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Utility of Soil Test Methods to Predict the Phosphorus
Availability in Rice Soils Under Field Capacity and Flooded
Moisture Conditions

K. RAJUKKANNU!

ABSTRACT

The study revealed that the phosphorus availability in rice soils was intimately
connected with moisture regimes. Under flooded conditions the Fe.-P. underwent dynamic
changes and ultimately influenced the higher concentration of available P, while no such
realisation was felt in field capacity due to the liberal diffusion of oxygen and low redox

conditions. Among the existing methods for the available P estimation, Olsen’s and
phosphate potential methods were found valid when the soils under test were preflooded
for 15 days.

INTRODUCTION test methods developed to assess the

Phosphorus nutrition of low land
rice differs from upland rice in at least
two important respects: (i) The rice
plant can absorb an adequate amount
of P from a soil solution with a low
concentration of P and (ii) Water-
logging releases P from Ifixed forms to
the solution as a result of dynamism
in oxidation reduction conditions.

The poor correlation between
extractable P by the existing soil testing
methods and response to phosphate
fertilizers is apparently the result of
the rice plant being able to utilize
fractions of the soil P other than those
attacked by the chemical extractants.
And more complicated the situation is
in rice farming where due to the utility
of different moisture regimes many
transformations of chemical components
take place with different intensities.
Owing to the above reasons, the soil

fertility of soil in relation to P have
failed to be of universal application.
Hence all these factors lead to the
necessity of a good soil test method to
assess the P availability applicable
under all circumstances. With the
above points in view the present study
was undertaken on the utility of soil
test methods in practice to predict the
P availability in rice soils under field
capacity and flooded moisture condi-
tions and to evolve an ideal soil test
for P availability.

MATERIALS AND METHODS

A pot culture experiment using
eleven representative soils of Tamil
Nadu was laid out with two moisture
treatments viz., field capacity and
flooding moisture conditions. The test
crop used was ‘Karuna’ (Co 33), a
hybrid derivative short duration variety.
The pots under flooded condition were
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irrigated daily and 5 cm depth of water
was constantly maintained. The pots
under field capacity were added cal-
culated quantity of water (60 per cent
water-holding capacity) and the soils
mixed thoroughly. They were weighed
soon after transplanting and thereafter
irrigation was given on alternate days
by finding the difference in weight
of pots.

Collection of samples was done in
three stages viz., 15th day, 35th day
(tillering) and bbth day (flowering)
from the day of transplanting. Imme-
diately after collection the soil samples
were stored in @ refrigerator and the
extraction completed on the same day
itself. The moisture in the wet samples
were estimated separately. The samples
were analysed for the available P by
Olsen’s method (Olsen et. al., 1954),
Bray's 2 (Bray and Kurtz, 1945) and by
measuring phosphate potential using
0.01M CaCl, (Asyltng, 1954).

Soil samples from 15th day and
55th day were fractionated into
different fractions of inorganic phosp-
horus as a Al-P, Ca-P, Fe-P and redu-
ctant soluble iron phosphate by the
method of Chang and Jackson (1 957)
except for reductant soluble Fe-P which
was analysed by a slightly modified
method of Jackson (1 967).

The crop was harvested and the
grain and straw were separately ana-
lysed for the P content. Total uptake
of P by the plant was calculated from the
value of P obtained from the grain and
straw. The experimental data collected
were subjected to statistical scrutiny
and the uptake of p was correlated
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with different soil tests for available P
and different fractions of P and based
on this conclusions were drawn.

RESULTS AND DISCUSSION

(i) Available phosphorus by
Olsen’s method: The available P
concentration in the air-dried soils was
found to be low but the concentration
increased to 2 or 3 fold when these
soils were subjected to flooding
(Table 1). The concentration of P
extracted was more when the soils
were flooded for 15 days and thereafter
there was @ gradual decrease in the
availability indicating the maximum
uptake of P by plant during these
stages viz., tillering and flowering. In
the field capacity condition there was
no such significant increase of avail-
able P. This may be attributed to the
liberal diffusion of oxygen under low
moisture status which enhanced the
fixation of P and reduce diffusivity of
ions, while higher moisture status was
conducive to solubilization of P and
rapid circulation of ions under anaero-
bic condition developed in the sub-
merged soils.

In the | and Il stages of analysis,
flooded condition was found to be
superior in the availability of P than
field capacity owing to the higher
solubilization of P under reduced
conditions. Though the flooded con-
dition maintained a higher concent-
ration of phosphate ion in the 1 and Il
stages than the field capacity, in the 111
stage both the moisture conditions were
on par. This may be due to the higher
uptake of P by the plants maintained
under flooded conditions than the field
capacity and thus were on par.
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TABLE 1. Changes of available phosphorus with stages by Olsen’s method.

(a) Comparison of moisture conditions:

Moisture condition
Mean
y M, = Field capacity: Mg = Flooding

(b) Comparison of stages:

Stages: |

My Mg SE CD
14.47 25,68 0.463 1.28

1l 11 SE CcD

Mean 39.437 11.94 8.85 0.568 1.58

| = 15 days after transplanting
|| = 35 days after- transplanting
Il = 55 days after transplanting

(ii) Available phosphorus by
Bray No. 2: The same trend was
observed in the case of Bray No. 2
extractant also. Here also the available
concentration in the air dried soils was
found to be low but the concentration
increased when these soils were
subjected to submergence. The avai-
lable P of soils was found maximum in
the | stage of analysis and at later
stages there was gradual decrease.

All the above facts give a con-
clusive proof that before completion of
| stage (before 15 days) the soils
subjected to submergence undergo
sufficient transformation to produce a
high concentration of P in the available
stage. Thereafter the crop begins to
take up the nutrient vigorously causing
depletion during later stages even-
) though the slow transformation of in-
: soluble form of P into the soluble form
is still on the increasing state. That

is the reason why thw‘c;o\ded condition

proved its superio” r field capacity
in the | stage ir s, and in the
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Il and Il stages on account of its fast
removal of P by plant all the soils
maintained an almost equal concent-
ration of phosphorus under both
moisture treatment. Hence it is evident
that the transformations undergoing
under flooded conditions influence the
P availability to plant.

(iii) Phosphate potential: The
chemical potential of P in soil solution
estimates the free energy on the
available energy which is the measure
of the escaping tendency of the ion.
The free energy concept was introduced
to eliminate the soil factors interacting
with the solubility of an ion. In the
present investigation phosphate poten-
tials of soils at different stages were
estimated and the values calculated
using the equation of Schofield (1955).

Phosphate potential
= ypCa+pH,PO,

Uptake of phosphorus: Increase in
the concentration of phosphate ion in
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the soil solution is an impotrtant factor
in the acceleration of ion uptake. The
uptake of P by rice which was signifi-
cantly greater under flooded conditions
than field: capacity clearly indicated
that under flooded conditions, the P
availability was more in all the soils.
This was in conformity with the result
of Raymond and Shapire (1 958), Halm

(1967) and Chang (1 961). In the case
of field capacity no marked difference
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When all the soils irrespective of
treatment were pooled and correlations
worked out between soil test and
phosphorus uptake by plant, none of
the soil tests studied were significantly
related (Table 2). This reveals that
the existing soil tests cannot be valid
universally for all the soil conditions

and moisture regimes.

regime was

When the moisture
nificant

separated, there were few sig

in uptake was realised.

TABLE 2. Results of statistical analysis for correlation

Relationship between Correlation No. of
o coefficient Regression equation pairs of
X (v values
y
e N S et
Available P by Olsen’s  Uptake of P under
method (air dried) flooded condition 0.806** v=2.42% + 7.54 2.2,
Available P by Bray Il
method | Stage do 0.369* v=0.270x -+ 39.61 44
Available P by Olsen’s
method | Stage do 0.791%# v=0.697 x -+ 15.56 44
Available P by Olsen’s
method 1l Stage do 0.796%% =170, Xt 26.56 44
Phosphate potential
| Stage do 0.684%* v=29.48% —125.14 22
Phosphate potential
|| Stage do 0.773%# Y¥=356.95% —163.00 22
\ron phosphate
(air dried sample) do 0.458%** v=0.261% + 36.77 22
lron phosphate
| Stage do 0.442%* Y=0.162%X -+ 34.62 a4
\ron phosphate "
|1l Stage do 0.426%* Y=1.169% + 32.22 44

* Sjgnificant at 5%
*# Gignificant at 1%
correlation with uptake of P. Phosphate

potential values of the soil sample
collected after flooding for 15 days to

Olsen's P of initial air
s after flooding with water
d 35 days had high

cotrelations.
dried sample
for 15 days an
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35 days correlated well with the uptake
in flooded soils. None of the methods
were correlated with the P uptake in
Soils maintained at field capacity.
Since all the significant relations were
obtained only in flooded soils, it is
crystal clear that the availability of P js
closely linked with the moisture |level.
Fe-P in air dried sample, sample after
flooding for 15 days and 55 days
correlated well with the uptake of P in
flooded soils.

The results prove that among the
existing methods, Olsen’s available P
method and phosphate potential esti-
mation become valid under certain
circumstances when the soils were
flooded the soij environment was
changed from an oxidizing to a reducing
one; the transformatjons occurred in
about 15 days, Many workers |like
Chang (1963), Shapiro (1958) and
Davide (1960) have also established
the marked increase in the availability
of native and added phosphate in
flooded soil as compared to well
drained soils. This increase s attri-
butted to the reduction of ferric phosp-
hate to the more soluble ferrous form
and the hydrolysis of phosphate com-
pounds. Hence under these circum-
stances only the Olsen’s available P and
the phosphate potential methods avail-
able or predict fully the phosphate
fertility when the soils are preflooded
for 15 days and will fully account for
the dynamical changes occurring in
flooded soils.

Any soil test which is to be of
ideal for rice soil should be able to
evaluate fully the dynamic changes
occurring in water logged conditions

PREDICTION OF THE PHOSPHORUS AVAILABILITY |N RICE soj.g

S0 as to predict the exact amount of p
that becomes availapye, Based on the
findings of the present investigation a
simple soil test method s Suggested
for available phosphoruys estimation
for rice soils by evaluating the concent-
ration either by Olsen’s method or py
estimating the phosphate potentials
after flooding the samples under test
for about 15 days.

ACKNOWLEDGEMENT

The author wishes to thank the
Indian Council of Agricultural Research,
New Delhi, for the award of Junior
Research Fellowship during the period
of study. The author also thanks the
Tamil Nadu Agricultural University for
according permission for publishing
the M. Sc. (Ag.) dissertation,

REFERENCES

ASLYING, H. c.
Larsen, 1967,
19: 151-210.

1954,  Quoted by Sigurd
Soil phosphorus, Adyv. Agron.,

BRAY, R. H. and L. T, KURTZ, 1945, Determi-
nation of total organic and available forms
of phosphorus in soils, Soil Sci. 59 . 39-45,

CHANG, s, c. 1961. Some soijl water-plant
relationships  in the rotational irrigation

practices in paddy fields in Taiwan. Soils
and Fert., Taiwan, 18-25,

CHANG, C. T. 1963. A study on the availability
and forms of phosphorus in paddy soils, 1,
The interrelationship between

available
phosphorus and sojl PH, EC. Soils and Fert,,
Taiwan, 61,
CHANG, 8. cC. and M. L, JACKSON. 1957,
Fractionation of soi| phosphorus.  Soil Scj,
84 : 133-44,
DAVIDE, J. G, 1960. Phosphate studies in flooded
soils.  Ph. D, Diss. Abstr. 21 : 1003-1004.

Abstracted from Commonwealth Bureau of
Soils, Harpenden, England Serial No, 1370.




RAJUKKANNU

HALM, A. T. 1967. Effect of water regime on
the growth and chemical composition of two
varieties. Trop. Agric. Trin. 44 : 33-7.

JACKSON, M. L. 1967. Soil chemical analysis.
Prentice Hall of India (Pvt.) Ltd., New Delhi.

OLSEN, S. R., C.V. COLE, F.S. NATANABE and
L. A. DEAN. 1954, Estimation of available
phosphorus in soils by extraction with
NaHCOj;. Circ. U. S. Dep. Agric., 939.

549

[ Vol. 62, No. 9

RAYMOND, E. and E. SHAPIRE. 1958. Effect
of flooding on the availability of phosphorus
and nitrogen. Soil Sci. 85 : 190-3.

SCHOFIELD, R. K. 1955, Can a precise meaning
be given to available soil phosphorus. Soils
and Fert. 18: 373-5.

SHAPIRO, R. E. 1958, Effect of flooding on
availability of phosphorus and nitrogen. Soil
Sci. 85 : 190-7.




	20241121050247_00054
	20241121050247_00055
	20241121050247_00056
	20241121050247_00057
	20241121050247_00058
	20241121050247_00059

