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SOIL PHOSPHORUS AND ITS 
DETERMINATION: AN OVERVIEW

D. Mandal, R.P. Singh and S.K. Chakraborty*

Bh o sp h o ru s  (P) is  
a n  e s s e n t i a l  
m acro -elem en t for 
o p t im u m  p l a n t  

g r o w th .  I t  is  p r e s e n t  
a b u n d a n tly  in  th e  grow ing  
an d  s to rag e  o rgan  o f p la n ts  
su ch  a s  fH iits  an d  seeds. I t 
p r o m o te s  h e a l t h y  ro o t  
g ro w th s  , f ru it r ip e n in g  by 
h e lp in g  tra n s lo c a tio n  an d  
a ls o  in c r e a s e  in  c a rb o ­
h y d r a t e  c o n c e n t r a t i o n .  
C o m p o u n d s c o n ta in in g  P  
e.g. A TP, A D P etc. p la y  and  
im p o r ta n t  ro le in  en erg y  
t r a n s f e r  r e a c t io n s  in  
d i f f e r e n t  b io lo g ic a l  
p rocesses. A gain  deflcicncy 
o f p h o rpho ruS j e x h ib its  th e  
fo l lo w in g  s y n d r o m s  in  
p la n ts :

1. C a m b ia l  a c t i v i t y  is  
re ta rd e d .

2. T ille rin g  o f crop  p la n ts  
a re  reduced .

3. D o rm an cy p e rio d m ay b e  
pro longed.

4. C ro p  p r o d u c t io n  is  
reduced .

A s p l a n t s ' a b s o rb  
p h o r p h o r u s  f ro m  s o i ls  
th ro g u h  roots, th e re fo re , a

know ledge o f so il-P  s ta tu s  
is  v e ry  i m p o r t a n t  to  
ascerta in  th e  fe r tility  o f soil 
b a s e d  on  w h ic h  m a n a ­
g e m e n t  p r a c t ic e  fo r  P- 
f e r t i l i z a t i o n  c a n  be  
fo rm ulated .

Determination of P- 
Basic principle:
P h o sp h o ru s  is  e s tim a te d  as 
p h o s p h a te s  (P O /^ )  t h a t  
form  a  tw elve-fold h e te ro ­
polyacids w ith  m olybdate  
in  acid m edium . T he Letero- 
p o ly a c id s  a r e  y e llo w  in  
co lo u r a n d  c a n  b e  p r e ­
c ip ita ted  o u t a s  am m oni- 
um phos-p h o m o ly b d a te  by

th e  following reac tion :

H 3P 0^ + (N H ,)  ,M oO ^ + 
H N O 3 => ( N H ^  
M o „ 03, p p a  + NH,NC)3 

T his  p rec ip ita tio n  is  th e n  
f il te re d  th ro u g h  a  gooch 
c ru c ib le  a n d  c a n  be  
d e te r m in e d  g r a v im e n t -  
rica lly . A gain  th e  sam e  pp t. 
can  be d isso lved  in  a  know n 
am o u n t o f s ta n d a rd  base  
an d  th e  excess b a se  can  be 
back  t i t r a te d  by s ta n d a rd  
acid. A b la n k  t i tr a t io n  of 
know n a m o u n t o f b ase  can 
be ru n . T h e  d ifference of 
th e  tw o w ill g ive u s  th e  
am o u n t of P  p re se n t in  th e  
so lution.
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C a lc u la t io n :  1m l o f  (N ) 
N aO H  = .0 0 1 3 4 8 g P
W h e n  p h o r p h o r u s  is  
p r e s e n t  in  v e ry  m in u te  
a m o u n t, th e  above m ethods 
w i l l  n o t  h o ld  good , 
p h o r p h o r u s  c a n  be  
d e t e r m in e d  b y  s p e c tro -  
p h o to m e tric  m ethods. The 
yellow  so lu tio n  of he tero - 
po lyacid  (H 3P O j20 q̂̂  can  be 
r e d u c c d  b y  a  s u i t a b l e  
re d u c in g  a g e n tw h e n  a  blue 
color (m oly -bdenum  blue) 
a p p e a r e d .  T h e  o p t ic a l  
d e n s ity  o r  a b so rb ity  o f th is  
c o lo u r ca n  be  e s tim a te d  
sp cc tro -m etrica lly  a t8 3 1 or 
6 6 0 n m  a n d  can  be m atched  
w ith  a  k n o w n  s ta n d a r d  
cu rv e  o f  P  for q u a n tita t iv e  
e s t i m a t i o n .  S o m e t im e  
p re sen ce  o f As*®, S i‘ ,̂ F*
‘ m a y  in te r fe re  for co rrect 
e s tim a tio n  o f P. S u ita b le  
m u sk in g  a g e n t m ay  be used

T ab le  -X

to m a sk  th e se  ions before 
e s t i m a t in g  p h o rp h o ru s .  
D e p e n d in g  u p o n  th e  
red u c in g  ag en ts , n a tu re  of 
a c id  u s e d  e tc . d i f f e re n t  
s p e c t r o p h o t o - m e t r i c  
m e th o d s (SPM ) h av e  been  
em p loyed  fo r e s t im a t in g  
p ho rpho rus. T h e  d e ta ils  a re  
g iven in  T ab le  - 1 .

T h e  e s tim a tio n  o f  so il-P  
received ex tensive  s tu d y  in 
tw o lines:

a. E s t i m a t io n  o f  m o re  
active  o r ava ilab le  P.

b. F ra c tio n a tio n o fth e to ta l 
o feac h  chem ical c lass or 
species o f p h o sp h a te .

E stim a tio n  o f
available soil-P
T h e  te rm  av a ilab le  P  of soil 
re fers  to t h a t  frac tion  o f th e  
so il p h o s p h o r u s  w h ic h  
r e m a in  in  s o i l - s o lu t io n

p h a se  an d  can  be co rre la ted  
w ith  field  re sp o n se  o f crops. 
T he P  abso rb ed  by  p la n ts  
from  soil so lu tio n  u su a lly  
ex ists  a s  in o rg a n ic  o rth o p ­
h o sp h a te  ions v iz ., H^PO^'S 
HPO^"^ an d  P O /^ . T h e  m o st 
accessib le  ion  is  H^PO^'* 
followed by HPO^'^.
I m p o r t a n c e :

* T h e  av a ilab le  P  is con­
s idered  to  be a  fa irly  good 
in d ic a to r  o f th e  P -sup- 
p ly ing  cap ac ity  o f soil.

* A kn o w led g eo fav a ilab le  
P  h e lp s  to  d e te rm in e  its  
c ritica l lim it.

* T h e  c ritica l lim it o f soil 
p h o rp h o ru s  w ill h e lp  in  
p red ic tin g  crop response  
to  th e  a p p l ie d  
p h o rp h o ru s .

In  soil te s t in g  w ork , th e  
a v a i la b le  s o il-P  c a n  be  
d e te rm in e d  by e m p lo jin g

Sl.No. R cductan t Acid
medium

Acid
norm ality 
w ith HjSO^

Colour Sensitiv ity R em arks

SPM  -I SnCI, H ^ O , -0 .4N Blue High High
accuracy

SPM -II SnC l, HCl -0 .7N Blue M edium S uitab le  for
chloride
containing
system

SPM -III Mo H ^ O , -0 .4N Blue M edium E lim inate  the  
in terference 
due to  Arsenic

SPM -IV l-am ino-2-
hydroxyna-
pthalene-4-
sulphonic
acid

or
HCIO,

-0 .9N Blue Less E lim inates the 
in terference due 
to  h igh  Fe

SPM -V V anadium  (V) HNOj Yellow L east E lim inates the 
in terference due 
to all in terfering  
ions.
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su ita b le  re a g e n ts , specified 
soil to  so lu tion  ra tio , tim e  
o f sh ak in g  an d  n a tu re  o f 
soil used . F o r ro u tin e  soil 
te s t in g  a n d  so il f e r t i l i ty  
ev a lu a tio n  p ro g ram m e, th e  
tw o m o st com m on m ethods, 
w h ich  a re  u su a lly  u sed , a re  
described  below:

Bray's method (Bray 
and Kurtz, 1945)
T h e  m e th o d  is  u s u a l l y  
em ployed for m o d e ra te ly  to  
s tro n g  acidic soil. T h e  soil 
is  shaken  w ith  an  ex trac tin g  
so lu tion  o f 0.03 N  N H ^F in
0 .0 2 5 N  H C l  w h ic h  
disso lves th e  frac tio n s  of 
p h o r p h o r u s  t h a t  a r e  
considered  to  be av a ilab le  
to  p la n t roots. A m m onium  
fluoride re a c t w ith  A1 an d  
F e ions in  acid m ed ium  w ith  
th e  co nsequen t re le a se  of 
P , held  by soil, by th e se  
tr iv a le n t  ions.

N H ^F + H F  + A lPO^ => 
H 3 ?0 ,+  (N H ,)3 A IF,
N H 4F  + H F  + F e P 0 4  => 
H 3P O , + (NH4)3 FeFg 

AlPO^ an d  FePO^ re p re s e n t 
v a r io u s  h y d r a t e d  a n d  
hydroxyl p h o sp h a te s  of A1 
an d  Fe an d  oxides o f Fe. In  
th e  f ilte red  e x tra c t,  P  is 
e s t im a te d  s p e c tro p h o to -  
m e t r ic a l ly  (S P M -I I )  by  
ad d in g  am m o n iu m  moly- 
b d a te  so lu tion  follow ed by 
r e d u c in g  t h e 'p h o s p h o -  
m o ly b d en u m  com plex  by 
s t a n n o u s  c h lo r id e .  T h e  
h e t e r o p o ly  c o m p le x e s  
(p h o sp h o m o ly b d a tc s )  a re

fo rm ed  b y  c o -o rd in a tin g  
a tom , th e  oxygen o f th e  
m olybdate  ra d ic a ls  b e ing  
su b s titu te d  for th a t  o f PO^.
T he heteropo ly  com plexes, 
before red u c tio n s , g ive a  
yellow  h u e  to  th e ir  w a te r  
so lution. In  th e  so lu tion  of 
low P  co n cen tra tio n s , th e  
p h o s p h o m o l y b d e n u m  
complex is  p a rtia lly  reduced 
to  produce a  c h a ra c te ris tic s  
b lue  colour, th e  in te n s ity  of 
th e  colour is  a m e a su re  of 
concen tra tion  o f P  in  th e  
te s t  so lu tio n . To e x tra c t  
m ore P  from  soil a p a tite  in  
n e tu ra l o r ca lcareous soils 
o r fro m  ro ck  p h o s p h a te  
add itions, a  h ig h e r concen­
tr a t io n  o f H C I (O .IN ) is 
needed . T h is  is  com m only 
know n as B ray 's  II m ethod  
for P -estim ation .

Olsen's Method (Olsen 
et al., 1954)
T his m ethod  is u sefu l for 
n e u t r a l ,  a l k a l in e .

c lea r so lu tio n  by d isp e rs in g  
organic m a tte r . P hosphorus 
is  th e n  allow ed to  re a c t w ith  
am m o n iu m  m o ly b d a te  to 
form  a  h e te ro p o ly  com plex, 
w h ic h  on  r e d u c t io n s  by  
S n C lj  p r o d u c e s  th e  
c h a ra c te r is tic s  b lu e  colour 
(m o ly b d en u m  b lu e ). T h e  
in te n s ity  o f th e  b lu e  colour 
so o b ta in ed  is  p ropo rtional 
to  th e  q u a n tity  o f P  p re s e n t 
in  th e  so lu tion .
C a3 (PO^)^ + N aH CO ^ => 
C a C 03 + H 3P0^ + N a 2C 0 3 .

(N H ^), M o, 0 , , .  4 H ^0  + 
6H C l= > 7H 2M oO ^ + N H p .

H 3 P 0 ^  + H ^M oO ^ =>
H 3P (M o 3 0 J , +  12 H ,0 .

P h o s p h o m o l y b d e n u m  
c o m p le x  + S n C lj  ^  
M olybdenum  b lue

Inference
By m e a su rin g  availab le  P 
from  so ils, w e can in fe r th e  
follow ing p o in ts  :

P -co n ten t (ppm ) 

(SPM -I)

C rop R esponses P -co n tcn t (ppm ) 

(SPM -II)

<5 V ery  low <3
5-15 Low 3-7
15-25 M edium 7-20

>25 A d eq u a te ly  high* >20

c a lc a re o u s  a n d  s l ig h t ly  
ac id ic  so ils . T h e  so il is  
shakenw ithO .S M N aH C O j, 
a t  a  pH  of 8.5 in  1:20 soil- 
so lu tion  ra tio , for h a lf  an  
h o u r. A ctive  ch a rc o a l or 
D arco-G 60 is  used  to  g e t a

Fractionation of Soil-P
T ota l ino rgan ic  P  is  d iv ided 
in  tw o fo rm s viz. ac tive  an d  
inactive . A l-P, Fe-P  an d  Ca- 
P  co n s titu te  active form and  
o c c lu d e d , r e c d u c t a n t
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s o lu b le  a n d  r e s id u a l  P  
from  inac tive -P . T h e  active 
fo rm s  a re  u s u a lly  co n si­
d e re d  a s  m a in  so u rce  o f 
a v a i l a b l e  P  fo r  p l a n t s  
b e c a u s e  w h e n  f e r t i l i z e r  
a r e  a d d e d  to  so il r e a c t  
w i th  s o il  c o m p o n e n ts  
a n d  g e t tran sfo rm e d  in to  
F e -P ,  A l-P  a n d  C a -P . 
So, th e  a v a ila b ili ty  o f P 
t h u s  la rg e ly  d e p e n d e n t  
u p o n  t h e  a m o u n t  o f 
P - f r a c t io n s  p r e s e n t s  
in  th e  soils. A gain  an a ly sis  
o f  in o rg a n ic -P  f r a c t io n s  
a r e  h e lp fu l  in  th e  
fie ld  of soil g e n e s is , soil 
c h e m is t ry  a n d  f e r t i l i ty .  
T h e  f ra c t io n a t io n  p ro ce ­
d u r e s  a r e  b a s e d  on 
t h e  d i f f e r e n t i a l  s o lu ­
b i l i ty  o f v a r io u s  in o rg -  
a n ic - P  in  v a r io u s  
e x tra c ta n ts .  A sch e m a tic  
a ssa y  o fso il-P frac tio n a tio n  
a rc  p re sen te d  T ab le  II.

Som e o th e r  im p o r ta n t soil 
ph o rp h o ru s  p a ra m e te rs  can 
be d e te rm in e d  by following 
m ethods.

A . T o t a l  P  i n  s o i l :  

T o ta l P in th e  soil can  be

d e te rm in e d  by fu sin g  w ith  
Na^COg an d  N aO H  m ix tu re  
an d  e x tra c tin g  w ith  w ater. 
T he SPM -I is  app lied  for 
e s tim a tin g  phosphorus.
B . T o t a l  s o l u b l e  
I n o r g a n ic  P :

Soil sam p les
0.1 (N) HCI 

s h a k e d  fo r  30 m in u te s  
l^ m  sh ak ed  for 1 h ou r
--------- >
N H ^F

a n d  f i l t e r  -  S P M -II  is  
em ployed  in  p re sen ce  of 
H 3BO 3 to  e l im in a te  th e  
i n t e r f e r e n c e  o f F  by 
com plexing i t  a s  BF^

C. T o ta l so lu b le  P  in  s o i l :

A know n w eigh t of soil 
sam p le  is  w arm ed  w ith  15 
m l 30% in  w a te r  b a th . 
T h en  15-m l w a te r  and  10 
m l 0.5 (N) H C I is added  to 
m ake  w hole so lu tion  to th e  
capacity  o f  50 m l. T h en  1 
gm  N H ^ is  a d d e d  a n d  
sh ak ed  for 30 m in u te s  and  
filte r. T h e  f il tra te  is  used 
fo r e s t im a t in g  so lub le  P 
(S P M -II is  em p lo y ed  in 
p resence o f H 3BO3).

D. A-C = T o ta l in so lu b le  P

E . C -B  - T o ta l  s o lu b ie  
o r g a n ic  P

F. S a lo id  P h o sp h o ru s  (SP)

T h is  can  be d e te rm in e d  
b y  e x t r a c t in g  0 .5  gm  of 
sieved  soil w ith  25 m l 1(N) 
N H ^C l fo r  3 0  m in t s .  
P h o sp h o ru s  in th e  so lu tion  
is  t h e n  d e t e r m in e d  
s p e c t r o p h o t o  m e t r i c a l l y  
u s in g  a s c o r b ic  a c id  a s  
re d u c ta n t.
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