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ABSTRACT

One of the major problems in establishing and maintaining
improved pastures, in the Oxisols and Ultisols of tropical La-
tin America, is the extremely low levels of both total and avail-
able phosphcorus (Bray II). 1In addition, these soils generally
have a high phosphorus fixation capacity 50 substantial amounts
of phesphorus must be added to satisfy both the plant and the
soil requirc onts. DBecause of these constraints, along with
the high un”: cos: f phosphorus fertilizers, alternative methods

of managing ‘mica 1 pastures must be considered.

This paper consilers rour economical methods of improving
forage production whil. still satisfying the phesphorus require-
ments of the plant. Those are: 1) selection of plant species
that will tolarate relatively low levels of available soil phos-
phorus, 2) determining rates and placemcnt of nhosphorus fertil-

izers tc increasc itz cfficiency, both initially and residually,

0

3) use of cheaver and less soluble forms of phosphorus carriecrs,
2 I

s

and 4) use of soil amendmants Lo enhance the availability of

soil applied phosphorus.



MANAGEMENT OF PHOSPHf RUS FERTILIZERS 1IN ESTABLISHING
AND MAINTAIMNING IMPROVED PASTURES ON ACID, INFERTILE
SOILS OF TROPICAL LATIN AMERICA

W.E. Fenster and L.A. Le6n *

Phosphorus is generally considered the most limiting element
in the acid, infertile soils of tropical Latin America. Totauli
P will range from only about 200 to 600 ppm and'available P
(Bray ¥I) from 1 to 5 ppm. It is quite obvious that to increase
forage production phosphate fertilizer must ke added to these
soils and plant species must be selected that are efficient P
users. Because of the acid reaction of these soils (pH 4.0 -
5.5), they are high in Frce Fe and Al oxides and hydroxides
which tend to rapidly fix large amounts of P, especially when
it is appiied in soluble forms such as single (SSP) or triple

(TSP} superphosphate.

Although P is highlighted in this paper on forage produc-
tion, it must also be remembered that these soils are generally
deficient in all of the primary and secondary nutrients as well
as 2n, B, Mo, and Cu (1€). In addition, there are also many
instances of Mn and Al toxicities in a numbar of the forage

species.

From a physical properties standpoint the acid, infertile

Oxisols and Ultisols present few management problems. With the

* Members of the International Fertilizer Development Center,
Phosphorus Program, stationed at CIAT. Soil Fertility and Soil
Chemistry Specialists, respectively. Paper presented at Seminar
on "Production and Utilization of Forages on Acid, Infertile
Tropical Soils". CIAT, Cali, Colombia. April,1978.



exception of some of the sandy Ultisols, which are susceptible

to mechanized compa<tion and erosion, these soils have excecllent
structure, are gencrally well-drained, and have good water-infil-
tration capacity. Sdnchez (9) states that, "the excellent struc-
ture of these soils is caused by primary particles being aggre-
gated in very stable sand-sized granules. Their high stability
is associated with high clay content and cementing or coating

of amorphous iron and aluminum oxides". He further indicates
that the high organic matter content of these s0ils is directly
associated with the soil aggregate stahility. Because of the
stable sand-sized particles the watcer holding capacity of these
soils 1is relatively low and during even short periods of drought,

water stress to the plants can be a vroblemn.

Phosphorus Manzgemant Considerations on Foraye Production

in Tropical Latin Amevica:

In order to determine a sound, cconomic P management strat-
eqgy for forages grown on the acid, infertile Oxisols and Ulti-
sols of tropical Latin America, several factors must be taken
into consideration. These would include but not necessarily
be limited to: 1) selection of plant speciecs that will tolerate
relatively low levels of available soil P, 2) determining rates
and placements of P fertilizer to incroase its efficiency, bhoth
initially and residually, 3) use of cheaper, less soluble forms
of P such as phosphate rock (PR) or partially acidulated PR,
and 4) use of soil amendments to enhance the availability of

soil applied P (10).
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1. Selection of plant species that will tolerate relative-

ly low levels of available soil p.

Muller and Grof (2) conducted a greenhouse experiment on a
Carimagua Oxisol with several forage species to determine the
critical P soil test level (Bray II) for obtaining 60 to 80%
of maximum yield, according {to the Cate-Nelson method. Levels
of soil applied P ranged from 0 to 240 kg/ha and yield data were
correlated with soi] test P values (Bray II) to estimate external
P requirement. The results indicate that the external P require-
ment varied markedly bhetween the forage species and ecotypes

tested (Fig. 1). mhe range was from 2.5 ppm P for Stylosanthes

guianensis and Stvylosanthes capitata (CIAT NP 1078) to 11.4 ppm

P for Desmodium Lleonii (CTAT N© 3C01). Unpublished data by

Le6n indicate that rates of applied P would vary from approxi-
mately 50 to 300 Iy PZOS/ha to accomodate this range of plant

requivements for both the Carimagua and Quilichao solls (Fig. 2).

Sdnchez, Ledn,and ayarza (unpublished data) working with
several leqgume species,on a Quilichao Oxisol in the greenhouse,
show a wide varieky of yield responzes to added P. In general

Centrosema N9 470, 7ovrnia 728, and S;ylosanthgg capitata did

not respond to added p wherecas stvlosanthes N? 136, Desmodium

gzgiifoyigm, and SQDEEQEEEE N? 1733 responded to levels of 50,
100 and 400 kg PQOS/ha, respectively (Fig. 3). These data ap-
pear to correlate well with those of Muller and Grof, and thqt

of Ledn (figs. 1, 2).

When taking into consideration the minimum input philosophy
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it is significant that 50 kg ons/ha is needed to achieve even
the lowest soil test level of 2.5 ppm P (Bray II) for Stylo-

santhes capitata in Carimagua. It is also important to realize

that this minimum input level will probably have very little

residual value so consideration should be given to either apply-

ing a higher rate of P initiall or annuxal applicaticns later.

In order to sustain even the minimum requiring plant species it

would appear that substantial amounts of fertilizer P arc required.
Another aspect to consider in selecting forage spacies with

-

relatively low ? reguirements is the amount of I nceded to es-
tablish tre wvwlant verssus the amount neaded to sustain 1t at near

maxinum yiaold levels. Ozanne et al (8) conducted a potl axpori-

v

-

ment with 8 different legume and grass spocies, sdapted to Aus-
tralian pastures, in waich they determined the P ocequirements

‘arent stages of growth. The miaimum amount of D roguired

-

D\
-
o,
[N
th
Hh

for 90% of marimum growth varied markedly with stage of growth
within species and botwasn the various species (Table 1).  In
general, however, with the exception of one legume (Cupped
clover), the mininuin P requirements for near marvimum growkh at
maturity was equal to or less thon the early roguirements of

the plant.

In s~lecting a low P tolerant forage the ideal situation
would be a plant species that has both low initial and mainte-
nance P requirements. In the abscnece of this, however, a rea-
sonable alternative would be to selecct a forage that may require
somewhat higher anounts of P in establishment bubt only minimal

amounts for maintenance.



2. Determining placement and rate of p fertilizers to
increase P efficiency, both initially and residually,

in pasture production.

Placement of phosphorus: In tropical Latin America P fertil-

ization of pastures has generally followed the classical approach
of broadcast and incorporation of superphosphate during establish~
ment, followed by periodic topdressings. Recently, however,

some rescearch has been conducted to ascertain the effect of P
pPlacement on pasture establishment and the results have varied

markedly.

Spain and Ayarza (2), using bhasic slag as a P source, com-
parced broadcast versus band applications on three forage asso-
ciations in a ficld experiment at the Carimagua experiment sta-
tion, in Colombia. fThe comparison also included levels of 10,
40,and 70 kg ons/ha and the seeds were mixed with the fertil+
izer, <o in efrect seading was also banded and broadcast. The
researchers concluded that there was a definite advantage to
band seeding and fertilizer application (Fig. 4). The band
placement also appeared o benefit the legume more than the as-
socciated grass.  They state that, "band sceding and fertilizer
application apparently create a more favorable fertility envi-
ronment for the developing seadling than do broadcast applica-
tions. The fertilizer is concentrated in the seedling zone
and phesphorus availability is greater during the secedling stage
when it appears to be especially critical for small-sceded

forage species”.



Preliminary results from a continuing experiment being con-
ducted by Sanchez, Lebn,and Ayarza, at the Quilichao experiment
station 1in Colombia, indicate that broadcasting P is superior

to banding in establishing Panicum maximum and Andropogon Jayanis.

Resulcs of selectad TSP treatments on yields of these two grasscs
are illus:-rated in figure 5. In this samc expuciment broadeast
plus band apwplication of P gave the highest yields. This would
suggest that banding is important in cotablishing the forage but

broadcast treatmonts are necassary for wmaintenance.

Tt is also or-bable in these very low P supplying soils that

when only banded ? is applicd, root growtin is vostricted to the

J

and ar

[®]

a, thus the plants are susceptible to drougth,oven during
short pericds when it does not vain. Short pariods of Jdrougth
are cormmon in many of these Oxisols and Ultisols bacause of the
very stable sand-sized aggregates it the surface.

It is obvicus that more rescarch is needed to ascertain the
merits of P placermeat in pasture production.  These @uporinmenis
should be relatively long-term so residual volues of bhe P placa-
mant can also pe siudied, Long—tcrm experimeats by Yosit et al.
(7) with corn at the Cerrado Center 3Staticn in Brazil, indicate

that a combination of broadcast plus band placed P is the nmost

promising strateyy.

RPates of »nausohorus: Scveral ecuperiments have been conducted

in tropical Latin fmorica with a number of grass and legume fLor-
ages to determine the P rates necessary to maximize pasture

production. Although many of these cxperiments have included
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several P carriers, only SSP and TSP will be discussed in this

section.

In the Cerrado of Brazil, North Carolina State University

and Cornell (7) initiated a long-term P experiment with Brachiaria

decunbens using 86, 345 and 1380 kg F,0g/ha as SSP., Althcugh
the 1380 kg/ha trcatment vielded somewhat higher the first two
cuttings, the 345 kg PZOS/ha treatmenrt was giving comparable
results after the third harvaest (rig. o). Hammond, Ledn and
Gualdrdén (3) cstablished a similar cxperiment on a Carimaqua
Oxisol in Colombia with Brachiaria decnwbens using 25, 50, 100,
and 400 kg PZOS/ha as TSP, In this instance it would appear

that the 100 kq P?Or/ha treatnent, isg comparing favorably with
R | )

the 400 kg/ha treatment (Fig. 6).

These two continuing experiments are a good illustration of
why 1¢ is so difficult to make gencralized phosphate recommend-
ations on forages of tropical Latin America. lere is a situa-
tion where the same Grassocpecies was grown on two diffeorent P
deficient Oxiscls and the p rcquircmunts for maximizing produc-—
tion differ by approximately three ordors of nagnitude. Ledn
and Sdanchex (3) found the p fixation capacity of these Lwo S01ls
Lo vary quite markoedly. It took additions of 358 and 750 ppm
P for the Cerrado and Carimagua soills, respectively, to reach
a level of 0.2 ppa I) in the soil solution (Fig. 7). The differ-
ences in thoe P fisation capacities of these two soils probably
explain, to a large degree,why the P requirements for forages
vary so markedly frcom place to place. This also emnhasizes the

point that both the plant requirements and the soil chemioal
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the acid,P deficient Oxisols and Ultisols of tropical Latin Amer-
ica fix large quantities of P (Fig. 7), PR is often more effec-~
tive than SS5P oxr TSP (4). Also, since PRs are more reactive in
acid soils it is likely that release of available P is more in
unison with the growing forages needs, thus possibly reducding
the incidence of p fixation by the soil. Other factors related
to the effectivences of the PR would be their solubility and

fineness of particle size.

The ronctivity or relative agronomic effectiveness (RAE) of
the PRs in Latin amorica are generally low to medium (5). With
time, howoever, these PRs appear to ke an effective source of P

in forags production (3, 7).

A number of forooe production exparimeats have besen conduc-
tad in tropical Latin America using the direct anplication of
PR.  Raocent works in Brazil and PerG by North Carolina State

P
University (7), and in Colombia by the International certilizer

Bovelopient Centor (IFPDC) and CTAT (3, ) have shown very en-

couraging rosults.

In the Cervado of Brazil, Morth Carolina Stato University
and Cornall (7) initiated a long-term experimant with various
P carriers on pasturo production to determine the effect ol using
cheaper souvcas of o, Initially, the highly soluble Hiperfos-
fato (Morocao) pr ucrfurmfd aout as well as SSP. The lovw roac—~
tive Arax& PR from Srazil was ineffective at first, however,
after two cuts {he avallability was increased significantly

and yields were comparable to other P carriers (IFig. 10). Rates



of P used were 86, 345 and 1320 kg ons/ha. In the Amazon Jun-
gle of Perii, North Carolina State Uaiversity (7), in another
series of pasture experiments, also showed that llipexfosfato,
Florita, YNorth Carolina, and rosbayovar (Perd) PRs wero compar=-
able to 08P in forage production with Panicum maximom. These
two experiments are being continuced to furlhor assess the resid-

uval values ¢f the P carriers.

In a long-term ficld oxperimant at Carimagua, using Brachiaria

decurhons and comparing six PR sources wila TSP ab P rates of

from 0 to 400 kg P,0./h2, Hamrond and Lodn (3) conclude that Tsp

was only suporior to PR sources of P al “ho Cirst havvest.
Thereafter, all Pks increased their ceffectiveness with ine and

the TSP breatmoubs by

in most instaaces surpassed the vields o
the third harvest., aAftec five cubbings, talien ovor an 182 month

periocd, it wo

pom

ld appear ithat 50 to 1006 Yy ons/ha are adaguatn

for near maxinum production of DBirachiari.e aocumbons, regardless

.

of thy P carricr used (I'ig. 11).

FProm the nreviously describoed experiments, 1t is apparent
that the nediua and low reactivity PRs, allhough thoy perform
wall with time, are initially inforior to khe more soluble P

1

carricrs. The works by MoLean and Wheeler (6) would indicate
that partially acidulaiing thase PRs to lovels of 10 to 203

could overcom: this problem.  The partially acidulatoed PR would
provide a soluizle source of p Initially while still maintaining

the desirable characteristics of low cost and residual value of

the PR. The soluble P in the partially acidulated PR might



stimulate the plants initially so they can make more efficient
use of the unreacted PR when the soluble P is exhausted. Fur-
thermore, since the P in the unreacted PR is probably becoﬁing
available over a periond of time, thus providing a continuous
supply to the plants, perhaps the adverse common ion effect of
the Fe and Al will be somewhat overcome. Although no work has
been published in tropical Latin America on the use of partial-
ly acidulated PR in pasture production, some research with beans

(1) has shown very encouraqging results,

4. Use of soil amendments to enhance the availabilicy of

s01)l applicd 2.

One of Lhe main problems encountered with the acid, P defi-
cient Oxisols and Cltisols of hroplcal Latin Awerica is their
high P fixation capacity (FPig. 7). Tn order b0 decrease this
fixation copacity, s0il amendmoents such as lime or Ca silicates

are soncltimzs appliocd to neutralize the cnenangeable Al. It is
iwportant hore to note that the concepl of adding lime to make
the native 2 in tho soll nove availoble ig probadvly erroneous

in the acid, ¥ deficiont soils of tropical Latin America. Since
the total awount of P in these soils is so low, it is unlikely
that adding lime would appreciably inceease dits availability.

The concapt of adding Jliwe to increase or maiontain the availabile

ity of applied P, howover, has morit.
North Carolina State University conducted a limo-P pasture
experiment with Panicum maximun in the Amazon Jungle cf Perd (7).

In this experiment Lime levels vavied From 0 to 3.5 ton/ha and P,
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‘aple 1. Zpplied Phosphorus reguired for 903 of maxzinmum yield
1

Species Applisd  Phosphorus (pom)

Day 29 Day 92%*
Cuzzed Clover 140 302
Hose Clover 122 124
Stoterranean Clover 137 87
Lupin 2 57
Cana-vieed 242 43
Ercayum 124 43
Winmere Ryegrass g0 26"
Silver g¢grass g7 21

flcowering

Scurce: adapted from Ozanne et al, (1969).






of interest since other workers have shown that this and other

Stylosanthes species favor only moderate calcium levels. This

Tesponse was particularly apparent at the rate of 345 kg P205/ha
with ordinary superphosphate and thermophosphat=2, where yields
more than tripled wizh inéreasing rates of 0, 1.5 and 4.5 ton

limce/ha",

Ledn (3) conducted a greenhouse experiment, using a Carima-
gua Oxisol, in which varying rates of P were applied with com-
binations df Ca silicate, lime and Mg oxide. In all cases the
addition of one or more of the amandments significantly increased

the yield of Stylosanthes quiancnsis (2 cuttings) over thal of

TSP applied aleone (Fig. 15). The highest vield was obtained

with 18P »lus additions of Mg ovide and Ca silicate.

The main proLlem encountered with many of the P-awmendment
experiments is determining if the lime or Ca silicate is enhancing
the availability of the applied P or whether there is an addi-
tional nutrient response. On these acid soils Ca and My defi-
ciencies are common, so the additions of amendmonts nay very
well be responses to these cations. Research by Smyth (11) in
Brazil would indicate, however, “hat there is definitely an
amendment effect of neutralizing the oxchanveable Al from both

the lime and Ca silicate (Table 2).
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