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Distribution of Inorganic Phosphorus Fractions in Tamil Nadu
Soils

G. V. KOTHANDARAMAN! and K. K. KRISHNAMOORTHY*

Thirty eight seils collected from nine profiles representing the four major soil groups
viz., 1ed, black, laterite (high tevel and low lavel) end alluvial scils were examined for
different forme of inorganic P and their distribution with depth. There was 8 marked varia-
tion in tha vertical distribution of P fractions viz., Al-P, Fe-P, Ca-P. Red. sol. P and Occlu-

ded P. Total P and inorganic P decreased with depth in most of the profiles except in red:
and black calcareous and Aduthural alluvial soils. No definite pattern of distribution of Al-P
and Fe-P was observed but the surface layers wore rich in Al-P and Fe-P. Ca-F increased with
depth in calcareous soils and Aduthurai alluvial soil.  Red. sol. P and Occluded F_ir:-::reas=
ed with depth In most of the soil profiles. Among the inorganic P fractions, Al-F ar'ldlf.‘mF
dominated in black and alluvial soils, whereas Fe-F, Red, sol. F and Occluded P were high

in laterite sails.

A knowledge of the amount and
distribution of P in soils would pro-
vide a logical basis for consideration
of the P requirements of different
crops. Many workers have tried to
study the distribution of various inor-
ganic forms of P in the soil, but the
profile studies on the distribution of
P with depth have been made only
in a few cases. Marked variation in
the different forms of inorganic P is
a function of genetic differences
among soils (Chang and Jackson,
1958; Bapat er. a/,, 1965). Organic
matter, calcium carbonate and sesqui-
oxides appear to be guiding factors
in determining the distribution of for-
ms of P (Misra and Ojha, 1969).

Infermation on the pattern of
distribution of P forms not only in

the plow layer but also in the soil
profiles would enable refining the
genetic characteristics of soils of
Tamil Nadu. The present investigation
was, therefore, undertaken to study the
distribution pattern of different forms
of inorganic P in major -soil groups
of Tamif Nadu.

MATERIALS AND METHODS

Thirty eight soils were collected
from nine profiles representing the
four major soil groups viz., the red,black,
laterite (both high level and low level)
and alluvial soils. Mechanical analysis
of the soils was done by the Inter-
national Pipette method, free CaCO,
by rapid titration msthod, organic car-
bon by the Walkley and Black method
as described by Piper (1950). Sesqui-
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oxides were estimated as per standard
procedure. The pH of the soil was
determined in a Beckman pH meter,
using a soil-water ratio of 1:2.5.
Total. P was estimated by perchloric
acid digestion method as described
by Jackson (1958). Fractionation of
soil P was done by the modified
procedure of Chang and Jackson
(1957) after Petersen and Corey (1966).

RESULTS AND DISCUSSION

The data on a soii chemical proper-
ties and the fractionation of soil P are
given in Table. Saloid-P varied from O to
26 ppm and it was virtually absent in
the lower horizons of mast of the
profiles. The Saloid-P was high at
the surface iayers and this may bhe
due to the result of fertilizer or man-
ure additions or easily mineralised or-
ganic P in top layers of the soil
profiles. This fraction of P decreased
with depth in most of the profiles ex-
cept those of the two high level laterite
soils.

Al-P:

Al-P content of the soils ranged
from 3 to 114 ppm with a mean value
of 32 ppm. AI-P inred soil profiles
Ne. 1 and 2, laterite soil profiles
and alluvial soil profiles No. 8 was
high in surface layers, whereas in the
case of black soil profile No.2 and
alluvial soil profile No.9 the highest
Al-P content was observed in the
lower layers. No definite pattern of
Al-P distribution was observed in
most of the profiles but the content
was low in the lower horizons of red
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and laterite soils as reported by
Ram Deo and Ruhal (1970) in Mewar
soils. Al-P was found to be correla-
ted with total P (r=0.471**) and
Ca-P (r =0.669%*#),

Fe-P

This fraction of P varied widely
in the soils, ranging ifrom 8 to
216 ppm with a mean of 45 ppm.
Fe-P was high in alluvia! soils followed
by laterite soils and it was lowsst in
black soils. Presence of high amounts
of Fe-P and Al-P even in the neutral
to slightly alkaline alluvial soils may
be due to occurrence of considerable
amounts of Fe and Al oxides which
might have combined with P during
various stages of weat-hering (Goel
and Agarwal, 1959; Mehta and
Patel, 1963).

Fe-P was low in the surface lay-
ers of red soil profiles, alluvial soil
profile Mo.9, whereas in the subsoil
layers of black soil profile No.4 and
high level |aterite soil profiles No.6
and 7 there was higher Fe-P. No
regular trend of Fe-P distribution was
observed in most of the profiles as
in the case of Al-P, Fe-P was found to
be correlated with tota| P(r=10.550"*%)
and Ca-P (r=0.429%%*),

Ca-P

The Ca-P fraction exhibiled an
wider variation, with the valuas ranging
from 2 to 404ppm with @ mean value of
82 pprn. The amount of Ca-P was con-
siderably high in black soils which are
calcareous in nature and the wvalues
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TABLE |. Soil Chemical Properties and Fractionation of Seil Inarganic P (ppm)

Soil and Depth Sesqui- Freo Organic pH Saloid- Al-P Fe-P Co-P Red. Occlu- 's...rﬁ.;‘r:'._,m
profile Mo.  in em oridos CaCOg carbon P Sol.P ded P of in- P
:}:l %J % i ’ U FQEI'
nic-P
“fraet:
fans
Red soil _
1. Kovilpami  0-22 1584 1.1 039 74 & 91 47 60 52 21 289 586
22-38 12,76 0.6 ©0.42 7.2 5 39 28 21 64 10 '167 -368
38-54 21,39 08 024 67 0 22 29 29 97 22 198. 392
54-68 26.48 1.0 045 61 6 38 92 29 180 81 376 523
2. Coimbators  0-10  8.01 09 0.16 84 12 10 17 28 81 8 166 307
10-30 12,69 1.1 026 80 B8 22 17 56 60 8 171 313
30-50 1374 07 015 76 3 14 20 21 8% & 155 339
50-70 1771 08 0.5 7.7 8 5 28 28 60 B 137 342
70-105 21,56 45 008 83 3 5 20 66 145 21 260 448
Black soll '
3. Kovilpatti 0-15 8489 653 023 83 8 9 .8 37 66 29 157 . 262
15-45 628 4.8 012 81 8 46 B8 66 66 5 189, ‘312
45-75 984 49 0417 81 0 23 8 BO 53 19 183 286
75-105 1985 52 018 82 0O 31 8 8 21 5 1564 186
4. Coimbstore  0-15 14.62 65 029 83 5 46 56 183 65 5 360 548
16-30 1163 56 027 83 3 18 91 223 82 5 422 549
30-45 1712 6.2 0.32 85 9 112 B8 257 66 5 457 551
45-75 1711 7.3 030 8.4 3 114 17 216 187 5 492 §07
Low level laterite sail
5. Mudulkulom 0-17 1858 - 018 68 9 14 79 3 30 8 143 257
17-64 2107 - 008 57 0 3 81 72 30 18 114 227
64-102 2243 -~ 008 57 0 3 61 3 30 20 NMT 178
High leval laterite soil
6. Kumuli 0-30 2276 - 024 47 0 29 25 23 B1 15 173 356
30-75 2940 -~ 053 4.4 12 22 17 13 61 68 193 358
75-113 2825 - 060 4.6 26 13 51 29 51 10 180 357
113-180 2847 - 0,32 50 20 13 17 20 1121 10 201 332
180-225 2408 - 020 52 0 5 10 28 120 65 168 228
7. Kodaikanal  0-45 23,50 - 576 4.9 § B2 72 47 124 30 330 822
45-90 36.26 - 047 53 5 25 153 55 186 38 462 737
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890-135 38.31 - 017
135-183 37,42 —+ 07
183-223 37.12 - 0.17
223-273 3489 -~ 0.18
Alluvlal sall )
B. Chitrasavadi 0-15 18.40 1.5 0.53
16-75 13.72 0.8 0.29
75-106 1166 11 0.26
9. Aduthural 0-16 1682 1.0 0.87
16-80 16,16 0.8 0.2
B0O-108B 7.90 0.7 0.08
108-138 11.40 0.8 0.06

b.2
5.2
5.0
5.0

8.3
8.3
8.6
7.0
7.4

7.8
7.8
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8 18 71 20 125 39 271 as0
5 18 86 61 222 130 522 g3s
B 51 35 102 490 280 963 1219

14 21 70 18 487 291 901 {140
24 72 43 86 66 39 327 494
3 22 21 47 44 16 153 284
§ 28 21 39 5 5 103 236
5 22 52 30 60 5 174 384
5 10 52 50 53 38 214 289
0 18 49 205 51 10 333 384
0 61 216 404 241 57 979 1296

ranged from 87 to 257 ppm with a mean
value of 143 ppm. Alluvial soils were
also rich in Ca-P {meari value 121 ppm)
and Ca-P was low inred and laterite
soils, It was observed that Ca-P in-
creased with depth in black soil pro-
files (from 37 to 89 in profile No. 3 and
from 183 to 216 ppm in profile No. 4)
and in alluvial soil profile No. @ from
30 to 404 ppm. This can be attributed
to the increase of CaCQ, and pH with
depth in these soils as reported by Misra
and Ojha (1969), The predominance
of Ca-P in black and alluvial soil profiles
observed inthe present investigation
was also reported by Indira Raja er al.
(1867) in Tamil Nadu soils, Ram Deo
and Ruhal (1970) in Mewar soils,
Miehta et 2/. (1971) in Rajasthan soils
and Gupta and Singh (1972} in Vindhyan
soils.  Significant correlation was
obtained between Ca-P and total P
(r=0.464**).

Reductant-soluble P

“This fraction of P was found to be
high in laterite soils ranging from 30 to
480 ppm, followed by red soils from 60
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to 180 ppm. Chang and Jackson (1958)
observed that highly weathered soils
always contained appreciable amouts
of reductant soluble and occluded
forms of P. This observation has been
confirmed inthe present study since
the laterite and red soils are considered
to be highly weathered. The Red. sol. P
was found to increase with depth in most
of the profiles. This can be mainly attri-
buted to the highly leached condition of
the profiles where the Red. sol. P is
accumulated in the lower horizons
along withiron oxide. Highly signiiicant
correlation of Red, sol. P with total P
{r=0.9802%%) ywas obtaired,

Cceluded P

This fractior of P was high in the
high leve! iateiile soilz of Kodaikanal
{Profile No. 71, the values ranping from
30 to 291 ppm and it was low in black
soil profite No. 4 (& ppm). Occluded P
was found to increase with depth in
most of the profiles and this may be
attributed to the highly leached condi-
tion of the profiles where il is accumu-
lated in lower horizons along with total
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sesquioxides, Occluded P was found to
be correlated with total P (r=0.463"*),

Total - P

The total P status of the soils stud-
ied showed a wide variation, ranging
from 178 to 1319 ppm. The highest P
content was recorded in the high level

laterite soils (Profile No, 7) and the low-

est in the low level laterite soil (profile
No. 5). It was observed that totai P
increased with depth in red soil profile
No. 2 (from 307 to 448 ppm) and in
black soil profile No. 4 from 548 to 607
ppm, The increase of total P with
depth in the above soil profiles may be
associated with higher pH and CaCO,
as observed in these profiles and this
may also be related to less weathering
of apatite as reported by Goel and
Agarwal (1860), Misra and Ojha (1969)
and Mehta et a/. (1971).

Total P decreased with depth in
soil profiles No. 3, 5, 6 and 8 and this
may be attributed to the fall of organic
P as reported by Williams and Saunders
(1956), Gupta and Singh (1972) and
Chandrabhan and Tripathi (1973). The
decrease in the organic matter and
organic P content observed down the
profile also lends support to this view,
The high content of total P in the sur-
face layers may be attributed to the
result of fertilizer and manure additions.
The total P content in the soil profiles
No. 1,7 and 9 was high in surface
layers and decreased in second and
third layers and again increased in the
lower horizons, As stated by Smech
(1973), the relative magnitude of P
redistribution within the soil profile
appears to be a function of the degree
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of profile development. - Highly 'signi-
ficant correlations were obtained bet-
ween the total and all- the inorganic P
fractions and the close relationship in-
dicated that an equilibrium exists bet-
ween the total P and other forms
in soils. .. O r

The first author .is grateful to the
Tamil Nadu Agricultural University for
according permission to publish data
which formed part of his Ph.. D. thesis.
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