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BIOAVAILABLE SOIL P AS A MAIN KEY FOR SUSTAINABLE AGRICULTURE
FUNCTIONAL MODEL DETERMINED USING ISOTOPIC TRACERS
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Sustainable agriculture is defined in many ways. In all of them, two main complementary
concepts appear this agriculture must firstly satisfy the human needs of foods for the
present and secondly must not compromise the ability for the future generations to meet
their needs. Therefore, concerning P1 the sustainability in an ecosystem can be maintained
if ,and only if: (i) bioavailable soil P is not a limiting factor of crop yields in the considered
conditions; (ii) all the parameters describing the available soil P will be unmodified each time
that P is simultaneously taken by crops and returned to soils; (iii) P inputs and ouputs must
be without negative consequences on environment.

Bioavailable soil P and isotopically exchangeable soil P
It was assumed forty years ago [7], and really shown further [4], that soil P available for
plants is the pool of isotopically exchangeable phosphate ions As a consequence, available
soil P must be defined using the parameters that characterize isotopically exchangeable P.

Characterization of bioavailable soil P: a functional model

Bioavailable soil P be must be described with 3 parameters : a capacity factor, a quantity
factor and a capacity factor [1]. This can be really achieved in a single experiment
performed on a single soil sample by using the isotopic exchange method applied to
phosphate ions in soil-solution mixtures. A quantity R of radioactivity is applied as 3 2P
labelled ions in a 1/10 soil-solution system in steady-state [5]. The radioactivity rç remaining
in solution at times t is determined. Three experimental data are obtained: r-|/R the fraction
of the radioactivity remaining in solution at time t = 1 mn, n the factor that characterizes the
slope of the linear regression between log t and log rç and that shows the decrease with
time of radioactivity remaining in solution, and Cp, the P concentration in soil solution.
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Figure 1. Functional model of bioavailable soil P. Pool E-) : Phosphate ions instantaneously
isotopically exchangeable. Pool A: Phosphate ions isotopically exchangeable between 1 minute and 1
day. Pool 6: Phosphate ions isotopically exchangeable between 1 day and 3 months. Pool C:
Phosphate ions istopically exchangeable between 3 months and 1 year. Pool D: Phosphate ions
isotopically exchangeable in more than one year.

Using compartmental analysis, it was shown [3] that isotopically exchangeable phosphate of
soils, i.e. bioavailable soil P1 can be described as a mamellary system with many
compartments.(Figure 1). Their ability to move towards the soil solution is time depending. .
Its central compartment is the pool of phosphate ions in the soil solution. Four other
compartments were defined taking into account the time they need to be released in the soil
solution.
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Kinetic parameters for bioavailable soil P
Using stochastic analysis, three kinetic parameters were defined [5]: the mean rate of
exchange and the mean flux of phosphate ions between the soil solution and the solid
phase of the soil and the mean sojourn time of phosphate ions in the soil solution.

Effectiveness of a P application: use of this method to predict the Pdff % of a P
application whatever its chemical and physical form

Theory.Jhere is no absolute definition of the effectiveness of a P application on soil
[2, 6]. In fact, every time whenever P returns to soil, P will be dispatched in all the
compartments. The variations of the E^ pool can be used to predict the efficiency of a P
application, or to predict the quantity of P that must be applied to obtain a significant
increase of P uptake [8,9].

Application of the method in soils of developping countries. Many determinations
were realized. Examples were choosen in developping countries where available soil P is
often low to very low and where there are sometimes large amounts of phosphate rocks
(PR) that can be applied in soils without chemical transformation.. Two opposite cases are
now given as application of the method (Table 1). P was applied at 50 mgP kg"1 as Triple
Superphosphate (TSP) or Single Superphosphate (SSP) or as PR. An incubation period of
1 month in wet conditions took place.
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Country

Venezuela
Yaracuy

Vietnam
Dangiag

Treatment

0
TSP
PR1
PR2

0
SSP
PR

mgP I"1

0.016
1.27

0.058
0.28

0.0075
0.010
0.011

T1ZR

0.55
0.73
0.62
0.72

0.010
0.012
0.014

n Ei
mgP kg"'

0.23 0.29
0.07 17.4
0.20 0.93
0.93 3.9

0.29 7.3
0.29 8.4
0.35 8.1

Pdff % expected

98
69
93

13
10

RAE % expected

100
70
94

100
76

Table 1. Bioavailable soil characteristics and Pdff % expected with P fertilizers applications

Results showed that in Venezuela one of the PR is better than the other and that in
Vietnam either TSP or PR improve just a little bioavailable soil P.

Conclusion
Whatever the ecosystem, P nutrition can be described in terms of fluxes of P between soil
and plant roots. The isotopic exchange method gives informations not only on bioavailable
soil P but also on potential fluxes of P between soil and soil-solution. As roots take
phosphorus in the soil solution it is concluded that this method can be used to predict not
only potential P uptake by plants or crops in native soils but also the contribution to crop
(nutrition of a P application in soil. Isotopic tracers of P seem to be, at the present time, the
simplest tool useful to describe, with a high accurracy, the main link of P cycle in
sustainable agriculture : the bioavailable soil P.
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