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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 phosphorus (Bray II). in addition, these soils generally
 

have a high phosphorus Cixation capacity so substantial amounts 

of phosphorus must be added to satisfy both the plant and the
 

soil require >.nts. Because of these constraints, along with 

the high un: cost ffphosphorus fertilizers, alternative methods 

of managing : pastures must be considered. 

This paper consicies 2our economical methods of improving 
forage production w-Jhil.2 still satisfying the phosphorus require
ments of the ulant. Those are: 1) selection of plant s,,eci s 

that will tolerate rclai:ively low levels of available sail phos

phorus, 2) determining rates and placement of phosphoru3 ferl:iJ.

izers to increasc its efficiency, botlh in'1i1l and residually, 

3) use of cheaper and less soluble forms of phosphortus ca-rr,.iers, 

and 4) use of soil amendments to enhance the availability of 

soil applied phosphorus. 
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Phosphorus is generally considered the most limiting element 

in the acid, infertile soils of tropical Latin America. Totai
 

P will rang(- from only about 200 to 600 ppm and available P
 

(Bray II) from 1 to 5 ppm. It is quite obvious that to increase
 

forage production phosphate fertilizer must be 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 free Fe and Al oxides and hydroxides 

which tend to rapidly fix la.rge amounts of P, especially when 

it is applied 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 Zn, B, Mo, and Cu (1C) . In addition, there are also many 

instances of Mn and Al toxicities in a nunmh'r of the forage 

species.
 

From a physical properties standpoint the acid, infertile 

Oxisols and Ultisols present few management problems. With the 
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Tropical Soils". CIAT, Cali, Colombia. April,1978. 
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exception of some of the sandy Ultisols, which are susceptible
 

to mechanized compaction and erosion, these soils have excellent
 

structure, are generally welldrained, and have good water-infil

tration capacity. Sanchez (9) states that, "the excellent struc

ture of these soils is caused by primry particles being aggre

gated ifi very stable sand-sized granules. Their high stability 

is associated with high clay content and cementing or coating 

of amorphous iron ind aluminum oxides". Ile further indicates 

that the high organic matter content of these soils is directly 

associated with the soil aggregate stalhility. B3ecause of the 

stable sand-sized particles the water hDlding capacity of these 

soils is relatively low and during even short periods of drought, 

water stress to the plants can be a problem. 

Phosphorus Management Considerations on Forage Production 

in Tropical Latin America: 

In order to J3etermine a sound, economic P management strat

egy for forages grown on the acid, infertile Oxisols and Ulti

sols of tropical Latin America, several factors nust be taken 

into consilderatLon. These -.,could include but not necessarily 

be limited to: 1) seI.ection of plant species that will. tolerate 

relatively low levels of available soil P, 2) determining rates 

and placements of P fertilizer to increase its efficiency, both 

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 availablo 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 soil test P values (Bray II) to estimate external 
P requirement. results indicateThe that the external P require
ment varied markedly between the forage species and ecotypes
 
tested (Fig. 
 1). The range was from 2.5 ppm forP Stylosanthes 
guianen.sj3 and Sivlasanthes capitata (CIAT 1.078)N? to 11.4 ppm 
P for Desrmodiuil .-__1ii (CIAT N? 3001). Unpublished data by
 
Le6n indicate 
 that rates of :pplied P would vary from approxi
mately 
 50 to 300 kg P 2 0 5 /ha to accomodate this range of plant
 
requirements 
 for both the Car.imagua and Quilichao soils (Fig. 2). 

Sanchez, Le6n,and Ayarza (unpub].i' hed data) working with
 
several 
 legume spocies,on a Quilichao Oxisol in the greenhouse,
 
show a wide 
 variety of yield r.espons:es; to added P. In general
 
Centrosema 
 N? 470, Zorni.a 728, and SLvlosanthes capitata did
 
not respond 
 to added P dhereas S tvlo!osanthes N? 1.36, Desmodium 
ovali f o-j_ and C (rosri.na N? 1733 responded to ].evels of 50, 

and 400 kg P 2o 5 /ha, respectively (Fig. 3). These data ap
pear to correlate well with those of Muller and Grof, and that 
of Ie6n (Figs. 1, 2). 

When taking into consideration the minimum input philosophy 

100 
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it is significant that 50 kg P205 /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 in..tial'l or annual applications later. 

In order to sustain even the minimum requiring plant species it 

would appear that substantial amounts of fertilizer P are required. 

Another asp-ct t1--o consider in selecting forage spcies with 

relatively low [ --.,nieents, is the amount of 11 needed to es

tablish the olant versus the ,1.mount needed to su-tain it at near 

maximum yield 1eve]( . Ozanne et al (3) conducted a pot experi

.,ment with 8 dii:. eren legume -nd grass sp-cies,c . ,dlapted to Aus

tralian pasLures, in .wiich they ,.toc.mo- the coqui.remeontsf-

at different stages off growth. The niaimnrm amount of P retq-uired 

for 90% of ma::i... growth varied with omarkcd1v ofqe growth 

within seccies and botween the various pecies ('able 1.). n 

general, how.,ever, with the exception of one legume (Cupped 

clover), the minimum P rcquirements for near mi mum growtth at 

maturity was equal to or less than the early rCguirements of 

the plant.
 

In selecting a low P tolerant forage the id,.al situation 

would be a plant species that has both ].ow initial and mainte

nance P requirements. In the absence of this, however, a rea

sonable alternative would be to select a forage that may require 

somewhat higher amounts of P in establishment but only minimal 

amounts for maintenance. 
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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 superphos hate during establish

ment, followed by periodic topdressings. Recently, however,
 

some research has been conducted to ascertain the effect of P 

placement on 
pasture establishment and the results have varied 

markedly.
 

Spain and Ayarza (2), using basic slag as a P source, com

pared broadcast versus band applications on three forage asso

ciations in a field expeLi-m,,nL at 
the Carimagua experiment sta

tion, in Colombia. The comparison also included levels of 10,
 

40,and 70 
kg P2O/ha and the seeds were mixed with the fertil

izer, so 
in ef.7ct seeding was also banded and broadcast. The
 

researchers concluded that there was a definite advantage to
 

band seeding and fertilizer application (Fii. 4). 
 The band
 

placement also appeared to benefit the legume 
more than the as
sociated grass. 
 They state that, 
"band seeding and fertilizer
 

application apparently create 
a moL-e Zavorab].e fertility envi

ronment for the developing seedling than do broadcast applica

tions. The ferLi.lizeL- is concentrated in 
-he seedling zone 

and phosphorus availability is greater during seedlingthe stage 

when it appears 
to be especially critical for small-seeded
 

forage species".
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Preliminary results from a continuing experiment being con

by Sdnchez, Le6n,and Ayarza, at the Quilichao experiment
ducted 

station in Colombia, indicate that broadcasting P is superior 

AndropoLn cLaYPan__L.to banding in establishing Panicum maxNimum and 

two grascssResulIs of selected TSP treatments on yields of these 

are illustrated in figure 5. In this same ex.jucimonLt broadcast 

plus band applicaLion of P gave the highest yields. This would 

suggest that bandling is important in establishing the forage but 

broadcast treatments are necessary for maintenance. 

It is also ph nhahle in these very low P supplying soils that 

when only banded 9 is applied, root growth is resLricte to the 

band area, thus the plants ivre suscaptible to d(Iougth,ven during 

Shor: periods of drougthlshort periods when it does not rain. 


are comnaon in many of these Oxisols and U1tisois secu.e of the
 

very stable sond-;i:eod aggr"gates it the surface.
 

that moro research is needed to ascertain theIt is 	 obvious 

P p lacenueet in pasture proruction. These e'.periome"Uitmerits of 

should be relaLively long-term so re;sidual values of the P place

ment can also be nsudiel. Long-term experiments by Yost et al. 

(7) with corn at the Cerrado Center Station in Brazil, indicato 

that a combinatLon of broadcast plus band placed P is the most 

promising strategy. 

Rates of phnsnAhorus: Several experiments have been conducted 

in tropical Latin America with a number of grass and legume for

ages to determine the P rates necessary to maximize pasture 

production. Although many of these experiments haive 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-tem P experiment with Brachiaria 

decurnbenos using 86, 345 and 1380 kg P20 5 /ha as SSP. Altho'igh
 
the 1.380 kg/ha treatment yielded some-.what higher the 
 first two
 
cuttings, 
 the 345 kg P205/ha treatment was giving comparable
 

results after the third 
harvest (Pig. 6) Hammond, Le6n and
 
Gualdr6n (3) establlis3hd 
 a simi.ar e:x-periment on a Carirnagua
 
Oxisol in Colombia with Dri-chi.aria 
 dccumbens using 25, 50, 100,
 
and 400 kg P 2 0 5 /ha as 
 TSP. In this insLance it would appear
 
that the 100 kg P 2 
 ./hatreatment, is comparing favorably with 
the 400 g/ha treatmcnt (Fig. 6). 

These t.o conti.n.ng experiments ar:e a good ofillustration 


why it .s .o diflficu1.t 
 to make g-'neralied phiosphate rcco-merid
ations on tor-ages of tropi.cal Latin Averica. 1{ere is 
 a situa
tion 
where Li sa,ie oirass %,ci,,as grown on t,:o diff.rent P
 
deficient Oxise is and 
 the P reuireml(21 ts for nmaximizing produc
tion difLfer by ap.)pro:, im:) ].v three or(t(.rs 
 of maqniud

I . .tudc. Le6n
 
anld S1nIeh (3) founLd' tho P ftixaLion c..pacity of these 
 two soils
 
-to vary (ui. to1 marely. 
 :l" L-ok additions of 3510 and 750 ppm 

P for the Ce .rrado and Carimagua soils, uespoctively, to roach 
a level. of 0.2 ppm IP in the soil solti.on (Fdig. 7). The differ
ences in tho. p fi>:a:.i.on capacitios of I.hese two soils probably 

e;:plain, to a large degree, why the P requirements for forages 
vary so markedly from place to place. This also emphasizes the 

point that 1oth the plant requ irements and the soil chemi.-'l 

http:fi>:a:.i.on
http:solti.on
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Spain (3), in another pasture experiment at carimagua, with 

specie's varying 0four grass and rates of PO, found significant 

yield responses to, all levels f applied P. The biggest response 

however, was noted atthe 50 kg P 0 /ha rate for all species 

except Hlyparrhenia rufa, which responded liniarly up to 100 kg 

S 20 Thes::results are an average of three or fourP25/ha (Fig. 8). 

harvests during the first year after extablishment. Similar re

sults have be'en observed by Sdnchez, Le6n,and Ayinza (3) ina
 

.
 greenhouse trial with Panicum maximum and a Centrosema hybrid
 

'(N? 17 33),on a Quilichao.Ultisol. The first inflection point on
 

the response curve was at about 40 kg P205/ha for the Centrosema
 

htybrid and 60 kg/ha for Panicum maximum (Fig. 9).
 

It is imperative that growth response curves with P be run
 

on 'all of the promising grass ahd legume pasture species under
 

/ a variety of soil conditions),in order that a higher degree of
 

confidence can be established ir making f/rtilizer P recommend

ations in tropical Latin America. ,
 

3. 	 Use of cheaper, -less soluble forms of P carriers such
 

as phosphate rock 
(PR) 	or partially acidulated PR.
 

The use of PR as a P source for IAsturi- pI:oduction appears 

both economically and agronomically attractive. Not only is 

the 	unit cost of the P much cheaper, one-third to one-fiEfth
 

that 	of TSP or SSP (10), bt't residual value of the product
 

is likely to be greater than the more soluble P carri.ors, Since 
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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 th:an SSP or TSP 
(4). 
 Also, since PRs are more reactive in
 
acid soils it is 
likely that release of available P is 
more in
 

unison w¢ith 
the growing forages needs, 
thus possibly reducing
 

the incidcnce of P fixation 
by the soil. Other factors related 

to the effectiveness of the PR would be their solubility and
 

fineness of particle size.
 

The r'2:'ctivity or relative agronomic effectiveness (RMhE) of 
the PRs in Latin Ama rica are generally low to medium (5). With 
time, however, these PRs appear to be an effective source of P
 

in forage roduction (3, 7).
 

A numhor of force production eperimcnts have been conduc.
ted in tropical Latin America using the direct anplication of
 
PR. Recent works 
 in Brazil and Pert by North Carolina State 
University (7), and in Colombia by the International 'ertilizer
 
Dovelopment Centor 
 (.FDC) and CIAT (3, 5) have shown very en

couraging results.
 

In the Cerrado 
 of Brazil, North Carolina State University 

and Cornell (7) initiated a long-term experiment with various 
P carriers on pasture production to determine the effect oE using 
cheaper sources 9F -. Initially, the high].y soluble Hiperfos-

Eato (Morocco) PR wrf"cm d ah> ut as well as SSP. The low reac
tive Araxd PR from irazil was ineffective at first, however, 
after two cuts the availability was increased siqnificantly 

and yields were comparable to other P carriers (Fig. 10). Rates
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of P used were 86, 345 and 1330 kg P205/ha. In the Amazon Jun

gle of Peri, North Carolina State University (7), 
 in another
 

series of pasture experiments, also showed that IIiperfosfato,
 

Flori.l,,, 
NorLh Carolina, and Fosbayovar (Peri) PRs 
were compar

able toc 7SP in foragu production with Panicum nnximnm. These
 

two experiment s are heinq continued to 
further assess the resid

ual values cf the P carriers. 

In a long-term Cield axperimant at Carimagua, using Brachiaria 

decurmhens and compar.,ng six PR sources ,Ltn TSP at P rates of
 

from 0 
to 400 kg Pk20-'/h ,, Hanin'ond and L,-n (3) conc.ude t:hat P 

was only suparior to PR sources of P at Whe fi.rst harvcst
 

Thereafter, all PRs increased their eff,t veness wi.th Lin ned
 

in most insta-ces surpassed the y].ds 
W the TAP hruatmcwts by
 

the third harvest. Aftec five c:ti -c/s, Laken ov- 17 an 1.8 month
 

period, it woull appe ar that 50 to 10O :ky F 2 05/ha are adequate,
 

for near man: rWum prcc.ucti]on of !,r;achLar.a Aecumbon:;, 
 regardle-s
 

of th P carri-er used (Fig. 11) 

From the pr'vious'y descriked experimnents, it is apparent 

that the mediu. and l.ow reactivity PRs , hough they perform 

well with time , are 
.,..tally infi:or to th more soluble P 

carriers. The works by NcLean and WhWec (6) would indicate 

that partially acidulating thqs PJ s to luve s C) 10 to 20f% 

could overcome 
this problam. The parLially acidulaLnd PR would 

provide a soluble source of P initially whie sti.l maintaining 

the desirable charactoris.tics of low cosl and residual value of 

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

available over a period of time, thus providing a continuous
 

sulpply to the plants, perhaps the adverse 
 common ion effect of 

the Fe and Al will bn somewhat u)vercome. Although no work has 

been published in tropical. Latin America on the use of partial

ly acidulated PR in pasture production, s,.onie research with beans 

(1) has shown very encouraging results. 

4. Use of soil amenordments to enhance the availability of 

soil applied P. 

One oF the main. }oblems enicounlired with the acid, P defi

cient Oxi.sols and P1.tLsols off trcpicaL_ Latin America is their 

hi qh P fi,.aion can;.city (Fig. 7). In o-,_der to decrease this 

f'ixatLion cnacit,;, soil amend1mc0ts such as lime or Ca silicates 

are sometLws ap.. to neutra-.i ze t-he. :-:' njoable Al. It is 

:il.portat ih.r:e to no t that the conceptL of addi.ng lime to make 

tile naLiv I'in the sJil*l more a,.ailale is probab.y erroneous 

il the aCid, P do ic .-i t soils o) t opi.cal. Latin Am-rica. Since 

the total.i.h sols so 


Lhai: addi.ng lim1 '.,,ou d 


. .:3, low it is unlikely 

appreci ohlv .neoase it.s aw-i.lability. 

The Concelt C)' acdiig lime to i ncree:se or maiittin the availabil-

ity of applied P , hohver, has ierit 

North Carolina State Univo-.rsity conducted a lime-P pasture 

experiment with Piiicum maximurm in the Aiiazon Jungle of Perid (7). 

in! this e(xperiment limo levels varied iFrom 0 to 3.5 ton/ha and P, 
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as., SSP, from 0 to 200 kg P/ha. The resrchers conclude that, 

there was a strong response to superphosphate,,a les.ser one to 

lime pplicationsand an interaction between the' two. Withoutlout 

lime,'.an annual application of '50 kg P/ha seems to be the., ,'"ti" 

*mum, wiha total dry matter production of 20 tori/ha. When lime 

app -abseifcewas :" e-suporphosphate-, dry--matt --

.' 

tion,,increased to 19 tOn/ha. When lime was applied at either 

2 or 3.5 ton/ha and superphosphate at 25 kg P/ha, maximumni dry 

matter production of 25 ton/ha was reached" (Fig. 12). Thl$h& 

researchers further indicated that although the Al saturation 

only 4 ton/ha of Ca(OH)" was needed towas fairly high (64%), 
'-'2
 

completely neutralize the exchangeable Al. This was because of
 

the sandy texture of the surface horizon of this soil. Never

theLe.s, this experiment is: very important as these sandy tex

tured Ultiso±s cover large areas of the Amazon Jungle, and other
 

parts of Latin America. , 

In another pasture experiment, conducted by North Carolina
 

State University (7).at the Cerrado Center in Brazil, varying
 

lime and P rates were applied using Brachiaria decumbens and
 

Stylosanthes humilis as test crops. After two cuttings the
 

Brachiaria decumbens appeared to respond to-,the 4.5'ton lime/ha
 

at P rates of 86 and 345 kg P 0 /ha (Fig..'13) . The yield.in

crease from the lime was about 1 ton/ha for both SSP and ther

mophosphate. When PR was used'as a P source,lime tended to 

ep ess the yields.
 

With Stylosanthes humili the researchers obtained signif

icant yield responsesoto lime (Fig. 14) state, "They"this is 

". -'':. : 3'" :: . '- , •' : ','% . " :' ''" . . '
 

.:, I3 ., ' 4'..:ii,.,,;:.'i i :i: ,,. . i.; ; ..,-,.. 

4 

http:yield.in
http:lime,'.an


'!aDAe 1. pP-lied -osplorus reauired fItor 90 of ma:_-imum yield 
Of tops at two harvest time. 

Gc1ies P.... Pho s7-'horus ,p-m) 

Day 29 Day 92* 

Rose Clover 140 302 

Subterranean 
 Clover 
 137 
 37
 
Lupin 
 49 
 57
 
Caoe-weed 242 43
 

roeyum 124 
 43
 
,imera Ryegrass 80 
 26
 
Silver grass 
 87 21
 

*" T2,-',! 

Source: 
 adapted from Ozanne et al.(1969).
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of interest since other workers have shown that this and other 

Sy].osanthes species favor only moderate calcium leveis. This
 

response was particularly apparent at the rate of 345 kg P2 0 5 /ha
 

with ordinary superphosphate and hermophosphate, where yields 

more than tripled with increasing rates of 0, 1.5 and 4.5 ton 

limo/ha". 

Ledn (3) conducted a greenhouse experiment, using a Carima

gua Oxisol, in which varying rates of P were applied with com

binations of Ca silicate, lime and Mg oxide. In all cases the 

addition of one or more of the amendments significantly increased 

the yield of Stvloanthes auiannsis (2 cuttings) over that of 

TSP applied alone (Fig. 15). The highest yield was obtained 
with rjicP plus additions of "g onide and Ca silicate. 

Th' ma-in pro',]em encounter(2d . h many o- the P-amendment 

experiments is determining if thie lime or Ca silicate is enhancing 

the availability of -- applied P or whether there is an addi

tional nu"rint response. On these acid soils Ca and ig defi

cienics are common, so the additions of amendments may very 

well be responses to theso cations. Research by SmyLh (11) in 

Bra zil would indicate, however, hat there is definitely an 

amendmrnt efaflc: o1M neut:ral.izing the exchan.eable Al from both 

the lime and Ca silicate (Table 2) 
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Allhoigh there has been a considerable amount of research 

done on improving pasture production\on the acid, P deficient 

soils of tropical Latin America, it is clear that many problems 

must still be solved from a P m-anagement standpoint. Selecting 

" secies that require minimal amounts of P must be givenforage 

top prioity. This is very important since most of the soils 

are not only P deficient but also tend to fix appreciable amounts 

of fertilizer applied P.
 

Based on the previously discussed experimental results, it 
would appear that even the low P requiring plants need substan

tial amounts of fertilizer P. It is therefore important that
 

cheaper forms of P carriers be used to accommodate these needs.
 

Since PR is the che~pest form of P available it is important 

that long-term, comparative studies be conducted with the various 

rocks and their low-cost altered products-,to ascertain if it
 

is feasible to use them in deference to the more soluble, costly
 

. P carriers. Further research is also needed to determine the 

effect of added amendments on the availability of applied P. 

When these problems have been further researched, it should
 

then be possible to make relatively accurate P fertilizer,-recom

mendations for any given pasture management scheme. This will 

only be accomplished when both the plant and soil P needs are 

better understood.. 

I 1 I'1 I 

Z 7 f ,!,+ -7! i ' ,< ;!>
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