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Study of Inorganic Phosphorus Fractions in Vertisols Derived 
from Different Parent Materials 
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Abstra~t : Inorganic Phosphorus fractions in five soils of Vertisol derived from different parent 
material were determined.. On the basis of profile weighted mean; distinct P fractions in the pedons 

shows thefollowing order: . 
NH4Cl-P: 4 (Granodiorite) > 1 (Grey shale) > 2 (Basalt) = 3 (Granitic-Granodiorite) > 5 

(Limestone) 
NaOH-P: 1> 2> 3> 4> 5; 
NaCl-P: 1 > 2 > 4 > 3 = 5; 
CB-P: 1 = 4 > 2 > 5 > 3; 
CBD-P: 4 1 = 2 > 5 > 3; 
HCI-P:4 >2 >5 >1 >3; 
TotalP:4 >J > 2 > 3 >.5 

Available P in the pedons decreased in the sequence 4> 3 = 2 > 1 > 5. Olsen P has a significant 
and positive correlation with NH4Cl-f: CB-P, f..-'BD-P and Total P. Path coefficient analysis matrix 
reveals that NH4CI-P, NaOH-P and NaCI-P are significant direct contributors to available P ill 
Vertisol irrespective of parent material. (Key words: Vertisol, parent materials, inorganic phosphorus 
fractions, Olsen P). 

Parent material sets an inherent 
limitations to the total phosphorus 
content in soil. Vertisols formed on 
basalts, have very high phosphorus 
status, than that formed from 
sedimentary rocks. (Finck & 
Venkateswarlu 1982). It is therefore 
essential to evaluate the fractiona
tions of soil P as the chemical nature 
of each form of soil P which deter-
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mines its relative effectiveness to 
crop growth. The forms of P in Ver
tisols developed from different 
parent materials might give an indica
tion about the availability of phos-

.phorus in the soil vis-a-vis the 
dynamic equilibrium existing among 
these P fractions and their contribu
tion towards available phosphorus for 
crop growth. 
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MATERIAL AND METHODS 

Soil samples from five Vertisol 
pedons having different parent 
materials viz. Grey shale (Pedon 1), 
Basalt (Pedon 2), Granitic
granodiorite (Pedon 3), Granodiorite 
(Pedon 4) and Limestone (Pedon 5) 
were collected from Suhagpur Dhana 
(M.P.), CLCR. farm, Nagpur (Mah.), 
Baklavanvalli, Makthal and Undeval
Ii (AP.) respectively. Inorganic P frac
tions. i.e. 1 N ammonium chloride 
extractable P (NH4Cl-P), O.IN 
sodium hydroxide extratable P 
(NaOH-P), IN sodium chloride ex
tractable P (NaCI-P), 0.3 M citrate
bicarbonate extractable P (CB-P), 
O.3M citrate- bicarbonate-dithionite 
extractable P (CBD-P), IN 
hydrochloric acid extractable P (HCI
P) and hydrofluoric-perchloric acid 
extractable P (Total-P) were es
timated. 

Since these profiles had relatively 
high calcium carbonate (6.5 to 46 %), 
inorganic P fractionation procedure 
developed by Syers et al. (1972) for 
calcareous soils with slight modifica
tion was followed. Phosphorus con
tent in the extracts was determined by 
the molybdem~m blue colour method 
using ascorbic acid as reducing agent 
(Watanabe & Olsen 1965). Available 

P from each horizon of pedons was 
determined by Olsen's method 
(Olsen et al. 1954). 

RESULTS AND DISCUSSION 

Distribution of distinct P fractions 
an~ available P status (on profile 
weighted mean basis) is presented in 
Table 1. 

NH4Cl-P: NH4Cl-P content in pedon 
4 (granodiorite) had 10.9 mg kg-I, and 
found to be much higher than the rest 
of the pedons. This fraction declined 
with increaseing the depth in Pedons 
1 (grey shale), 3 (granitic
granodiorite) and 2 (Basalt). How
ever, in pedon 4 (granodiorite), it is 
higher in the subsurface horizons. 

NaOH-P: Sodium hydroxide extrac
table phosphorus was found to be less 
than 12 mg/kg in pedons 3, 4, and 5. 
However, in pedon 1 (grey shale) and 
surface horizons (Ap and A) of pedon 
2, it varies from 30 to 76 mg/kg. Pedon 
2 shows marked depletion of NaOH
P fraction in C horizon. In all the 
pedons, a gradual decrease in NaOH
P with increasing depth was noticed. 

NaCl-P : Pedon 1 has higher NaCl-P 
fraction (17.6 to 22.9 mg kg-I) than 
the rest of the pedons. This fraction in 
all the pedons decreased with increas-
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TABLE 1. Phosphorus fractions and available P in pedons 

Inorganic phosphorus fractions (mg kg-I) Avail-
-------------------------------------------------------------------------------- able P 

Hori Depth NH4CI-P NaOH-P NaCI-P CB-P CBD-P HCl-P Total P (kg ha-1) 

zon (em) 

Pedon 1 Grey Shale 
Ap 0-14 7.1 76.0 22.9 10.0 25.0 125.0 936.5 70.0 
A 14-40 6.0 51.0 27.6 11.9 20.0 160.0 R05.2 22.4 
AC 40-70 4.5 27.0 lR.6 11.9 16.9 155.0 840.3 15.2 
C 70-110 + 5.3 30.0 17.6 13.1 15.0 162.0 RlO.3 lR.8 

(5.5) (40.0) (20.9) (12.1) (18.0) (154.9) (R47.5) (25.2) 

Pedon 2 Basalt 
Ap 0-14 3.9 61.5 12.4 16.3 20.0 190.0 980.0 50.0 
A 14-30 3.0 4R.0 11.4 13.R 21.5 lR5.0 946.2 oR.l 
AB 30-46 3.0 1R.O 7.1 9.4 16.3 177.5 754.3 15.7 
AC 46-60 3.3 15.0 6.2 R.3 16.3 200.0 730.0 22.4 
C 60-100+ 3.6 9.0 7.0 6.3 16.3 190.0 nCl.O 15.7 

(3.5) (24.9) (8.6) (9.7) (17.7) (188.6) (799.5) (30.7) 

Pedon 3 Granitic-granodiorite 
Ap 0-10 6.3 31.5 8.6 8.3 13.3 102.5 710.4 6R.l 
A 10-40 4.5 12.0 7.6 6.7 7.5 75.0 6RO.5 35.R 
AC 40-60 2.4 1.9 3.3 7.7 7.0 60.0 59R.2 18.R 
C 60-80+ 1.8 2.3 2.9 8.3 6.9 47.5 464.1 lR.R 

(3.5) (9.5) (5.5) (7.6) (7.9) (67.8) (609.6) (31.3) 

Pedon 4 Granodiorite 
Ap 0-14 9.D 9.0 5.7 10.0 24.2 172.5 1384.0 42.1 
A 14-36 17.6 6.8 R.1 13.3 25B 340.0 1267.1 56.0 
AC 36-50 16.0 6.R 6.2 . 13.3 28.2 305.0 119R.9 84.2 
C 50-100+ 7.1 6.R 6.6 11.7 15B 150.0 ROO.6 35.4 

(10.9) (7.1 ) (6.7) (l2.0) (20.9) (216.7) (104().7) (47.7) 

Pedon 5 Limestone 
Ap 0-10 2.4 11.3 7.6 11.7 15.0 190.0 612.1 25.1 
A 10-28 3.0 7.1 5.7 R.3 15.R lR7.5 590.4 25.1 
AC 28-62 3.0 5.6 4.8 9.6 15.0 170.Cl 561.2 15.7 
C 62-102+ 1.8 5.3 4.8 8.3 14.2 170.0 522.4 22.4 

(2.7) (6.3) . (5.2) (9.1 ) (..14.8) (175.D) (556.1 ) (20.9) 

Figures given in parenthesis arc profile weighted Il!cans. 
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ing depth except in pedon 4. 

CB-P : Pedon 1 and 4 have higher 
CB-P content (10.0 to 13.3 mg kg-1

). 

granodiorite parent material have the 
lowest CB-P content .Soils (Pedon 3) 
dominant in granitic-

CBD-P : CBD-P content was higher 
in pedon 4 (15.8 to 28.3 mg kg-1

) than 
pedon 3 (granitic-granodiorite). In 
general, it is found to decrease with 
the profile depth in all the soils 
pedons 1, 2 and 3, irrespective of 
parent materials. In Pedon 4 a gradual 
increase up to AC horizon was 
noticed. Inconsistent trend was ob
served in pedon 5. 

HCl-P : HCI-P content is the most 
dominant of all the fractions. It is 
found maximum in grey shale (Pedon 
1), basalt (Pedon 2) and limestone 
(Pedon 5) parent material soils and 
minimum in Granitic-granodiorite 
(Pedon 3) parent material soils. An 
increase in HCI-P content with in
creasing depth was a characteristic 
feature in pedon 1,3 and 4. 

Total P : Pedon 4 has higher total P 
content and that of 5 the minimum. 
This fraction decreases with increas
ing the depth irrespective of the 
parent material, from which these 

have been derived. 

On the profile weighted mean 
basis, distinct P fractions in the 
pedons showed the following order: 
NH4CI-P : 4 > 1 > 2 = 3> 5; 
NaOH-P: 1 >2>3>4>5; 
NaCI-P: 1 >2>4>3=5; 
CB-P: 1 = 4 > 2 > 5> 3; 
CBD-P : 4> 1 = 2 > 5> 3; 
HCI-P : 4> 2 > 5> 1 > 3; 
Total P : 4 > 1 > 2> 3> 5. 

Of all the fractions, HCI-P (Ca-P) 
was found to be the most dominant in 
calcareous Vertisols. These observa
tions are corroborated with Murthy 
(1988) and Pundarikakshudu (1989). 

The available P (Olsen P) content 
in the pedons was found to be 
decreased in pedon sequenced as : 
4 >3 = 2 > 1 >5. 

Correlation coefficients between dif
ferent P fractions and available P 
(Table 2) indicated that the Olsen P 
has a significant and positive correla
tion with NH4C1-p' CB-P, CBD-P, and 
Total P. Sacheti and Saxena (1974) 
and Hooker et al. (1980) reported 
similar observations. Vijay et al. 
(1972) also reported in black soils 
that there was a positive significant 
correlation between available P and 

! 
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TABLE 2. Correlation matrix of P fractions. 

Parameters NH4CI-P NaOH-P NaCI-P CB-P CBD-P HCl-P Total-P Olsen P 

NH4CI-P 1.000 
NaOH-P -0.364 1.000 
NaCI-P 0.081 0.800 1.000 
CB-P 0.418 0.460 0.401 
CBD-P 0.714 0.383 0.356 
HCI·P 0.685 -0.073 -0.005 
Total P 0.798 0.252 0.244 

Fe-AI bound P. This suggests that 
major fraction of the inorganic P is 
not present in readily available form. 
The high correlation of the Olsen P 
with the Fe- Al-P fraction (CBD-P) 
may be expected because of the 
greater solubility of Fe and AI bound 
P at higher soil pH values. NH4CI-P 
significantly correlated with CBD-P, 
HCI-P, Total P and Olsen P. The high 
correlation of Olsen P with NH4CI~P 
and Fe-AI-P (CBD-P) indicates that 
phosphorus might have transformed 
from these fractions to the less 
soluble Ca-P (HCI-P). The values of 
coefficient of simple correlation (r) 
are less than those of wrresponding 
multiple correlation coefficent (R = 

0.9361). This indicates that all the in
organic P fractions have combined ef
fect on available P status of soil. 

Olsen P was greatly influenced by 
the other P fractions directly, as well 

0.624 
0.425 
0.116 

1.000 0.442 
0.604 1.000 0.625 
0.520 0.773 1.000 0.343 
0.568 0.841 0.606 1.000 0.612 

as indirectly. The path coefficent 
, analysis matrix (Table 3) reveals that 

NH4CI-P, NaOH-P and NaCI-P are 
significant direct contributors to 
availableP and the effect ofNH4Cl-P 
is negative. A close association also 
seem to exist between NaOH-P and 
NaCl-P' The CB-P content has in
direct influence on Olsen P via 
NaOH-P; the CBD-P, HCl-P and 
total P contribute indirectly VIa 
NH4CI-P to available P content. 

Inorganic P fractions were in 
general, high in pedons derived from 
grey shale and granodiorite parent 
materials. HCl~P (Ca-P) is the 
dominant P fraction, irrespective of 
the parent material. The NH4CI-P, 
Na:OH-P and NaCl-P fractions are 
significant and direct contributors to 

. Olsen's P. 
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TABLE 3. Path coefficient analysis matrix ,f the direct and induect influence of dis
tinct phophorus fractions on available- phosphP! 'J, DireL'l dfects are on main 
diagonal. 

------~----- _._--_. -------------- -- ----- ---- .- -----._--

Fractions NH4CI-P NaOH-P '\IaCI-P CB-P CB})P HO-P Total P 
ofP 

- --------
NH4CI-P---0.<)52~ 

- -- ------ -

-0.0383 -IJ0721 0.0267 n.2691 -O.24S6 -0.2670 
NaOH-P 

• . 
O.m5 1.0534 -O.70'}4 0.0244 0.1447 0.0264 -0.0845 

• 
NaCI-P 0.078 0.8437 -0.81\58 

. 
0.0256 0.1341 O.OOlO -0.0816 

CB-P 0.398 0.4847 -0.3554 0.0638 U.22T -0.1865 -0.1901 
• 

CBD-P 0.680 0.4041 -0.3154 O.03S5 0.3771 -0.2772 -0.2814 
• 

HCl-P 0.652 -0.0777 n.OD51 IL332 U.2917 -0.3584 . i).202l) 
• 

Total-P 0.760 0.2661 0.2161 il.0363 0.3 .-.~ -0.2175 ·().3343 

Residual 0.123; * Statistically significant at p C.- 0.05 
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