron phosphate - dissolved by dithionate-citrate 

extractipn. 

4. Occluded aluminium phosphate - extracted with 0.5 N neutral 
'~ 

ammonium fluoride. 



The d i f f e rence  between the t o t a l  phosphorus and the.sum of  these 

var ious  f r a c t i o n s  vias repor ted  as organic  phosphorus. 

I n  themethod followed 1.0.g. of t h e  s o i l w a s  f i & t  t r e a t e d  with 

50 n l .  o.f N ammonium ch lo r ide  t o  'remove t h e  neg l ig ib l e  amounts of  

water s o l u b l e  and l o o s e l y  bound phosphorus which might be preaent .  

' A f t e r  t h i s  t reatment  t h e  s o i l  was ex t r ac t ed  with t h e  v a r i o u s . r e a g e n t s  

and t h e  d i f f e r e n t  phosphorus f r a c t i o n s  sepa ra t ed  and es t imated  as 

(a) Aluminium phosphate: This f r a c t i o n  Was e x t r a c t e d  by shaking 
-1, 

2 .  
t h e  s o i l  with 50 m l .  of 0.5 N ammonium f l u o r i d e  f o r  one hour. The 

s o l u t i o n  was f i l t e r e d  and thd ex t r ac t ed  phosphorus est imated and 

r epor t ed '  as aluminium phosphate. A I .  

(b)  1roh phosphade: The s o i l  a f t e r  t reatment  with 'ammonium 
...-, 

f l u o r i d e  was plashed with s a t u r a t e d  sodium ch lo r ide  s o l u t i o n  and then *. 

shaken with 0.1 N sodium hydroxide f o r  17 hours. The phosphorus 

e x t r a c t e d  was es t imated  and r epor t ed  as i r o n  phosphate. 

(c)  Calcium phosphate: Af t e r  sodium hydroxide e x t r a c t i o n  t h e  , 

s o i l  was aga in  washed with s a t u r a t e d  sodium ch lo r ide  and calcium 

phosphate was e x t r a c t e d  by shahing wi th  50 m l .  of 0.5 N su lphur i c  

a c i d  f o r  one hour and then estimated. 

(d)  Occluded i r o n  phosphate: This  f r a c t i o n  w a s  d e t e r i i n e d  by 

che la t ion  with sodium c i t r a t e  and sodium d i t h i o n j t e .  For t h i s  t h e  

s o i l  a f t e r  t h e  previous t reatment  was washed % i t h  ka th ra t ed  sodium 

chloride and then auspended in 50 ml. of 0.3 M sodium c i t r a t e  

conta in ing  5 m l .  of sddium bicarbonate.  The suspension w a s  hea ted  

i n  a water bath a t  8 0 ' ~  and t r e a t e d  wi th  'I g. -of sodium d i t h i o n i t e  



with r a p i d  s t i r r i n g .  Af te r  15 minutes,  i t  was cen t r i fuged  and the  

s o l u t i o n  c o l l e c t e d  i n  a,100 m l .  volumetr ic  f l a sk .  The s o i l  was 

washed twice  wi th  25 m l .  p o r t i o n s  of s a t u r a t e d  sodium ch lo r ide  and 

t h e  washings added t o  t he  e x t r a c t  i n  t h e  volumetr ic  f l a s k  and the  

volume made up. An a l i q u o t  of t h e  made up s o l u t i o n  was t r a n s f e r r e d  

i n t o  150 m l . '  Erlenmeyer f l a s k  and hea ted  cau t ious ly  with  phosphorus 

f r e e  hydrogenperoxide adding a  drop of  0.5 M f e r r i c  ch lo r ide  t o  

moderate t he  oxidat ion.  Af t e r  completion of  t h e  ox ida t ion  t h e  

s o i u t i o n  w a s  d r i e d  on a steam p l a t e  and then d iges t ed  wi th  2 N 

sodium hydroxide f o r  5 'minutes.  It was then f i l t e r e d  t o  remove the 

i r o n  oxide p r e c i p i t a t e  and the  s o l u t i o n  made up t o  100 m l .  Occluded 

i r o n  phosphate mas es t imated  i n  t h i s  so lu t ion . '  

( e )  Occluded aluminium phosphate: The r e s idue  l e f t  a f t e r t h e  

d i t h i o n a t e  c i t r a t e  e x t r a c t i o n  mas aga in  e x t r a c t e d  with  50 m l .  

. n e u t r a l  ammonium f l u o r i d e  and t h e  aluminium phosphate es t imated  as 

' 
before  and r epo r t ed  a s  t h e  occluded aluminium phosphate. 

The phosphorus e x t r a c t e d  by the  d i f f e r e n t  reagents  as descr ibed 

above was es t imated  c o l o r i m e t r i c a l l y  us ing  a K l e t t  Summerson photo 

e l e c t r i c  calorimeter; ... For t h e  aluminium phosphate and occluded 

aluminium phosphate f r a c t i o n s  "molybdenum blue" co lour  was developed 

i n  t h e  su lphur i c  a c i d  system a s  suggested by Jackson'(1957).  For 

t h e  o t h e r  f r a c t i o n s  t h e  colour  w a s  developed i n  t h e  hydrochlorio- 

a c i d  system. 

The s o i l  phosphorus i n  t h e  d i f f e r e n t  s o i l s  w a s  f r a c t i o n a t e d  before  

and a f t e r  t reatment  wi th  a  phosphatic f e r t i l i ' z e r .  F rac t iona t ion  

before  t rea tment  enabled the  s tudy  of t h e  d i s t r i b u t i o n  p a t t e r n  of 
1 



n a t i v e  s o i l  phosphorus i n , t h e  va r ious  forms. F rac t iona t ion  a f t e r  

t reatment  with  f e r t i l i z e r  helped t o  f i n d  o u t  t h e  s p e c i f i c  chemical 

form t o  which t h e  phosphorus app l i ed  was r e v e r t e d  i n  t h e  s o i l .  Treat-  

ment,was e f f e c t e d  by adding 700 mg. superphosphate (17.0 percent  

P 0' 1 t o  100 g. s o i l  which was k e p t  mois t  f o r  two days t o  enable 
2 5 

equi l ib r ium t o  be reached and then a i r -dr ied .  This  corresponded t o  

a r a t e  of  a p p l i c a t i o n  of  74 ug. P p e r  g. of  s o i l .  

C. 'Avai lable '  phosphorus by d i f f e r e n t  methods 
. . 

Available  phosphorus i n , t h e  s o i l s  was determined us ing  t h e  

fol lowing chemical e x t r a c t a n t s  before  a n d - a f t e r  t rea tment  with  

superphosphate. 

(a) Bray and Kurtz,  (NO. 1) s o l u t i o n  '(0.03 N ammonium f l u o r i d e  

i n  0.025 N hydrochlor ic  ac id ) .  

b Bray and Kurtz,  (No. 2 )  s o l u t i o n  (0.03 N ammonium f l u o r i d e  

i n  0.1 N ,hydrochlor ic  a c i d ) .  

f c )  Truog's reagent  (0.002 N su lphur i c  a c i d  bu f fe red  t o  pH 3 

with ammonium su lpha te ) .  

( d j .  OLsen9s s o l u t i o n  (0.5 N sodium bicarbonate  a d j u s t e d  t o  pH 
Ci 

8.5 wi th  sodium hydroxide). 
-. - - .-> 

~ h o s ~ h o r u s  a v a i l a b i l i t y  w a s  a l s o  determined b i o l o g i c a l l y  i n  t h e  

t r e a t e d  and u n t r e a t e d  s o i l s  u s ing  t h e  Neubauer method. Rice seed- 1 

l i n g s  were used i n s t e a d  of rye  and  the  method w a s  modified as follows: 

100 g. s o i l  was mixed wi th  50 g. qua r t z  sand and p laced  i n  a d i sh  

11 cm. i n  diameter. 100 sprouted  r i c e  seeds  were grown on these  

c u l t u r e s  f o r  17 days and then  ha rves t ed  and t h e  phosphorus estimated.  

A c o n t r o l  was a l s o  run  by growing the  s eed l ings  i n  t h e  'quar tz  sand 



and then determining the phosphorus in the plant material. The 

difference between these two values gave the amount of phosphorus 

actually absorbed to rice. 



1. Chemical and mechanical composition of  soi-1s 

  he e i g h t  s o i l s  used i n  t h i s  s tudy  r e p r e s e n t  f i v e  of t he  major 

s o i l  groups of Kerala,  v . ,  the  sandy, a l l u v i a l ,  f o r e s t ,  r e d  and 

l a t e r i t e  s o i l  groups. From t h e  da ta  presen ted  i n  t a b l e s  I1 and I11 

i t  may be seen t h a t  t h e s e  s o i l s  vary widely i n  t h e i r  chemical and 

mechanical  composition. They are ,  a l l  a c i d  i n  r eac t ion ,  t h e  pH ranging 

from 5.1 f o r  t he  sandy s o i l  from Keerikkadu and the . l a t e r i t e  from 
J 

P i l i c o d e  t o  5.9 f o r  the  l a t e r i t e  from Vellayani.  The gene ra l ly  a c i d  

na tu re  of these s o i l s  is coex i s t en t  with a correspondingly low l e v e l z  

of the  bases.  Thus the  l e v e l  of t he  calcium i n  all t he  s o i l s  is 

extremely 1ow.ranging from 0.04 percent  CaO i n  t he  sandy s o i l  from 

Nileshwar t o  0.21 percent  cab i n  t h e  a l l u v i a l  s o i l  from Chengannur. 

S i m i l a r l y  the  magnesium content  v a r i e s  from 0.10 percent  MgO i n  t h e  

l a t e r i t e  from Vel layani  t o  0.42 percent  M g O  i n  t h e  Chengannur s o i l .  

The l e v e l  of potassium, aga in ,  is  extremely low and v a r i e s  from 0.03 

percent  K20 i n  t he  P i l i code  s o i l  t o  0.23 percent  JT20 i n  t h e  a l l u v i a l  

s o i l  from Chengannur. . 
The higher  f e r t i l i t y  of t h e  a l l u v i a l  s o i l  i s  f u r t h e r  r e f l e c t e d  i n  

i ts n i t rogen  and phosphorus contents .  Thus, t h i s  s o i l  conta ins  0.08 

percent  P 0 whereas t h e  sandy s o i l  from Nileshwar and r e d  s o i l  from 
2 5 

Vel layani  conta in  only 0.02 pe rcen t  of t h i s  nutr ien- t .  The h ighes t  

l e v e l  o f  0.13 pe rcen t  n i t rogen  is  found i n  t he  f o r e s t  s o i l  from Kottayam 

while  t h e  lopseat l e v e l  of t h i s  element is found i n  the  sandy s o i l  from .. 
. . 

~ i l e s h l a a r  (0.04 percent ) .  'If a P205 content  of more than  0.10 \ 

percent  i n  a s o i l m a y  be r a t e d  as 'h igh ' ,  0.06-0.10 a s  'medium1, 



TABLE I1 

CHENICAL ANALYSIS OF SOILS 
(Expressed a s  percent ,  on oven dry b a s i s )  

. I i 
I Loca l i ty  ......................................................... 

I , , is'* 
Component6 Keeri- I ~ e l l r -  8 Yella- ; Rotta- i Chen- P i l i - I  Nile- Nile- No. 

hkadu yan i  yan i  yam I 
1. Moisture 1.18 4187 1.82 6.17 4.23 2.84 1.07 0.47 

2. Loss on 
i g n i t i o n  3-71 4.27 4.94 10.76 .9.88 5.31 3.53 1-32 

4. Soluble 
S i l i c a  0.10 0.15 0.10 0.28 0.33 0.33 0.08 0.08 

6. I r o n  (Fe 0 ) 1,.42 4.92 3.30 4.86 4.55 4-72 1-54 0.89 
2 3 

7. Calcium 
(CaO) 0.1 0.10 0.09 0.10 0.21 0.06 0.08 0.04 

8. Magnesium 
I (MgO) 0:14 0.10 0.10 0.14 0.42 0.17 0.12 0.15 

:.$. Pot assiurn 
(K20?' 0.18 0.08 0.07 0.11 0.21. 0.09 0.07 0.03 

10. Phosphoric 
a c i d  (P205) 0.04 0.02 0.03 0.06 0.08 0.03 0.04 0.02 

- 
11. Nitrogen 0.10 0.06 0.04 0.13 0.10 0.09 0.06 0.04 

13. Cation Ex- 
'change 
Capacity 
(rn.e/100 g. 
of  s o i l )  4.3 4.6 4.4 10.2 9.1 5.9 3.7 1-9 



TABLE I11 

MECHANICAL ANALYSIS OF SOILS 

Percentage on oven dry basis 

Textural separate 

Locality .................................... Textural class 
Coarse Fine, Silt Clay 
Sand, Sand 

1. Keerikhdu - 

(Alleppey) 59.32 22.28 2.34 L4.58 Sandy loam 

2. Vellayani 
(Trivandrua) 20.86 U.45 0.80 51 90 Clay 

3 Vellayani 
(rrivandrum) 34.69 24.69 3.71 31 95 Sandy clay 

4. Valparai 
(Kottayam) 32-68 31.10 1.50 28.58 Sandy clay loam 

. . 
5. Chengannur 

(Alleppey) 9-23 53.79 4.52 23.57 Sandy clay loam 

6. Pilicode 
(Cannanore) 40.94 27.27 3.45 23.57 Sandy clay loam 

7. Nileshwar I1 
(Cannanore) 53.65 23.43 2.40 16.22 Sandy loam 

8. Nileshwar I11 
( Cannanore) 79.77 11.91 1.31 6.18 -Sand 



' , 0.03-0.06 a s  ' low', and l e s s  than 0.03 p e r c e n t - a s  'very ?om1, then 

a l l  except the  a l l u v i a l  s o i l  from.Chengannur should be considered 

d as e i t h e r  'low' o r  'very low1 in 'phosphoric  ac id .  On t h e  b a s i s  of 

s i m i l a r ' s t a n d a r d s  f o r  n i t rogen  t h e  sandy s o i l  from Keerikadu, f o r e s t  

s o i l  from Kottayam and t h e  a l l u v i a l  s o i l  from Chengannur may be 

e a t e d  as high i n  t h i s  n u t r i e n t ,  and the  s o i l s  from Vellayani,  P i l i code ,  

and Nileshwar I1 may be t r e a t e d  as medium, whereas the  o t h e r  two s o i l s  

may be considered a s  low. Fixing 0.25 percent  as the  upper l i m i t  of 

a s o i l  t o  be r a t e d  as low with r e spec t  t o  CaO and K 0 a l l  t h e  e i g h t  
2 

, s o i l s  examined should be t r e a t e d  a s  low i n  these  two n u t r i e n t s .  On 

I 
t h e  b a s i s  of a similar s tandard  f o r  organic  carbon a l l  t h e  s o i l s  except 

, .  I 

t h e  f o r e s t  and a l l u v i a l  s o i l s  should be considered a s  low i n  organic  

mat'ter. 

These' s o i l s  vary cons ide rab ly . in  t h e i r  sesquioxide content  a l so .  

The h ighes t  proport ion of t h e  sesquioxides  is found i n  t h e  f o r e s t  s o i l  

from ~ o t t & a m  a'nd i n  t h e  a l l u v i a l  s o i l  from Chengannur. These s o i l s  

contain r e spec t ive ly  19.21 and 18.50 percent  of  t h e  sesquioxides.  A s  

might be expected, t h e l o w e s t  l e v e l  of  t h e  sesquioxides  i s . f o u n d  i n  t h e  

'sandy , s o i l  from Nileshwar. The v a r i a t i o n  i n  t h e  Fe 0 content  is more 
2 , 3  

o r  l e s s  s i m i l a r  t o ' t h a t  of the  sesquioxides.  The h ighes t  l e v e l  of t h e  

Fe 0 (4.93 percent )  'is i n  t h e  red  s o i l  from ue l l ayan i  while the  lowest  
2 3 

propor t ion  of t h i s  cons t i t uen t  (0.89 percent )  is found i n  Nileshwar so i ;  

The d a t a  r e l a t i n g  t o  t h e  mechanical composition of the  s o i l s  

presented  i n  t a b i e  I11 r evea l  t h a t  t h ree  of  them, (Kottayam. Chengannur 

and P i l i code )  a r e  sandy c lay  l o w  i n '  t ex tu re .  The s o i l s  from KeerWac  

and Nileahkvar I1 a r e  sandy l o r n  whereas the  r e d  and l a t e r i t e  s o i l s  fron 



. 
Vellayani  should be c l a s s e d  a s  c lay .and  sandy c l ay  respec t ive ly .  The .+ 
c lay  content  i n  tliese s o i l s  v a r i e s  from 6.2 i n  ' the  sandy s o i l  from 

N i l e s h w a r t o  as much as 51.9 'percent  i n  t h e  r e d  s o i l  from Vellayani.  

S imi l a r ly ,  t he  silt content  v a r i e s  from 0.8 percent  i n  t he  Vel'layani 

s o i l  t o  4.5 percent  i n  t he  a l l u v i a l  s o i l  'from Chengannur. The varia-. 

t i o n  i n  th.e ffine sand f r a c t i o n  is from J l . 9  percent  i n  sandy s o i l  from 

Nileshwar t o  a s  'much as 53.8 percent  i n  t h e  a l l u v i a l  soil!  from 

1 Chengannur. The Changannur s o i l ,  however, conta ins  a much lower pro- 

p o r t i o n  of coarse  sand (9.2 percent )  whereas t h e  ~ i l e s h w a r  s o i l  con-. 

t a i n s  a r a t h e r  high l e v e l  (79.8 percent )  of t h i s  const i tuent . .  ' 

2. F rac t iona t ion  of s o i l  Phosphorus 

The r e s u l t s  of f r a c t i o n a t i o n  of n a t i v e  s o i l  phosphorus a r e  pre- 

s en t ed  i n , t a b l e s  I V  and V. The da t a  r e v e a l  t h a t  t h e r e  i s  considera- 

b l e - v a r i a t i o n  i n  t he  na tu re  of d i s t r i b u t i o n  of. t he  va r ious  f r a c t i o n s  

from s o i l  t o  s o i l  and t h a t  none of these  f r a c t i o n s  c o n s t i t u t e s  a 

f i x e d  propor t ion  of t he  t o t a l .  It is, however, noteworthy t h a t  among 

t h e  d i f f e r e n t  forms of inorganic  s o i l  phosphorus, i r o n  phosphate con- 

s t i t u t e s  t h e  most predominant f r a c t i o n  i n  almost a l l  t h e  s o i l s  i n v e s t - .  

i ga t ed .  The nex t  l a r g e s t  f r a c t i o n  is t h a t  of aluminium phosphate 

followed by calcium phosphate and the  occluded forms of phosphorus, 

i n  order .  

The aluminium phosphate f r a c t i o n  v a r i e s  from 10.0 pg.P/g. of s o i l  

i n  Vel layani  t o  a s  much a s  54.5/ug.P/g. of s o i l  i n  Chengannur. Whek, 

expressed as percent  of t o t a l  phosph?rus t he  h ighee t  p ropor t ion  of  

t h i s  f r a c t i o n  i s  found i n  t he  s o i l  from Nileshwar (28.71 percent )  and 

t h e  lowest  i n  t h e  r e d  loam from Vel layani  (10.42 percent ) .  It is 



TABLE I V  

RESULTS OF FRACTIONATION OF NATIVE SOIL PHOSPHORUS 

(Expressed as pg. P per g. of s o i l )  

1. Keerikkadu 
(Alleppey) 45.0 42.5 19.5 13.8 13.5 40.2 174.5 

-----------------------------------------------------------------------. 

2. Vellayani 
(Trivandrum ) 30.0 30.7 8.1 16.1 16.8 14.3 96.0 

J 

I , Occluded 
i 
I phosphates \ 
, Locality Organic P 

------------------_ 

3. Vellayani 
(Trivandrum) 18.0 53.7 13.0 16.1 16.8 22.4 140.0 

T o t a l  P 

4. Valparai 
(Kottayam) 26.5 72.7 23.9 ,23.0 25.2 81.8 253.1 

5. Chengannur . 
(Alleppey) 54.5 88.0 50.3 25.3 33.7 97.3 349.1 

6. Pi l icode 
(Cannanore) 22.4 73.2 13.7 23.0 28.0 57.9 218.2 

7. Nileshwar I1 
(cannanore) 38.7 67.0 15.3 '23.0 11.2 23.7 178. g- 

8. Nileshwar I11 
(Cannanore) 28.8 26.1 12.2 13.8 9.0 10.4 100. 3 



TABLE V 

RESULTS OF FRACTIONATION OF NATIVE SOIL PHOSPHORUS 

(Expressed as percent of total phosphorus) 

\ Active inorganic phosphates: Occluded 
j Locality 
! ---------------- 

1. Keerikkadu 
(Alleppey 25.79 24.36 11.18 7.91 7.73 23.03 100 

2. veilayani 
(Trivandrum) 10.42 31.98 8.44 16.77 17.50 14.89 100 

3. Vellayani 
(Trivandrum) 12.86 38.36 9.28 11.50 12.00 16.00 100 

4. Valparai 
(Kottayam) 10.47 28.72 9.44 9-09. 9.96 32.32 100 

5. Chengannur 
(Alleppey) 15.62 25.22 14141 7.24 9.65 27.86 100 

6. Pilicode 
(Cannanore) 10.27 33.55 6.28 10.54 18.70 20.66 100 

7. Nileshwar I1 
(Cannanore) 21.6 J 37.46 8-56 12.85 6.26 13.24 100 

8. ~ileshwar 111 
(Cannanore) 28.71 26.01 12.i8 13.76 8.97 10.37 100 



i n t e r e s t i n g  t o  no te  t h a t  the  sandy soi ls- .general ly  contained a  high- 

e r  propor t ion  of t h i s  f r a c t i o n  (21.63 - 28.71 percent )  when compared 

t o  the  r e s t  of t h e  s o i l s  (10.42 - 15.62 percent ) .  

The h ighes t  l e v e l  of i r o n  phosphate ( 8 8 ~ ~ .  P/e. o f  s o i l )  w a s  

found i n  t h e  a l l u v i a l  s o i l  from Chengannur while the  lowest  amount 

(26.1 pg. ~ / g .  of s o i l )  of t h i s  f r a c t i o n  was obtained i n  t h e  sandy 

s o i l  from Nileshwar. Expressed as percent  of t o t a l  phosphorus the  

, v a r i a t i o n  i n  t h i s  f r a c t i o n  w a s  from 24.4 percent  i n  Keerikkadu s o i l  
. , " 

- t o  33.4 percdn'd i n  the.  l a t e r i t e  from Vellayani. 

A s  regards  the  v a r i a t i o n  i n  the  calcium'phosphate f r a c t i o n  i t  

was observed t h a t  t h e  h ighes t  amount of t h i s  f r a c t i o n  (50.3,ug,P/g; 
, - 

of s o i l )  was i n  ~hengannur  s o i l  and the  lowest amount (8.1 pg.P/g. 

of s o i l )  i n  the  r e d  s o i l  from Vellayani. When expressed as percent  
. 1  

of t o t a l  phosphorus t h e h i g h e s t  proport ion (14.4 pe rcen t )  was, again,  - 
.I 

i n  the  Chengannur s o i l ,  whereas t h e  lov-rest l e v e l  (6.3 percent )  w a s  

i n  t h e  s o i l  from Pi l icode .  

The a l l u v i a l  s o i l  from Chengannur contained the  h ighes t  amounts 

of occluded aluminium, occluded i r o n  and 0rgani.c forms of phosph'orus 

as we l l  (25.3, 33.7 and 97.3,ug. P/g. of s o i l '  r e spec t ive ly ) .  The 

lowest  amounts o f , t h e s e  d i f f e r e n t  forms of phosphorus were found i n -  

the  sandy s o i l  from Nileshwar (13.8, 9.0 and 10.4,iug. P/g. of s o i l ) .  

When considered a s  percent.-of t o t a l  phosphorus the  v a r i a t i o n  i n  occlud- 

ed aluminium phosphate was from 7.24 percent  i n  the  Chengannur s o i l  t o  

16.8 i n  t h e  r e d  s o i l  from Vellayani. ' Occluded i r o n  phosphate 

va r i ed  from 6.3 percent  i n  P i l i code  s o i l  t o  18.7 percent  i n  t h e  s o i l  

from Nileshwar. A s  might be expected, t h e  f o r e s t  s o i l  from Kottayam 



contained the  h ighes t  l e v e l  o f  o rganic  phosphorus 32.3 pe rcen t )  and .A 
t he  sandy s o i l . f r o m  Nileshwar t h e  lowest p ropor t ion  (10.4 pe rcen t )  o f  

t h i s  f r a c t i o n .  

The r e s u l t s  of f r a c t i o n a t i o n  a f t e r  t he  a p p l i c a t i o n  of super  phos- 

phate  a t  the  r a t e  of 7 4 p g .  P/g. of s o i l  t o  t hese  s o i l s  a r e  given i n  

t a b l e s  V I  - I X .  The da ta  r e v e a l  t h a t  about  38-77 percent  of t he  added 

phosphorus was recovered a s  calcium phosphate i n  t hese  s o i l s .  The 

maximum recovery a s  calcium phosphate (76.7 pe rcen t )  took p lace  i n  t h e  

sandy ' s o i l  from Nileshwar and the  niinimum recovery i n  t h i s  form w a s  

from t h e  a l l u v i a l  s o i l  from Chengannur. Reversion of added phosphate 

' 
t o  . t h e  ' i ron  phosphate form v a r i e d  from 15.3 percent  i n  t he  l a t e r i t e  

s o i l  from Vel layani  t o  9 . 7  pe rcen t  i n  t he ' s andy  s o i l  from 

Keerikkadu.' F ixa t ion  i n  t h e  form of aluminium phosphate w a s  a l s o  

q u i t e  considerable  and ranged from 9.2 pe rcen t  i n  t h e  r e d  s o i l  from 

Nileshwar t o  30.5 percent  i n  the  a l l u v i a l  s o i l  from Chengannur. Only 

a very s m a l l  p ropor t ion  of the  added phosphorus was gene ra l ly  r e t a i n e d  

i n  t h e  'occluded forms 'of   oil phosphorus while  i t  appeared t h a t  a 

smal l  p a r t  of t h e - o r g a n i c  phosphorus go t  minera l i sed  t o  i no rgan ic  forms 

consequent on t h e  t rea tment  wi th  superphosphate. 

!!?he i n t e r  r e l a t i o n s h i p s  between organic  carbon, n i t rogen  and 

organic  phosphorus a r e  hresen ted  i n  . t ab l e  X. It may be noted t h a t  t h e  

C/N r a t i o  v a r i e s  from 11.91 f o r  t h e  s o i l -  from Keerikkadu t o  27.00 f o r  

t h e  a l l b v i a l  s o i l  from Chengannur, t he  average f o r  a l l  ' the  s o i l s  being 

18.43. The v a r i a t i o n  i n  t he  C/P r a t i o  is  from 227.6 f o r  t h e  P i l i code  

s o i l  t o  as h igh  a s  780.0 f o r  t h e  sandy e o i l  from Nil'eshwar wi th  an 

9 
average of 426.7. The N/P r a t i o  ranges from 10.4 f o r  Chengannur s o i l  



TABLE V I  

RESULTS OF FRACTIONATION OF SOIL PHOSPHORUS 

AFTER TREATMENT WITH SUPERPHOSPIiATZ 

(Expressed as,ug. P per 'g. of  s o i l )  

....................................................................... 
' ~ o c a l i t y  :Active inorganic phosphates Occluded IOrganic P i T o t a l  
I ....................................... 
I I Al-P Fe-P I Ca-P A -  Fe-P 1 ! 
i 1 I I ---------------- 1 ----------------- i - - - - -  - -  ---------,----I ----,, 

1, Keerikkadu . . 

( ~ l l e p p e y  1. 62.5 65.2 47.3 14.0 21.3 38.2 248.5 
C. . - i'r . ,. 

/ , 1 ' S  . , 2. Vellayani .'. 7 
(Trivandrum) 21 .O 49.0 42.5 20.0 23.5 14.0 170.0 

3. Vellayani 
(Trivendrum) 29.9 65.0 54.1 21.5 22.5 21.0 214.0 

4. Valparai 
(Kottayam) 42.2 88.6 68.5 20.0 25.8 82.0 327.1 

5. Chengannur 
(Alleppey) 77.1 110.0 78.4 25.1 36.0 96.5 423.1 

6. Pilicode 
(Cannanore) 32.1 90.1 66.7 20.6 28.7 54.0 292.2 

7. NiIeshwar I1 
(Cannanore) 45.5 78.5 72.1 20.0, 16.8 20.0 252.9 

8. Nileshwar I11 
(cannanore) 39.5 40.5 53.3 18.3 , 12.7 10.0 174.3 



TABLF: V I I  

RESULTS OF FBACTIONATION OF SOIL PHOSPHORUS AFTER ' 

'TREATMENT WITH. SUPERPHOSPHATE 
(Expressed as percent of  t o t a l  phosphorus) 

.--------------------------------------------------------------------------- 

1 Active inorganic phosphates 1 Occluded 
Locality ----------------------------A ----------- 

A l - P  [ Fe-P ' I Ca-P i Al-P 1 Fe-P '-------------- ----------------------------J------J---- 

2. Vellayani 
(Trivandrum) 12.35 28.82 25.60 11.77 13.82 8.24 100 . 

3. Vellayani 
(Trivandrum) 13.97 30.38 25.28 1O.PS ,10.52 9.80 100 

4. ~ a l p a r a i  
( ~ o t t a ~ a r n )  12.90 27.09 20.94 6.11 7.89 25-07 100 

5. Chengannur I 
(Alleppey) 18.23 '26.00 18-53 5.93 8.50 22.81 100 

6. Pilicode 
(Cannanore) 10.99 30.84 22.82 7.05 9.82 18.48 100 

7. Nileshwar I1 
(Cannanore) 17.99 31.04 28.51 7.91. 6.64 7.91 100 

8. Nileshwar 111 
(Cannanore) 22.67 23.25 . 30.56 ' 10.51 7.28 5.73 100 
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TABLE, V I I I  

INCREASE OF PHOSPHORUS I N  DIFFERENT FRACTIONS DUE TO TREATMENT 

(Expressed i n p g .  P per  g. of s o i l )  

- 

Locality 

1. Keerikkadu 
(Alleppey) 17.5 22.7 27.8 0.2 7.8 -2.0 74.0 

s@ 
2. Vellayani 

(Trivandrum) 11.0 18.3 34.4 3.9 6.7 -0.3 74.0 

3. Vellayani i 
(Trivandrum) 11.9 11.3 41.1 5.4 5.7 -1.4 74.0 

4. Valparai 
(Kottayam) 15.7 15.9 44.6 -3.0 0.6 0.2 74.0 

5. Chengannur 
(Alleppey) 22.6 . 22.0 -28.1 -0.2 2;3 -0.8 74.0 

6. Pilicode 
(Cannanore) 9 .? 16.9 53.0 -2.4 0.7 -3.9 74.0 

7. Nilesfjwar I1 
(Cannanore) 6.8 . 11.5 '56.8 -3.0 5.6 -3.7 74.0 

8. ~ i l e shwar  111 
R 

(Cannanore) 10.7 14.4 41.1 4.5 3.7 -0.4 74.0 
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TABLE IX 

INCREASE OF PHOSPHORUS IN DIFFERENT FRACTIONS DUE TO TREATMENT 

(Expressed as percent oftotal phosphorus) 

Active inorganic phosphates Occluded 
Locality 

2. Yellayani 
(Trivandrua) 14.9 24.7 46.4 5.3 9.1 -0.4 100 

3. Vellayani 
(Trivandrun) .16.1 15 *,3 55.5 7.3 7.7 -1.9 

, . 100 

4. 'Valparai 
(Kottayam) 21.2 21.5 60.2 -4.0 0.8 0.3 100 

5. Chengannur 
(Alleppey) 30.5 29.7 38.0 -0.3 3.1 -1.0 100 

,6. Pilicode 
(Cannanore) 13.1 . 22.8 71.6 -3.2 0.9 -5.4 100 ' 

7. Nileshwar I1 
(Cannanore) 9.2 15.5 ___ 76.7 -4.0 7.6 -5,.0 100 

\. 

8. Nileshwar I11 
(Cannanore) 14.5 19.5 55.5 6.0 5.0 -0.5 100 



TABLE X 

INTER RELATIOXHIPS BETWEEN ORGANIC CARBON, NITROGEN, AND 
ORGANIC PHOSPHORUS I N  SOILS 

Locality Carbon Phosphorus C/N 

Percent Percent Percent 
-----------------------------------------------------------------------. 

2. Vellayani 
' (Trivandrum) 0.90 0.0616 0.0014 14.61 642.8 44.0 

3:'Vellayani 

r (Trivandrum) 1.02 0.0448 - 0.0022 22.25 463.7 20.4 

4. Valparai 
(~ottayam) 2.82 0.1288 0 .0082 . 21.89 343.9 15.7 

5.  Chengannur 
(Alleppey) 2.72 0.1008 0.0097 27.00 280.4 10.4 

6. Pilicode 
(Cannanore) 1.32 0.0932 0.0058 14.66 227.6 16.1 

7. Nileshwar I1 
(Cannanore) 0.90 0.0560 0.0024 16.07 375.0 23.3 

8. Nileshwar I11 
(Cannanore) 0.78 0.0392 0.0010 . 19.09 780.0 39.2 

Mean 18.43 426.7 24.3 

-----------------------------------------------------------------------. 



t o  44.0 f o r  t he  s o i l  from Keerilckadu, t h e  average f o r  - the  s o i l s  

s t u d i e d  being 24.3. 

3. Available  bhosphorus by d i f f e r e n t  methods 

Data r e l a t i n g  t o  t he  a v a i l a b l e  phosphorus s t a t u s  o f  t h e s e  s o i l s  

a s  determined by e x t r a c t i o n  wi th  d i f f e r e n t  , reagents  a r e  p re sen teb t  i n  

t a b l e s  X I  - XVI. It may be noted from t h e s e  t a b l e s  t h a t  Bray 's  r e -  

agent  gene ra l ly  e x t r a c t e d  more phosphorus from the  sandy s o i l s  than 

from t h e  o the r  s o i l s .  Truog's r eagen t ,  on t h e  o the r  hand,' e x t r a c t e d  

l e s s  phosphorus from t h e  sandy s o i l s  and more from the o thers .  Avai- 

l a b l e  phosphorus as determined by Olsen's  method w a s  gene ra l ly  very 

low when compared t o  t h a t  es t imated  by. t h e  o t h e r  methods. I n  s p i t e  

of t he  d i f f e r ences  i n  t he  a c t u a l  amount of phosphorus d i sso lved  by 

these  d i f f e r e n t  e x t r a c t a n t s ,  t h e  t r ends  i n  t h e  s o l u b i l i t y  of  s o i l  

phosphorus i n  t h e s e  r eagen t s  were similar. The amounts of phosphorus 

removed by r i c e  s e e d l i n g s  i n  t h e  Neubauer. technique were h igh ly  co- 

r r e l a t e d  t o  t he  a v a i l a b l e  phosphorus determined by t h e  chemical 

methods. 

The c o r r e l a t i o n  s t u d i e s  wi th  regard  t o  d i f f e r e n t  v a r i a b l e  

c h a r a c t e r s  a r e  taken up and t h e  c o r r e l a t i o n  c o e f f i c i e n t s  and t h e  

corresponding r eg re s s ion  equa t ions  which a r e  found t o  be s t a t i s t i c a l l y  

s i g n i f i c a n t  a r e  t a b u l a t e d  i n  t a b l e  XVI I .  

* 



TABLE X I  

DETERMINATION OF 'AVAILBBLE"PHOSPH0RUS BY VARIOUS 

METHODS 

(Untreated Samples) 

(Expressed i n  g P/ g. s o i l )  P 

i 
------------------ --------- ---------- --------- --------- .----------- 

Loca l i t y  , 
Bray's Truog's Olsen's  1 1 1 N0.2 I method ] method 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - r - - - - - - - - - - -  -----------, 

Vellayani  
(Trivandrum) 

Vel layani  
(Trivandrum) 

Valparai  ' 

(KO ttayam) 

Chengannur 
(Alleppey) 

P i l i c o d e  
(Cannanore) 

Nileshwar I1 
(Cannanore) 

Nileshwar I11 
(Cannanore) 



DETERMINATION OF 'AVAILABLE' PHOSPHORUS BY VARIOUS 
METHODS 

(Untreated Samples) 

(Expressed as percent of t o t a l  phosphate) 

may!;@ Bray's Truog' s Olsenle Locality method method 

2. Vellayani 
(Trivan drum) 1.58 2.67 13.17 2.64 

3. Vellayani 
(Trivandrum) 3-89 5.26 15.61 2.46 

4. Valparai 
(Kottayam) 1.64 2.02 7.95 1.27 

5. Chengannur 
(Uleppey) 2.66 3.00 5.27 1.31 

6. Pi l icode 
(Cannanore) 1.79. 2.05 7.64 1.05 

7. Nileshwar I1 . 

(Cananore) 9-85 11.62 4.82 2-96 . 

8. Nileshmar I11 
(Cannanore) 15.95 16.44 8.02 3-89 



TABLE XI11 

DETERMINATION OF 'AVAILABLE1 PHOSPHORUS BY VARIOUS 
METHODS , 

(Treated with Superphosphate) 

(Expressed in ,ag ~/g. soil) , 

Locality Total Bray's Bray's Truogls Olsen' s 
P No. '1 No. 2 method method 

-----------------------------------------------------------------------. 

1. Keerikkadu 
(Alleppey) 248.5 - 56.00 62.10 . 48.88 34.04 

2. Vellayani 
(Trivandmm) 170.0 13.92 18.24 20 13 11.50 

3. Vellayani 
(Trivandru-) 214.0 38.72 41.72 . 25.88 : 18.17 

4. Valparai 
(Kottayam) 

5. Chengannur . 
(Alleppey 423.1 23.36 48.41 - 27.60 16.10 

6. Pilicode 
(Cannanore) 292.2 31.52 33.62 18.40 ' 12.88 

7. Nileshwar I1 
(Cannanore) 252.9 48.00 61.04 37 95 25.07 

8. Nileshwar I11 
(Cannanore) 



TABLE X I V  

DETERMINATION OF 'AVAILABLE' PHOSPBORUS BY VARIOUS METHODS 

( ~ r e a t ' e d  with Superphosphate) 
.(Expressed as percent of t o t a l  

phosphorus) 

I 

Locality. Truog's Olsen's 
method method 

1. Keerikkadu * 

(Alleppey) 22.53 24.98 19.66 13.70 

2. Vellayani 
(Trivandrum) 8.19 10.73 ' 11.84 6-77 

3. Vellayani. 
(Trivandrum) 18.09 19.49 12.10 8.49 

4. Valparai 
(Kottayam) 

5. Chengannur . 

(Alleppey 1 5.52 11.44 6.52 3.81 

6. Pi l icode 0 

(Cannanore) 10.78 11.50 6.30 4.41 
. . 

7. Nileshwar I1 . . 
(Cannanore) 22.93 24.13 ' 15.01 9.9'1. 

8. ~ i l e s h w a i  I11 
(Cannanor e) 27.53 29.03 21.45 



TABLE XV 

'AVAILABLE' PHOSPHORUS AS PER NEUBAUER 

TECHNIQUE 

Untreated ....................................................... 
Locality Total  Available Average P ,  Total P 

y ie ld  of  P &om from' s o i l  i n  s o i l  
P f rom s o i l  
p lant  
+g. P/100 g. of s o i l )  

' tug. P/g. of s o i l )  

1. Keerikkadu 
(Alleppey) 6060 962 9.62 174.5 

2. ~ e l l a y a n i  
, (Trivandrum) 5146 48 0.48 ' 96.0 

3. Vellayani 
(Trivandrum) 5576 478 4.78 140.0 

4. Valparai 
(Kottayam) 5627 529 5.29 253.1 

5. Chengannur 
( ~ l l e p p e y )  5670 572. 5.72 349.1 

6. Pilicode 
(Cannanore) 5540 442 4.42 218.2 

7. Niloshwar I1 
(Cannanore) 5970 872 8.72 178.9 

8. Nileshmar 111 
(Cannanore 5845 747 7.47 . 100. 3 

Note: Phosphorus from plants  grown i n  Quartz sand 
5098pg. ~/100 g. of Quartz Sand. 



TABLE XVI  

AVAILABLE PHOSPHORUS AS PER NEUBAUER TECHNIQUE 

Treated wi th  superphosphate ...................................................... 
Loca l i t y  T o t a l  Available Average P To ta l  P 

Yield of P from from s o i l  i n  s o i l  
P from s o i l  
p l an t  

(jlg.P/IOO g. s o i l )  pg. P/ g. of s o i l )  

- -----------------------------------------------------------------------, 

-1 
1. Keerikkadu 7547 2449 24.49 248.5 

(Alleppey) 
i 

2 .  Vellayani  5886 788 7.88 . 170.0 
(Trivandrum) 

3. Vel layani  ' 6825 1727 77-27 214.0 
(Trivandrum) 

4. Valparai  6871 1773 17.73 327.1 
. (Kottayam) 

5. Chengannur 6622 1524 15.24 423. I 
(Alleppey) 

6. P i l i code  6448 1350 13.50 292.2 
(Cannanore) 

7. Nileshwar 11 7186 2088 20.88 252.9 
(Cannanore] 

8. Mileshwar 111 7206 2106 21.08 174.3 
(Cannanore) 

Note: Phosphorus from p l a n t s  grown i n  Quartz sand 

5098?g. P/100 g. of Quartz sand. 
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TABLE XVII 

I Variables Correlation 
sl.-------------------------- equstion 

1 ----------- 
I. Fine sand Iron ' 0.6648' y= 1.6~ + 13.5 

phosphate 

2. Fine sand chcium 0.8958" y= 1.03~ - 8.31 
. . b .  

phosphate , 
3. Fine sand Occluded 

iron phos- 
0.9428++ y= 0.78~ - 2.91 

phate 

4. Total ses- Iron 
quioxides phosphate 0.6233+ 'y= 1.92~ +35.1 

5. Aluminium Bray & Kurtz 
phosphate , . No. 1 avai- 0.6421++ y= 0.71~ - 1.31 

lable phos- 
phocus 

6. Aluminium Bray & Kurtz 0m6606++ 
phosphate 

y= 0.77~ - 0.63 
No.2 avai- 
lable phos- 
phorus 

+++ 7. Bray & Kurtz Neubauer av.P 0;9770 y= 0.36~ + 2.49 , - No. 1 av.P 

8. Bray & Neubauer av.P 0.9770 +++ y= 0.32~ + 2.32 
No. 2 av.P - - 

1 

' +++ 
9. Truog's av.P Neubauer av.P 0.8231 y= 0.52~ - 0.77 

W .  Olsen's av.P Neubauer av.P 0.9378+++ y= 0.7~ + 3.37 

Note: The asterick mark indicate8 statistical significance as 
shown below: 

+ Significant at 0.1 level 
++ Significant at 0.01 level 

+++ Significant at'O.OO1 level 



From t h e  da t a  ob ta ined  i n  t he  p re sen t  s tudy  i t  is  seen t h a t  t h e  

t o t a l  P 0 conten t  of t he  a l l u v i a l  s o i l  is h ighe r  than t h a t  o f  t he  
2 5 

o t h e r  s o i l s ,  v iz . ,  t he  sandy, f o r e s t ,  l a t e r i t e  and r e d  s o i l s .  The high 

l e v e l  of phosphorus 'could a r i s e  a s  a r e s u l t  of manuring o r  from t h e  

pa ren t  m a t e r i a l  which might have been r i c h  i n  phosphatic minerals.  

Since v i r g i n  s o i l s  were used i n  t h i s  s tudy  t h e  p o a s i b i l i t y  of a h igher  

f e r t i l i t y  s t a t u s  due t o  manuring has  t o  be r e j ec t ed .  Though t h i s  s o i l  

con ta ins  apprec iab le  amounts o f  i r o n  and alumina i t  a l s o  con ta ins  a 

comparatively high percentage of t he  bases ,  suggest ing thereby,  t h a t  

t he  s o i l  has  n o t  undergone a very high degree of wiather ing.  According 

t o  Goel and Agarwal (1959) t he  t o t a l  P 0 conten t  decreases  with  
2 5 

i n c r e a s e  i n  t h e  ma tu r i t y  of a s o i l .  It is  a l s o  noted i n  t h e  p re sen t  

s tudy  t h a t  t he  a l l u v i a l  s o i l  con ta ins  t he  h ighes t  amount of calcium 

phosphate. This is  i n  accordance with  t he  f i n d i n g s  of Chang and Jackson 

31195811 who r e p o r t  t h a t  i n  t he  i n i t i a l  s t a g e s  of weathering calcium and 

aluminium phosphates predominate i n  t h e  s o i l  and a s  t h a t  time advance 

these  forms are' converted i n t o  i r o n  phosphate. Therefore ,  t he  high amour 

of calcium phosphate i n  t h e  a l l u v i a l  s o i l  from Chengannur i n d i c a t e s  

t h a t  i t  is  l e s s  weathered than t h e  b ther  s o i l s  i nves t iga t ed .  The r e s t  

of t he  s o i l s ,  v i z . , . t h e  sandy,, f o r e s t ,  r e d  and l a t e r i t e  s o i l s  conta in  

about 50 percent  of t he  t o t a l  P205 i n  t he  form of i r o n  phosphates 

and i n  a l l  these  ca ses  t he  i r o n  and aluminium phosphates t oge the r  

c o n s t i t u t e  about 60-80 percent  of the  t o t a l .  The leve l '  of aluminium 

aqd calcium phosphates is  found t o  be s l i g h t l y  h igher  i n  t he  sandy 

s o i l s ,  which sugges t s  t h a t  theae  s o i l s  a r e  r e l a t i v e l y  l e s s  



weathered. Among t h e  f o r e s t ,  r e d  'and l a t e r i t e  s o i l s ,  t h e  r e d  and 

' 
l a t e r i t e  s o i l s  conta in  t h e  h ighes t  amounts of i r o n  and aluminium 

phosphates. Chang and Jackson (1958) p o i n t  o u t  t h a t  i n  l a t o s o l s  

t he  i r o n  phosphate and a p a r t  of t he  aluminium phosphate would be 

coated wi th  i r o n  oxides  formed during the  course of weathering t o  

. . 
form the  occluded forms of phosphorus. These forms of pho6phoruS 

tend t o  accumulate i n  t he  s o i l  wi th  time. The r e d  and l a t e r i t e  s o i l s  

which con ta in  high percentages  o f , t h e  most r e s i s t a n t  forms of  occluded 

i r o n  and aluminium phosphates. can,  therefore .  be considered as the  

most weathered and mature s o i l s .  

It is found t h a t  t h e  i r o n  and alumina conten t  o f  t hese  s o i l s  

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

There was p o s i t i v e  c o r r e l a t i o n  between the sesquioxide and the  

aluminium phosphate con ten t s  but  i t  was n o t  s i g n i f i c a n t .  S i g n i f i c a n t  
, . \ 

c o r r e l a t i o n s  were, f u r t h e r ,  ob ta ined  between t h e  f i n e  sand  f r a c t i o n  

o f , t h e  s o i l s  and the con ten t s  of i r o n  and calcium phosphates and t h e  

'. occluded i r o n  phosphates ( f i g .  2 - 4). 

It is  found t h a t  the  phosphorus app l i ed  a s  f e r t i l i z e r  i n  t h e  form 

of superphosphate was recovered i n  a l l  i no rgan ic  forms of s o i l  phos- 
- \ - 

phorus, viz. ,  calcium, aluminium and ironphosphates.  The a d d i t i o n  of 

f e r t i l i z e r  phosphorus r e s u l t e d  i n  considerable  i nc rease  i n  t he  calcium 

phosphate f r a c t i o n  i n  all the  so i>s .  Reversion occurred t o  t h e  i r o n  

and aluminium phosphate forms but  on ly  t o  a smal l  ex ten t .  The i n c r e a s e  

i n  t he  content  o f  occluded i r o n  and aluminium phosphates as a r e s u l t  

'of phosphate a p p l i c a t i o n  was neg l ig ib l e .  The inc rease  i n  t h e  calcium 

phosphate f r a c t i o n  may be a t t r i b u t e d  t o  t he  slow conversion of t he  
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app l i ed  superphosphate i n t o  t he  more 1 - e s i s t a t  i r o n  and aluminium 

phosphates. The gene ra l  t r e n d  i n  t h e  conversion shows t h a t  t he  phos- 

phate  app l i ed  w i l l  u l t ima te ly  be converted t o  t h e  more t h e  r e s i s t a n t  

phosphates of i r o n  ahd aluminium. I n  a  s tudy on the  f i x a t i o n  and 

a v a i l a b i l i t y  of phosphorus i n  Kerala s o i l s ,  Koshy and B r i t o  mutunayagan 

(1961) observed t h a t  t he  a v a i l a b l e  phosphorus decreased progress ive ly  

with- time of contac t  of t he  s o i l  and the  f e r t i l i z e r  and t h a t  equi- 

l i b r ium was reached a f t e r  about 8 t o  12 weeks. It should,  t he re fo re ,  

be i n f e r r e d  t h a t  t he  accumulation of calcium phosphate as observed 

i n  the  presen t  s tudy might be due t o  t he  i n s u f f i c i e n c y ' o f  time bet-  

ween t h e  add i t i on  of superphosphate and the  f r a c t i o n a t i o n  of t he  s o i l  

phosphorus. 

There is considerable  v a r i a t i o n  i n  t h e  a v a i l a b l e  phosphorus 

e x t r a c t e d  by d i f f e r e n t  reagents .  It is  found t h a t  Bray's r eagen t s  

e x t r a c t  more phosphorus from t h e s e  s o i l s  e s p e c i a l l y  from the  sandy 

s o i l s .  I n  the s o i l  f r a c t i o n a t i o n  s tudy  i t  is founk t h a t  sandy s o i l s  

conta in  a considerably h igher  proport ion o'f aluminium phosphates. 

The c o r r e l a t i o n  s tudy  a l s o  shows t h a t  the ,amounts  of phosphorus ex- 

t r a c t e d  by Bray's r e a g e n t s a r e  h igh ly  c o r r e l a t e d  with  aluminium phos- 

phate- f r a c t i o n  ( f i g .  5 - 6) .  This  is boss ib l e  because as Turner and 

Rice (1952) h a ~ ' ~ o i n t e d  ou t  ammonium f l u o r i d e  i n  Bray 's  r eagen t s  

d i s so lve  aluminium phosphate and a p a r t  of t h e  i r o n  phosphate. Chai 

MOO Cho and Caldwell (1959) and Janardhanan Nair  (1961) have r epo r t ed  

similar r e s u l t s .  Between t h e  two reagents  suggested by Bray the  more 

a c i d i c  e x t r a c t a n t  gave h igher  va lues  f o r  a v a i l a b l e  phosphorus, as 

these  reagent  e x t r a c t e d  more of t h e  a c i d  s o l u b l e  f r a c t i o n .  It is 
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found t h a t  t h e r e  is s i g n i f i c a n t  c o r r e l a t i o n  between the  phosphorus 

e x t r a c t e d  by t h e s e  two reagents .  The lowest  f i g u r e s  f o r  a v a i l a b l e  

phosphorus w,ere ob ta ined  by Olsen 's  method. Avai lable  phosphorus 

a s '  determined by 611 these  methods compared f a i r l y  with  t h e  amounts 

of phosphorus removed by r i c e  s eed l ings  i n  the  Neubauer method. 

When t h e  a v a i l a b l e  phosphorus va lues  ob ta ined  by the  Neubauer tech- 

nique a r e  taken a s  independent measures of a v a i l a b l e  phosphorus i n  

s o i l s  a l l  the four  chemical methods gave good est imate6 of a v a i l a b l e  

phosphorus. Thus when the c o r r e l a t i o n  t o  ' t h e  Neubauer method i s  

observed Bray's r eagen t s  a r e  found t o  g ive  the  h ighes t  c o r r e l a t i o n  

coef f ickent  of 0.9770 and Truogfs  reagent  t h e  lowest va lue  .of 

0.8231 ( f i g .  7 - 10).  It is a l s o  f o u n d ' t h a t  t h e r e  is very c lo se  

r e l a t i o n s h i p  between the  t o t a l  and the a v a i l a b l e  phosphorus e s t i -  

mated by d i f f e r e n t  methods. A l l  t h e  reagents  used.,:. e x t r a c t  avai-  

l a b l e  phosphorus which is p o s i t i v e l y  c o r r e l a t e d  t o  t he  t o t a l  phos- 

phorus content  of t h e  s o i l .  Using the  s e v e r a l  e x t r a c t a n t s  Raya- 

chaudhari  e t  a 1  (1954) r epo r t ed  t h a t  b e s t  c o r r e l a t i o n  s i g n i f i c a n t  a t  

1 percent  l e v e l  could be ob ta ined  with  ~ r u o g ' s  method f o r  paddy crop 

i n  t h e  r e d  and l a t e r i t e  s o i l s  of Bihar and the  next b e s t  c o r r e l a t i o n  

s i g n i f i c a n t  a t  5 percent  l e v e l  f o r  t he  same s o i l s  wi th  Bray 's  method. 

Datta and Kammath (1958) r epo r t ed  t h a t  f o r  s o i l s  ranging i n  pH from 

5.0 t o  8.8 Olsen's  method g ives  t he  h ighes t  c o r r e l a t i o n s .  I n  con- 

c lu s ion  it may be s t a t e d  t h a t  any one of t hese  methods may be used 

t o  g e t  an approximate i d e a  of t h e  a v a i l a b l e  phosphorus i n  Kerala 

s o i l s ,  provided, t h e  e x t e n t  of c o r r e l a t i o n  t o  t he  a c t u a l  a v a i l a b i l i t y  

a s  determined by Neubauerfs o r  a  s i m i l a r  method is t a k e n . i n t o  account. 
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. SUMIriARY AND CONCLUSIONS 

A s tudy  v r a s  made t o  determine the var ious  phosphorus f r a c t i o n s  

presen t  i n  e i g h t  t y p i c a l  s o i l  samples r ep re sen t ing  the  major s o i l  

groups of Kerala. The chemical and mechanical composition of t he  

s o i l s  and t h e i r  r e l a t i o n  t o  t he  va r ious  forms of  phosphorus were 

a l s o  s tud ied .  The f r a c t i o n a t i o n  of s o i l  phosphorus before  and 

a f t e r  t reatment  wi th  superphosphate helped t o  understand the  d i s -  

t r i b u t i o n  and r eve r s ion  p a t t e r n  of a p p l i e d  phosphorus i n  t hese  

s o i l s .  lAvai lab le l  phosphorus i n  t hese  s o i l s  was determined by 

va r ious  methods. The amounts of phosphorus removed by r i c e  seed- 

l i n g s  i n  the  Neubauer method were used f o r  eva lua t ing  these  di-  

f f e r e n t  procedures. The r e l a t i o n s h i p  between the var ious  forms 

of s o i l  phosphorus and the a v a i l a b l e  phosphorus ob ta ined  by ex- 

t r a c t j o n  methods w a s  a l s o  s tud ied .  

The s o i l s  i n v e s t i g a t e d  v a r i e d  widely i n  t h e i r  chemical and 

' m e c h a n i c h  composition. They a l s o  va r i ed  i n -  the  na tu re  of t he  

d i s t r i b u t i o n  of the  var ious  phosphorus f r a c t i o n s .  Phosphorus w a s  

p r e sen t  i n  t hese  s o i l s  mainly i n  the  form of i r o n  phosphates. The 

next  l a r g e s t  f r a c t i o n  was t h a t  of aluminium'phosphate followed 

by calcium phosphate and the occluded forms of.phosphorus i n  

order .  None of . these  f r a c t i o n s  c o n s t i t u t e d  a f i x e d  propor t ion  of 

the  t o t a l .  The sandy s o i l s  contained the  h ighks t  p ropor t ion  of 

aluminium phosphate. The a l l u v i a l  s o i l  contained tine h i g h e s t  

amount of t o t a l  and calcium phosphates. The l a r g e s t  p ropor t ion  

of o rganic  phosphorus was found i n  the  f o r e s t  s o i l .  



Taking the r e l a t i v e  propor t ions  between the var ious  forms of 

phosphorus a s  an index  of weathering these  s o i l s  could be arrang- 

. e d  i n  t he  o rde r  of i nc reas ing  matur i ty  as a l l u v i a l ,  sandy, f o r e s t ,  

r e d  and l a t e r i t e  s o i l s .  

The i r o n  phosphate f r a c t i o n  was s i g n i f i c a n t l y  c o r r e l a t e d  t o  

the  t o t a l  sesquioxide content .  There was s i g n i f i c a n t  l i n e a r  co- 

r r e l a t i o n  between the fTne sand f r a c t i o n  of t he  s o i l $ '  and the  con- 

t e n t s  of  i r o n  phosphate, calcium phosphate and occluded aluminium 
I 

phosphate. 

' ~ h o s ~ h o r u s  d i sso lved  by Bray's r eagen t s  w a s  h i g h l y  c o r r e l a t e d  

t o  the  aluminium phosphate content .  

~ v a i l a b l b  phosphorus determined by d i f f e r e n t  chemical ma thods 

was h igh ly  c o r r e l a t e d  t o  t he  phosphorus removed by the r i c e  seed- 

i i n g s  i n  the  Neubauer technique.  



PART I1 

TIB ADSORPTION AND RETENTION OF AMMONIUM NITROGEN 



I N T R O D U C T I O N  

A r t i f i c i a l  f e r t i l i z e r s  +me a s  a r u l e  water so lub le .  This  

p o s e s  c e r t a i n  problems t o  farmers  and a g r i c u l t u r a l  s c i e n t i s t s ,  

b,ecause of the  p o s s i b i l i t y  of t he  so lub le  m a t e r i a l s  be ing  l o s t  i n  

drainage i n  reg ions  of heavy and unce r t a in  r a i n f a l l .  I n  Kerala ,  

p a r t i c u l a r l y ,  t h e  r i c e  f i e l d s  occur  at d i f f e r e n t  contours  and 

t h e r e  is always a tendency f o r  a n a t u r e  of flow of  water  from one 

f i e l d  t o  another .  Hence the  ques t ion  is o f t e n  asked what the  time 

i n t e r v a l  between the a p p l i c a t i o n  of a  f e r t i l i z e r  and t h e  drainage 

of t h e  f i e l d  should  be. S i m i l a r l y  i t  is necessary t o  know the 

ex ten t '  of f e r t i l i z e r  l o s s  when its a p p l i c a t i o n  is followed by , 
r a in s .  A s  ammonium su lpha te  is u s e d , a s  a f e r t i l i z e r  f o r  r i c e  on 

a l a r g e  s c a l e  i n  t h i s  S t a t e ,  i t  vras.cons+dered des i r eab le  t o  

ca r ry  ou t  a  s tudy  t o  f i n d  ou t  how much of ammonium n i t rogen  is 

r e t a i n e d  by d i f f e r e n t  s o i l s  a f t e r  d e f i n i t e  i n t e r v a l s .  o f  time and  

how f a r  its e f f i c i e n c y  is  in f luenced  by d i f f e r e n t  s o i l  charac te r -  

i s t i c s .  

Some work 'on these  l i n e s  have been r epo r t ed  by Brito-Mutu- 

nayagam and Abraham (1946). Their  s tudie 's  were confined t o  the. 

s o i l s  o f  the  e r s t w h i l e  Travancore S t a t e  and n o . o t h e r  work on t h i s  

a spec t  has  been r epo r t ed  i n  l i t e r a t u r e  t h e r e a f t e r .  

Kerala  s o i l s '  e x h i b i t  extreme t e x t u r a l  va r i a t i ons .  It has  been 

g e n e r a l l y  recognised t h a t  among o t h e r  f a c t o r s ,  t he  t e x t u r e '  of t h e  

s o i l  determines,  t o  a c e r t a i n  e x t e n t ,  the,amount o f . s o l u b l e  n i t rogen  

r e t a i n e d  i n  t he  s o i l ' a n d ,  as such, a more comprehensive s tudy  



covering t h e  major s o i l  groups of Kerala and r ep re sen t ing  a l l  t h e  

t e x t u r a l  groupings met with,  was considered t o  be. u s e f u l  and hence 

t h e  p re sen t  study. 

It is  expected t h a t  t he  presen t  i n v e s t i g a t i o n  which is of 

bo th  fundamental and econgmic importance may g ive  s u f f i c i e n t  indi- 

c a t i o n  which can be taken a s  a b a s i s  f o r  t h e  recommendation of  

s o l u b l e  f e r t i l i z e r s  t o  c u l t i v a t o r s .  



REVIEtV OF LITERATURE 

I The modern s tudy  of the  s u b j e c t  d a t e s  back from t h e  work of 

Thompson and Way i n  t h e  middle of the  n ine t een th  century.  The sti- 

mulus t o  t h e i r  work was provided by the f e a r  t h a t  t h e  n'ewly i n t r o -  

duced so lub le  f e r t i l i z e r s  might be washed o u t  of s o i l  i n  drainage. 

Thompson 1850 analysed the  l e a c h a t e s  ob ta ined  by pe rco la t ing  

water  equiva len t  t o  3" r a i n  through s h o r t  columns of sandy loam t o  

which.0.64 g. of ammonium su lpha te  o r  ammonium carbonate had been ..." 

added and f o u n d ' t h a t  only about one f o u r t h  of t he  added ammonium 
I /  
I '  

s p lpha te  o r  one e igh th  of the  aumonia added as ammonium carbonate 
' ) - 

hadlbeen recovered i n  t he  l eacha te .  Chamindk e t  a1 1936 observed -- 
t h a t k h e n  s o i l  was ground i n  a b a l l m i l l ,  t he  ex=hangeable ammonium 

inc reased  g rea t ly .  They f u r t h e r  noted t h a t  non-exchangeable . 

ammonium a l s o  inc reased  considerably by immonium f e r t i l i z a t i o n .  

Brito-Mutunayagam apd Abraham (1946) s t u d i e d  the  absorp t ion  power 

of  Travancore r i c e  s o i l s  fo r  s o l u b l e  f e r t i l i z e r 8  and found t h a t  t h e  

absorp t ion  power of d i f f e r e n t  types  of s o i l  v a r i e d  wi th  v a r i a t i o n  

i n  c l ay  and organic  mat te r  content.  They a l s o  observed t h a t  t h e  

t o t a l  amount of f e r t i l i z e r  absorbed d id  no t  i n c r e a s e  apprec iab ly  

with  time of contac t  and even 90 percent  of absorp t ion  taken p l ace  

during the  f i r s t  two hours  of '  contact .  S t an fo rd  and P i e r r e  (1947) 

and AlI i son ,  Kefauver and Ro l l e r  (1953) s t u d i e d  the  f i x a t i o n  of 

ammonia by s o i l  i n  d e t a i l .  Black (1957) poin ted  out  t h a t  l i g n i n  

might a l s o  be taken p a r t  i n  t h e  r e a c t i o n  wi th  ammonia bes ides  t h e  

mineral  components. 



Baker (1959) s t u d i e d  the  f a t e  of ammonia app l i ed  a s  anhydrous 

ammonia t o  s o i l s  and found t h a t  l o s s e s  of ammonia from s o i l s  a t  

optimum moisture content  were neg l ig ib l e .  I n  many s o i l s  a q u a r t e r  

of t h e  r e t a i n e d  ammonia w a s  f i x e d  i n  a form which was n o t  ex t r ac t -  

a b l e  with  10% sodium chlor ide.  Acid s o i l s  conta in ing  l a r g e  quant i -  

t i e s  of organic  ma t t e r  r e t a i n e d  l a r g e  amounts of ammonia. It was 

concluded t h a t  ammonia r e t e n t i o n  capac i ty  was determined pr imar i ly  

by the  amount of exchangeable hydrogen and aluminium i o n s  and n o t  

by t h e  exchange c a p a c i t i e s  of t he  s o i l s  aetermined by t h e  convent ional  

ammonium a c e t a t e  method. 

Jenny, Ayers and Hosking (1945) found t h a t  adsorp t ion  of ammonia 

from ammonium hydroxide was l a r g e l y  depend upon s o i l  t ex tu re .  The 
I - 

f i n e  t ex tu red  s o i l s  adsorbed more n i t rogen  than c o a r s e , t e x t u r e d  

s o i l s .  They found t h a t  a c i d  s o i l s  tended t o  adsorb more n i t rogen  

from ammonium hydroxide than from ammonium su lpha te .wh i l e  t he  r eve r se  

was t r u e  on a l k a l i n e  s o i l s .  . 
Abichandani and Pa tna ik  (1958) while s tudying  on the  n i t rogen  

changes and f e r t i l i z e r  l o s s e s  i n . l o w  l and  water logged s o i l s  found 

t h a t  -under anaerobic  condi t ions  ammonification w a s  a c t i v e  and n i t r a - t e  

decreased u n t i l  only t r a c e s  remained. With 80% of moisture  25% more 

of ammonia occured a f t e r  s i x  days than wi th  40% moisture. 

Dobrzanski and Myszka 1948 fo&d t h a t  t he  sandy s o i l s  has l e s s  

s o r p t i v e  capac i ty  and base s a t u r a t i o n  was l e s s  than t h a t  of s i l t y  

s o i l s .  They poin ted  o u t  t h a t  n e i t h e r  s o i l  should be t r e a t e d  with  

a c i d i c  mineral  f e r t i l i z e r  bu t  wi th  one conta in ing  lime. Wahhab 

~andhawa and Alam (1956) observed t h a t  twice as much ammonia , 



vola ta l i sed  from a sandy-than from a sandy loam so i l .  They fu r ther  

noted t h a t  the 1066 of NH4 - N increased with increase i n  NH4 - N 
concentration but decreased with decrease i n  s o i l  pH u n t i l  a t  pH 5.4,' 

there was no loss.  The l o s s  of NH,, - N increased with the increase ' 

i n  temperature. Abhiswarsen -- e t  a1 (1957) i n  a study on ammonia 

content of some 1ndian s o i l s  i n  r e l a t i on  t o  t h e i r  react ion and hy- 

groscopic moisture found t ha t  the ammonia nitrogen is increased with 

the moisture' of the  s o i l  and i t  decreased with increase i n  s o i l  

reaction. 

Schachtschabel (1961) observed that  f ixed NH4 - N amounted 8-21 

mg./100 g. of s o i l  i n  loess  s o i l s  and 15-85 mg./lOO g. of s o i l  i n  

marsh s o i l s ;  i t  decreased with increasing p a r t i c l e  s i z e  and was 

28.3 -' 41.9 mg./100 g. of s o i l  i n  'the (2  ,u f rac t ion and 3.5-4.4 mg. 

. in the <20 )I f rac t ion  of loess  and marsh s o i l s  respectively. He 

obtained h igh ly . s ign i f i can t  cor re la t ion  between f ixed ammonia and 

clay content and a l so  noted t ha t  most of the  ammonia waa f ixed by 

i l l i t e  and by the coarser f rac t ions  of potash feldspars and micas 

i n  the so i l .  



MATERIALS AND METHODS 

The 8 s o i l .  samples descr ibed prev ious ly ,  were used f o r  t h i s  

i n v e s t i g a t i o n .  100 g. s o i l  Was taken i n  a  250 m l .  beaker and 

100 m l .  of t h e  ammonium su lpha te  s o l u t i o n  of t he  r equ i r ed  s t r e n g t h  

added and mixed wi th  a g l a s s  rod. After  the  expi ry  of  t h e  s p e c i f i e d  

per iod,  the con ten t s  i n  d e  beaker were t r a n s f e r r e d  i n t o  a Buchner 

funne l  and f i l t e r e d .  The ammoniacal n i t rogen  i n  the  f i l t r a t e  v r a s  

e s t ima ted  by adopt ing t h e  d i r e c t  method of es t imat ion.  The s o i l  

l e f t  on t h e  Buchner funnel  was leached  with  100 m l .  d i s t i l l e d  water 

and the  n i t rogen  i n  t h e  l e a c h a t e  es t imated a s  before.  The t r e a t -  

ments cons is ted  o f . u s i n g  ammonium su lpha te  s o l u t i o n  i n  t h r e e  dif- 
- . 

. f e r e n t  concent ra t ions ,  so  as t o  supply 5250, 10500 and 21000 pg.N/ 

100 g. of s o i l  and e s t ima t ing  the ammoniacd n i t rogen  i n  t he  leachate '  

of s o i l  a f t e r  one day i n t e r v a l  and i n  a dup l i ca t e  sample a f t e r  a  

per iod  of one week time. The amounts of  n i t rogen  es t imated  i n  t he  

superna ten t  l i q u i d  and i n  the  l e a c h a t e  a f t e r  l each ing  wi th  100 m l .  

water  were taken a s  amounts of n i t rogen  unadsorbed and leached  

r e spec t ive ly .  The d i f f e r ence  between the  t o t a l  n i t rogen  added and 

the unadsorbed po r t ion  es t imated  w a s  taken as the a c t u a l l y  adsorbed 

por t ion .  S imi l a r ly  t he  a c t u a l l y  r e t a i n e d  n i t rogen  was c a l c u l a t e d  

-. 
by s u b t r a c t i n g  the sum of unadsorbed and leached  n i t rogen  from 

t o t a l  n i t rogen  added t o  t he  s o i l .  



RESULTS 

The da t a  r e l a t i n g  t o  the  r e t e n t i o n  of n i t rogen  when 5250, 10500, 

and 21000 pg.N/100 g. of s o i l  i n  the  form of'a&moniuw su lpha te  so- 

l l u t i o n  !#ere added k e p t  i n  con tac t  f o r  a' day and leached with  water  

a r e  presen ted  i n  t a b l e  X V I I I :  

From the t a b l e  it is seen  that t h e  va r ious  types  of  s o i l s  

t r e a t e d  wi th  5250 pg.N/100 g. of s o i l  r e t a i n e d  ammonium n i t rogen  i n  

t he  o r d e r  of Chkngannur a l l u v i a l  s o i l )  Vel layani  ked  s o i l  > ' .  > Kottayam f o r e s t  s o i l  ) P i l i c o d e  l a t e r i t e  s o i l  Ve l l ayan i  l a t e r i t e  
I 

so i l )  Keerikkadu s a n k  s o i l  > Nileshwar 1.1 r e d  s o i l  > N i l e s h s a r  I11 

sandy s o i l .  I n  t he  last 3 s o i l s  coarse f r a c t i o n s  predominate, while 

i n  o t h e r s ,  f i n e  f r a c t i o n s  a r e  the  major components. S o i l s  conta in ing  

high percent  of c l ay  r e t a i n  more ammonium ni t rogen .  

When t r e a t e d  a t  concen t r a t ions  of 10500/ug.N/100 g. of s o i l  

and 2 1 0 0 0 ~ g . ~ / ? 0 0  g. of s o i l  a l s o  the s o i l s  behave very s i m i l a r l y .  

Though the  quan t i t y  of ammonium ni t rogen  r e t a i n e d  by the  s o i l  i n c r e a s e s  

B l i g h t l y  with  concent ra t ion ,  it i s  no t  p ropor t iona te .  Maximum percent  
%. . , 

of r e t e n t i o n  is a t  the  low concent ra t ion  and minimum at t h e  h ighes t .  

It is worthy t o  no te  t h a t  s o i l  containing more f i n e  f r a c t i o n s  can 

r e t a i n  more than  11000,~~.N/100 g.. of s o i l ,  whi le  s o i l  conta in ing  

more, coarse  f r a c t i o n  can r e t a i n  only about 500,ug.N/100 g. of s d i l .  

A t  5250,ug.N/100 g. of s o i l  l e v e l  l o s s  i n  l eacha te  is h ighes t  

i n  Nileshwar I1 sandy loam and the l e a s t  in.Chengannur and P i l i code  

' s o i l s . .  Onattukara s o i l s  and Nileshwar I11 s o i l s  come next.    ere. 
a l s o  i t  can be noted t h a t  l o s s  i n  l e a c h a t e  is  more where coarse  sand 



. TABLE X V I I I  

RETENTION OF AMMONIUM NITWEN I N  KERALA SOILS 

' 
Nitrogen appl ied  as ammonium sulphate  and leached with water 

(Contact f o r  a day) 

........................................................................ 
Nitro- Unad- Sorbed Recei- Retained 
gend sorbed Nitro- 96 ved i n  i n  the % 

S1. P a r t i c u l a r a  added Nitro- gen the l e -  s o i l  

.No. of s o i l  ' gen achate ...................... ----------------- 
(jg.~/lOO g. of s o i l )  (pg.~/100 g. o,f s o i l )  

1. Keerikkadu 5250 
(fileppey) 10500 
Sandy loam 21000 

2. Vellayani . 5250 
(Trivandrum) 10500 
Clay 21000 

3 .  Vellayani 5250 
(Trivandmn) 10500 
sandy clay 21000 

4. Valparai Es ta t e  5250 
(Kottayam) 10500 
Sandy clay loam 21000 

5 .. Chengannur 5250 
(Alleppey ). 10500 
Sandy c lay  loam 21000 

6 .  Pi l icode  5250 
(Cannanore) 10500 
Sandy c lay  loam 21000 

7. Mileshwar I1 5250 
' ( Cannanor e ) 10500 
Sandy loam 21000 

8. Nileshwar 111 5250 
(Cannanore ) 10500 
Sandy s o i l  ' 21000 



f r a c t i o n  predominated; - 

A t  10500 ,ug.N/100 g. of so i l '  l e v e i  and 21000pg.N/100 g. .o'f 

s o i l  l e v e l  a l s o  the  soil  behave' very s i m i l a r l y .  The l o s s  i n  l ea -  

chate  is  inc reased  when t h e  concentratLon of 'ammonium n i t r o g e n . i n  

the  s o l u t i o n  increased.  Thus the  l o s i  is h ighes t  'at 2 1 0 0 0 ~ g . ~ /  

100 g. of s o i i  concentration. 

A t  5250 pg .~ /100  g. of s o i l  l e v e l  adsorbed ammonium ni t rogen  , 
is h ighes t  i n  Chengannur alluvium and Vel layani  r e d  loim and l e a s t  

i n  sandy loam of NileshwarlII .  Here it is  worthy t o  note  t h a t  t h e  

s o i l s  behave very similar as i n  the  case of r e t e n t i o n  of  ammonium . 

nit rogen.  

A t  h igher  concentrat ion a l s o  the  s o i l s  behave a s  i n  5250 ,ug.N/ 

100 g. of s o i l  l e v e l .  Thus i t  is  seen t h a t  Vel layani  r e d  loam 

adsorbed maximum ammonium ni t rogen  whereas NileshwarIII  s o i l  the 

\ minimum. 

The da ta  of  unadsorbed n i t rogen  obta ined  is  seen t o  behave 

similar t o  l o s s  i n  leacha te .  When 5250,~g.N/100 g. of s o i l  l e v e l  

ammonium ni t rogen  is appl ied ,  the unadsorbed amnonium.nitrogen is 

h ighes t  i n  ~ i l e s h w a r ~ 1 1  s o i l  and lowest i n  ~ e l l a y a n i  r e d  loam. A t  

h igher  doses a l s o  the s o i l s  behave s imi l a r ly .  

It is  noted from t a b l e  XIX t h a t  in a l l  cases  ammonium n i t rogen  

r e t a i n e d  on keeping t h e  f e r t i l i z e r s  i n  contac t  with t h e  s o i l  f o r  a 
' 

week is almost the  kame a s  comparedl t o  one day contact .  when 

5250,ug.N/100 g. of s o i l  l e v e l  ammonium ni t rogen  is a p p l i e d  the  

maximum r e t e n t i o n  is  i n  Vellayani r e d  loam followed by Chengannur 

alluvium and l e a s t  i n  NileshwarlII  sbil. 



TABLE X I X  - 

RETENTION ,OF .AMMONIUM NITROGEN I N  ICERALA SOILS 

Nitrogen app l i ed  a s  ammonium su lpha te  and leached viith w a t e r .  

(Contact f o r  a week) 

1. Keerikkadu 5250 2625 2625 50.0 1050 1575 30 .O 
(Alleppey) 10500 5600 4900 46.7 2450 2450 23.3 
Sandy loam 21000 12600 8400 40.0 4550 3850 18.3 

--,----------------- ------- ------- ------------ --------------- 
i t r o -  Unad- Sorbed 1 Recei- Retained 

. 'ten s6rbedI  I i i t ro-1 1 ved i n  1 t h e  1 1 a r t i c u l a r s  !added Nitro-  gen. % the  l ea -  s o i l  

2. Vellayani 5250 875 4375 82.9 350 4025 76.6 
(Trivandrua) 10500 2100 8400 80.0 1225 7175 68.3 

. Clay 21000 6125 14875 70.8 3675 11200 53.8 

o.j o f  s o i l  

3. VeUayani 5250 7575 3675 70.0 350 3325 63.3 
(Trivandrum) 10500 5075 5425 51.7 525 4900 46.6 ' 
Sandy clay 21000 '11550 9450 45.0 4200 5250 25.0 

gen chate  ...................... i------------------- i 
+~.N/~oo g. of s o i l )  1 l(,ug.~/100 g. of s o i l ?  

4. Valparai  E s t a t e  5250 1400 3850 73.3 175 3675 70.0 
(KO ttajrarn) 10500 3500 7000 66.6 350 6650 f 63.3 
Sandy c lay  loam 21000 B400 12600 60.0 1400 11200 53-3 

---------------------;,r--------------------------------------------2----- 

5. Chengannur . 5250 1400 3850 73.3 175 3685 70.7 
(Alleppey) 10500 3150 7350 70.0 , 350 7000 66.6 
Sandy c l ay '  loam 21000 7700 13300 6 525 12775 60.8 . 

6. Pi l i code  5250 1400 38% 73.3 350 3500 66.6 . 
(Cannanore) 10500 4200 6300 60.0 525 5775 . 55.0 
Sandy clay loam 21000 10500 10500 50.0' 1050 9450 45.0 

7. Nileshwar 11 5250 2450 2800 53.4 1925 875 16.6 
(Cannanqre) 10500 6475 4025 38.3 2800 1225 ' 11.6 
Sandy loam 21000 14000 7000 33.3 5075 . 1935 9.2 

I ' 

8. Nileshwar 111 5250 4200 1050 20.0 700 350- 6.6 
(Cannanore) 10500 '9100 1400 13.3 1050 350 3.3 
Sand 21000 18200 2800 1 .  2100 700 3.3 



Loss i n  l e a c h a t e  is  not  a f f e c t e d  apprec iab ly  by keeping the  

s o i l  i n  contac t  f o r  a week. It behaved i n  t he  same manner as in 

t h e  case of  one day contac t .  

I n  most c a s e s  adsorbed ammonium n i t rogen  increased  only sli-, 

g h t l y  by one week contact .  Adsorbed ammonium ni t rogen  a l s o  behaved 

very s i m i l a r l y  as i n  the previous experiment being h ighes t  i n  

Vellayani r e d  loam and lowest  i n  NileshwarIII  s o i l s .  



8 ' - DISCUSSION 

.From the  r e s u l t s  p resen ted  i n  t a b l e s  XVIII and X I X ,  i t  is 

evident  t h a t  t h e r e  is considerable  v a r i a t i o n s  i n  the  r e t e n t i o n  

capac i ty  of s o i l s  f o r  ni t rogen.  The v a r i a t i o n  is brought about 

by the t e x t u r e  of t h e  s o i l .  I n  a l l  the s o i l s  where t h e  t o t s 1  

con ten t s  of f i n e r  f r a c t i o n s  ( f i n e  sand + silt + clay)  a r e  increased ,  

t he  r e t e n t i o n  capac i ty  i n  those s o i l s  a r e  a l s o  found t o  be , 

, increased .  The sum of the perdents  of  f i n e  sand, silt and c l ay  

i s  p o s i t i v e l y  c o r r e l a t e d  wi th  the percent  of n i t rogen  r e t a ined .  

This  s t r i k i n g  r e l a t i o n s h i p  i n d i c a t e s  t h e  i n f luence  of t e x t u r e  on 

the  r e t e n t i o n  capac i ty  of  s o i l s  f o r  s o l u b l e  f e r t i l i , s e r s  l i k e  

ammonium su lpha te .  . ~. 

The h igh  percen$age of f i n e r  f r a c t i o n s  l i k e  c lay  and silt i n  

a s o i l  i n d i c a t e s  l a r g e  s u r f a c e  a r e a  f o r  such s o i l s .  S ince  r e t e n t i o n  

of ammonium ni t rogen  is an adsorp t ion  r e a c t i o n  which is a s u r f a c e  

phenomenon those s o i l s  which conta in  a  g r e a t e r  perckntage of  f i n e r  

f r a c t i o n s  w i l l  n a t u r a l l y  be a b l e  t o  r e t a i n  more n i t rogen  and t h e  

r e s u l t s  o f  t h e  *resen t  i n v e s t i g a t i o n  g o  t o  confirm t h i s  content ion.  

Chaminade (1936) has  r epo r t ed  t h a t  r e t e n t i o n  of ammonia is  

inc reased  by  powdering t h e  s o i l .  Jenny Ayres and Hosking (1945) 

have obsekved t h a t  adsorp t ion  of ammonia is l a r g e l y  dependent on 

s o i l  t e x t u r e  and f i n e  t ex tu red  s o i l s  adsorb more ammonia. ~ h e s e  

obse rva t ions  a r e  i n  cor robora t ion  wi th  t he  f i nd ings  of t h e  presen t  

i n v e s t i g a t i o n .  . 

The r e s u l t s  p resen ted  Blso show t h a t  when the  conten t  of f i n e r  



f r a c t i o n s  i n  the  s o i l  is 5O0k and above i t  e x h i b i t s  a  good degree 

of s o r p t i o n  of added s o l u b l e  f e r t i l i z e r s  l i k e  ammonium su lpha te .  

This i s . s u g g e s t i v e  of one important  f a c t  t h a t  b e t t e r  r e t e n t i o n  of 

added n i t rogen  i n  s o i l s ,  poor . i n  f i n e r  f r a c t i o n s  (c lay  and s i l t )  

l i k e  t he  sandy s o i l s  of Keerikkadu and Nileshviar, can be brought 

about by adding tank silt o r  c l ay  o r  o rganic  matter.  

Within 24 hours  of con tac t  i t  is seen  t h a t  major percentage of 

n i t rogen  app l i ed  g e t s  sorbed by the  s o i l ,  and subsequent contac t  of 

one week has  no 'apprec iab le  e f f e c t  i n  i nc reas ing  the  s o r p t i o n  of 

added s o l u b l e  f e r t i l i s e r s ' l i k e  ammonium su lpha te .  ' Brito-Mutuna- 

yagam &.(1946) have r epo r t ed  t h a t  t he  amount of f e r t i l i s e r s  

sorbed by the  s o i l  does n o t  i n c r e a s e  apprec iab ly  with  t q e  of 

contact .  The p re sen t  s tudy  is i n  agreement wi th  t h e i r  observat ion.  

The r e s u l t s  of l each ing  t h e  s o i l  t r e a t e d  wi th  ammonium sul- 

phate  show t h a t  subsequent washings does no t  b r i n g  about  any 

s e r i o u s  l o s s  of  sorbed n i t rogen  except i n  t he  case of s o i l s  where 

t h e  coarse  f r a c t i o n s  predominate. The l each ing  l o s s  is more when 
I 

t he  dose of  s o l u b l e  f e r t i l i s e r s  added t o  t he  s o i l  i s  inc reased  and 

t h i s  is more so  i n  the  case of sandy s o i l s .  Vahhab e t  a1 (1956). -- 
have r epo r t ed  t h a t  t he  l o s s  of ammonium n i t rogen  is inc reased  with  

i nc rease  i n  ammonium ni t rogen.  I n  the  p re sen t  i n v e s t i g a t i o n ,  i t  

is seen t h a t  when the  s o i l  is t r e a t e d  @ 5250).1~.N/100 g. of s o i l  

and leached  a f t e r  contac t  of one day, 46% of t h e  sorbed n i t rogen  

is  l o s t  and t h i s  percentage inc reased  t o  61.5 and 65.2 when the  

dose of n i t rogen  added is  inc reased  t o  10500, 21000~g.N/100 g. 

of s o i l .  This aga in  shows t h a t  i n  sandy s o i l s  a p p l i c a t i o n  of 



n i t rogen  i n  high doses is uneconomical and wasteful  and r e s u l t s  i n  

the  l o s s  of valuable  n u t r i e n t s .  The p re sen t  s tudy i n d i c a t e s  t h a t  

i n  such a r e a s  a p p l i c a t i o n  of f e r t i l i z e r s  i n  s p l i t s w i l l  prove more 

e f f i c i e n t  and advantageous. 



SUMMARY AND CONCLUSIONS 

A'study .was uhdertaken with  the o b j e c t  of f i nd ing  o u t  t h e  

r e t e n t i o n  of ammonium ni t rogen  i n  d i f f e r e n t  s o i l s  of Kerala  when 
I 

app l i ed  i n  t he  form of ammonium su lpha te  and leached  a f t e r  one 

day o r  one week contact .  

Eight  s o i l s  d i f f e r i n g  i n  t e x t u r e  were taken and t r e a t e d  with  

ammonium s u l p h a t e  s o l u t i o n  of t h r e e  d i f f e r e n t  concent ra t ions ,  viz. ,  

52.50, 10500 and 21000 ,ng.N/lOO g. of s o i l  under t he  l a b o r a t o r y  

condi t ions .  The &adsorbed n i t rogen  mas found ou t  by e s t ima t ing  

n i t rogen  i n  the superna ten t  l i q u i d .  The ammonium n i t rogen  be t a ined  

by the  s o i l  . w a s  es t imated a f t e r  l each ing  the  s o i l  wi th  known 

volume of water.  The s t a t i s t i c a l  eva lua t ion  of t he  r e l a t i o n  bet-  

ween t h e  t e x t u r a l  s e p a r a t e s  and the  ammonium n i t rogen  r e t a i n e d  w a s  

' a lso made. The fol lowing conc lus ions  were drawn: 
1 

i) The r e t e n t i o n  of  ammonium n i t rogen  by the s o i l  is d i r e c t l y  

r e l a t e d  t o  t he  content  of f i n e  f r a c t i o n s  ( f i n e  sand, silt and c lay)  

i n  s p i l s .  The l o s s  i n  l e a c h a t e  is inc reased  mhen coarse  sand 

f r a c t i o n  increased.  

ii). The major percentage of appl ied ,  ammonium n i t rogen  g e t s  

adsorbed wi th  one day. contact .  increasing t h e  time of c o n t i c t  f o r  
I 

\ 
a week has  no apprec iab le  e f f e c t  on the adsorp t ion  of ammonium 

nitrogen. 

i i i )  Lose of ammonium ni'trogen by leaching  increased  when 

inc reased  dose' of f e r t i l i s e r  appl ied.  
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