
XA0055232

EVALUATING AGRONOMIC EFFECTIVENESS OF PHOSPHATE
ROCKS USING NUCLEAR AND RELATED TECHNIQUES: RESULTS
FROM AN FAO/IAEA CO-ORDINATED RESEARCH PROJECT

F. ZAPATA
International Atomic Energy Agency,
Vienna

Abstract

An FAO/IAEA Co-ordinated Research Project, "The use of nuclear and related techniques for evaluating
the agronomic effectiveness of phosphatic fertilisers, in particular rock phosphates," was in operation during the
period 1993-98. The research network comprised twenty-three scientists, of whom seventeen were in developing
countries, with six in industrialized nations. Conventional and P-isotope techniques were utilized to assess the bio-
availability of P in soils amended with phosphate rock (PR) and water-soluble fertilisers, and to evaluate the
agronomic effectiveness of PR products. No single chemical extraction method was found to be suitable for all soils
and fertilisers. The Pi strip method showed promising results, but more testing is needed with tropical acid soils. The
32P-phosphate-exchange kinetics method allowed a complete characterization of P dynamics, and provided basic
information for estimating the kinetic pools of soil P. The agronomic effectiveness (AE) of PRs depends on their
solubility (reactivity), which is related to the degree of carbonate substitution for phosphate in the apatite structure.
Rock phosphates of low reactivity were unsuitable for direct application to annual crops. Research in Venezuela,
China, Cuba, Brazil, and Thailand demonstrated that AE can be increased by partial acidulation, or by mixing with
organic materials or a water-soluble source. The AE can be enhanced also through inoculation with mycorrhizal
fungi and rhizobacteria. The AE, which depends on species, is particularly high in crops such as canola and lupin
that exude organic acids from the roots. Agronomic effectiveness of PR is higher on soils with low pH, low available
P, low exchangeable Ca, high cation exchange capacity and high organic-matter content. The P-techniques are
powerful tools for studying the factors that affect AE. Information from field trials was used to create a database for
validating a model for providing recommendations for PR application.

1. INTRODUCTION

Phosphorus (P) is vital for the growth of plants, and its deficiency in soils can severely restrict
crop yields. It is absorbed from the soil solution mainly as monovalent and divalent orthophosphate
anions. The predominant forms of P in soils depend on complex physico-chemical reactions determined
by the pH and specific soil components.

Deficiency in P is widespread in tropical acid soils. Moreover, low plant-availability of P is
common, due to the reactions mentioned above, for example with free calcium carbonate in calcareous
soils. Under such circumstances, applications of phosphatic fertilisers are required for optimum crop
growth and adequate production of food and fibre.

Commercial phosphatic fertilisers are available mainly as superphosphates produced by treating
phosphate rocks (PRs) with sulphuric (single superphosphate) or phosphoric (triple superphosphate)
acid. The main nutrient compound present is the water-soluble monocalcium phosphate, which is
available to plants. In many developing countries, these fertilisers must be imported using valuable
foreign currency, and supplies to farmers in rural areas frequently are limited. On the other hand, many
developing countries with P-deficient acid tropical soils have deposits of PR. Thus, the constraint of the
low P in these soils can be removed, at least partly, by direct application of PR as an inexpensive
alternative for resource-poor farmers [1].

It is necessary to evaluate the agronomic effectiveness (AE) of PRs with respect to commercially
available superphosphate. Isotope techniques, using 32P, provide reliable, accurate data on aspects of
phosphate-fertiliser management and, in general, of the behaviour of P in soil and soil-plant systems
[2, 3, 4]. These were the basic considerations when a research project on phosphate was conceived in
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1991, prompted by then-recent developments in the enhancement of AE of PR, which needed to be
evaluated in a network of field trials. The objectives and work plan were defined in a Consultants
Meeting in Vienna, in May 1993. The title of the project was FAO/IAEA Co-ordinated Research Project
(CRP) on "The Use of Nuclear and Related Techniques for Evaluating the Agronomic Effectiveness of P
Fertilisers, in Particular Rock Phosphates."

This paper reviews the strategies and experimental approaches followed in the implementation
of that project, as well as the main findings. This information is relevant to the new CRP on tropical acid
soils, which will continue research in a broader perspective with the ultimate goal of sustainable
agricultural production by improving the fertility of tropical acid soils.

2. FAO/IAEA CO-ORDINATED RESEARCH PROJECT ON "THE USE OF NUCLEAR AND
RELATED TECHNIQUES FOR EVALUATING THE AGRONOMIC EFFECTIVENESS OF
PHOSPHATE FERTILISERS, IN PARTICULAR ROCK PHOSPHATES" (1993-98)

2.1. Rationale

Soils in the tropics, i.e. in many developing countries, are often deficient in available P, and,
therefore, require inputs of P fertilisers for optimum production of food and fibre.

In making P-fertiliser recommendations for developing countries, the availability of supplies and
cost of procurement should be considered within the context of Integrated Plant Nutrients Management,
which FAO/IAEA and others are actively supporting. This implies the development of an effective and
economic phosphate-management programme, in which the use of PR deposits plays a key role.

Phosphate-rock deposits exist in many developing countries of Asia, Africa and Latin America.
Direct application after pulverization is among the cheapest means of supplying P to crops in tropical
acid soils.

Some PRs are better - i.e. more reactive - than others. Several factors influence how readily
they supply P to crops. Also, quantifying the P-availability from PRs in soil, in a variety of crop
management and environmental conditions, is imperative for making fertiliser recommendations for
maximum agronomic and economic returns. 32P techniques are useful for such studies.

Various ways of enhancing the reactivity of PRs existed, but there was need for testing and
evaluation across a network. Of particular relevance was the use of PR-based products, the exploitation
of crop-genotypic differences in P uptake and utilization, and the use of micro-organisms alone and in
combination with organic materials.

2.2. Objectives

The objectives of the CRP were to:

- To assess the initial available soil-P status and monitor changes after amendment with PR
products and water-soluble P fertilisers, in a variety of agro-ecosystems using conventional
(chemical) and isotopic techniques,

- To quantitatively evaluate the uptake and utilization of P fertilisers, in particular PR-based
products, by crops under a variety of soil and climatic conditions; thus, the project aimed at
evaluating AE of natural PR deposits and, where necessary, at devising means of enhancing their
effectiveness,

- To obtain agronomic and economic recommendations on the use of P fertilisers, in particular
PR-based products.
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2.3. Implementation

The research network comprised twelve Contract Holders, from Brazil, China, Chile, Cuba,
Ghana, Indonesia, Kenya, Malaysia, Romania, Thailand, Venezuela and Viet Nam, and six Agreement
Holders from USA (IFDC and TVA-NFERC), France (CIRAD and CEA/CEN-Cadarache), Australia
(CSIRO) and Spain (CSIC). Five additional contractors from Belarus, Hungary, Lithuania, Poland, and
Russia were included through the generous support of the French Government. The participants, titles of
the projects and key words related thereto, are shown in Table I.

2.3.1. Workplan

The work plan was implemented in three phases, which were decided at the Research Co-ordination
Meetings (RCM) of the network scientists:

- Phase 1 was between the first RCM (held in Vienna, November 1993) and the second
(Montpellier, April 1995), during which period the main activities were soil sampling, site
selection, and soil and local PR characterization; initial (laboratory and greenhouse) studies;
staff training in 32P techniques,

- Phase 2, was between the second and third (Vienna, March 1997) RCMs; greenhouse and field
experiments were done, using 32P techniques for evaluating the AE of PR-based products,

- Phase 3, was between the third and fourth (Vienna, November 1998) RCMs; greenhouse and
field experiments were completed on the enhancement the AE of PRs; larger field trials
evaluated management practices for PR and effects on crop yields; standard characterization of
soils and PRs used in the CRP were completed.

2.3.2. Methods

Conventional and 32P techniques were used as follows:

- Several chemical extraction methods for soil-P testing were variously employed by the
participants; resin and Pi-strip methods were tested also,

- The 32P-phosphate-exchange kinetic method (P-32 PEK) was utilized for the characterization of
soil-P dynamics and as a reference for cross-comparisons with conventional methods [3, 5],

- 32P-dilution methods were used in the greenhouse and field studies [6-10],
- As an additional activity with the financial support of IMPHOS, the standard characterization of

soils and PRs utilized in the network was made in selected laboratories engaged in routine
analysis of these materials, to improve the comparability of the results.

2.3.3. Main features

The main features of the project, many of which were drafted at a Consultants Meeting in May
1993 before the start of the project, can be summarized as follows:

- Focus on representative (bench mark) tropical acid soils of low fertility,
- Focus on integrated plant-nutrition management,
- Sustainability and use of locally available natural resources,
- Testing technologies for enhancement of the AE of natural PR sources,

Close collaboration with IFDC, CIRAD, IMPHOS, TVA, and Latin American PR network,
- Support (research, training and services) from the IAEA Laboratory (Seibersdorf), CEA/CEN

Laboratory (Cadarache), IFDC, CIRAD, and IMPHOS,
- Extra-budgetary resources were provided by the French Government and IMPHOS,
- Validation of a soil P sub-model for inclusion in the IBSNAT crop models and for providing

better P fertiliser recommendations of major food crops in developing countries.
- Standard characterization of soils and PRs utilized in the network.
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TABLE I. LIST OF PARTICIPANTS IN THE PHOSPHATE CRP, AND TOPICS OF STUDY

Participant/Institute/Country Title of project Key words

Ms.Zaharah ABDUL RAHMAN
Dept. Soil Science, Universiti Putra
Malaysia, Serdang, Selangor,
MALAYSIA

Mr. Eduardo CASANOVA
Insituto de Edafologfa, Fac, de
Agronomfa, UniversidadCentral de
Venezuela, Maracay, VENEZUELA

Mr. Jose HERRERA ALTUVE
Lab de Tecnicas Nucleares y
Biofertilizantes. Instituto Superior
Agricola de Ciego de Avila, CUBA

Ms. Nancy KARANJA
Department of Soil Science
University of Nairobi,
Nairobi, KENYA

Ms. Jittiwan MAHISARAKUL
Nuclear Research in Agric. Laboratory,
DOA, Div. Agric Chem., Bangkok,
THAILAND

Evaluation of current and residual
effects of natural PRs on annual crops
on highly weathered soils of
Malaysia.

Studies on the agronomic
effectiveness of Venezuelan PRs
using isotopic techniques.

Studies on alternative P fertiliser
sources for cropping systems grown
in red ferralitic soils using nuclear
techniques.

Effect of mycorrhizal and rhizobia
inoc'n on N fixation, P uptake and
growth of L. leucocephala and G.
sepium with PR and TSP.

Assessment of the relative agronomic
effectiveness of PRs in a maize/soy
rotation using isotopic techniques.

Ultisols, Oxisols, maize, oil palm, natural
& imported PRs, direct & residual effects,
organic amendment, field & greeenhouse
studies, 32P, PR solubility, available P.

Ultisols, Oxisols, maize, sorghum,
local natural PRs and PAPRs, avail.
P, greenhouse field evaluation, P
solubilising m.o., 32P, available P.

Alfisols, sugar cane, common bean,
soybean, local and imported PRs,
field evaluation, 32P, available P.

Andosol, Acrisol,, N fixing trees,
mycorrhiza and rhizobacteria inoc'n,
Minjingu PR, 32P, pot evaluation.

Ultisols, Inceptisols, local and
imported PRs, mixture PR+TSP,
greenhouse, field evaluation.

Mr. Takashi MURAOKA
Soil Fertility Section, Centre for
Nuclear Energy in Agric., USP,
Piracicaba, BRAZIL

Ms. Ines PINO
Dpto.Aplicaciones Nucleares
Comision Chilena de Energfa Nuclear,
Santiago, CHILE

Ms. Elsje SISWORO
Center for Appln. Isotopes and
Radiation, Jakarta, INDONESIA

Mr. Li Ming XIONG
Dept of Soil Plant Nutrition Chemistry.
Inst. Soil Sci., Nanjing, People's
Republic of CHINA

Mr. Rudolf ALEXAKHIN
Russian Institute of Agricultural
Radiology and Radioecology
(RIARAE) Obnisnk, Kaluga Region,
RUSSIAN FEDERATION

Agronomic evaluation of Brazilian
PRs in tropical soils using nuclear
and related techniques

Development of strategies for
increasing the effectiveness of PRs in
volcanic soils by means of isotopic
techniques.

Studies on the direct and residual
effect of PR materials in upland and
lowland soils using nuclear and
related techniques

Phosphorus dynamics and its
availability of alternative fertilisers
applied to sustainable agro-
ecosystems in southern China.

Studies on the effectiveness of rock
phosphates as agricultural
countermeasures in soils
contaminated by radionuclides

Ultisols, Oxisols, rice, soybean,
cowpea, eucalyptus, local natural and
modified PRs, mixtures PR+TSP,
greenhouse evaluation.

Andosols, Ultisols, wheat, rape,
lupin, local and imported PRs,
mixtures PR+TSP, greenhouse
evaluation.

Entisols, Ultisols, upland rice,
soybean, mungbean, maize, local and
imported PRs, mixtures PR+TSP,
greenhouse and field evaluation.

Alfisols, Ultisols, Oxisols,
greenhouse evaluation, plant species,

P, available P, mixture PR+TSP.

Greenhouse evaluation, barley, local
PRs, 137Cs, 90Sr, countermeasure,
direct and residual effect, P forms
fractionation.

Mr. IossifBOGDEVITCH
Belorussian Research Inst. for Soil Sci.
and Agrochemistry, (BRISSA), Minsk,
Rep. of BELARUS

Comparative evaluation of the effect
of phosphate fertilizerstPR and
monoammonium phosphate on plant
P nutrition in mineral and peat soils

Histosols, Spodosols, lupin, rye grass,
137Cs,90Sr, countermeasure, pot
evaluation, local PR, available P.
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TABLE I (cont.). LIST OF PARTICIPANTS IN THE PHOSPHATE CRP, AND TOPICS OF
STUDY

Participant/Institute/Country Title of project Key words

Mr. Zenoviu BORLAN
Research Institute of Soil Science and
Agrochemistry,
Bucharest, ROMANIA

Mr. Marius FOTYMA
Dept. Soil Fert. & Fertil'n, Inst. Soil
Sci. & Plant Cultivation, Pulawy,
POLAND

Mr. Tamas NEMETH
Dept. Plant Nutrition & Agric. Chem.,
Res. Inst. for Soil Sci. & Agric. Chem.:
Budapest, HUNGARY

Soil conditions promoting and
restraining agronomic effectiveness of
water-insoluble phosphate sources, in
particular PRs

Evaluation of fertilisers, particularly
PR, derived from soil phosphorus by
biological and chemical methods.

Long-term evaluation of phosphate
fertilizers in acid soils of Hungary.

Alfisols, Mollisols, rye grass,
sunflower, maize, imported PRs,
foliar application, PR solubility.

Available P, chemical methods,
imported PR, laboratory work.

Long term field trials, Ultisols, winter
wheat, maize, spring and winter
barley, pea, crop rotations, imported
PR, SSP, available P, P balance,
initial and residual effects.

Mr. Gvidas SIDLAUSKAS
Dept. Agric. Chem., Lithuanian Inst. of
Agriculture, LITHUANIA

Mr. Jose Miguel BAREA
Departamento de Microbiologia,
Estacion Experimental del Zaidin,
Granada, SPAIN

Mr. Sen H. CHIEN
R & D Division. IFDC,
Muscle Shoals, AL, USA

Mr. Jean Claude FARDEAU
Dept. Plant Physiology & Ecosystems,
CEN Cadarache, CEA, FRANCE

Mr. Michael McLAUGHLIN / Mr.
Daryl STEVENS
Division of Soils, CSIRO,
Glen Osmond, South AUSTRALIA.

Mr. Frank SIKORA
Soil Testing Lab., Univ. of Kentucky
Lexington, KY, USA.

Mr. TRUONG BINH /
Mr. Denis MONTANGE
Centre de Cooperation Internationale en
Recherche Agronomique pour le
Developpement (CIRAD/CA)
Montpellier, FRANCE

Studies on the effect of liming on the
agronomic effectiveness of Maardu
PR.

Isotope-aided experiments to evaluate
interactions between arbuscular
mycorrhiza and phosphate
solubilising bacteria to improve PR
utilization by crop plants

Evaluation of available phosphorus
from alternative phosphate fertilisers
applied to acid soils.

The use of P-32 isotopic exchange
technique in the evaluation of the
agronomic effectiveness of rock
phosphates.

Isotopic and conventional procedures
to determine availability of P, Cd and
F in soils and crops fertilised with
soluble P fertilizers and reactive
phosphate rocks.

Kinetics of PR dissolution as related
to land reclamation and other
environmental concerns.

Soils and PRs mineralogical,
chemical and physico-chemical
characterization.

Field evaluation, local PR, liming
effect, fodder beet/barley rotation.

Inceptisols, greenhouse and field
evaluation, legumes, intercrop,
agrowastes, arbuscular mycorrhiza
fungi (AMF), P solubilising bacteria
(PGPR).

Ultisols, Available P, Pi strips,
PAPR, mixtures PR-TSP, cowpea,
maize, greenhouse, Cd uptake.

P-32 PEK, available P, Pi strips, P
dynamics, P fixation, E value,
laboratory and greenhouse evaluation,
prediction AE of PR, modelling soil P
pools.

Acid soils, pastures, PRs, available P,
E value, laboratory evaluation, Cd
and F uptake, modelling, field
network.

Soil remediation, PR liming effect,
revegetation, soil amendment, acid
mine drainage treatment.

Soils, available P, laboratory and
greenhouse evaluation, PRs
characterization, mineralogy,
chemical composition, particle size.
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TABLE H. SUMMARY OF SOIL-TEST P RESULTS FROM THE PHOSPHATE CRP

Country Soil type PR studied Standard
extract

P availability
indices studied

Good (o), over
(+), or under (-) Yield or P
estimate avail. uptake vs.
PR-P vs.TSP soil-P test

Venezuela Ultisols, Riecito Bray 1 Bray 1
Oxisols Monte Fresco Ei

Yes

Cuba

Brazil

Chile

Malaysia

China

Australia

IAEA

USA

Alfisols

Ultisols,
Oxisols

Andolsols

Ultisols

Wide
range

from the
sub-

tropics

Several
of a

National
Reactive

PR

Trinidad de
Guedes La
Pimienta;
Riecito, NCPR

Patos, Yoorin,
and NCPR

Bahia Inglesa
Bayovar;
Imphos PRs

NCPR, Tunisia,
Jordan,
Morocco,
Christmas Island
China

China

NCPR,
Partially acid.
NCPR

Oniani

Mehlich I

Olsen

Bray 2

Olsen
(U.S.)

Bray 1

Oniani
Bray 1

Ei

Resin
Bray 1

Mehlich III
Ei

Bray 1
Mehlich 1

Olsen
Pi
Ei

Bray2
Pi

Exch. Ca
0.5MNaOH

L value
E,

E,
Cp

Bray 1
Mehlich III

Olsen+NH4F

Bray 1
Resin

Colwell
E,

+
-

. 0

0

0

+
+
0

+

+
0

0

0

0

0

(- or +,?)
(- or +,?)

+
+
0

0

0

0

Moderate o

project

Several

Ultisol NCPR

Pi vs. Ei

Mehlich III Bray 1
Mehlich III

Yes

Yes

Yes

Good to not so
good, bkg P
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3. MAIN RESULTS

During the final RCM in November 1998, conclusions and recommendations were drawn up by
four working groups, on the following main topics: i) P-availability studies, including environmental
issues, ii) agronomic effectiveness of P fertilisers, iii) field evaluation of P fertilisers, and iv) phosphate
studies in Eastern Europe. All were compiled in the Final Report of the project [11]. Issues that are
relevant to tropical acid soils are reported here. The specific findings obtained by the participants in the
project will be published by the IAEA. References are given to the methodologies utilised.

3.1. P-availability studies

The adequacy of several chemical-extraction methods for determining available soil P was
examined using the 32P method as the reference. The results of the participants working with tropical
acid soils are summarized in Table II. The soils were Ultisols and Oxisols with exception of the Alfisols
of Cuba.

With regard to the chemical extractants, it was found that in most cases Bray 1, Bray 2, Oniani,
Mehlich I, Mehlich HI over-estimated available P in PR-amended soils compared to water-soluble P
fertilisers, whereas Ei (isotopic), resin, Olsen, Pi, Exch.Ca, 0.5 N NaOH, NH4 hepta-molibdate, and
Colwell provided good estimates of P availability in PR-amended soils compared to water-soluble P
fertilised soils. In the high P-fixing Oxisols of Brazil, Bray 1 and Mehlich III performed well in PR-
amended soils. In the near neutral Alfisols of Cuba, Bray 1 under-estimated P availability in PR-
amended soils compared to water-soluble P fertilised soils.

It was concluded that no single test is valid for universal use to estimate available P in soils
amended with PR and water-soluble P fertilisers. However, the Pi test, which worked well in previous
laboratory and greenhouse studies at EFDC [12, 13], compared well with Ei (Malaysia). A modification
of the method, 0.02 MKCl instead of 0.01 MCaCl22H2O, was made for use in soils treated with PR and
superphosphate [14]. Precautions are needed to avoid background P concentrations in the reagents, and
to completely remove any soil particle from the strips.

The P-32 PEK method was valuable for assessing P dynamics in soil with or without the
addition of P fertiliser. It provided a good description of soil-P status, i.e. intensity (Cp), quantity (Ei)
and capacity (Q) factors. [3, 5]. The soil P-fixation capacity can be determined from these measurements
[15]. The evaluation made after about 1 month of incubation can predict the AE of P fertilisers [4].
Furthermore the method can be used to identify various kinetic pools of soil P [16].

This isotopic method was applied to almost all soils used in the network [16, 17]. The Ei value
was used as a reference for cross comparisons of P-availability studies. Errors were found to be
significant in determining Ei values due to very low Cp values that can occur in low-available P or high-
P-fixing soils (Australia, Chile, China, Venezuela).

It was concluded that the desirable criteria for a chemical extractant method for available P are:

- Rapid, reproducible, and sensitive to changes in Quantity and Intensity,
- It extracts a similar proportion of bioavailable P (Q/I) across a range of crops, soils, and

management practices.

More work is needed with tropical acid soils.

Several recommendations were made for performing these P-availability studies [11].
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3.2. Evaluation of the agronomic effectiveness of P fertilisers

This assessment was made in greenhouse and field conditions, using conventional and 32P-
dilution methods. The relative agronomic effectiveness (RAE) was measured in terms of response (dry
matter, total-P uptake or P derived from the fertiliser) using a standard fertiliser of comparison, usually
triple superphosphate [18]. Also the AE was evaluated through the use of substitution ratios, i.e. the
number of kg P as PR that are equivalent to 1 kg P as superphosphate [2, 9]. Initial studies evaluated the
AE of natural PRs and follow-up investigations attempted to enhance the AE of the PRs through several
processes.

The results were analysed as a function of the main factors affecting the AE of the PRs applied
directly to soil [19]:

(1) Inherent characteristics of the PR:
- Most PRs used in the network were of sedimentary origin. The most important

characteristic was the P solubility, which depends on the degree of carbonate substitution
for phosphate in the apatite structure. This information can be obtained from mineralogical
analysis and total chemical composition, or the solubility indices (measured by 2% citric
acid or 2% formic acid);

(2) Soil characteristics:
- The main soil groups included in the evaluation tests were Inceptisols, Alfisols, Mollisols,

Spodosols, Ultisols and Oxisols, which exhibited a wide range of characteristics. Utilization
of PR was most effective in soils of pH <5.0), low available soil P, high CEC and low
exchangeable Ca and high organic matter content. These characteristics greatly affected the
dissolution of PRs and, consequently, their effectiveness;

(3) Plant factors influenced P uptake and utilization from soil and fertiliser:
- The RAE of natural PR and modified PR-based products depended on the rate of P applied

and crop species. PRs were more effective with crops of long growth cycle, or with
subsequent crops in a rotation, N2-fixing crops, and with crops - canola, lupin, etc. - that
exude organic acids from the roots. The strategy recommended was to identify
species/cultivars/lines that can efficiently use the P from PRs, and include them in the crop
rotation for improving the P status of the soil/plant system.

Low- to medium-reactive PRs are not suitable for direct application to crops, but their AE values
can be greatly enhanced by partial acidulation, by granulating PR and superphosphates, by mixing the
PR with a water-soluble P source or organic materials, as shown in Venezuela (Ultisol and Oxisol),
China (Ultisol), Cuba (Alfisol), Brazil (Ultisol and Oxisol), and Thailand (Ultisol). This enhancement
effect has been demonstrated in the USA by means of 32P techniques [18].

The AE of PR can be enhanced also through biological approaches, such as i) the identification
of plant genotypes with efficient P acquisition and their inclusion in crop rotations, as done in China and
Chile, ii) the inoculation of trees with mycorrhizal fungi and P solubilising bacteria, as shown by the
work done in Spain (shrubs) and Kenya (small N2-fixing trees), iii) the use of mixtures of PRs with
composting/fermentation products of agricultural wastes.

Several areas of further research were identified and recommended [11].

3.3. Field evaluation of P fertilisers, in particular phosphate rocks

Field experiments were located in a network of selected locations (bench mark soils) to study the
interactive effects of soil, climate, and crop-management factors on the AE of PRs.

Though laborious and time-consuming, such trials should be established in on-farm trials in
farmers' field, or on experiment sites with conditions close to those encountered by local farmers. They



should be done at the cropping-system level to gather information on immediate and residual effects of
PRs. Information thus obtained can be used to demonstrate impact over time and economic benefits.

Field trials were also carried out to validate the P sub-model for integrating soil, plant and
climatic conditions and for extrapolating the results to other agro-ecological conditions. A set of data
from these experiments was collected and a database is in preparation to further validate the P sub-model
in selected locations.

The main features of the field trials were as follows:

Different PR-based products such as natural PR, partially acidulated PR, PR+SSP, PR+TSP
were evaluated. The effects of inoculating mycorrhiza and rhizobacteria on AE of PR were
studied, also, one experiment included the use of organic amendments,

- Field experiments were carried out on a wide variety of soil types, but most were low in pH and
in available P,
Climatic conditions ranged from tropical to temperate, and all experiments were under rainfed
conditions; application of P fertilisers including PR gave a good responses,

- A variety of plant species was utilized to measure the P-fertiliser efficiency, viz. maize
(Venezuela, Hungary), sorghum (Venezuela), sugar cane (Cuba), lowland rice (Indonesia),
upland rice (Brazil), soybean (Brazil), common bean (Cuba), cowpea (Brazil), winter wheat
(Hungary), pastures (Australia), buckwheat (China), barley (Russia, Lithuania, Hungary), pea
(Hungary), beet (Lithuania), eucalyptus (Brazil), pine (USA), fast-growing trees (Kenya),
soybean/maize rotation (Thailand), wheat/maize/soybean rotation (Romania), alfalfa/corn
intercrop (Spain), rice/soybean/mung-bean rotation (Indonesia),

- Several evaluation criteria were utilized; the most common were biological (dry matter) and
agronomic (grain) yields, and P uptake; where 32P techniques were employed, isotope-derived P-
efficiency indices (Pdff, utilization coefficient, substitution ratio) were estimated; in some
studies, specific criteria included indicators for revitalizing acidic, denuded land, uptake of Cd
and F, and uptake of radionuclides such as 137Cs and ^Sr in Chernobyl-contaminated areas,

- Field experiments confirmed the utility of 32P techniques in measuring plant uptake of P from
various PR sources and assessing differences between treatments.

Recommendations were made for continuation and furtherance of on-going field studies, some
of which will be undertaken within the framework of the new acid-soils project [11].

4. CONCLUSIONS

Investigations within this CRP demonstrated that 32P is a powerful tool in phosphate studies,
in particular for investigating soil-P dynamics and evaluating the agronomic effectiveness (AE) of
natural and modified PR materials. These techniques were utilised in acid soils world wide, and have
been refined for use in tropical acid soils.

Proper characterization of soils and PR materials is needed for better understanding of the
factors influencing the AE of PR-based products, and to provide recommendations for direct
application of PR.

Several technological and biological approaches were tested and found to be effective to
enhance the AE of PRs in acid soils, but scope remains to investigate new approaches or combinations
of existing methods at the cropping-system level in the sub-humid and humid tropics. For instance,
field studies of P cycling and budgets/balances are required to further validate the P sub-model across
a wide range of environments.

The FAO/IAEA programme, through research networks and other mechanisms, is promoting
applications of 32P techniques in phosphate inve

agricultural production systems in the tropics and sub-tropics.
further applications of 32P techniques in phosphate investigations for developing sustainable
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