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UTILIZATION OF PHOSPIATE ROCK IN TROPICAL SOILS OF LATIN AMERICA

W.E. Fenster and L.A. Le8n *

The direct use of phosphate rock (PR} as a phosphorus (P)
fertilizer is not a new concept in either the temperate or tropi-
cal areas of the weorld. 'The great majority of the PR experi-
ments, however, have been conducted in temperate climates on
soils with nil valves 0f 5.5 or above. The voluminous amount
of literatara would indicate in soneral that a direct relation-
$hip exists hetween finorcss of particle size and yield respense.
Most of these experiments were usually conducted from a soil
fertility standpoirt wherek, a particular PR was applied to a
particular soil, and vield responses were noted. It has been
pointed out that this empivical approach had various limitations
not only because of the {remendous variability between soils but

also the large variabilitins betwoen PRs. As a consequence, the

3

experimental results variod mariedly from experiment to exper-

—

iment, thus imaking the predictibility of PR effectiveness as a

P fertilizer almost impossible to ascertiin. In ac

O

dition, the

residual value ~fF PR owas not in mest instances detcrmined as

most of the experiments weora designed for only one to two years.

In recent years, however, laboratory studi>s have been

made with the objective of characterizing PRs from a P

* Members of the International Fertilizer bDevelopmnent
Center, Phosphorus Program, stationed at CIAT. Soil Fertility
and Soil Chemistry Specialists, respectively. Paper presented
at Phosphate Rock Seminar in Technion - Israel Institute of
Technology Haifa, Israel. March 1978.
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and combinations of rock plus super, these researchers reported
that marginal money returns were better for the PRs than SSP.
The best cconomic returns were noted with potatoes when 160 kg
P,05/ha of Sechura PR and 80 of SSP were applied (Fig. 8). Al-
though the results with wheat were not very encouraging using
PR, the residual effect the following year with potatoes showed
promisca.

In Colombia, lloweler (9) on an acid,low P so0il reported
that 200 hky P2O5/ha as 15P incr2ased bean yields from 0.7 to
1.8 tons/ha while only slight responses were noted with IHuila
and Turmeque PRs.  In another bean experiment on an acid,low T
"

a positive

Andept, Howeler, Hammond and Ledén (11} * state that,
response to application rates as high as 400 kg P,0c/ha was ob-

mse, relatively

tained.  Although T8P produced the
soluble rock phosphates tvom Gatfsa (Mlorocco), North Caroiina
(USA), Sechura (Per@) and Huila (Colombia) also gave gocd re-
sponses.  Yialds with mors Insoluble rock nhosphates from Ten-
nessee and Florida (USA) were lower bat still signifeantly
batter than the control. The agronomic effectivennss of the
sources Jollowed clozely thelr solubIility in ¥ ammonium citvate,
a commonly usod measure of available phosvhate” (Fig. 9). Thesc
same researchers found similar results using the same P carri-
ers in a Carimagua Oxisol with cassava. Yields ranged from 18
to 25 ton/ha with 400 g PZOS/hn down to 8 tons/ha on the

check. Rates of 100 kg pQOS/ha also appeared very encouvaging,

ospeclially with the more soluble sources of PR.

* International Pertilizer Development Center cocoperating.
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Greenhouse and Field Investigations with Partially Acid-
ulated Phosphate Rock:

The use of partially acidulated PR may prescnt an attrac-
tive alternative to the use of either PR or superphosphate alone
Ccr in compination in the a=id,P deficient soils of tropical

Latin America.

tcLean and Wheeler (40) conducted a growth chamber study
with Goerman millet and alifalfa in vhich finely ground Florida
PR was acidulated with phosphoric acid to the following degreeas:

0. 10, 20, 50, 100%. 7Two Ohio soils were limed to pH levels

O
el

about 6.0 and 6.5 and P was added at a rate of 90 L 21,

The P was applied both in bands and broadcast. These re-
secarchers concluded that, "in general, German millet and alfal-
fa yielded about as much and contained as much P in the tissuc
from 10% acidulated phospuate as from 100% acidulated". "The
comparative favoarable pla i rrsponse to the partially acidu~
lated material and the economv of its production make partial

acidulation appear to have very promising practicai applications™,

Terman ant Allen (48) acidulated Florida PP with phosphor-
1o acld to Jevels of 0, 10, 235, 50, 75, and 100%, and &
granulated the resulting materials to -6+9 and -35 mesh. Two
experiments were conducted with corn on soils with oo ovalues
of 6.5 and 5.6 and P was apvplied at rates of 40, 82 and 160 1b/a
P. The authors concluded that dry matter vields were direct-
ly related to the amount of P avplied and the contert of water—

soluble P. They further noted that the conclusion from these
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studies differ markedly from the works of McLean et al (:20) and
suggest that the reason may be that these researchers used un-
granulated materials applied at only one rate.

In Colombia, McCormick and Galeano (38) acidulated Turme-

gue PR with sulfuric acid to levels of 0, 25, 50, 75 and 100%.

with soils from the Sabana

o

Four ot experiments were ccnducte
of Bogotd and the castern plains of Colombia with barley as the
test crown. Tho rate oF vhosvhotorus applied was 200 kg PJOS/ha'
Yield results showed that in general all levels of acidulation

were superior to uracidulated PR and there were no differences

between levels of acidulation from 25 to 100%.

Howeler (10) in a bean experiment on an acid,P deficient
Andept soil near Popayvidn, Colombia, reported that Huila PR acid-
ulated to a level of 207 with sulfuric acia improved its of-
ficiency to that of TSP at rates of up to 400 kg PZOS/ha (Fia.
12)., In another cxperiment a 5:1 mixture of Huila PR:sulfur
gave cassava vields which were ecvual to those of TSP at rates

of up to 400 kg ons/ha (Fig. 13).

In other 2xperiments in Zolembia, however, when elemen-
tal sulfur or ammonium sulfate were added to PR and apnlied to
the soil, no yield respconses were noted and in some cases yield

depressions occurred (10,27,30).

Greenhouse and Fielid Investigations with Thermally Altered

Phosphate Roclk:
Rhenania phosphates: These phosphate fertilizers are made

by heating PR, sodium carbonate and silica to temperatures of
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1200 to 1400°C. The P in the resulting material is almost com-

pletely citrate - and water-soluble (16).

After reviewing the pertinent literature from Europe and
the United States on the IMienania phosphates, Doll (16) indi-
cated that under a wide range of soil conditions they appear
to be nearly equal to superphosphate as a source of P for long-
season crops when the material is finely ground, broadcast, and
thoroughly mixed with the soil. He further indicated that they
are not suitable as a P source when banded in the soil. 1In
general, however, the reviewing author did indicate that the
Rhienania phosphates would appear to be quite effective on the

more acid soils.

Ledn (12) conducted a greenhouse experiment on a Carimagua

Oxisol, in Colombia, with Stylosanthes guyanensis (2 cuttings)

and showed that Bhenania phosphate was superior to TSP but in-
ferior when magnesium eoxide and calcium silicate were incor-
porated with the T5P (Fig. 14). This would indicate that there

was a magnesium deficiency in the soil in addition to P.

Fused Maagnesium Phosphates (FMP): These vhosphate fertil-
izers are wade by fusing PR, serpentine or olivine, and silica
at about 1250°C. This phosphate, depending upon the composi-
tion and ratio of materials used will usually contain about
29-33% CaC, 17-19% MgO, 19-21% PZOS’ 22-26% SiOz, plus small

percentages of Fe and Al oxides, all of which are almost com-

pletely soluble in 2% citric acid (2).

Early investigations by Walthall and Bridger (50) in a
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pot experiment with two soils, pH 4.9 and 5.3 ,using sudangrass
(2 cuttings) as the test crep,found that the P was equally
effective as a D source as both TSP and SsI'.  7The application

rate of PO for all P carviers was 40 ppdm.

In Brazil, where a Japanese manufactured FMP 1is commonly
used for certain crops, research results have been most favonr-

able. Alvarez et al (1) conducted five experiments with sugar-

&

1 2l ey rmm b = ] ot v 1 - P - oyt I
cane on throe Jifferent soll fyvoes with varyving rates oo

phos-
phat~ in the State of San Yaulc. They showed that thermophos-

than any other P carrier used.
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The averace of the five exyperiments, with three rates of PO,
b}

(50, 100 and 150 kg/ha) included, gave percentage vield increases
of 49 for the FUP and onlv 35 fsr $SP.  In another series of

in +he State of San Paulo, lliranda et Al

73

experiments with cor
(41) showcd similar results using the FlP.  In three experiments

N rates ~f &0 and 120 kg/ha, these researchers found

]

with P.

that the thermophosphate fertilizer outperformed SS5P,on & rela-

tive scale,by 127 to 100.

Tn Colombia, Tedn (12) cunducted a greerhcuse exporimnent

An ar acid Carimagua Owiscl with Stylosanthes guyanensis, 3nc

showed that the Japanese M was superior to TSP at all lovein
of application (Fig. 14). When MgQ and 5102 were incorporatad
with the TSP, the FMP and ¥SP give similar results. In anathoyr
experiment on a Colombian Andept, Horeler (10) concluded that

TMP was not significantly difierent from TSP as a P source on

vields of beans.



RESEARCH PROPOSAL

Objectives of the Research Proposal

The objectives are:
l.- To evaluate the effectiveness of sources and methods
of application of phosphate fertilizers on soils of

tropical Latin America.

2.- To determine the forms and availability of the reac-
tion products of these fertilizers in soils as rela-

ted to their initial and residual effectiveness.

3.~ To establish criteria for applying the results of the
first two objectives to different soils and crops at
various locations by conducting field experimerts on

selected soils throughout tropical Latin America.

Currently it is planncd that research will be conducted in

Colombia, Brazil, Perfi, Ecuador and cther countries as may be
appropriate.

It is hoped that these objectives can be accomplished through
interrelated and pertinent laboratory, incubation, greenhousa .
and field experiments. In the follewing discussion, the authors
will attempt to bhe succinct but thorough in their reasoning and

justification for the proposed rescavch.

Situation Statement

Given the facts that the acid Oxisols, Ultisols, and In-

ceptisols in tropical Latin America are not only low in both
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generally equal to or superior to TSP (Figs. 12, 13, 14). There
would also appear to be some economic advantages in using these
forms. 1In addition, it is feasible to granulate these products
thus overcoming the handling probiems normally associated with
PR. The potential merits of these altered products will be dis-

cussed in more detail later.

Phosphate Haterials to be tested:

Currently there are three long-term field experiments being
conducted in Colombia on rates and sources of several PRs,. TSP,
and basic slag. The residual value of the phosphate carriers
are being asccrtained with test crops of cassava, beans and

Brachiaria decumbens. These experiments, which were set up by

a previous investigator*, will be continued. Also, several
other PR experiments, which have been reported on, were conduc-
ted in Colombia, by IFDC. 1In addition another experiment was
set up by Drs. Sdnchez and Ledn this past vear in which 3 PRs
(Pesca, Huila and Gafsa) are being compared with TSP at six
differcent rates of P. vVarious combinations of the PRs and TSP

¥

are alse included. The test Crops are Panicum maximum .. °d

Andropogon gayanus, each interseeded with Centrosenma 1733.

Forage production,and uptake and removal of P will be determined
in this long-term residual study. Based on the studies that
have been and are currently being conducted with PR and Tsp,
it 1s the opinion of the authors that emphasis should now be

directed towards the use of F- *ially acidulated PR and

* L.L. Hammond, Soil Sc tist, International Fertilizer
Development Center, Muscle Shoals.



thermophosphates. DPhosphate rock and TSP will be used for com-

parative purposes.
Partially Acidulated Phosphate Rocks:

Since the soils in the target area fix large quantities
of P (12, Fig. 4), it would seem reasonable that applying a P
material that contains a large percentage of its P in a relative-
ly unfixable form would have some advantages. Once this par-
tially acidulated material is applied te the soil the monocal-
cium phosphate is converted to dicalcium vhosphate and phosphor-
ic acid. It is hoped that the PR and the acidulated materials
would remain in intimate encugh contact in the soil, so that
at least a portion of the phosphoric acid would then react with
the PR, thus making it available ifor plant uptake. 1In addition
the acidic nature of the so0ils themselves should also help to
solubilize the remaining PR. Since the ' is probably becoming
available over a period of timz, thus providing a continuous
supply to the plants, perhaps the adverse common ion effect of

the iron and aluminum can be somewhau overcome.

McLean and Wheeler (40) state that, "the smaller quantity
of soluble P in the partially acidulated material compared to
the triple superphosphate (1002 acidulated) might then cause

less H,PO, to form; and, if part of that formed were dissipa-

3774
ted on the rock phosphate, then less Al and Fe would be acti-
vated to revert the P to unavailable forms". They further in-

dicate that, "the soluble P in the partially acidulated matc-

rial might stimulate the plant initially, so that *they can make



more efficient use of the unreacted rock phosphate when the

soluble P accessible to the roots has been exhausted".

Another potential advantage to the pmartially acidulated FR
is that of granulation. Past attempts at granulating PR have
not been successful because of decreasing the effective surface
area of the PR in contact with the soil, It may now be possible
through the "minigranulation" process* (Tyler-50+200 mesh) with the
partially acidulated PR to have a P fertilizer that is both ef-
fective as a P source and easy to handle from a physical stand-

point.

There are also indications that surface applications of
soluble forms of phosphate may be effective in stimulating veg-
etative growth on existing savannas (43). In some areas of
Brazil aecrial applications of SSP are fairly commonplace in na-
tive forage production (P:rsonnal communications with Clin-
ton Shock, IRI Brazil). “The "minigranulated" partially acidu-

lated PI' might alsc lend itself to this type of applicaticn.

The economics of producing the partially acidulated PR
should be quite favorable hecause of the smaller amounts of the
sulfuric or phosphoric acids being used. This is especially
true in tropical Latin America where the costs of these acids

are very high.

Greenhouse and field experiments are being planned and
initiated in 1978 using varying levels of partially acidulated

PR. These materials will be made using sulfuric acid and rocks

* Wew granulation concept developed by the International
Fertilizer Development Center. Muscle Shoals.



- 22

of low, medium, and high reactivity. Whenever possible, local
sources of PR will be used. The experiments will also include
rate studies, methods of application, and granulated versus un-

granulated materials. Efficiency of the test materials will
be compared to TSP and grcund PR. Several different test crops

will be studied for uptake and removal of P. The cropping phi-

losophy will be discussed 1in more detail later.

Thermophoschates:

The use of thermophosphates especially fused maghesium
phosphates (FIHP) also appear to have gcod potential as a phos-
phate fercilizer in trecpical Latin America. It has been pre-
viously shown (1,38,41) that this material is generally supec-
rior when compared with TSP (Figs.14,15). The implications of
this are not clear, however, Ledn in preliminary studies indi-

cates that both scil and wmlant calcium and magnesium conitents

are somewnat nidher when P i: used wversus TSP. In addition
the P content a2alsoappears to be marginally higher. Thoroe is
also the possibility that the available soil silicates nay bhe
involved,«ither directly oi indirectly,but the cxpevinents were
not designed to scrt this cut. Fox et al (2¢), for examplc,
increased sugar yields by 12 ton /ha through the use of a cal-

cium silicate slag.

There is also a marked difference in solubilities of P in
TSP and FMP. The TSP is mostly all water-soluble whercas the
FMP 1is citrate-but not water-soluble. Although both formg of

P are generally considered availuable to plants, perhaps the P
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in the FMP is not as vulnerable to fixation by Al and Fe in the

soil.

At this point in time it is difficult to know if the FMPs
would have an econowic advantage over other P sources such as
TSP or SSP because of the high energy inputs in fusing the ma-
terials. 1In future years, however, FMPs may become very com-
petitive economically when Che hydroelectric potentials of the
Latin American countries are realized. Since large known re-
serves of PR (36, "'ig.16) and serpentine/olivine (8,20,23,32) are
also present in these countries, the essential raw material are

there for making FMP.

It is interesting to note that FMPs may become a manufac-
tured product in Colombia in the near future. 1In 1974 the Co-
lombian government commissioned a Japanese Consulting firm to
make a feasibilitw study on PR uses and specifications for a
FMP plant (31,32). ‘the results of the study were quite favor-~

able for its production.

Greenhouse experiments will be designed to try and deter-
mine why plants in general respond better to FMP than 7TSP.
Treatments of FMP will also be an integral part of the green-
house and field studies proposed under the previous section on

partially acidulated PR.
Other Materials:

Although the partially acidulated PRs and FlPs have been
highlighted in thisg paper, other combinations of PR and sqlfur,

and PR and silica, for example, will be experimented with
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in greenhouse trials. If any of these appear promising field

experiments at representative sites will also be conducted.

Other Laboratory, Incubation, and Greenhouse Studies:

U

{

Another aspect of cha vroposal is chemical and mineralogi-

rn

cal characterization of the scid Oxisols, Ultisols,and Incepti-

sols in the target area. It is extremely important to be able

to predict the behaviour of different P carriers under the vary-

-

ing soil conditions. I¢ was noted earlier (12), for exanple,

that P fixation capacities ol 350 to 750 ppm are guite CoOnumon

in these soils {Fiu. 4). These sorts of ranges would signiti-
cantly alter beth the P carrier used and amounts of phosphate

[y

to apply. In order to further guantify the spectrum of S0Ils
in tropical Latin America, representative soils will be collec-

ted, for analysis and study,from several areas in Colombia.

Phosphorus fractionation o2 these soils will ke included
in the initial labeoratory analyses. Subsequently, the proposed
P carriers will be incubatcd with the soils and time studies

on available, fixed,and labile forms of P will ko determined.

Greenhouse trials, with scveral crops will also be conducted
in conjuncticn with these studies to correlate plant P aptake

and removal values with the results obtained in the laboraltory
and incubation studies.

These sorts of investigations will be important in giving
a better understanding and direction when establishing other

greenhouse and field experiments in this overall project.
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Table 1. Characteristics of the main soils at Quilichao, Carimagua and Cerrado
Center Stations.

Org. Exchangeable cations Al Avail. Avail.

Horizon Clay Sand pH C (meg/100qg) satn p* H,0
(cm) 3 % (H20) % Al Ca Mg K CEC % (ppm) (%,vol)
CIAT - Quilichao: Ultiscl (Orthoxic Palehumult, clayey, kaolinitic, isohyperthermic).

0- 20 71 4 4.1 4.1 2.7 .65 .49 .36 4.2 64 1.8 16
20- 35 77 5 3.0 2.3 2.7 .31 .04 .13 3.2 83 1.1 13
35- 62 84 2 4.3 1.1 3.2 .24 .02 .09 3.6 88 0.9 16
62- 91 88 1 4.4 0.4 1.1 .15 .02 .06 1.4 77 0.9 9
91-150 90 1 1.4 0.3 2.0 .22 .01 .04 2.3 85 1.2 14

CARIMAGUA: Oxisol (Tropeptic Haplustox, fine-clayey, mixed, isohyperthermic) .

0- 20 37 6 4.9 3.1 2.8 .2 .2 .10 3.4 82 0.9 9
20- 51 39 5 5.0 1.5 2.0 .1 .1 .10 2.3 85 0.4 7
51- 82 40 5 4.8 0.8 1.9 .1 .1 .10 2.2 84 0.9 5
82-117 40 5 5.4 0.6 1.1 .1 .1 .10 1.6 69 0.4 5

117-132 48 5 5.8 0.4 - .2 .2 .30 0.8 - 0.4 6
132-152 52 4 5.9 0.3 - .2 .2 .30 0.7 - 0.4 7

CERRADO CENTER: Oxisol (Typic Haplustox, fine, kaolinitic, isohyperthermic - LVE).

e e
0- 4z 36 4.9 1.8 1.9 0.4 .10 2.4 79 tr 11
10- 35 13 33 4.8 1.2 2.9 0.2 .05 2.2 89 tr 11
35- 70 L7 35 4.9 0.9 1.6 0.2 .03 1.8 88 tr 9
70-150 47 35 .0 0.7 1.5 0.2 .01 1.7 88 tr 9
150-260 42 3¢ d." 0.3 0.7 0.2 .02 0.9 76 tr 9

* Bray II extraction method.

——

Source: CInT, 1877 ~rnual Report.



Table 2. Percentage Relative Agronomic Effectiveness of Various Phosphorus

Carriers as Compared to Basic Slag and/or Triple Svperphosphate.

R A E (%)
Panicum

Source Maximum Cassava Beans 1 Beans 2
TSP 62 100 100 72 *
Basic Slag 100 100 - -
Sechura 94 - 82 65
N. Carolina 82 82 79 72
Gafsa 80 84 S3 2
C. Florida 53 73 57 52
Huila 41 70 65 42
Tennessee 35 66 40 40
Pesca 27 67 28 28

* Residual

Source: Hammond, 1977.
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