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RELEASE OF AVAILABLE PHOSPHORUS FROM ROCKPHOSPHATES
AND SUPERPHOSPHATE DURING INCUBATION UNDER SUBMERGENCE
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Trichur, Kerala

In India, the consumption rate of phosphatic fertilizers has not been kept
pace with that of nitrogeneous fertilizers. The main reason for such a growth
pattern is the relatively high cost of chemically processed phosphatic fertilizers.
Direct application of cheap, reactive, ground rockphosphates to the soil is a fruitful
attempt in this direction. Rice, the major food crop of Kerala being grown in a
flooded condition, a knowledge regarding the release of P from various phosphatic

fertilizers under submergence will be essential for evaluating the efficiency of
rockphosphates.

Materials and Methods

A laboratory incubation study was carried out in order to study the release
of P from Rajastan rockphosphate (RRF) and Mussoorie rockphosphate (MRP) in
comparison with that of superphosphate (SP) in two acid rice soils of Kerala
namely laterite collected from Kodakara, Trichur district and kari (Kuttanad alluvium)
from Karumadi, Alleppey district in a completely randomized design with two repli-
cations. RRP (100 mesh) was supplied by Rajastan State Mineral Development Cor-
porationand MRP (100 mesh) was supplied by M/s.Pyrites Phosphates and Chemicals
Ltd. The phosphatic fertilizers were applied in two levels (45 and 90 kg P.O./ha).
The treatment combinations were

Treatment

No. Notation Forms and level of Soil
P,0, kg/ha
1 oL NO P (control) Laterite
2 RRP 45L RRP 45
3 RRP 90L RRP a0
4 MRP 45L MRP 45
5 MRP 90L MRP 90
6 SP45L SP 45
7 SP90L SP 90
8 OK NO P (control) kari
9 RRP 45K RRP 45
10 RRP 90K RRP 90
11 MRP 45K MRP 45
12 MRP 90K MRP 90
13 SP45K SP 45
14 SP 90K SP 90
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Surface soil samples (0-15 cm depth) were coIIected dried, seived and
taken (500 g) in plastic containers. The phosphatic fertilizers as per the treatments
described above were added and mixed thoroughly with the soil. The soils were

continuously waterlogged, malnta|n|ng water at the level of 2 cm above the soil and
incubated at room temperature (28-31°C) for 180 days. Soil samples were drawn
regularly at 15 days interval for the determination of available P. Available P was
extracted in Bray and Kurtz No. 1 and No. 2 extractants and P was determined by
chlorostan aC|d reduced molybdophosphoric que bur method in hydrochloric
acid system (Jackson, 1958). The mechanical analysis of the soils was carried
out bythe International Pipette method (Piper, 15 ;”;. }.-l:e pH, electrical conductivity,
organic carbon, total P, P fixing capacity, free iron oxides and available Fe were
determined by standard procedures described by Jackson (1958).

Results and Discussion

The laterite soil collected was a sandy clay loam with a pH of 54. It
contained 2.65 percent of free iron oxides and 221.9 ppm of available Fe (DTPA
extractable). The P fixing capacity of the soil was relatively high (332.04 ppm P).
The total P content of the soil was 887.2 ppm and contained 1.08 percent of
organic carbon. The kari soil collected was a sandy loam and was more acidic
(pH 3.1) than laterite soil with 1.82 percent of organic carbon. The P fixing
capacity was relatively high (329.6 ppm) and the content of free iron oxide and
available Fe were 2.14 percent and 211.1 ppm respectively.

Effect of various sources and levels of applied P on the available P content
of the soil at different periods of incubation in laterite and kari soils are given in
Table 1 to 4.

The original content of Bray No. 1 extractable P was 4.79 ppm in laterite
soil and 3.84 ppm in kari soil and this low content of available P in these soils make
them to be rated under the class ‘low’ as per the solil fertility rating norms followed
by the soil testing laboratories of the state (Table 1). The low content of available
P was mainly attributed to their high P fixing capacity.

Even in the absence of added P, the content of available P (Bray 1 and 2)
in the soil increased on incubation and this increase was more pronounced in
laterite soil. In laterite soil, the increase in available P on incubation was 9.64 and
20.13 ppm for Bray 1 and 2 respectively, while it was 7.59 and 19.61 ppm respect-
ively for Bray 1 and 2 in kari soil (Table 1 and 2). The increase in the content of
available P on incubation may be due to the increased content of saloid-P and
enhanced solubility of Fe-P and AI-P brought about by the reduction reactions
occurring as a result of flooding. In addition to this process, mineralization of
organic P would also have contributed to the pool of available P.  The relatively
higher content of available P in laterite soil was attributed to its higher content of
total P and enhanced rate of reduction reactions occurring in the soil due to its
highly oxidized nature compared to kari soil.



Table 1

Mean values af available P (Bray 1) as influenced by sources of P, soils and levels of P application, ppm

Period of Levels of P)O ]
incubation Sources of P Soils kag/ha Mean Control (No P)
RRP  MRP SP  Laterite  Kari 45 90 Laterite  Kari
0 7.40 7.43 8.25 7.23 8.15 7.53 7.85 7.69 4.79 3.84
1 9,16 9,19 9.45 8.30 10.22 9.22 9.30 9.26 5,38 5.27
2 10.89 10.94 11.15 9.45 12.53 10.91 11.08 10.49 8.74 8.04
3 14.05 14.18 14.35 12.65 15.93 14.12 14.27 14.19 9,26 10.19
4 16.60 16.54 16.56 1554 17.59 16.49 16.64 16.57 1443 1143
5 16.70 16.75 16.69 14.33 19.10 16,50 16.93 16.71 1418 11,41
6 16.89 16.98 16.86 14.83 19:13 16.82 17.00 16,91 14.21 11.39
7 16.71 16.78 16.58 14.60 18.78 16.61 16.77 16.69 11.51 1131
8 16.56 16.33 16.38 14,28 18.56 16.28 16.57 16.62 9.84 1114
9 16.25 16.36 16.23 14.13 18.43 16.26 16.30 16.28 9.58 10.89
10 16.03 15.89 16,00 13.73 18.21 15.90 16.04 15.97 9.49 10.72
kil 15.94 16.03 15.96 13.83 18.12 16.00 15.95 15.98 9.69 10.67
12 15 .65 15.76 15.65 13.48 17.90 15.63 15.74 15.69 9.51 10.45
Mean 14 .53 14.55 14.62 12.77 16.36 14.48 14.65 9.95 9.69
C. D. (0.05) for sails =0.325
periods =0.829

,» soil x period =1.172
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Table 2

Mean values of available P (Bray 2} as influenced by sources of P, soils and levels of P application, ppm

Period of Levels of P,O,
incubation Sources of P Soils kg/ha Mean Control (No P)
RRP MRP SP  Laterite  Kari 45 9 Laterite  Kari
0 2026  20.14 21.84 19.86 21.63 2050  20.99 20.75 1504 1264
1 23.06  22.96 23.68 2133 2514  22.98 23.48 23.23 16.34  14.43
2 28.45 2855 28.73 27.27  29.88  28.36 28.79 28.58 2437  20.60
3 3428  34.29 34.34 33.10 3550  34.26 34.34 34.30 27.81 2384
4 39.70  39.30 39.65 38.03 4108 3924  39.86  39.00 3517  32.25
5 37.53 3745 37.45 36.05 33.90 37.33  37.62 37.48 2037  30.42
6 38.83  39.06 38.73 37.57 018 3875 38,99 3887 3051 3201
7 38.84  39.40 38.83 3831 3973  38.70 39.34  39.02 35.04 3168
8 38.00  38.29 37.94 -~ 37.12% 30,03 "3BI0L 38.14 3808  29.70  30.85
9 3801  38.20 37.61 36.92  38.96  38.02 37.89 37.94 20.35  31.30
10 37.63 3754 3764 3693 3828 37.70  37.50 37.60 29,01  30.60
11 STl | S7T2Easi53 36.98 3832  36.59 37.71 37.60 28,35  30.35
12 37.06  37.34 37.08 36.42 37.90 37.08 37.23 37.16 2841  30.33
Mean 3457 3463 3493 3353 3573 3451 34.76 2758  27.04

C. D. (0.05) for soils = 0.744
periods = 1.896
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Tabie 3

Mean values of available P as influenced by levels of P application, ppm

Levels of Soil

P.0, kg/ha Laterite Kari
45 12.27 12.85
90 12.69 16 .44
45 33.40 35.61
90 33.66 35.86

Mean values of avai

Saoil Control
(No. P)
Laterite 9.95
Kari 9.69
Laterite 27.58
Kari 27.04

By the addition of phosphatic fertilizers,
of 2,45 and 4.81 ppm of Bray No.1 and 2 available P in laterite soil

RRP

lable P as influenced

RRP

(Bray No.
12.69

16.35

(Bray No.2

33.42
35.71

Sources of P

MRP SP

(Bray No.1)

14.43 14.45 14.57

14.62 16,65 14.68
(Bray No, 2)

34.41 34.53 34.57

34.72 34,74 34.82

Table 4

by sources of P and soils, ppm

Sources of P

MRP spP
1)
12.74 12.88
16.36 16.36
2)
33.46 33.71
35.81 36.15
there was a significant increase
and 4.33 and

8.99 ppm available P (Bray 1 and 2) in kari soil over the control (no P) during the

first period, which changed to 3.98 ppm (Bray 1) and 8.08 ppm (Bray 2) in
soil and 7.54 ppm (Bray 1) and 7.69 ppm (Eray 2) in kari soil
ment of period of incubation (Tables 1 and 2).
transformation of added P to different inorganic fractions has taken place

laterite
with the advance-
This indicated that though the
its

contribution to the available phosphate pool is considerably low.
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In general, the peak content of available P (Bray 1 and 2) was observed
during the sixth and seventh periods of incubation and after attaining the maximum
value it tended to decrease upto the twelfth fortnight. But the values at the twelfth
period were also still higher than the initial cancentration. The linear coefficient of
correlation between available P and period of incubation was 0.474 for Bray 1 and
0.69 for Bray 2. Prediction equations were worked out to establish available P
(Bray 1 and 2) from RRP, MRP and SP separately and afso for the two soils. In
all the cases the response was found to be quadratic. The equations were
Bray 7 P (y,)

1 Forsoils
a) Laterite y, =4.823 4+ 2.355x —0.135x2 (R2=0.88)

|
b) Kari y,=5.29+3.142x—0.173x2 (R2=0.95)

2 For fertilizers

a) RRP y,—4.74+2.82x—0.158x* (R2=0.94)
b) MRP y,=4.83+4+2.799x—0.156x2 (R?=0.94)
«) SP y =5.627 + 2.594x —0.145x* (R2=0.93)

Bray 2 P (V2)
1 For soils
a) Laterite y,=14.51 +5.352x—0.292x> (R?= 0.92)
b) Kari ¥,= 17.144-5.416x—0.367x? (R2=0.91)

2 For fertilizers

a) RRP Y, = 15.3845.496x—0.306x* (R*=0.92)

b) MRP y,=15.16+ 5.569x—0.309x2 (R*=0.93)

c) SP y,=16.92+45.088x—0.283x? (R*=0.91)
x= period of incubation

Observations revealed that the concentration of available P in the soil was
not significantly affected by the variations in the form of applied P. The contents
of available P (Bray 1) retained in the laterite soil when RRP, MRP and SP were
added, were 4.58, 4,60 and 4.67 ppm respectively when the effects of levels and
periods of incubation were pooled (Table 4). In Kkari soil, the contribution from
RRP, MRP and SP to the available phosphate pool was 4.84, 4.86 and 4.92 ppm
respectively. The mean values of Bray 2 extractable P from RRP, MRP and SP
were 34.57, 34.63 and 34,93 ppm respectively when the soils, levels and periods of
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incubation were pooled (Table 2). These values indicated that whether the phos-
phatic fertilizer is applied as superphosphate or rockphosphate, its contribution to
available phosphate pool remains to be the same. This observation was in line
with that of Sahu et a/., 1974; Sarangamath et a/., 1977; Kadrekar ef a/., 1983;

Luthra et af., 1¢

When the levels of P application was at the rate of 45 kg P,O, /ha,

4.68 ppm P was recovered as available P (Bray 1) and when the rate of applicatic

was increased from 45 kg to 90 kg P,0, /ha, the additional increase in the available P
recovered was practicallynil (0.17 ppm). In general, the increase in the level of
application increased the available P (Bray 1) content from 12.27t0 12.62 ppm in

laterite soi! and from 12.85to 16.44 ppm in kari soil (Table 3). The increase inthe
concentration of Bray 2 extractable P due to the increase in the level of P appli-
cation was also negligible. This shows that in the acid soils under study under
submerged condition, only a constant level of P out of the P added can be retained
in available form and further increase in the rate of application results in the retention
of P in the unavailable pool in the soil.

Summary
Increase in the available P (Bray 1 and 2) content of the taterite and kari
soils due to the addition of P fertilizers did not depend on the water solubility of the
added P fertilizers. Increasing the level of application of P from 45 to 90 kg P,O,/ha

did not increase the available P (Bray 1 and 2) conspicuously in the laterite and kari
soils.

(MVa [ Nade
R pagimle’asymm soalov’inwlod ®elcaiw
13} 7. T 1IN 8 lnDg GhM
1o TOTL | EU® 1\ L mioimm el as aly
20 s BEIERIWDIGEMD, rar&gjtsau;) agjan Iau’@m)m qTuTuY
o™ (Bray 1 and 2) PR fmiwlae)mmiagym” amgylene]

References

Jackson, M. L. 1958. Soil Chemical Analysis. Prentice-Hall Inc, U. S. A, pp.
498.

Kadrekar, S. B., Chavan, A, S., Talashilkar, S. C. Dhane, S. S. and Powar, S. L. 1983
Utility of rockphosphate to rice under submerged condition in
laterite soils of Maharashtra, Indian J.agric. Chem. 15, 95-101



8 Agricultural Research Journal of Kerala

Piper, C. S., 1942. Soil and Plant Analysis. Asian reprint 1966. Hans Publishers,
Bombay, pp. 368

Sahu, B. N., Maity. K. and Mishra, S, N. 1974. Comparative efficiencies of rock-
phosphate and superphosphate for rice in a laterite soil, Fertil.
News 19, 23-25

Sarangamath, P. A. and Shinde, B. N. 1977. P32 tracer studies on the methods
of increasing the efficiency of citrate soluble and insoluble phos-
phates for rice in acid soils. Soil. Sc/. 124, 40-44



