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INTRODUCTION 

Factors associated with soil acidity such as toxic concentrations of alu
minum and manganese, deficiencies of calcium and magnesium, and 
fixation of phosphorus, are major causes for low crop yields on many soils 
of the Humid Tropics. The natural high acidity of the Ultisols and Oxisols 
of these regions is increased further by heavy fertilization with residually 
acid materials. 

Little information is available as to th( speific factors of acid soil in
fertility that influence yield and corlpositi(rn of tropi url crops grown under 
intenlsive management. In Puerto Rico, . ', 5 i. al. (3) found that, yields 
of heavily fertilized Napier grass growing in an acid Ultisol were doubled 
by liming. Abruria and Vicente-Chandler (1) found that yields of heavily 
fertilized sugarcane growing on a typical Ultisol increased from 1 to 47 tons 
per acre yearly with increasing exchangeable base and decreasing exchange
able aluminum content of the soil. Abrufia, et al. (2) reported that in
tensively managed coffee responded strongly to liming on acid soils high in 
manganese and did well at very high acidity and exchangea ble aluminiu 
levels in soils low in manganese. Abrufia, et al. (4) found that tobacco 
responded strongly to liming on three Ultisols and an Oxisol and that re
sponse was closely related to the aluminum and inanganese content. of the 
soils. Abrufla et al. (5) found that corn responded very strongly to liming 
on eight Ultisols and Oxisols typical of the Humid Tropics and that response 
was closely related to exchangeable aluminum and base contents of the 
soils. 

The present study determined the effects of soil acidity on yields and 
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Soil Fertility Requirements to Attain Efficient Production of Food Crops on the 
Extensive, Deep, Well-Drained but Relatively Infertile Soils of the Humid Tropics. 
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foliar composition of gn cIans grown in the fild o( tiv,.Ultisols and 
an ()xisol typica'l of tlhHumid Tropics. 

M-ArEILSI.4 AND METIlO)S 

('haracteristics of the vxperintital soils are sli ii intale 1. 
Exjirinint sites vr,dividid into fron 30 to (i0plts of 12 fet X 12 

f0t &ach,arranged in a ronilWl(,tly randotiizcd design. Itcren its (11' 

liniestot were added as require~d to providi, a %iwl,range in soil acilitv 
anId p--cl- t bas .aliritioi. The liniestn was lifirlughly worked iti, 
and :tlixid with the upper 6i inchtes of'soil. 

TAiiI- 1. (C'harm 'ril.,' 1f Ib o al /hoia'oir. iri'. vial .silf, 

Cation BulkS'*oil type loutiolk Cila,-ili~ho O ,k vxl(li.it, - dvnit. -,f
Ofiin m.%tltrdhwtl~c uIn,jiquirh-d 

coil, Al "2 ,;,,j 

lniiatii.s I(irunvis 'l'>ij' tl - \V lvalliv Itfs 3.1 1 .") 1.1
 
elny hmmuls
 

. 

Coromil clay (',,r,,z:tl .\qli< Ircol- TillTnv,,pi. [)):1- 1.0 I 'll 1.2 

(1111t. Ilrial 

A. i,,tropit- is 1ina-


s Ihsil diil t.rial
 
Orozinl clay ('or,,z:,l 1tifl'lce 2.5 16 1 i 

(Ito clay Isablal "Trilwpiic' linlest i. 2.01 0 1.1 

haplirthx pulrt zitic 
satul hleusis 

1.
imoGuinw s ,hayla I.lfinquiv frn- "lnfAmw,,It m Mitl 6 1.1 

clky Ipohli llsl, le. !11 
Coiiozal cl:ay (orozal A<il! Ircipi- Tul: -,,is an- 4.7 19 1.2 

level d11t eria 

TIi soil inall plts of all (aXpeimvits was Satiluld ti illntlis after lititng 
to detrimiti, its aidity status. W%-]%,v cors verv taken in each plot at 

0 to 6-inth dl thi, Comuposit(, ait dried, and scroned through a 20-m-sh 

sieve. ('atiorn-exchatge capaity was c(ltriin<.d hy b)1th f, :ininimlini 
acetate extraetion procedu're andIby sui of cationts. ('alcium attat Intlg

nesium were the Versonatc rat in etl iiidethermi ned by tit i,,id using ('ali 
as calcium indicator amd ('.lmagite as Ca- g indiiat,,r. IPotassinm %\as 
dtermined by flame photonmetry. Exchangeable aluminutm \%Ias extracted 
with 1 N potassium chloride and determined by tlie alumitnm ntthd. 

Soil reaction was measured with a glass-evlecrt p11nr11-111(1i using a 1:1.5 
soil-water suspensioii. 

Beans of the Bountiful variety werv phtutcr1 at 3 incihes X 24 ics and 
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rm.ix: 2. Effuc oif variou. il a,nidit q fai'hor., ,i !ieb, .,Ip ,,,pjljitiit oif bi ais 

frni'iiqfl ima fi,' a Oxi-..,i d Ulltixls.i,di'r humid ripicid colitions in 
llue'rla RIv|,' 

,,il pfI 'vi~etic- C',,ll. 1ii, i ,If beanl Icate 

Yield.,
.4|)nt'lPl aluml inuml IPrt,ent I asc gree'n 
ll ill i lll ,;Ittufa timl I'l, becans 

l.'ounfit Ca MilNig 11 
atrt r per- t'" I " pe I),,n)l , V[iper 

N. 1 IAC suntmllm- NIh().\( Summit- .i tl - Ill l *II (Llle I tliit-Ill. d I l ml .-f tmti,) 4 

09 0 1Ii6 791 80(100 5.3 (,1D0 1.3 11.27 0.36 a5.75 1lM 
10 19 I5 29 50 5! 71 85 .1.7 5,01(4 1.5060.25 0.3t 5.7 1N 
20 29 304 I(I 149 56 70 1.5 1,350 1.19 0.21 0.44 5.,9-1 WO 
30 39 45 59 30 :4I 11 55 1.2 3,050 1.26 (.21 0.3 5.9)5 1(0 
M 5!1 60 71 2( 2 .(26Ill 31.9 1,620 1.10 4.23 0.19 1.55 21(1 

(',,rt.:.! hm.,.i/ ( I "Ilisrpl) 

1I) (1 19 (11)79 SI 100 5. 1 0, 970 2.18 0.8;1 0.35 5.S7 121 
11.21 20 39 15 5t1 (1180 .7 7.910 1.57 0.29 ().: 6.11 152 
.3 
33- 13 

ff)5!1 
0 79 

30 II 
15 29 

11 1:0 
21 10 

1 .6 
4.3 

7.210 
3.850 

1.15 
0.95 

0.21 
0.27 

0.31 
0.32 

6.32 
(6.70 

1J 
181 

(Corozal."l) ,l( llisul) 

0 8 0 13 54068 Si- IM) 5.1 10,4550 2.001:0.3: 0.3 1 5.97 122 

(.)17 11 27 I9 58 73 8 4.8 8,780 1.641 0.36 0.32 f0.11 123 

18( 2 28-41 39 IS 59 72 4.0 7.S')0 1.31 (.27 0.(3 6.28 132 
27 35 12 55 29 38 45 58 1.3 4,(.9;0 1.07 (.21 0.30 6.25 150 
36 1-1 5669 19 28 :11 11 -1.2 3,240 ([.S 0.25 0.30 (..78 157 

'orozalIlirc (1 '1s,l) 

0 9 0 12 S1 100I) IM(X) 5.2 8,110 31.08 (.2-1 0.21 5.29 165 
10-1 . 13:25 67 83 75-87 4.7 7,500 r 2.92 0.25 0.18 5.:47 2:1 

2021 20 38 5(4(1i 62 74 4.6 4, 960 2. 1-I0.205 (.20 5.67 21:3 

Los Gainc.: (I'llisol) 

0 8 ( 114 55 69 84-100 5.3 12,14(0 2.39 0.31 0.17 5.791 5(1
i0-17 1733 4-I t 7-83 4.7 , il,390 1.72 0.40 0.16 5.62 124 

18-26 3-151 25-39 5)-fi 4.3 9,010 1.34 0.46 0.16 5.58 141) 

Co0o (Oxysol) 

88 98 t 5.4 6,150 2.12 j(.30 1 0.32 5.11 211 

77-87 . 4.8 5,920 1.191 , .,) I0.31 5.13 231 
(/ 76 4.8 5,706 1.89 0.32 0.31 5.05 258 

1 55-(55 4.4 4,530 1.69 0.34 0.30 5.21 267 
'4151 4.2 4,1 .. 1.63 0.2.)40.30 5.28 267 

I No ixcliageali' aultn mn at acidity !vi,'s studied. 
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fA-rtilized with I50 poutins if Ititrogen, 150 of ph..lphoriv acid, I.5()d p,
tassini, 50 of magnesium, and 30 of Zilc pvr acre iillone npplivalion at 
pl iling. The beans wer, protected against insects anid disva. ls sraying 
pI'rio(lically.

l.:fSamples %wrv,takell ill vah plot follo%%ing al-'cepled pr, cedilr-s andI 
analyzed( A'ir N, 1), Can, Mi,, and .Ain. 

12,000 -Lime 

olime 

10,000 

8,00')
mU//
 

Z ,,000
w 

w05 

0 

2.000 

000 

an 	 111/el I1. .ln 4 R ".:':'X """1ld 

Hijostas Clay Corozol Ciay Corozal Clay Colo Clay Los Gu~rieos Clay Corozai Ciay 
(subsoil) o:iso: (level) 

Flri. 	 I.- Eftfeet if finiiing fill vielils if grieen heies gripwilg fill five tvyiieai Ulli itls 
unit nle Iiii ili t1 lviiiijtjiii ill Pir' l u.(xjsij llliICI 

Thev lulls %%en.halrVist d at till ~pr Stapg lJr clillipI ioit nsi 

1'eamarnd yields pro dneed hY ac plo~t (II to('Ill ilI ed. \l i s were rIii t d 1,vIv 
r-gression anli.:is to Soil pA, vXciallgeui1)i( n luiii, and ex*hag"ahi, 
hases and to filialr comnpositionI oft the beanls. 

RIESULTS AND) DISCUSSION 

high yll Ids of gri Il v 

experiments (table 2 and fig. 1). Highest y ields ranged froi n about 6i,000 
pounds per ac on Coto and Huatas clay to over 12,000 pounds on--Los 

>uineos. Yields on the lt hr soils ranged from a.out S to 10,000 poun.ds 

per acre. 

WithI proper I liig, 	 iibean s were oin t 11d ill all thei 
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Fir.. 2.--- EITvt of liming it very avid (Corozal ,laiy) growth of other-Ullisol on 
wise intensively a1i1gid, well fertilized hemiis. 'lut in foregrould had it pll of .1.2 

with 40-pereent almhimn and 25-percenit I:ase (Ca + .lg) sat urat ion of the eixvhange 

comlex. Plot in background was limed to l)l 5.4 with no exchangelible nl11n6h11111 

aid 70-percent base satira.l oil. 

The large in.rass ini yield resul ing from liming all soils are shown in 
figure 1.The respitisv of beans to liming Corozal clay is illustrated in figure 

Calcium contntt of the l)(ali leaves increased markvdly \\ith increasing 
soil Ibase (,ontenit, i.e., lime rates, and \%ith yields in all soils (table 2). The 

close relationshibtl)Itween lean 'vieldsand calcium (onteint of the, leaves 
oi ]hlumatas and on Corozal siil and subsoil are shown in figures 3, 4, and 5. 
Calcium content, of about 2 percent or more in the leaves was associated 
with high yields. The dvvrease, in calctium content of the eaves with in
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creasing exchangeable soil aluminum suggests that calcium absorption by 
the plant was curtailed perhaps through a restrictive effect of aluminum 
on root development, or on uptake of this nutrient. 

Manganese content of thL '_.Lnleaves increased with increased acidity 
of all soils (table 2). On most soils, nitrogen content of the bean leaves also 
tended to increase slightly with acidity. However, neither magnesiumn 
or phosphorus contents of the bean leaves were affected by liming. 

Table 2 shows that the Ultisols had high contents of exchangeable alu
minum when acid while the Oxisol (Coto) contained only traces of ex
changeable aluminum even when very acid. 

On the Ultisols, which contained considerable exchangeable aluminum, 

'co
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PERCENT CALCIUM CONTENT OF LEAVES 

nxo. 3.-Relationship between yields and calcium content of leaves of beans 
growing on a Humatas clay at Orocovis. 
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FI. 4--Relationship between yields and calcium content of leaves of green 
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FIG. 5.-Relationship between yields and calcium content of leaves of green 

beans growing on Corozal subsoil. 
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i00 
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PH 

FiG. 6.-Relationship between yields of green beans and pH of a Humatas clay 
at Orocovis. 
bean yields increased with increasing pH up to somewhat above 5.0 (table 

2 and figs. 6, 7, and 8). On the Oxisol (Coto), which contains essentially no 
exchangeable aluminum but considerable manganese to which beans are 
sensitive, yields also increased with pH to about this level. 

The close relationship between pH and yields of beans on Humatas, and 
on Corozal soil and subsoil, are illustrated in figures 6, 7, and 8. 

Table 2 shows that bean yields increased with exchangeable base con
tents OD all soils. The close relationship betwtm percent base saturation 
and beani yields on Humatas and on Corozal soil and subsoil are shown in 
ligures 9, 10, and 11. The rate of increase in yields dropped off at about 

70-percent base saturation based on cation exchange capacities as deter

midned by the ammonium acetate method. 
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Bean yields increased with decreasing exchangeable aluminum content 
to approximately 0 on all soils (table 2). The close relationship between 
exchangeable aluminum content and bean yields on Humatas and 
on Corozal soil and subsoil are shown in figures 12, 13, and 14. Almost no 
beans were produced when aluminum saturation approached 50 percent. 

Exchangeable bases and aluminum thus provide excellent criteria for 

20 

100-

I60
0 

5'0 "0 

20 Y-I07O-5+4231,7?7X 

9.01 io 70 

SOIL pH 

Fro. 7.-Relationship between yields of green beans and pH of a Corozal clay. 

determining the need for liming for bean production on the typical Oxisols 
and Ultisols of the Humid Tropics. To obtain high bean yields, the soils 
should be limed to about pH 5.2 or 70-percent base saturation based on 
total exchange capacities determined with ammonium acetate, at which 
level these soils contain essentially no exchangeable aluminum and little 
manganese. 

Abrufla et al. (5) using combined data for these soils found that pH values 
increased from about 3.8 with a base saturation of about 20 percent to 
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Fia. 8.-Relationhip between yields of green beans and pH of a Corozal subsoil. 
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Fo. .- Relationahip between yields of green beans and percent base saturation 
uf a Humatas clay at Orocovis. 
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PERCENT BASE SATURATION OF SOIL 
(CEC BY NH40 Ac METHOD) 

Fia. 10.-Relationship between yields of green beans and percent base saturation 

of a Corozal clay. 

about pH 5.0 with a base saturation of about 70 percent based on cat;on 
exchange capacities determined by extraction with ammonium acetate. 

The low pH values in relationship to exchangeable base content of these 
soils is explained by the probable presence of free salts resulting from heavy 
fertilization. 

These authors also showed that the level of aluminum saturation in these 

soils, based on total exchange capacities determined with ammonium ace
tate, decreased from about 40 percent at pH values of about 3.9 to es
sentially no exchangeable Al at pH's of about 5.2. Thus, by liming to about 
pH 5.2, equivalent to around 70-percent base saturation, exchangeable 
aluminum and manganese contents of these soils was reduced to non-toxic 
levels. 

These authors showed further that with these soils there is a very close 
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Fia. 1.-Relationship between yields of green beans and percent base satura
tion of a Corozal subsoil. 

relationship between both percent exchangeable aluminum and percent 
exchangeable base content based on cation exchange capacities deter
mined by either sum of cations at a given pH or with ammonium acetate 
at pH 7. Through this relationship, values based on either method of deter
mining cation exchange capacity can be accurately converted to the other. 

SUMMARY 

The effect of soil acidity factors on yields and foliar composition of in
tensively managed green beans was determined in Ultisols and an Oxisol 
typical of the Humid Tropics. 

Beans responded very strongly to liming on all six soils. Calcium content 
of the bean leaves increasedl and manganese content decreased with in
creasing lime rates and with yields. 
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Fia. 12.--Relationship between yields of green beans and percent aluminum 
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FIo. 13.-Relationship between yields of green beans and percent aluminum 
saturation of a Corozal clay. 
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2
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PERCENT ALUMINUM SATURATION OF SOIL
(CEC BY H40 Ac METHOD) 

Fio. 14.-lRelationship between yields of green benns and percent aluminum 

saturation of a Corozal subsoil. 

Bean yields increased with increasing soil pH to about 5.2 at which level 
these soils contained essentially no exchangeable aluminum. 

Benyield: inrerased with increasing exchangeable soil base content to 
about 70-percent saturat~on based on cation exchange capacities as deter
mined N-ith amnmonium acetate at PHI 7. 

Bean yields increased with decreasing exchangeable soil aluminum to 
essentially 0. 

Soil PH and exchangeable base and aluminum contents were effective 

criteria for liming these soils. 

RIESUIVEN 
Se determin elr efecto de distintos factores asociados con ]a acidez en 

Ultisols y un Oxisol tpicos de extensas regiones de los Tr6picos Hdmedos, 
en la produeci6n y composici6n foliar de as habchuelas. 
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Las habichuclas respondieron al encalado en experimentos de campo 
realizados en scis suelos. El contenido do calcio en las hojas de las 
habichuelas aument6 y su contenido do mangancso disminuy6 col el nivel 
de cal y la producci6n de habichuelas, 

La producci6n de habichuolas aument6 con el pH hasta aproxi
madamnente 5.2, a cuyo nivol esto suelos apenas contenlan alurninio inter
cambiable. 

La producci6n de habichuelas aumcnt6 con cl conterido do bases inter
cambiablcs hasta alcanzar un 70 por cionto do saturaci6n basado en la 
capacidad total de cambio, determinado 6sta con acetato am6nico a pH 7.0. 

La producci6n do habichuclas aument6 segdn disminuy6 el aluminio 
intercambiable en cl suelo, logrdndosc la mayor producci6n cuando el valor 
do aqu6l fuo approximadamento 0. 

El pH y c contenido do bases y do aluminio intercambiables en el suelo 
constituycron criterios adecuad.os para determinar la necesidad do encalar 
ostos suelos, tipicos do regiones extensas en los Tr6picos Hdimcdos para la 
produci6ti do habichuelas. 
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Response of Corn to Acidity Factors in Eight
 
Tropical Soils"2
 

FernandoAbruia, RaU Prez-Escolar,Jos6 Vicente-Chandler,
 
Robert 1W. Pearson,and Servando Silva'
 

INTRODUCTION 

Major factors causing low crop yields in much of the Humid Tropics, 
where lies the world's greatest potential for increasod food production, are 
associated with high soil acidity such as toxic concentrations of aluminum 
and manganese, deficiencies of calcium and magnesium, and fixation of 
phosphorus. Little information is available, however, oi the specific factors 
of acid soil infertility influencing yield and composition of tropical crops 
grown under intensive mianagement. 

The natural high acidity of the Ultisols and Oxisols which prevnil ill 
much of the Humid Tropics can be increased rapidly by hi avy fertilization 
with residually acid fertilizers. For example, Abrufla et al. (1) foun'd that 
the application of 800 pounls of nitrogen as alninonium sulfate per acre 
yearly over a 2-year period sharply increased acidity and loss of b., in 
typical soils of the humid region of Puerto Rico. 

Under these conditions, the response of crops to liming can be vcry 
strong. In Puerto Rico, Abrufia et al. (4) found that yields ,f heavily 
fertilized Napier grass grow ing on an acid Ultisol wcre doubled by liming. 
Abrufla and Vicente-Chandler (2) found that yields of heavily fertilized 
sugarcane growing on a typical Ultisol increased from I t, .7 tons per 
acre yearly with increasing exchangeable base and dccreaasing oxchjgeable 
aluminum content of the soil but that, f,,liar composition of the cale was 
not affected. Abrufla et al. (3) reported that intensively managed coffee 
responded strongly to liming on acid soils high in manganese but did well 
at very high acidity and exchangeable aluminum levcIs in soils low in 
manganese. Abrufia et al. (5) found that tobacco responded strongly to 
liming on 3 Ultisols and an Oxisol and that response was closely related to 
the exchangeable aluminum and manganese content of the soils. 

I Manuscript submitted to the Editorial Board July 18, 1973. 
1This report covers work carried out cooperatively between the Agricultural Re

search Service, USDA, and the Agricultural Experiment Station, Mayagtiez Campus, 
University of Puerto Rico, RWo Piedras, P.R., partially funded by the U.S. Agency 
for International Development under research contract csd-2490 entitled: Soil Fer
tility Requirements to Attain Efficient Production of Food Crops on the Extensive, 
Deep, Well-Drained but Relatively Infertile Soils of the Humid Tropics. 

aSoil Scientist, ARS, USDA, Soil Scientist, Agricultural Experiment Station, 
and Soil Scientists and Agricultural Technican, ARS, US)A, respectively. 
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The present study determined the effect of various factors associated 
with soil acidity on yields and foliar composition of corn grown on eight 
Ultisols and Oxisols typical of the Humid Tropics. 

MATERIALS AND METHODS 

Field experiments were conducted with corn grown on the eight soils the 
main characteristics of which are shown in table 1. 

Experimental sites were divided into from 30 to 60 plots of 12 feet X 
12 feet each, arranged in a completely randomized design. Increments of 

TABLE I.-Characteristicsof the soils at the various experimentalsites 

Bulk 
Organic Cation density 

Soil type Location Classification Origin matter exchange of undis
content capacity turbed 

soil 

Percer M4/O0 £ G/cm 

Ilumatas Orocovis Typic tropo- Volcanic tufts 3.0 15 1.1 

clay humults 
Corozal clay Corozal Aquic tropu- Tuffaccous ma- 4.0 19 1.2 

dult terial 
Corozal clay Corozal Aquic tropu- Tuffaceous ma- 2.5 16 1.3 

subsoil dult terial 
Coto clay Isabela Tropeptic Limestone 2.0 5 1.1 

haplorthox quartzitic 
sand deposits 

Los Guineos Jayuya Epiaquic tro- Tuffaceous ma- 8.1 16.0 1.1 
clay pohumults terial 

Corozal clay Corozal Aquic tropu- Tuffaceous ma- 4.7 19.0 1.2 
(level) dult terial 

Pifia loamy Manatd Typic hap- Quartzitic sand 0.5 1.3 1.3 
sand lorthox deposits 

Catalina clay Barran- Typic hap- Andesitic tuffs 2.3 11 1.0 
quitas lorthox 

limestone were added as required to provide a wide range in soil acidity 
and percent base saturation. The limestone was thoroughly worked into 
and mixed with the upper 6 inches of soil. 

The soil in all experimental plots was sampled 6 months after liming to 
determine its acidity status. Twelve cores were taken in each plot at 0 to 
6-inch depths, composited, air dried, and screened through a 20-mesh sieve. 
Cation-exchange capacity was determined by both the anunonium-acetate 
extraction procedure and by sum of cations. Calcium and magnesium were 
determined by the Versenate titration method using Calcein as calcium 
indicator and Calmagite as Ca-Mg indicator. Potassium was determined 

by flame photometry and manganese colorimetrically after oxidation -:fth 
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periodate. Exchangeable aluminum was extracted with 1 N potassium
chloride and determined by the aluminum method. Soil reaction was 
meahared with a glass-electrode pH meter using a 1:1.5 soil-water sus
pension. 

Corn of the hybrid Pioneer 306 variety from Jamaica was planted at 
18 inches X 18 inches, fertilized with 150 pounds of nitrogen, 80 of phos
phoric acid (P205), 150 of potash (K20), 50 of magnesium, and 30 of zinc 
per acre and protected against insects by periodic spraying. 
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taken in each plot just before taseling and analyzed
Leaf samples were 

for P, K, Ca, Mg, and Mn using standard procedures. 
were determined and related by

Yields of corn produced by each plot 

regression analysis to soil pH, exchangeable aluminum and exchangeable 

bases, and to foliar composition of the corn plant. 

RESULTS AND DISCUSSION 

Data for four soils combined show that pH values increased from about 

3.8 with a base saturation of about 20-percent to about pH 5.0 with a base 

on cation exchange capacity deter
sa(,, ration of around 70-percent based 

acetate (fig. ). The low 
mined by extraction with N-neutral ammonium 
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pH values in relation to exchangeable base content of these soils is explained 

by the probable presence of free salts resulting from heavy fertilization 
causing displacement of exchangeable aluminum which hydrolyzes to 
produce an acid reaction. 

Figure 2 shows that the level of Al saturation based on exchange ca
pacity determined with ammonium acetate decreased from about 40 per
cent at about pH 3.9 to 0 at pH values of around 5.2. Thus, by liming to 
about pH 5.0, equivalent to around 70 percent base saturation, exchange
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Fia. 2.-Relationship between pH and percent aluminum saturation based on 
cation exchange capacities determined by the anmonium acetate method of three 
typical Ultisols of the Humid Tropics. 

able aluminum content of these soils was reduced to non-toxic levels. With 
Ultisols, a very close relationship between percent Al saturation and pit 

is indicated by the r value of 0.87. 
Table 2 shows that the Humatas, Corozal, and Los Guineos clay soils 

(Ultisols) had a high content of exchangeable aluminum when acid. But 
the Oxisols (Coto sandy clay, Catalina clay and Pifia loamy sandy), even 
when very acid, contained only traces of exchangeable aluminum, indi
cating a very advanced stage of weathering. Reeve and Sumner (7) 
reported no relationship exists between exchangeable aluminum and pH 
on Natal Oxisols. Unpublished data obtained by the authors show that the 
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TABLE 2..-Effects of various soil acidity factors on yields and coinposition of corn 
growing on typical Ultisols and Oxisols under humic tropical conditions in 

Puerto Rico 

Soil properties Composition of corn leaves 

Percent aluminum Percent Yields of Isaturation base saturation PH corn
 

(bu/acre) Ca Mg PI /c (per- (per- (per- (peKr.In 
NiOACSumma- N. Sua. cent) cent) cent) cent) (ppm)mehdcations ]method cations IN1,Atio____ 

Ilumatas (planted May 18)
 

0-9 0-14 60-79 86-100 5.3 83 8 0.57 0.11 0.36 2.00
 
10-19 15-29 50-59 71-85 4.7 70.5 0.51 0.10 
 0.36 1.95 
20-29 30-4-1 40-49 56-70 4.5 65.3 0.49 0.12 0.37 1.89
 
30-39 45-59 30-39 41-55 
 4.2 4-4.6 0.42 0.11 0.35 1.85
 
40-59 60-7,4 20-291 26-40 3.9 
 18.4 0.36 0.11 0.34 1.78 

Corozal (topsoil) (planted March 5)
 

0-10 0-19 60-79 81-100 5.4 66.5 0.48 
0.10 0.46 1.37
 
11-21 20-39 45-59 61-80 4.7 46.4 
 0.41 0.09 0.48 1.64
 
22-32 40-59 30-14 41--60 
 4.6 35.5 0.41 0.09 0.49 1.66
 
33-43 60-79 15-29 21-40 4.3 
 6.7 0.33 0.10 0.42 1.94 

Corozal (subsoil) (plantcd March 5)
 

0-8 0-13 59-68 87-100 5.4 47 0.10 0.43 1.35
 
9-17 14-27 49-58 73-86 4.8 
 40.7 0.41 0.10 0.43 1f6
 
18-26 28-41 39-18 59-72 4.6 0.40
35.8 0.10 0.43 1.75
 
27-35 42-55 29-38 45-58 4.3 15.1 0.33 0.11 
 0.37 1.75
 
36-44 56-69 19-28 31-44 4.2 10.4 0.33 
 0.12 0.41 1.85
 

Corozal (lcrel) (planted July 2) 

0-9 0-12 8-08-10 5.2 60.,5 10.31 0.10 0.47 12.03 92
10-19 13-25 0-3 787 4.7 50.0 0.28 0.12 0.45 2.13, 98
20-29 26-38 5 2-74 4.8 37.4 0.28 0.07 0.47 2.16 97
 

Los Guineos (planted July 8) 

0-8 10-16 155--69 184-100 15.3 159.5 10.30 0.11 0.44 2.68 1
9-17 17-33 40-54 67-83 4.7 42.3 0.28 0.12 0.46 2.77 35 

18-26 34-50 25-39 50-66 4.3 28.3 0.27 0.12 0.43 2.87 40 
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TABLE 2.-Continued 

So properties Composition of corn leaves 

Percent aluminum Percent Yields of
 
saturation bae saluration pH corn
(blacre) Ca Us P K M

(per- (per- (per- (per ' M 

SumAa- Summa- cent) cent) cent) cent) (pp'
mehOAC tlon of method tion of
 

dcations
cations 

Coto (Oxisol) (planted March 8) 

1 1 - L-_ _-Ij 
- - 88-98 f - 5.4 74.6 0.44 0.09 0.20 1.81 59 
- - 77-87 - 4.8 67.0 0.40 0.09 0.20 1.82 80 

-- 66-76 - 4.8 67.0 0.40 0.09 0.18 1.84 104 

- 55-65 - 4.4 65.8 0.38 0.10 0.21 1.85 92 
- 44-54 - 4.2 63.0 0.38 0.08 0.18 1.95 116 

Pifias (plantedApril 2!)I I2 I ll 
-- - 76-88 - 5.5 44.5 0.58 0.16 0.44 2.00 80 

63-75 4.8 47.2 0.55 0.15 0.42 1.90 103 
150-62 4.7 44.0 0.48 0.14 0.45 2.06 121 

-- 37-49 4.6 27.2 0.41 0.15 0.42 1.96 114 

Catalina' (Oxisol) (planted May 5)i I I il 
- - 80-89 - 5.6 73.0 0.33 0.10 0.43 2.23 74 

- 70-79 - 5.3 82.1 0.33 0.08 0.42 2.14 86 

- 60-69 - 5.2 78.9 0.30 0.08 0.41 2.07 66 

- 50-59 - 4.8 70.1 0.29 0.09 0.42 2.12 104 

'No exchangeable aluminum at acidity levels studied. 

Oxisols of Puerto Rico rarely contain much aluminum but can have rather 
high contents of exchangeable and easily reducible manganese. Ulti'1ls in 

Puerto Rico, hov. :r, rarely are high in exchangeable or easily reducible 
manganese but are high in exchangeable aluminum when acid. 

In the Ultisols, there is a close correlation between aluminum and base 
saturation values based on cation exchange capacities determined either 
by sum of cations or by N ammonium acetate at pH 7.0 (figs. 3 and 4). 
Thus with these soils cation exchange capacity values determined with 
NHOAC, a widely used value, can be converted to cation exchange values 
deternined by sum of cationn extracted with an unbuffered salt (6). Such 
a relationship does not exist with the Oxisols (Coto, Pihas and Catalina) 
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The dverea-w in calcium content ,ofthe corn Ileaves mith increasing alumi

num saturation can he explained by the restrictive effect of aluminum oil 

root development or there was less Ca in the soil solution in relation to Al 

ions. Tifs relationship is not apparent with the other nutrients (l', K, .1g) 

the uptake of which by corn was not related to dereased aluminum in the 

soil. The much less marked uptake of calcium with increase~d liming on the 

Oxisols which contain vssvntially no exc.hangeable' aluminum further sug

gests stich a relationship. 
On the Ultisols (Huniatas, Corozal, and ILos Guincos) which conitainied 

toexehimigeabhe aluminum, yields increased sharply i ith increasig pH 
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Corozal clay. 

slightly above 5.0 (table 2 and figs. 10, 11 and 12). There is essentially no 
exchangeable aluminum in these soils (fig. 2) at such pH levels. 

On these soils, corn yields generally increased with increased exchange
able base content as determined with ammonium acetate to about the 70
percent level (table 2 and figs. 13, 14, and 15) or to levels approaching 100
percent base saturation determined by the sum of cations at the various 
pH levels (table 2). 

Yields of corn growing on the Ultisols increased with decreasing ex
changeable aluminum content to essentially 0 (table 2 tad figs. 16, 17, 
and 18). On Humatas and on Corozal soil and subsoil almost no corn was 
produced when percent exchangeable aluminum saturation based on cation 
exchange capacity determined with ammonium acetate exceeded 40-percent 
or 60-percent when based on summation of bases. 
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On Oxisols, however, (Pifias, Coto, and Catalina) which contained es

sentially no exchangeable aluminm, corn responded much less to liming 

than on the Ultisols, thus indicating aluminum toxicity to be the main 

factor affecting response of corn to liming in these experiments. 
such as corn which are not sensitive toOn Oxisols, therefore, crops 

manganese toxicity can produce high yields with less lime than required 
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FiG. 9.-Relationship between yields and calcium content of leaves of corn grow

ing on Corozal clay subsoil. 

on Ultisols which have high exchangeable aluminum content at low pH's. 
case with tobacco and coffee which are sensitive to highSuch is not the 


manganese levels in the soil as showri by Abruia et al. (3, 5).
 

The data presented in this paper show that exchangeable bases and 

aluminum provide excellent criteria for determining the need for liming 

for corn production on typical Oxisols and Ultisols of the Humid Tropics. 

The data also show that near maximum yields of corn can be produced 

on these typical soils of the Humid Tropics by liming to about pH 5.2, or 
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to about 70-percent base saturation based on cation exchange capacities as 

determined ith ammonium acetate, at which level the soils contain es
sentially no exchangeable aluminum. 

SL3TMIARY 

The effect of soil acidity factors was determined on yields and foliar 

composition of corn grown on Ultiss and Oxisols typical of ihe humid 

Tropi's. 
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FIG. 10.-Relationship between corn yields and p1l of a lluniatas clay at Oro
covis. 

Soil pH values increased from about 3.8 with a base saturation of around 

20 percent to about pH 5 with a base saturation of around 70 percent based 

on cation exchange capacities determined with neutral ammonium acetate. 

The low pH values in relation to exchangeable base contents are explained 

by the presence of free salts. 
The level of aluminum saturation of the soil based on exchange capaci

acetate decreased from 40-percent atties as determined with ammonium 
about pH 3.9 to 0 at about pH .5.2. 
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The Ultisols had a high content of exchangeable aluminum when acid 
but the more weathered Oxisols contained little aluminum. 

A very close relationship exists between exchangeable base (Ca + Mg) 

and aluminum values based on total exchange capacities determined either 
with amlmonium acetate at pH 7.0 or by the sum of cations at a given pH 

permitting conversion of one value to another. 
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Fia. I.-Pelatinship between corn yields and I)H of a Corozal clay. 

Corn responded strongly to liming particularly on the Ultisols which 
had high exchangeable aluminum content when acid. 

Calcium content of the corn leaves increased with soil base content and 
with yields but foliar composition was not otherwise affected by liming. 

Corn yields increased with pH to about 5.2 at which pH level these soils 
contained essentially no exchangeable aluminum, with exchangeable base 
content as determined with ammonium acetate to about the 70-percent 
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Fi,. 12.-Relationship between corn yields and pit of a Corozal clay subsoil. 

saturation level, and with decreasing exchangeable aluminum in the soil 
to essentially 0. 

Soil pH, exchangeable base, and exchangeable alumbim content were 
effective criteria for liming these soils. 

RESUMEN 

Se estudi6 el efecto de distintos factores asociados con la acidez en ocho 
Ultisoles y Oxisoles tipicos de los Tr6picos Htimedos, sobre la producei6n y 

composici6n foliar del mafz. 
El pH de los suelos aument6 de 3.8 con uii contenido de bases inter

cambiables equivalente a un 20 por ciento de saturaci6n a aproximadamente 
5.0 con un 60 por ciento de bases intercambiables, a base de la capacidad 

de intercambio determinada 6sta con acetato am6nico normal neutral. 
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Los bajos niveles del pH en relaci6n a las bases intercambiables se explican 
por la presencia de sales resultantes del abonamiento. 

El contenido de calcio en las hojas de maiz amnent6 con el contenido de 
bases intercambiables en el suelo y con ]a producei6n del grano, no asi los 
deimis conrstituyentes (tue permanecieron a niveles similares. 

La producci6n de rafz aunient6 al subir el pi del suelo hasta aproxi
miadamente 5.2, a cu3o nivel de acidez los suelos apenas conteniarn alu
minio intercambiable. 

La producci,'n de maiz aument6 con el contenido de bases intercanibia
ables ein los suelos hasta aproxirnadamente 70 por ciento de saturaioit, a 
base de la capacidad total de intercarnbio determinada von 'cetato aninico. 

La producci611 de mafz aumenIt6 segtiu disminuvi 4,1conteido de :lu
nlittio intereitmi'ia)l en el suelo, lograndose la ntixirna ljrodtuceion C:uaitdl 

dicho coitnidn se aproxim6 a 0. 
El p1 as it i -1contenido de bases y de aluminio intercanhiables ii 

el suelo constituyveron eriterios Adecuadlos pars determinar ]a nveesid:id de 

enealar estos suels, tipios de regioiws ,xterisas en los Ir,'pivos liin IS. 

para Ia tl de mtaiz.r(duCcei6t 
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